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This r r ranual  presents advanced RPG l l  programming topics ORGANIZATTON OF THE MANUAL
for  aprp l icat ion programmers and students,  who must  code
programs for  IBM System/3:
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Preface

This  pub l i ca t ion  has  e leven chapters .  Chapters  1 -6  cover

in fo rmat ion  tha t  i s  bas ic  to  most  da ta  p rocess ing  jobs :

R P G  l l  p r o g r a m  l o g i c ,  c l e t a i l e d  i n f o r m a t i o n  a b c u t  w r i t i n g

input ,  ou tpu t ,  and ca lcu la t ion  spec i f i ca t ions  and the  con-

c e p t s  a n d  s p e c i f i c a t i o n s  i n v o l v e d  i n  m u l t i f i l e  p r o c e s s i n g .

Add i t iona l  p rogramming top ics  tha t  you  may requ i re  fo r
your  job  are  presented  in  Chapters  7 -1  1 :  con t ro l l ing  input

a n d  o u t p u t  d u r i n g  c a l c u i a t i o n  t i m e ,  t a b l e s ,  a r r a y s ,  d a t a
s t r u c t u r e ,  a n d  t h e  D E B U G  o p e r a t i o n .

o  Mlode l  6

o  lVode l  8

o  Mlode l  10  (Card  Sys tem)

o  M l o d e l  1 0

o lV lode l  12

R E L A T E D  P U B L I C A T I O N S
o lV lode l  15

T h e r e  a r e  n u m e r o u s  I B M  S y s t e m / 3  p u b l i c a t i o n s  c o n t a i n i n g
The S iys tem/3  Mode l  8  i s  suppor ted  by  Sys tem/3  Mode l  10  fu r ther  in fo rmat ion  on  RPG l l .  The fo l low ing  are  the  re -
cont ro l  p rogramming and program produc ts .  The fac i l i t i es  la ted  re fe rence manua ls :
descr ibed in  th is  pub l i ca t ion  fo r  the  Mode l  10  are  a lso  app l  i -
cable to the Model 8, although the Model 8 is not referred . IBM System/3 Card System RPG l l  Reference Manual,
to .  l \o te  tha t  no t  a l l  dev ices  and fea tures  tha t  a re  ava i lab le  SC2 1-7500

on t l re  Mode l  10 ,  a re  ava i lab le  on  the  Mode l  8 .  There fore ,
Model 8 users should be famil iar with the contents of the . IBM System/3 RPG l l  Reference Manual,SC2l 7504

IBM l iystem/3 Modet 8lntroduction,cc2l-5144 | (Model 10, Model 12 and Model 15)

PREFIEQUIS ITES
o IBM System/3 Model 6 RPG ll Reference Manual,

sc21 7511

This  rnanua l  assumes tha t  you  have coded and tes ted  some l f  you  are  programming on  a  d isk  sys tem,  i t  wou ld  be  he lp -
bas ic  RPG l l  p rograms tha t  inc lude l i s t ing  records  on  a  fu l  i f  you  wou ld  unders tand the  d isk  concepts  and d isk  f i ie
pr in te r ,  s imp le  ca lc r - r la t ions ,  g roup to ta ls ,  and the  use  o f  p rocess ing  in fo rmat ion  i r r  the  fo l low ing  books  be fore  read-
more  than one record  type .  You may have ga ined th is  ing  th is  book :
exper ience th rough IBM educat ion  courses ,  p rogrammed

instruction courses, or previous data processing experience. o IBM System/3 Disk Conceptsancl Planning Guide,
ln t ro<Tuct ion  to  RPG l l ,  GC21.7514,  conta ins  some o f  GCZ| -757 1
th  i s  bas ic  in fo rmat ion .

. IBM System/3 RPG ll Disk File Processing Programmer's

Guide. GC217566





This publ icat ion is a programmer's guide; i t  is not intended

to serve the same purpose as a reference manual of language

specif icat ions and does not replace a reference manual.

RPCi  l l  p rogramming top ics  a re  approached and organ ized

accc , rd ing  to  the i r  normal  use  in  a  da ta  p rocess ing  job ,  us ing

exarnp les  whenever  poss ib le .  Un l ike  a  re fe rence manua l ,

ind i ' r idua l  chapters  a re  se l f -con ta ined un i ts  o f  in fo rmat ion ,

interrded to be read from beginning to end. However, i f  you

des ine  in fo rmat ion  about  a  spec i f i c  top ic ,  you  may go

direrct ly to that topic by using the index or the table of

conten ts .  l t  an  ind iv idua l  chapter  has  a  spec ia l  p rerequ is i te

top ic ,  tha t  top ic  i s  c lear ly  iden t i f ied  on  the  t i t le  page o f

the r:hapter.

Alt frough the chapters are complete units, there is a logical
progression of topics through chapters 1-6. Therefore, you

may wish to read them consecutively. l f  you have read the

RPC; ll Programming Fundamentals Programmed Instruc

t ion course, Vou do not need to read chapters 1 -6 consecu-

t ivel ly.

How To Use The Manual

For ease of i l lustration. many of the examples in this book
use card-like figures to represent records. This does not
imply that a card device must be used for input or output
in these situations. Any of several input/output devices
might be used, depending on which System/3 model and
configuration you are using.

ReYiew Ouestions

Review questions and answers are provided at the end of
each chapter. Where chapters contain several related topics.
these questions are grouped by subtopic. lf you wish, you

may turn to the end of the chapter after you complete each

subtopic. to answer the review questions and reinforce what
you have learned, before continuing the chapter.
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CHAPTER 1  DESCRIBES:

B a s i c  R P G  l l  l o g i c .

RPG l l  log ic  re la ted  to  ind ica tors .

A F T E R  R E A D I N G  T H I S  C H A P T E R  Y O U  S H O U L D  B E  A B L E  T O  D E S C R I B E :

Bas ic  th ree-s tep  log ic  o f  a  da ta  p rocess ing  job .

Deta i l  t ime and to ta l  t ime.

Spec i f i c  s teps  in  a  bas ic  RPG I  I  job  tha t  inc ludes  de ta i l  and  to ta l  opera t ions .

RPG l l  log ic  re la ted  to  the  fo l low ing  ind ica tors :  1P,  LR,  record  ident i f y ing

ind ica tors ,  f ie ld  ind ica tors ,  resu l t ing  ind ica tors ,  ha l t  ind ica tors  (H1-H9) ,  over f low

ind ica tors  (OA-OG,  OV) ,  match ing  records  ind ica tor  (MR) .

fuofe. '  You can use the review questions contained in Review / at the end of this

chapter to test your comprehension of the chapter. Answers fol low the review

o ues t t  ons .

Chapter 1. RPG l l  Logic
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INTRODUCTION

What  p rocedures  do  you fo l low i f  you  are  prepar ing  b i l l s  to
send to  cus tomers?  Before  ycu  can do  any th ing  you neeo
s o m e  i n l o r m a t i o n .  Y o u  h a v e  t o  k n o w  t h r e e  t h i n g s :  ( 1 )
the  cus tomer 's  ba lance a t  the  beg inn ing  o f  the  month ;  (2 )
h is  purchases ;  and (3 )  h is  payments .  Once you have
gathered th is  in fo rmat ion ,  you  can per fo rm the  necessary
ca lcu la t ions  to  f ind  the  amount  due.  F ina l l y  you  record
th is  amount  on  the  b i l l .  You go  th rough these same pro-
cedures  fo r  each cus tomer .

Th is  i s  a  type  o f  job  you can eas i l y  have your  comf lu rer  oo
for  you,  To  do  the  job ,  however ,  the  computer  must  know
the same th ings  you know.  You must ,  there fore ,  te l l  i t
exac t ly  what  in fo rmat ion  to  expec t ,  what  to  do  w i th  the
in fo rmat ion ,  and what  to  g ive  you as  a  resu l t .  Th is  you do
through spec i f i ca t ions  you wr i te :  F i le  Descr ip t ion ;  Ex ten .
s ion ;  L i r re  Counter ;  Input ;  Ca lcu la t ion ;  and Output -Format .

To  do  th is  b i l l i ng  job ,  you  do  th ings  in  a  log ica l  o rc je r .  you

read in fo rmat ion  f i rs t .  You do  ca lcu la t ions  second.  F ina l l y ,
as  a  resu l t  o f  the  ca lcu la t ions ,  you  record  the  amount  owed.
Then you beg in  to  do  the  same th ingsrn  the  same order  fo r
tne  nex t  cus tomer .

The conrputer  must  a lso  do  th ings  in  a  log ica l  o rder .  The
in fo rmat ion  you supp ly  th rough spec i f i ca t ions  doesn ' t  g ive
the  computer  the  log ic  i t  needs  to  do  your  job ;  the  RpG l l
Compi le r  supp l ies  th is .  RPG l l  log ic  supp l ied  by  the  com-
p i le r  i s  the  f ramework  fo r  your  job .  When your  source  pro-
gram is  r :ompi led ,  your  source  s ta tements  a re  f  i t ted  in to  the
f ramework  o f  RPG l l  p rogram log ic  to  make a  compte te
program.  The genera ted  program then has  a l l  the  in fo rma-
t ion  i t  needs  to  do  your  job  in  a  log ica l  manner .

What  happens i f ,  in  do ing  your  b i l l i ng  job ,  you  f ind  tha t  a
cus tomer  pa id  more  than he  owed? You know immedia te ly
tha t  he  has  a  c red i t  ba lance and ind ica te  so  on  the  invo ice .
How does  the  BPG |  |  p rogram recogn ize  th is  s i tua t ion?
And how does  i t  know what  to  do  when such a  s i tua t ion
occurs?

The RPG l l  p rogram uses  s igna ls  wh ich  te l l  i t  when a  par t i c -
u la r  s i tua t ion  occurs  and what  to  do  when tha t  s i tua t ion
does occur .  These s igna ls  a re  known as  ind ica tors .  There
are  many d i f fe ren t  k inds  o f  ind ica tors  wh ich  s ignar  many
d i f fe ren t  s i tua t ions .  You,  as  a  p rogrammer ,  must  know how
to  spec i fy  the  ind ica tors  so  tha t  they  s igna l  to  the  compurer
what  you want  them to .

RPG l l  log ic  i s  bu i l t  a round these ind ica tors .  The i r  s ta tus
(on  or  o f f i  a f fec ts  the  sequence o f  the  program's  opera t ions .
The log ic  i s  se t  up  to  tes t  the  s ta tus  o f  var ious  inc l i ca to rs  a t
spec i f i c  t imes.  By  tes t ing  ind ica tors ,  the  program knows
what  to  do  nex t .

RPG |  |  p rogram log ic  i s  des igned to  take  care  o f  a l l  t ypes  o f
jobs .  You must  unders tand th is  log ic  to  wr i te  spec i f  i ca t ions
which  make cor rec t  use  o f  i t .

Because the  log ic  i s  a  ra ther  complex  top ic ,  i t  i s  descr ibed
segment  by  segment .  However ,  when you have f in ished
read ing  th is  sec t ion .  you  w i l l  have a  p ic tu re  o f  how the
comple te  RPG l l  p rogram log ic  works .

BASIC DATA PROCESSING LOGIC

Usua l ly ,  a l l  records  in  a  f i le  o f  inpu t  records  are  no t  read a t
once.  Your  computer  p robab ly  i s  no t  la rge  enough to  s to re
and work  w i th  in fo rmat ion  f  rom a l l  records  a t  the  same
t ime.  There fore ,  records  are  read one a t  a  t ime.  Three
s teps ,  as  shown in  F igure  1-1 ,  a re  done fo r  each record  read.

The phrase pragram cycle refers to al l  the operations per-
fo rmed f rom the  t ime one record  is  read un t i l  the  nex t  rec-
ord  is  read.  One program cyc le  i s  there fore  one revo lu t ion
around the  c i rc le  used to  i l l us t ra te  the  program log ic .  S ince
one program cyc le  (one revo lu t ion)  i s  needed fo r  eacn rec-
ord  read,  many program cyc les  are  requ i red  fo r  every  job .

Cons ider  how the  th ree  s tep  log ic  shown in  F igure  1- l  works
for  a  job  wh ich  requ i res  a  de ta i led  l i s t ing  o f  purchases  made
by each cus tomer .  The input  f  i l e  i s  in  ascend ing  order  by
cus tomer  number .  Each record  conta ins  cus tomer  name
( N A M E ) ,  n u m b e r  ( N U M ) ,  a n d  c h a r g e  ( C H R G ) .  I n f o r m a t i o n
from the record is merely transferred to the printed page.

One l ine  is  p r in ted  fo r  each record  read.  Each record  read
is  known as  a  de ta i l  record  and each l ine  pr in ted  is  a  de ta i l
l i n e .

The job  beg ins :  the  f  i r s t  record  is  read.  No ca lcu la t ions  are
per fo rmed.  A  record  is  ther r  p r in ted .  Th is  ends  the  f i rs t  p ro-
gram cyc le .  The second beg ins  w i th  the  read ing  o f  another
record .  F igure  1-2  shows the  input  and ou tpu t  o f  the  de ta i l
p r i n t i n g  j o b .

Suppose,  however ,  ins tead o f  mere ly  l i s t ing  the  charges
made by  each cus tomer  you a lso  w ish  to  f  ind  the  to ta l
charges  fo r  each cus tomer ,  as  shown in  F igure  1-3 .
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Write or punch
resu lts

\
a record

Perform calculat ions

. @
Figure 1-1.  Basic Logic of  a Data Processing Job
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Figure 1-2.  Detai l  Pr int ing Job
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Figure 1-3.  Calcutat ing and Pr int ing Totals
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To do th is ,  you  must  do  ca lcu la t ions  to  accumula te  a  to ta l
in  add i t ion  to  p r in t ing  ou t  ind iv idua l  (de ta i l )  records .  But
when do  you pr in t  ou t  the  to ta l  you  have ca lcu la ted? The
to ta l  fo r  a  cus tomer ,  o f  course ,  shou ld  be  pr in ted  a f te r  a l l
de ta i l  records  fo r  tha t  cus tomer  have been pr in ted  (F igure
1-3) .  However ,  in  the  th ree-s tep  log ic  d iscussed so  fa r ,  there
is  no  prov is ion  fo r  p r in t ing  a  to ta l  record .  Ne i ther  i s  there
a  way to  d is t ingu ish  be tween ind iv idua l  inpu t  records  in
order  to  de termine when a l l  records  fo r  a  cus tomer  have
been read.

l f  the  RPG l l  p rogram used on ly  the  th ree-s tep  log ic .  i t
wou ld  no t  be  ab le  to  do  th is  job  and many o thers  l i ke  i t .
I t  cou ld  adequate ly  work  w i th  in fo rmat ion  f rom on ly  one
record  a t  a  t ime,  as  in  the  de ta i l  p r in t ing  job .  l t  cou ld  no t
correctly do operations to accumulate data from several
records.

Perlorm detail
output  operat ions

Detai l
t ime

BASIC RPG I I  LOGIC

RPG l l  log ic ,  there io re ,  i s  an  ex tended vers ion  o f  th is  3 -s teo
log ic .  l t  ca l l s  fo r  ca lcu la t ions  and ou tpu t  opera t ions  to  be
done at two dif ferent t imes in one program cycle (see Fig.
ure 1-4). The names detai l  and total have been given to the
tames a t  wh ich  ca lcu la t ion  and ou tpu t  opera t ions  are  Der -
formed. Total t ime, as the name suggests, is the t ime in
which total operations are done on data accumulated from
a group of related records. The print ing of total charges for
Joe Aaron (F igure  1-3)  i s  an  example  o f  a  to ta l  t ime opera-
t ion .  Deta i l  t ime is  the  t ime in  wh ich  opera t ions  are  per -
fo rmed fo r  ind iv idua l  records .  An example  o f  a  de ta i l  t ime
opera t ion  is  the  pr in t ing  o f  an  ind iv idua l  charge fo r  Joe
Aaron.  Remember ,  de ta i l  opera t ions  are  done fo r  every
record read. but total operations are done only after a cer_
ta in  g roup o f  records  are  read (see F igure  1-5) .

Read a

o

Perlorm detail
calculat ions

Total
t ime

o

O Perform total
output operations

o

1 4

Figure 1-4. Basic RPG ll Logic
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Detai l  operat ions

Done for
every record

iCustorr ter  number
f i e l d  ( N U M )

Figure 1-5. Detai l  Versus Total Operations

Because th is  bas ic  RPG l l  log ic  i s  on ly  a  f ramework  fo r  your
job ,  v rcu  have to  supp ly  add i t iona l  i r r fo rmat ion  so  tha t  your
j o b  w i l l  b e  c o m p l e t e .  O n l y  t h e n  w i  l l  y o u r  p r o g r a m  w o r k
c o r r e c t l y .  F o r  e x a m p l e ,  t h e  R P G  l l  c o m p i l e r  s u p p l i e s  y o u r
program wi th  the  log ic  f ramework  wh ich  enab les  i t  to  do
detai l  and total operations. But you must tel l  i t  when total
opera t ions  shou ld  be  done and wh ich  ca lcu la t ion  and ou tpu t
opera t ions  are  to  be  done a t  de ta i l  t ime and wh ich  are  to  be
done a t  to ta l  t ime.

Remr- 'mber  tha t  the  on ly  way you can te l l  the  program

what  to  do  in  cer ta in  s i tua t ions  is  to  use  ind ica tors .  Con-
t ro l  leve l  ind ica tors  a re  used to  te l l  the  program:

1 .  When to  do  to ta l  opera t ions .

2 .  What  opera t ions  are  to ta l  opera t ions .

l f  you  were  f ind ing  to ta l  month ly  charges  fo r  each cus-
tomer ,  how wou ld  you know when to  record  to ta ls  fo r
each cus tomer?  When you encounter  a  record  w i th  a  d i f -

1 7 1 3  L E E  A R M S T R O N G  3 7 9

1 7 1 3  L E E  A R M S T R O N G  5 7 1

LEE ARMSTRONG 475

G R O U P  2

Total  Operat ions

Done only af ter
al l  records in
one group have
been processed.

, /  o^ou ,

fe ren t  cus tomer  number  in  the  NUM f ie ld ,  you  know tha t
you have ga thered a l l  the  in fo rmat ion  fo r  one cus tomer .
( Y o u  c o u l d  u s e  t h e  N A M E  f i e l d  t o  t e l l  y o u  t h i s ,  b u t t h e r e
is  a  chance tha t  two cus tomers  may have the  same name. )
You wou ld  then record  tha t  to ta l  be fore  ga ther ing  in fo r -

mat ion  fo r  the  nex t  cus tomer .

Any  f  ie ld  used to  cont ro l  and d i rec t  p rocess ing  is  known

as a control f ield. You indicate to the compiler program

which  f ie ld  i s  a  cont ro l  f ie ld  by  ass ign ing  one o f  the  cont ro l

leve l  ind ica tors  (L1-L9)  to  the  f ie ld  in  co lumns 59-60 o f

the  Input  sheet .  You a lso  use  th is  same cont ro l  leve l  ind i -

ca tor  to  te l l  the  program wh ich  ca lcu la t ions  are  to ta l  ca lcu-
la t ions  by  en ter ing  the  ind ica tor  in  co lumns 7-8  o f  the

Calcu la t ion  sheet .  Those ca lcu la t ions  tha t  a re  no t  con-

d i t ioned by  a  cont ro l  leve l  ind ica tor  ( in  co lumns 7-8)  a re

deta i l  ca lcu la t ions .  Cont ro l  leve l  ind ica tors  a re  no t  used

in  the  Output -Format  sheet  to  ind ica te  de ta i l  and  to ta l

records .  Rather  a  T  is  used in  co lumn 15 to  ind ica te  a

to ta l  ou tpu t  opera t ion ;  and H or  D is  used to  ind ica te

an ooera t ion  done a t  de ta i l  t ime.

LEE ARMSTRONG 298
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Spercif ic Steps in Basic RpG l l  Logic

F igure  1-4  shows very  genera l l y  the  sequence o f  events  in  an
R P G  l l  p r o g r a n r  c y c l e .  T h e  R p G  l l  l o g i c  a c t u a l l y  c o n s t s t s
o f  c le f in i te  s tL . l i s  taken dur ing  the  cyc le"  Wher r  you  do  a  job
you menta l l r l  ask  yourse l f  ques t ions  such as ,  , ,Do I  do  th is
n o v r ?  D o  I  h a v e  a l l  m y  i n f o r m a t i o n ?  W h a t  s h o u l d  I  d o
nex t?"  RPG l l  log ic  a lso  asks  ques t ions .  l t  uses  your  p ro-
grarn  to  f ind  the  answer  and thus  de termines  what  to  do
nex t .  The ques t ions ,  and spec i f i c  s teps  taken based on  the
ans \ ryers  to  the  ques t ions ,  a re  shown in  F igure  1_6.

Turn of f  contro l
level  indicators
L 1 - L 9 .

Perform detai l
output  operat ions
{those ident i f ied
b y D o r H )

Detai l
t ime

. / /

Per fo rm  de ra i l  
/  

/
ca l cu l a t i ons  ( t hose  , /  

/

w i t h  b l anks  i n  . /  /
co l u rnns  7 -B )  /  /

Move data f rom
recoro reao at /

beg inn ing  o f  c yc l e

a/  
intoprocessing
area

Perform tota l  output
a operat ions ( those

r d e n t r l l e d D y a  l ,

o

Accord ing  to  RPG l l  log ic ,  a f te r  a  record  is  read the  program
checks  to  see i f  in fo rmat ion  in  the  cont ro l  f ie ld  o f  the  record
Jus t  se lec ted  is  d i f fe ren t  f rom the  cont ro l  f ie ld  in fo rmat ion
in  the  prev ious  record .  (The program a lways  saves  tne  con_
t r o l  f  i e l d  i n f o r m a t i o n  s o  t h a t  i t  c a n  m a k e  a  c o m p a r i s o n . )  l f
there  is  a  change,  the  proper  cont ro l  leve l  ind ica tor  { the  one
you ass igned)  i s  tu rned on .  

' fh is  
means tha t  a l l  records

f rom one group have been read.  A l l  to ta l  opera t to r rs  can
then be  per fo rmed.  Cont ro l  leve l  ind ica tors  a re  a lwaVs
turned o f f  be fore  the  nex t  record  is  read.

Read a record

\

Per fo rm to ta l

Change  i n  con t ro l  f i e l d?
I  f  yes ,  t u rn  on  con t ro l
level  indicat iors ;

ca l cu l a t i ons  ( t hose

cond i t i oned  by  L0 -L9
o r  LR  i n  co l umns  7 -8
o f  Ca l cu la t i on  shee t )

o
oo

O
O

o

o

o

o4 \

Total
t ime

a

O

o

| -ft

Figure 1-6.  Steps in RpG l l  Total  and Detai l_Time Loqic



Not lce  the  s tep  be tween to ta l  and de ta i l  t ime.  Here  da ta

f ronr  the  record  read a t  the  beg inn ing  o f  the  cyc le  i s  moved

i r r to  a  p rocess ing  area  and becomes ava i lab le  to  use  in  ca l -

c r . r la t ions  and ou tpu t .  Data  f rom th is  record  is  no t  ava i lab le

a ' t  to ta l  t ime.  To ta l  opera t ions  are  per fo rmed on ly  on  da ta

ar :c , rmu la ted  f rom prev ious  records .  Deta i l  opera t ions  on

t l re  record  wh ich  caused the  cont ro l  leve l  ind ica tor  to  be

turned on  are  done on ly  a f te r  to ta l  opera t ions  fo r  p rev ious

p1.'66rrds.

V/hv  are  to ta l  opera t ions  done be fore  de ta i l  opera t ions?
- [h i r rk  

o f  what  wou ld  happen i f  the  record  wh ich  caused

t lne  cont ro l  leve l  ind ica tors  to  be  tu rned on  were  processed '

ln fo rmat ion  on  th is  record  wou ld  be  added to  in fo rmat ion

f  ro rn  records  in  the  prev ious  group.  As  a  resu l t ,  the  to ta ls

p , r i r r ted  wou ld  be  in  e r ro r  s ince  they  conta ined in fo rmat ion

f ro rn  one record  in  the  nex t  g roup ( the  record  ius t  read) .
' l -o  p revent  da ta  f rom the  f i rs t  record  in  a  new cont ro l  g ropp

f  ro rn  be i r rg  accumula ted  in  the  to ta ls  fo r  the  prev ious

group,  to ta l  opera t ions  are  done be fore  de ta i l  opera t ions '

First Program Cycle

When cont ro l  f ie lds ;  a re  spec i f ied  fo r  a  record ,  the  f i rs t  p ro-

grarn  cyc le  may be  s ; l igh t ly  d i f fe ren t  f rom the  o thers .

Cont ro l  leve l  ind ica tors  a re  tu rned on  by  the  f i rs t  record

cor r ta in ing  cont ro l  { ie lds .  Th is  happens because conten ts

o f  the  cont ro l  f ie lds  on  th is  record  are  d i f fe ren t  f rom the

b lank  cont ro l  f  ie ld  a reas  tha t  were  in  ma in  s to rage be fore

the  record  was read.  To  prevent  p r in t ing  o f  b lank  to ta ls  on

the  f i rs t  cyc le ,  RPG l l  log ic  causes  to ta l  opera tons  to  f le

bypassed on  the  f  i r r ; t  cyc le .

,Note :  l t  the  in i t ia l  inpu t  records  do  no t  con ta in  a  cont ro l

f ie ld .  to ta l  ca lcu la t ions  and to ta l  ou tpu t  opera t ions  are

bypassed on  each program cyc le  th rough and inc lud ing  the

f i rs ; t  cvc le  in  wh ich  a  record  w i th  cont ro l  f ie lds  i s  read '

Summary of Basic RPG l l  Logic

F igure  1-7  shows spec i f i ca t ions  fo r  the  group pr in t ing  job

prev ious ly  d iscussed and the  log ic  fo r  the  f  i r s t  four  p ro-

gram cyc les .  Fo l low the  log ic  invo lved in  each program

cyc le  s tep  by  s tep .  Remember ,  the  cyc le  repeats  i t se l f  f rom

the t ime the program is started unti l  the last record is

processed.

Be sure  you unders tand th is  bas ic  log ic  be fore  proceed ing

fu  r ther .

R P G  I I  L O G I C  R E L A T E D  T O  I N D I C A T O R S

I t  was  prev ious ly  s ta ted  tha t  RPG l l  log ic  i s  bu i l t  a round

ind ica tors .  Th is  sec t ion  d iscusses  how log ic  re la ted  to  in -

d ica tors  f i t s  in to  the  bas ic  RPG l l  de ta i l  and  to ta l  t ime

l o g i c  s h o w n  i n  F i g u r e  1 - 4 '

In  your  spec i f i ca t ions ,  you  use ind ica tors  to  te l l  the  pro '

g ram what  to  do  and when to  do  i t .  A l though you use in -

d ica tors ,  you  do  no t  se t  them'  Natura l l y  the  ind ica tors

don ' t  tu rn  on  and o f f  by  themse lves .  The compi le r  supp l ies

log ic  wh ich  is  needed to  cont ro l  the  se t t ing  o f  ind ica tors '

I  nd ica tors  a re  se t  to  s igna l  var ious  cond i t ions  tha t  occur

dur ing  the  execut ion  o f  a  p rogram.  In  add i t ion  to  se t t ing

ind ica tors ,  RPG l l  log ic  a lso  causes  tes ts  to  be  made fo r

var ious  ind ica tors  a t  cer ta in  t imes in  the  program cyc le '

Spec i f i c  opera t ions  are  per fo rmed as  a  resu l t  o f  these tes ts '

I t  i s  very  easy  to  th ink  tha t  an  ind ica tor  i s  on  when i t  rea l l y

is  o f f  o r  v ice  versa .  l t  i s  ex t remely  impor tan t  tha t  you  know

when ind ica tors  a re  on  and when they  are  o f f  in  the  pro-

gram cyc le .  Many programs fa i l  ius t  because the  program-

mer  d id  no t  unders tand RPG l l  log ic  concern ing  ind ica tors '

The fo l low ing  paragraphs  w i l l  d iscuss  the  t ime in  the  pro-

gram cyc le  a t  wh ich  ind ica tors  a re  se t  and the  t ime a t

wh ich  they  are  tes ted .

RPG l l  Log i c  1 -7
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'  
164s  JoE  AABoN 742

11645 JOE AARON 7.42

o oo
o

a
Turn of f
contro l  level
indicator  L 1

Perfcrm detai l  output
Pr int  the record

Perform detai l  calculat ion :

Add CHG to TOTAL

00000
742

oo742

o
Move data from record
selected into
processing area

o

f : igure 1-7 (Part  2 of  5) . l l lustrat ion of  Detai l  and Total  T ime

I 6 4 5  J O E  A A R O N  7 4 2

o

o

o

a

Change in contro l  f ie ld?
Yes,  turn on contro l
level  indicator  L1

o
a

Bypass total
operations because
this is  the f i rs t  record
with a contro l  f ie ld.

o

Recal l  that  there is
always a contro l  break
on the f i rs t  cycle,
a l thou gh tota l  operat ions
are bypassed.o

RPG l l  Log i c  1 -9



JOE AARON 7.42
JOE AARON 6.43

oa

o

645 JOE AARON

o
Perform detail output:
Print the record

Perform

detai l  calculat ion:
Add CHG to TOTAL

oo742
643

j 01385

Move dat€ from record
sol€cted into
processing area

o

Figure 1-7 (Part 3 of Sl, lllustration of D€tait and Total Time

o

Change in contro l  f ie ld? No

a

o



oo

o

1762 BILL  BELL 1342

o

o

o
Perform detail calculations:

Add CHG tO TOTAL

00000
1342

01342

o

Change in contro l  f  ie ld?

Yes,  turn on contro l  lwel

indicator  L1

Move data from rscord

selected into
processing area

Perform tota l  output :
Pr int  TOTAL,

O reset field to
zelo

o ,,,,1

Figure 1-7 (Part  4 of  5) .  l l lustrat ion of  Detai l  and Total  T ime

R P G  l l  L o g t c
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B I L L  B E L L

J O H N  B A R T

7.42
6.43

13.85*

13.42

13.42-

24.93 a oa
o

Turn of f
contro l  level
indicator  L1

Perform detai l  output :
Pr int  the record

Perform detai l  calculat ion :
Add CHG to TOTAL
00000

2493

o2493

a
Move data from record
selected into
processing ares

o

o 1796 JOHN BART 2493

O

a

o

Change in contro l  f ie ld?
Yes,  turn on contro l
level  indicator  L1

o

Perform tota l  output :
Pr int  TOTAL,
reset field to
zefo
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Figure 1-7 (Part  5 of  5) .
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13.95*
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l l lustration of Detail and Total Time



1P' (F: irst Page) In<i icators

I t  was  s ta ted  be fore  tha t  the  f i rs t  p rogram cyc le  i s  s l igh t ly

d i f fe ren t  f rom the  o thers  because to ta l  opera t ions  are  by '

passed on  the  f  i r s t  cyc le .  Another  d i f fe rence in  the  f  i r s t

cvc le r  i s  tha t  the  f i rs t  page ind ica tor  (1P)  i s  on  dur ing  the

beg inn ing  o f  the  cyc le .  Any  records  cond i t ioned by  the  1P

ind ica tor  a re  p r in ted  be fore  the  f i rs t  record  is  read.

T l r i s  ind ica tor  i s  used to  cond i t ion  records  wh ich  are  to  be

pr in ted  on  the  f i rs t  page o f  a  repor t .  These records  are

us ,ua l l y  head ings  used to  ident i f y  in fo rmat ion  found on  the

page,  bu t  n ray  a lso  be  de ta i l  l i nes .

o

O Trrn of f  contro l

level  indicators L1-Lg
and lP

o

Perform heading and detai l

ou tpu t  f  o r  wh i ch  cond i t i ons

have  been  me t ,  i n c l ud ing  1P

output  ( f i rs t  cycle onlY)

Perform detail
calcu lat ions

Move data into
O processing area

The 1P indicator  is  turned on only for  the beginning of  the

f i rs t  cyc le.  l t  is  turned of f  before a record is  read and is

never  used again dur ing the program (see Figure 1-8) '

Not ice in  F igure 1-8 that  the program performs 1P output

and other  heading and deta i l  output  f iTst  when i t  is  s tar ted '

This is always true. ln any program, 1P output and any

other  heading or  deta i l  output  for  which speci f ied condi-

tions have been met is performed before the first record is

read.  On succeeding cyc les,  however,  i t  is  usual ly  easier  to

th ink of  reading a record as the f i rs t  s tep in  the cyc le '

Change in contro l  f ie ldT

l f  yes,  turn on contro l  O
level  indicators

o oo
o

a

o

a

o

a

o
Bypass total
operat ions

O

( 1 P  i s  o n )

Figure 1-8.  Logic for  the First  Page (1Pl  Indicator

RPG l l  Log i c 1 - 1 3



Assume that a heading is desired on the report created by
the previous example (F igure l -7) .  The heading should be
printed on the first page before any records are printed.
Thus the heading l ine is  condi t ioned by 1p (see Figure l -g) .
Figure 1-10 shows what happens in the first cycte according
to RPG l l  log ic .

IB}l ,",.,"", ..., 
",,,n.,, 

Mg ^. co,F,., on

lFigure 1-9. Heading Line Conditioned by th€ First page Indicator

OUTPUT SPECIFICATIONS

"*flf "_

G)nsrant or Edh Word

II iJ
: i i 1

7 5 1 6 7 1 7 A 7 9 N
P,qram t



J O E  A A R O N  7 4 2

f \ , l u M B E R . . : : : : 1 .  N A M E  C H A R G E S
''::i:ii::i:l::::

1645 ; l lOe nnnOt l  742

::::
o oa

a

i:::i

it.:+
lii o

Turn of f  contro l

lwel  indicators

L 1 - L 9  a n d  1 P .

. . i i  Perform heading and
: : i i i  detai t  output  for  which

I  cond i t i ons  have  been  me t ,

i nc l ud ing  1P  ou tPu t  { f  i r s t

JOE  AARON 742

c y c l e  o n l y )

Perform detail

calculat lons

a

o

o

Change in contro l  f  ie ld?

Yes,  turn on contro l

level indicators O

o

Move data into

o 
processing area

o

O 
Bypass total operations

o

R  e a d  a
r e c o r d

( 1 P  i s  o n )

Figure 1-10.  Program Cycle l l lustrat ing the 1P Indicator
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Last Record Indicator (LR)

The las t  p rogram cyc le  i s  a lso  a  l i t t le  d i f fe ren t  f rom the
others .  When the  record  w i th  a  / *  in  p ,os i t ions  1  and 2  is
read,  the  LR ( las t  record)  ind ica tor  i s  tu rned on .  S ince  the
/ *  recorc l  has  no  da ta  on  i t ,  de ta i l  opera t ions  need no t  be
per fo rmed.  Thus  RPG l l  log ic  i s  se t  up  so  tha t  de ta i l
operatior ' ls are not done when LR is onr (see y'y'ote). Total
opera t tons  are  done.  The program ther r  ends .

When the  las t  record  ind ica tor  i s  tu rner l  on ,  a l l  con t ro l  leve l
ind ica tors  a re  a lso  tu rned on .  Thus  a l l  to ta l  opera t ions  con-
d i t i o n e d  b y  L 1 - L 9  a n d  L R  a r e  p e r f o r m e d .  S e e  F i g u r e  1 - 1 1
for  spec i f  i c  s teps  in  the  end o f  job  log ic .

HALT

o

Perform total
output  operat ions

a

You use LR to  cond i t ion  a l l  opera t ions  done a t  the  end o f
t h e  j o b .  T h e s e  u s u a l l y  i n c l u d e  t h e  c a l c u l a t i n g  o f  t o t a l s  f o r
a l l  records  and/or  wr i t ing  or  punch ing  summary  in fo rma-
t i o n .  S u p p o s e  t h e  p r e v i o u s  e x a m p l e  ( F i g u r e  1 - 7 ) ,  w h i c h
four rd  to ta l  charges  fo r  each cus tomer .  requ i red  the  s ta te .
ment L/sf Complete as of_ (date job was run).
S ince  th is  i s  to  p r in t  ou t  a f te r  a l l  records  have been
p r o c e s s e d ,  i t  i s  c o n d i t i o n e d  b y  L R  ( s e e  F i g u r e  1 - 1 2 i .
F igure  1-13  shows what  happens dur ing  the  las t  p rogram
c y c l e  a c c o r d i n g  t o  R P G  l l  l o g i c .

Note: Detai l  operations are done i f  LR has been turned on
dur inq  ca lcu la t ions ,  ra ther  than by  read ing  a  / *  recoro .
However ,  when LR is  tu rned on  in  r :a lcu la t ions ,  the  o ther
cont ro l  leve l  ind ica tors  a re  no t  tu rned on .

If so turn
on all control
level indicators
and LR a

a oo
a

c

o

o

o

o

a

o

o

Ilas the record

iust read an end
o l f i l e ( l * ) r e c o r d ?

I  t o

Figure 1-11.  Logic for  the Last  Record {LR) l r rd icator

o
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/;--- 
----l

I

r l
L - _ _ - _ _ _ _ J

o

o

llas the record

iust read an
end of file
( l * ) r e c o r d ?

If so turn
on all control
level indicators
and LR

o

o

a

a

HALT
o

Perform total
output  operat ions

KEN ZUBAY

LIST COMPLETE AS OF 1O/2O/7'I

Figure 1-13.  Program Cycle l l lustrat ing the LR Indicator



R,ecord ldenti fying lndicators (01-99)

You ass ign  a  record  ident i f y ing  ind ica tor  to  each type o f
recond in  the  input  f i l e .  l f  cer ta in  opera t ions  are  to  be  per -

fo , rmed fo r  one record  type  on ly ,  you  may cond i t ion  those

opera t ions  by  the  appropr ia te  record  ident i f y ing  ind ica tor .

B 'y  th is  method you can te l l  the  RPG l l  p rogram what  oper -

at ions to perform when i t  processes a specif ic record type.

o
Turn of f

contro l  level  indicators

O 
anJ record identifvint
tnutcators

Perform detail
outpul

Perform detail
calcu lat ions

o
Move data
into processing

area
o

Perform total
output

o

After the program has selected the next record to process,

i t  tu rns  on  the  record  ident i f y ing  ind ica tor  wh ich  you as-

s igned to  tha t  record  type .  Th is  ind ica tor  i s  tu rned o f f  on ly

a t  the  end o f  each program cyc le ;  thus  i t  i s  on  dur ing  bo th

deta i l  and  to ta l  opera t ions .  Deta i l  and  to ta l  opera t ions  con-

d i t ioned by  the  record  ident i f y ing  ind ica tor ,  cur ren t ly  on ,

w i l l  then  be  per fo rmed.

F igure  1-14  shows spec i f i c  s teps  in  the  RPG l l  log ic  re la ted

to  record  ident i f y ing  ind ica tors .

Read a

recoro

Turn on record

identifying indiutor

idenrifying the

record selected

for processing

Change in contro l  f ie ld?
l f  yes,  turn on contro l
level  indicators O

o oo
o

o

O

o

o

a

o

Figure 1-14.  Logic for  Record ldent i fy ing Indicators
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Consider the use of record identifying indicators in a bil l ing
job. A monthly fi le is kept which contains records of pur-
chases and payments made by each customer. In addition,
the fi le contains a balance forward record for each cus-
tomer. Figure 1-15 shows the three input record types used
and output records required.

Payment
Record

Purchase
Record

Balance
Forward
Record

Becord ldentifying
Code

Figure 1-15.  tnput  and Output  for  Bi l l ing Job

RPG INPUTSPECIFICATIONS

lFigure 1"16 (Part 1 of 21. Billing Job Specifications Using.Record ldentifying Indicators

The three record types are defined on the input sheet. Each
type is given a different record identifying indicator. The
record identifying indicators are then used to indicate which
operations are to be performed for each record type. Fig-
ure 1-16 shows the input, calculation, and output-format
specifications for the job. Use these.specifications to help
you follow, step by step, the operations performed in the
program cycles shown in Figure l-17.
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IBll 
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1 6 7 0  H E N R Y  A B L E

1 645
- - 1

/164s JoE AARoN 4768

I
I

I
I

I
I
l poo

a
Turn of f  contro l
level  indicator  L l
and record ident i fy ing

o indicator  lo.

1645 JOE AARON 4768

B

Perform detai l
output

Perform detai l
calcu lat ions

o
Move data
into processing

area

o

Bypass total
operat ions

O

Figure 1-17 (Part  1 of  31.  Program Cycle l l lustrat ing Use of  Record ldent i fy ing Indicators

Turn on record 
o

ident i fy ing indicator  10

o

a

Change in contro l  f ie ld?
Yes,  turn on contro l
level  indicator  L1

o

o

o

1645 JOE AARON 47.68

Record
ldent i f icat ion Code

1 , 2 2



H E N R Y  A B L E  4 9 5

1645 JOE AARON 47.68

a A loa

o
Turn of f  record
ident i fy ing indicator

o 2 0

1645 742

A

Turn  on
record ident i -
f y i ng  i nd i ca to r
20

o
Perform

outpu t
deta i l

Perform detai l
cal cu I at ions:

4768 (BALFOR)
742 (PURCHS)

5 5 1 0  ( B A L F O R )
a

Move data
into processing

area

o

o

a

C h a n g e  i n

c o n t r o l  f i e l d ? N o o

o

o
O

Figure 1-17 lPart2 o l  3) ,  Program Cycle l l lustrat ing Use of  Record ldent i fy ing lndicators
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1 6 7 9  H E N R Y  A B L E  4 9 5

1645 JOE AARON 47.68

o
oo

Turn of f  record
ident i fy ing indicator 1 645 643

A

o

Turn  on
record ident i -
fy ing indicator

20

o

o

Perform detai l
outp u t

Perform detai l
cal  cu lat ions:

5 5 1 O  ( B A L F O R )

643  (PURCHS)

6 1 5 3  ( B A L F O R }

o

Move data
into processing

area
o

Figure 1-17 (Part  3 of  3f .  Program cycte l l tustrat ing Use of  Record ldent i fy ing Indicators

a

Change  i n
con t ro l  f i e l d?  No

o

o

o
o
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lField Indicators (01-99)

Fie ld indicators are used to test  a f ie ld on an input  record
1'or  a p lus,  minus,  zero or  b lank value.  Any operat ions
that  are to be per formed only when a numer ic  f ie ld is  p lus,
rn inus,  o(  zero or  when an a lphamer ic  f ie ld is  b lank may
be condi t ioned by the appropr iate f ie ld indicator .

lvote:  A numer ic  f ie ld that  is  a l l  b lanks wi l l  turn on an
indicator  speci f ied for  a l l  zeros.  However.  i f  an a lphamer ic
l ie ld is  a l l  zeros,  the f ie ld wi l l  not  turn on an indicator
speci f ied for  a l l  b lanks.

Field indicators are turned on or off after data from the
record to be processed has been moved into the processing
area.  F igure 1-18 shows the RPG l l  log ic  re lated to f ie ld
indicators.

o
Turn off
control level

-  and record ident i fy ing
a

tnotcarors

Perform detai l
output

Perform detail
calculat ions

a

Move data
into processing

o "!"?: .rlin
Jteld tndrcatots
on or off

O Perform total
output

a

For  each program cyc le ,  f ie ld  ind ica tors  a re  se t  to  re f lec t
the  resu l t  o f  the  tes t  on  a  f ie ld .  l f  the  cond i t ion  tes ted  fo r
is  sa t is f ied ,  they  are  tu rned on ;  i f  the  cond i t ion  is  no t  sa t is -
f ied ,  they  are  tu rned o f f .  A  f ie ld  ind ica tor  tha t  i s  se t  as
the  resu l t  o f  a  tes t  re ta ins  i t s  se t t ing  un t i l  ano ther  tes t  i s
made us ing  the  same ind ica tor .

When the  ind ica tor  i s  on ,  any  de ta i l  and  to ta l  opera t ions
cond i t ioned by  the  f ie ld  ind ica tor  may be  per fo rmed before
tes t ing  o f  a  f  ie ld  aga in  rese ts  the  ind ica tor .  Remember  tha t
a t  to ta l  t ime,  however ,  the  f ie ld  ind ica tor  w i l l  have the  se t -
t ing establ ished in the previous cycle.

Read a
recoro

Turn on record O
ident i fy  ing
indicator

Change in

contro l  f ie ld?
l f  ves,  turn on
control  level  O

indicators

o
oo

o
o

a

a

Perform total
calcu lat ions

Figure 1-18.  Logic for  Fie ld Indicators

I

RPG l l  Log i c t  - 2 5



Consider  the use of  f ie ld indicators in  the b i l l ing job pre-
v iously  descr ibed.  The same record types are used as in  the
previous job.  The only d i f ference is  the addi t ional  f ie ld,
d iscount  (DISCRT),  in  columns 39-40 on the balance for-
w'ard record.

A, l l  employees receive a d iscount  on everyth ing they buy.
The rate of discount they receive is recorded in the DISCRT
f ie ld.  Al l  accounts other  than employee accounts have a
zero in  the d iscount  f ie ld s ince they receive no d iscount .

RPG INPUTSPECIFICATIONS

Figure 1-19 (Part  1 of  2) .  Bi l l ing Job Speci f icat ions Using Fie ld Indicators

Each t ime a record wi th a B in  posi t ion 96 is  read,  DISCRT
must  be tested.  Only when i t  conta ins a posi t ive value

should d iscount  be calculated.  F igure 1-19 shows the input ,
ca lculat ion,  and output- format  speci f icat ions for  th is  !ob.

Use these speci f icat ions to help you fo l low,  s tep by step,
the logic  for  each program cycle shown in F igure 1-20.

fa;a-;M l

t l

0

0

0

0

0

c

I

1

l

t - z o
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Figure 1-19 (Pan 2 of 21. Billing Job Specifications Using Fietd lndicators
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291 J rM ARNO 1693

291 JtM ARNO 1693 d

193 BILL  AMES 743

193 BILL  AMES 47.68

a oa

o
Turn of f  contro l
level  indicator  L l  and I

1 
record ident i fy ing
i nd i ca to r  10

Perform detai l
output

Perform detail
calcu lat ions

Move data into
processing area.
Turn f ie ld indicator

O  99  on  (D ISCRT i s  p tus )

Bypass total operations

o

Figure 1-20 (Part  I  of  3) .

193 BTLLAMES 4768 d6

Turn on record
ident i fy ing O
indicator  10

Change in o

contro l  f ie ld?
Yes,  turn on contro l
lwel  indicator  L1

o

a
a

o

a

t ' 2 6
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276 H BOLE 593 16

201 J rM ARNO 1693

193 BILL  AMES 47,68

B I L L  A M E S

291 JrM ARNO 1693 g

1 9 3  B I L L  A M E S  7 4 3

o

I
I
I
I
I
I

A I
L-

o
oo

a
Turn off record
ident i fy ing indicator
20

Perform detail
output

Perform detail calcu lations:

7.43 7.43 47.68
x.06 -45 6.98
- + _ + -

.45 6.98 54.66
o

Move data into
processing area

o

Fiigure 1-20 (Part 2 of 31. Program Cycles lllustreting Use of Field lndicators

a

1 9 3  B I L L  A M E S  7 4 3

Turn on record
ident i fy  ing O

indicator  20

a

Change in contro i  f ie ld? No

o

o

a

a
O
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291 J rM ARNO 1693

'  241 J tM ARNO 1693 p

193  B ILL  AMES 47 .68

6.99

2 O 1  J t M  A R N O  1 6 . 9 3

a

2f,1 JtM ARNo 1693 d

B
L

Turn on record
ident i fy i  ng
indicaror 1 0

Change in

contro l  f ie ld?
Yes,  turn on 

O
control  level
indicator  L1

ao
a

O

a
Turn of f  contro l
level  indicator  L1
and record ident i fy ing

O  i nd i ca to r  10

Perform detai l
ourpur

Perform detai l
calcu lat ions

Move data into
processrng area.
Tu rn  f i e l d  i nd i ca to r
99  o f f  (D ISCRT i s  0 )

Perform total
output

o

I  igure 1-20 (Part  3 of  3) .  Program Cycles l l lustrat ing Use of  Fie ld Indicators

a

a

o

o

a

o
I 9 3  B I L L  A M E S  4 7 . 6 8
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Resu l t ing  Ind ica tors  (01-99)

Resr , r l t  ng  ind ica tors  a re  ass igned to  s igna l  someth ing  about
the  resu l t  o1  a  ca lcu la t ion  opera t ion .  Any  opera t ion  wh ich
is  dependent  upon the  resu l t  o f  the  ca lcu la t ion  can then be
conr l i t ioned by  a  resu l t ing  ind ica tor .

Resr . r l t  ng  ind ica tors  may be  tu rned on  or  o f f  a t  e i ther  de-
ta i l  o r  to ta l  ca lcu la t ion  t ime.  An ind ica tor  wh ich  is  se t  as  a
resu l t  o f  the  ca lcu la t ion  opera t ion  re ta ins  th is  se t t ing  un t i l
the  ne) ( t  t ime l  a  ca lcu la t ion  is  done fo r  wh ich  the  same in -
d ica tor  i s  a  resu l t ing  ind ica tor  and the  cond i t ion  is  no t
sa t is ; f ied .  F igure  1-21  shows the  RPG l l  log ic  re la ted  to  re -
su l t ing  ind ica tors .

o

o
Turn of f
contro l  level
and record ident i fv inq

o indicators

Perform detai l
output
operat ions

Perform detai l

calculat ions.
Turn Calculation

resulting indicators
on or off

a
Move data
into processing

area.  Turn
o f ie ld indicators

on or off

a Perform total

output

o

A resu l t ing  ind ica tor  may change s ta tus  in  the  same cyc le .

Th is  happens when one ind ica tor  i s  ass igned to  s igna l  the

resu l t  o f  bo th  a  to ta l  and de ta i l ca lcu la t ion .  The to ta l  ca l -

cu la t ion  cou ld  tu rn  i t  o f f  and the  de ta i l  ca lcu la t ion  cou ld

tu rn  i t  on ,  o r  v ice  versa .  The ind ica tor  w i l l  no t ,  however ,

be  rese t  to  show tha t  a  f ie ld  i s  b lank  ar  zero  a f te r  be ing

b lanked ou t  by  the  B lank  Af te r  func t ion  (B  in  co lumn 39

of  the  Output -Format  sheet ) .

The use o f  resu l t ing  ind ica tors  i s  demonst ra ted  by  an  inven-

to ry  job  wh ich  de termines  whether  an  i tem needs to  be  re -

ordered.  A f te r  inventory  has  been taken.  the  quant i t y  on

hand is  recorded fo r  each i tem.  l f  the  quant i t y  on  hand is

100 or  less ,  reorder  shou ld  be  immedia te .  l f  the  quant i t y

a

Read a

recoro

Turn on record
ident i f  y ing a
indicator

Change  i n
contro l  f ie ld?
l f  yes ,  t u rn  on
control  level
indicators O

Perform total

calculat ions.
Turn Calculation
resulting indicators

on or off

o
o

a

o

a

a

Figure 1-21.  Logic for  Resul t ing Indicators
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is over 100, the item need not be reordered at this time. A
list of all i tems is printed. All i tems to be reordered are in-
dicatecf with a double asterisk. Figure 1-22 shows the
specifications for the job. Use these specifications to help
you follow the program cycles shown in Figure l-23.

RPG INPUTSPECIFICATIONS

RPG CALCULATION SPECIFICATIONS Form GX21 $93
P r n e d , n  u  s  a

75 76 71 18 79 aO

r-r-FT---T-
l l t t t t r

I8M , , , , , , " " , ' . ^ " ,  
" , . , ^e*  

Mach,ne  coreo . *on

Record ldent i f  icat ion Codes

c
: d
a z
i <
i 6

5 E

Ind ica tors

Fac tor  I

4 1 9 2 0 2 1 1 2

Ooerat ion Factor  2

R e s u l t  F r e l d

Comments

Name Lenqth

z z H , e h l  L o w l E q u a

No S iqn C R

c
o

J

L z

P,oerdm |  ^
| tsudchrng

Ca.d  E lecro  Num&r

I o""

GX2r9m U/MOS'

75 76 77 78 79 80
r--T.-rT-rT--l
t t t t t  I
t t l l ' i l

Figu:e 1-22. Inventory Job Specificationr Uring Rosulting Indicatorr
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864M2 (desc) 102

* *743J1  WH SOCKS,  SZ  6  H

o

743J1 (desc) 89

Turn  on
record identi fying O
indicator 01

Change in
contro l  f ie ld?
No, there is  no
control  f ie ld O

ao
o

O

Turn of f  record
ident i fy ing indicator

01

Perform detai l
ou tpu t

Perform detai l  calculat ions
(Compare 89 to 1 00).
Turn resul t ing indicator
36 on

Move data
into processing

area

o

Figure 1-23 (Part  1 o l  2) .  Program Cycles l l lustrat ing Use of  Resul t ing lndicators

o

o

o

o

a

a
o
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a oa
a

o
Turn of f
record ident i fy ing
indicator  01

864M2 (desc) 102

a

Turn on record
ident i f  y ing a
indicator  01Perform detai l

output

Perform detai l  calcu lat ions
(Compare  102  t o  100 ) .
Turn resul t ing indicator

36 of f
a

Move data
into processing

area

o

Figure 1-23 (Part 2 of 2). Program Cycles lllustrating Use of Resulting Indicators

o

o
Change in
contro l  f ie ld?
No, there is  no

control  f ie ld O

o

o
o
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Hal t  Ind ica tors  (H1-H9)

Ha l t  ind ica tors  a re  used to  s top  the  program when a  spec i -
f ie r j  cond i t ion  is  sa t is f ied .  Ha l t  ind ica tors  may be  useo as
recor rJ  ident i f y ing ,  f ie ld ,  o r  resu l t ing  ind ica tors .  When ha l t
inc l i ca to rs  a re  used as  record  ident i f y ing  ind ica tors ,  a  ha l t
w i l l  be  caused by  a  spec i f i c  type  o f  record ;when used as
f ie ld  ind ica tors ,  a  ha l t  w i l l  be  caused by  er roneous rnput
d a t a ; w h e n  u s e d  a s  r e s u l t i n g  i n d i c a t o r s ,  a  h a l t  w i l l  b e  c a u s e d
by er roneous resu l ts  f rom ca lcu la t ions .

o
H A L T

Perform detai l
ou tpu t

Perform detai l
ca l cu  l a t i on .
Turn lrclt irtdicators
used as resulting
indicators on or ofl

o
Move data from record
selected into
processtng area.

O Turn halt indicators
used as lield
indicators on or off

a

A ha l t  ind ica tor  may be  tu rned on  a t  one o f  four  d i f fe ren t
t imes (see F igure  1-24) .  l t s  use ,  o f  course ,  w i l l  de termine
when i t  i s  tu rned on .  The program does no t  ha l t  immedi -
a t e l y  w h e n  a  h a l t  i n d i c a t o r  i s  t u r n e d  o n .  A l l  t o t a l  a n d  d e t a i l
opera taons  remain ing  in  the  cyc le  a re  per fo rmed f  i rs t ;  then
the  program ha l ts .  Th is  means tha t  p rocess ing  w i l l  s t i l l  be
comple ted  on  in fo rmat ion  f rom the  record  tha t  caused the
e r r o r  c o n d i t i o n .

Read a
record

o
ao

a
o

a

Turn on halt

indic.ators whe.n 
a

used as record
id e n t i f .,- in g i n di c a t o r s

o

o

Change  i n
contro l  f ie ld?
No, there is  no
control  f ie ld a

l f  tota l  calculat ions were
done, halt ittdicators
used as resulting
indicators would be
turned on or off

o
o

Figure 1-24.  Logic for  Hal t  Indicators
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After a lralt you may continue processing by pressing
STAR'l ' on the processing unit. Halt indicators are always
turned off before another program cycle begins.

Suppose a hal t  ind icator  were used in the b i l l ing job pre-
v iously  descr ibed in the d iscussion of  f ie ld indicators.  The
hal t  ind icator  is  used as a f ie ld indicator  to  check for  an
erro in  the input  record.  When recording in format ion for
a customer who makes many purchases and payments, the

NUM f ield is sometimes inadvertently omitted from the
record.  Any record wi th a b lank NUM f ie ld should be
corrected. Therefore, you must have some way of tell ing
the computer  to hal t  i f  the NUM f ie ld is  b lank.  The indi -
cator  Hl  in  columns 69-70 (see Figure 1-25)  wi l l  do th is .

IB i l  
" , "  

^ . , " " "  a lsne$Mach neco,oor i lo ,

lB t i {  . , " , , , . . "  Bu ,n .$Mdchneco.oor .non

RPG INPUT SPECI FICATIONS

RPG CALCULATION SPECIFICATIONS

15 76  t1  18  79  AO

P'oe'am t_l-TTl-T-l
r d e ^ ' r , c a ' ' o n l  I  I  |  |  l  j**[f "'

-r;;-t"**
l,l::"'Iv1r

** f-fl" P,q,am fI_T_fI]-l
_ rdentir c.rioi L_LL_L_L_L_J

Figure 1-25 (Part 1 of 2). Bitling Job Spocificatiorrs Using Hatt lndicators



SPECIFICATIONS GX21.m0 U/M OS'

Figure 1-25 (Part 2 of 21. Eilling Job Specifications l"tsing Halt lndicators

a;;h';-;-F;l
I

-,.'-_-.- --J
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Figure ' l-26 shows the three program cycles. In the first
cyc le there is  no error .  In  the second,  a hal t  occurs because
of  a b lank number f ie ld.  The th i rd beoins wi th another
record being read.

a

, ' '1;G ,oE;^*oN-;68-l

1645 JOE AARON 643

JOE AARON 742

Turn on record
ident i f  y ing a

indicator  10

Change in
contro l  f ie ld?
Yes,  turn on j
control level
indicator  L1

oo
a

ili o
i  Turn of f

itri control lwel indicator L1

r,rii and record identifying
O ,,ni', indicator 10

1645 ., 'OE AARON 4768

Perform detail
output

Perform detail
calculat ions
a

Move data into
processing area

Bypass total operations

o

o

a

a

o
o

1-38

Figure 1-26 (Part  1 of  31. Program Cycles lllustrating Use of Halt Indicators



The second cyc le  shows tha t  opera t io r rs  a re  per fo rmcc i  on
the  re r :o rd  t l ' ra t  con tarns  th r :  b lank  NUM f ie rd .  ihe  record

conta in ing  an  amount  a f  742 has  a  b la r rk  accour r t  number
f ie ld .  Thus  i t  i s  no t  known whether  th is  recor r . i  rea l l y  be-
longs  to  Joer  Aaron.  But  Joe is  chargec l  742,  regard less .

T----
I

|  16,45
i

JOE AAROI\ I ;;- I
7 "42

--1
I
I

oi
,-._,J

c

oo
o

/"JoE AARON 742 

i

t _ _ _ _ i

a

o

/1*--/

gr Turn of f  record

RESTART 
i den t i fY i ng^

_ t r rorcalor  lU
tu rn  o f l  H1

. \

HALT

Perform detai l
output

Perform detai l
calcu lat ions:

4764
742

551 0

o

Move data into

O 
processing area.
Tu rn  H1  on
(B lanks  i n  NUM)

a

s ince  de ta i lopera t io r rs  a re  oer fo rmr :d  be fore  t l re  ha i t  occurs .

l r r  o rder  to  p revent  p r rocess inq  da ta  wh ich  cou ld  he  in  e r ro r ,
you  mus i  in r r i re  spec i f  i ca t ions  wh ich  u" r i l l  hypass  oJrera t ions

when an er ro r  ( )ccurs .  Th is  w i  l l  be  d iscussed la te r  in  the

chapter titled Controlling Operatians in an RPG ll Program.

,,4645 

-;Eo^Ro'u-

/  JOE AARON 742

Turn on record
i den t i f  y i ng

indicat . ) r  2O

a

Change in contro l  f ie ld?

N o o

a
a

Figure 1-26 (Part  2 of  31. Program Cycles lllustrating Use of Halt Indicators
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JOE AARON

a

Turn off record
;6ppl i fy ing
indicator  2O

Perform detai l
output

Perform detai l
calculat ions:

5 5 1 0  ( B A L F O R )

643  (PURCHS)

6 1 5 3  ( B A L F O R }

a

o
Move data into
processing area

o

o

Figure 1-26 (Part 3 of 3). Program Cycles lllustrating Use of Halt Indicators

o

Turn  on
record identi- O
fy ing indicator

20

Change in contro l  f ie ld?
N o o

140

1645  . JOE  AARON Read a

rec0r  d



Overflow Indicator (OA-OG, OV)

Overf low indicators are used to s ignal  when the end of  a
printed page has been reached. They are assigned to the
pr interr  f i le  and turn on when the over f low l ine is  pr in ted.
This r ;ould be e i ther  at  deta i lor  to ta l  output  t ime.  Those
l ines which you wish to pr in t  at  the end of  one page or  at
the 'beginning of  another  are condi t ioned by the over f low
inc l icator .

Figure  1-27  shows RPG l l  log ic  re la ted  to  over f low ind ica-

to rs .  A  more  de ta i led  d iscuss ion  o f  the  purpose and use o f

over f low ind ica tors  can be  found in  the  chapter  t i t led  Con-

tro I I ing Printer Ou tpu t.

Read a
record

Turn on record
ident i f  y ing a
indicator

Change in contro l  f  ie ld?
l f  yes,  turn on appro-
pr iate contro l  level
indicators O

a
o o

a Turn of f  contro l
level ,  record
i den t i f y i ng ,  and

O hal t  indicators

Ha t t  i f
hal t  indicator
is  on

t

Set off overflow
indicators if
performed during
this cycle

o

Perform detail
output.
If overflow
occurs, turn on
overflow indicator

Perform detai l
calcu lat ions.
Turn calculat ion
resul t ing indicators

on or off

Move data into
processing area.
Turn f ie ld
indicators

1 on or  of f

Is overflow indicator
on? IJ'so, perform
output operations

I conditioned by
overflow indicator

Figwe'l-27. Logic for Overflow Indicators

o

a

a

Perform total
output. 1/
overflow occurs
turn on the
overflow indicatoro

I
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lVlatchinlg Records tndicator (MR)

' fhus  
fa r .  you  have been concerned w i th  on ly  one input  f i l e .

r \ccord in rS to  RPG l l  log ic  d iscussed so  fa r ,  a  record  is  read
1 ' rom the  input  f  i l e ,  then processed.  Another  i s  read and
processerC and so on. Suppose you have more than one in-
pu t  f  i l e ;  f  rom wh ich  f i le  i s  a  record  read?

l lPG l l  l r rg ic  has  been c les igned so  tha t  your  p rogram can
se lec t  thc ,  nex t  record  fo r  p rocess ing .  F igure  1-2g  shows
g lenera l  s teps  in  the  log ic  (mu l t i f i l e  log ic )  requ i red  when
rnore  than one input  f i l e  i s  used.

o

I  u rn  o1 l
O  con t ro l  l e ve l ,

record ident i -
f y i ng ,  and  ha l t

1t  Hal t  i f  
indicators

ha l  t
indicator
t s  on

Perform detai l
output .

Perform detai l
calcu lat ions.
Tu rn  ca l cu l a t i on
resul t ing indicators
on or  of f

o
Move data into
processtng area.  Turn
f  ie ld indicators on or  of f
a

Turn MR
on or off

' 
' 'pe.form 

total
output
o

The matching record indicator  (MR) is  used only when you
are processing more than one input  f i le .  l t  ind icates when
f ie lds on records f rom di f ferent  f i les match.  MR is  set  only
af ter  to ta l  operat ions are per formed.  Thus,  at  deta i l  t ime,
MR always s ignals the matching status of  the record just
selected for  processing;  at  to ta l  t ime,  i t  re f  lects the matchino
status of the previous recoro.

Speci f ic  s teps in  the mul t i - f i le  log ic  are descr ibed in the
chapter titled Match Fields and Multifile processing. At
th is  t ime,  i t  is  suf f ic ient  to  know at  what  point  in  the pro_
gram cycle records are selected for processing and at what
point  MR is  turned on.

a

Mul t i - f i l e  l og i c :  t og i c
used to select  the

a
o

a

Read a
record

recorcl to process
when more than one
inpu t  f i l e  i s  used .

Are end-of-file
conditions met?

Are multiple input
liles being usedT
If so, determine
the next record
to process

Turn  on  O
recording identi fying
indicators

o

Change in contro l  f ie ld?
l f  yes,  turn on contro l
level  indicators O

o

Perform total
calculat ions.  Turn
calculat ion resul t ing
indicators on or  of f

o

Figure 1-28.  Simpl i f ied Matching Record Logic



Setting Indicators

Yc,u lrave just seen the normal setting of indicators accord.
ing to RPG l l  log ic .  You.  in  your  program, can a l ter  th is
set t ing by turn ing any indicator  (except  1P) on or  of f
through use of the operation codes SETON and SETOF
(see Figure 1-29) .  An indicator  may be set  dur ing e i ther
deta i l  or  to ta l  t ime.  l t  wi l l  be set  at  the t ime the SETON
or SETOF code is executed and wil l retain the setting you
give it unti l i t is reset according to the program logic.
(Refer  to the logic  for  the var ious indicators,  ear l ier  in  th is
secticrn, to determine when they are set on and off in the
logic  cyc le. )

lndicators of various types may be used anywhere in the
program. For example, you can use LR as a record identi-
fy ing indicator ,  L1-L9 as resul t ing indicators,  or  L l -L9 as
record identifying indicators. lf you need to set indicators
yoursel f ,  you should be thoroughly fami l iar  wi th RPG l l
program logic so that you wil l use the indicators correctly
in your program.

RPG CALCULATION SPECIFICATIONS

Figure 1-29. Sotting lndicators

*" [-]-l "'_
C.rd €lccro Numhr
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1 '  Ar range the  fo l low ing  s teps  in  the  order  they  occur  in  the  RpG l l  log ic  cyc le  s ta r t -
ing with Read a record.
a. Read a recoro
b.  To ta l  ou tpu t
c .  Move da ta  f rom input  a rea  to  p rocess tng  area
d.  Deta i l  ca lcu la t ions
e.  Deta i l  ou tou t
f .  To ta l  ca lcu la t rons

2 '  In  the  RPG l r  cycre ,  to ta r  carcura t ions  and to ta r  ou tpu t  a re  fo r  da ta  f rom:
a. the record lust read
b.  records  read in  p rev ious  RpG l l  cyc les

3 .  When is  the  1P ind ica tor  on? When is  i t  tu rned o f f?

4 .  Which  s teps  are  bypassed dur ing  the  f  i r s t  p rogram cvc le?

5 '  when the  LR ind ica tor  comes on ,  the  ras t  p rogram cycre  ends  a f te r - ;
there fore-opera t ions  are  no t  per fo rmed when LR is  on  ( / *  record  read) .

6 .  When are  record  ident i f y ing  ind ica tors  tu rned on? Wher r  a re  they  tu rned o f f?

7  '  when are  f  ie ld  ind ica tors  ( the  ind ica tors  wh ich  tes t  the  conten ts  o f  an  input  f ie ld )
turned on or off?

8 '  Ha l t  ind ica tors  may be  tu rned on  a t  var ious  t imes depend ing  on  how they  are  used.
l f  a  ha l t  ind ica tor  i s  tu rned on ,  when does  the  computer  s too?

9 '  Ca lcu la t ion  resu l t ing  ind ica tors  a re  tu rned on  dur ing  to ta l  o r  de ta i l ca lcu la t ions .
When are  they  tu rned o f fT

Review 1
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,Answers To Review 1

1 .  a ,  f ,  b ,  c ,  d ,  e

2 . b

3.  1  P  is  on  a t  the  beg inn ing  o f  the  f i rs t  p rogram cyc le  on ly .  l t  i s  tu rned o f f  be fore
the f irst record is read.

4 .  to ta l  ca lcu la t ions  and to ta l  ou tpu t

5 .  to ta l  ou tpu t ,  de ta i l

6 .  Record  ident i f y ing  ind ica tors  a re  tu rned on  r igh t  a f te r  a  record  has  been read and
ident i f ied .  They  are  tu rned o f f  a t  the  end o f  each RpG l l  cyc le .

7 .  F ie ld  ind ica tors  a re  se t  jus t  a f te r  da ta  i s  moved f rom the  input  a rea  to  tne  proces-
s ing  area .

8 .  The computer  ha l ts  a f te r  de ta i l  ou tpu t .

9 .  Resu l t ing  ind ica tors  remain  on  un t i l  rese t  by  another  ca lcu la t ion .
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Chapter 2. Describing and Using Input

C H A P T E R  2  D E S C R I B E S :

Spec i fy ing  and us ing  cont ro l  f ie lds  and sp l i t  con t ro l  f ie lds .

Checking the sequence of record types.

Descr ib ing  input  record  types  us ing  the  OR re la t ionsh ip .

OR records  w i th  f  ie ld  record  re la t ion .

F ie ld  record  re la t ion  w i th  cont ro l  f ie lds .

Cond i t ion ing  use  o f  inpu t  f i l es .

B E F O R E  R E A D I N G  T H I S  C H A P T E R  Y O U  S H O U L D  B E  A B L E  T O  D E S C R I B E :

Funct ion  and cod ing  o f  inpu t  f ie lds  on  the  Input  sheet .

F u n c t i o n  o f  R P G  l l i n d i c a t o r s .

RPG l l  ob jec t  p rogram cyc le  (Chapter  1  ) .

A F T E R  R E A D I N G  T H I S  C H A P T E R  Y O U  S H O U L D  B E  A B L E  T O  D E S C R I B E :

Funct ion  and RPG l l  cod ing  fo r  con t ro l  f ie lds  and sp l i t  con t ro l  f ie lds .

How to  hand le  typ ica l  record  type  sequence check ing  s i tua t ions .

Func t ion  and RPG l l  cod ing  fo r  f ie ld  record  re la t ion .

Uses  fo r  cond i t ion ing  input  f i l es .

Set t ing  ex terna l  ind ica tors .

Note: You can use the review questions contained in Review 2 at the end of this chapter
to  tes t  your  comprehens ion  o f  the  top ics  in  the  chapter .  Answers  fo l low the  rev iew
quest ions .
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I N T R O D U C T I O N

For  every  RPG l l  p rogram,  you must  descr ibe  the  input
in fo rmat ion  you are  process ino .  Th is  inc ludes  descr ib ing
i n p u t  f i l e s ,  r e c o r d  t y p e s  w i t h i n  e a c h  f i l e ,  a n d  f i e l d s  w i t h i n
eacn record  type .  lnpu t  f  i l es  a re  descr ibed on  the  F i le
Descr ip t . ion  sheet ;  record  types  and f  ie lds  w i th in  each inout
f i le  a re  descr ibed on  the  Input  sheet .

From prev ious  ins t ruc t ion ,  read ing ,  and exper ience,  Vou
shou ld  a l ready  know how to  descr ibe  and use input  f  i l es ,
i ' ecord  types ,  and f ie lds .  you  shou ld  a lso  know now ro  use
RPG l l  ind ica tors  to  cond i t ion  opera t ions .  Th is  cnapter
descr ibes  add i t iona l  ways  to  use  input  w i th  cont ro l  leve l
ind ica tors ,  f ie ld  record  re la t ion  ind ica tors ,  and ex terna l
ind ica tors .

C O N T R O L  F I E L D S

A bas ic  type  o f  repor t  in  any  da ta  p rocess ing  ins ta l la t ion  is
a  de ta i l  l i s t  tha t  cons is ts  o f  one l ine  o f  p r in t ing  fo r  each
record  read,  such as  a  t ransac t ion  l i s t ing .  F igure  2-1  shows
what  a  c le ta i l  repor t  wou ld  look  l i ke .

Because produc t  c lasses  are  repeated  fo r  each l ine ,  the
repor t  t s  c lu t te red  and hard  to  read.  The same repor t  (F ig -
ure  2-2 l '  g rouped by  c lass  is  much eas ie r  to  read.  Here .  a l l
i tems f rom one c lass  are  l i s ted  together  w i th  head ings  used
on each page to  ident i f y  the  in fo rmat ion .  S ince  a l l  i tems
on one page app ly  to  the  same c lass ,  the  c lass  is  p r in ted
or r ly  once.  Such a  repor t  i s  somet imes re fe r red  to  as  a
group-indicated report.  Group-indication is the print ing of
cont ro l  in fo rmat ion  on  one l ine  per  g roup.  The da te  i s
pr in ted  a t  the  bo t tom_

Acont ro l  f ie ld  i s  any  f ie ld  used to  ind ica te  when a  cer ra tn
type o f  p rocess ing  shou ld  be  done.  S ince  the  CLASS f ie ld
(F igure  2-3)  cont ro ls  p rocess ing ,  i t  must  be  spec i f ied  as
the  cont ro l  f ie ld .  Each t ime a  record  is  read,  th is  cont ro l
f ie ld  i s  checked fo r  a  change in  conten ts  (cont ro l  b reak) .
When a  cont ro l  b reak  occurs ,  a  d i f fe ren t  type  o f  p rocess ing
or  add i t iona l  p rocess ing  is  to  occur .  In  th is  case,  a  cnange
in  the  CLASS f ie ld  ind icares :

1 .  Sk ip  to  the  bo t tom o f  the  page.

2 .  Pr in t  the  da te .

3 .  Sk ip  to  a  new page.

4 .  P r i n t  h e a d i n g .

Figure2-1.  Pr inted Report  of  a l l  l tems in Stock

CLASS ITEM NO DESCRIPTION

m124 7657352 SWEATER, V_NK, SZ 32
OO124 6324181 SWEATER, V.NK, SZ 34
w124 43151CK CARD|GAN,  SZ 36

CARDIGAN,  SZ 40
T.sHIRT, WH, SZ 30
T.SHIRT,  WH,  SZ 32
T-SH|RT, WH, SZ 40
TSHIRT,  WH,SZ 42

ON HAND

1 0
1 6
1 7

8
1 1
1 4
1 5
I

1 2
1 1

m124 76738K2
00125 54321K4
00125 56422K4
00125 57381J4
00125 5832,481

00125 57421C2 T-SHtRT, eK. SZ +O
00126 6734183 WOOL SOCKS. BL t0

rN sTocK AS OF 10/30 /70

' t a



CLASS

@124

ITEM NO

$732J1

63241 B1

€1 51CK

:

DESCRIPTION

SWEATER,  V-NK,  SZ 32

SWEATER, V.NK, SZ 34

CARDIGAN,  SZ 36

ON HAND

1 0

1 6

1 7

rN sTocK As oF 10/30/70

CLASS

001 25

ITEM NO

*321K4

56,422K4

57381 J4

5832481

DESCRIPTION

T\SHIRT, WH, SZ 30

T^sHIFT, WH, SZ 32

TSHIRT,  WH,  SZ 40

T-sHIRT.  WH,SZ 42

ON HAND

1 1

l 4

1 5

I

rN sTocK AS OF 10/30/70

CLASS

00126

ITEM NO

67341 B3

6743283

:

IN  STOCK AS OF

DESCRIPTION

WOOL SOCKS, BL 10

WOOL SOCKS, GR 10

10/30t70

ON HAND

1 1

I

Figure 2-2. Report Group - Indicated by Product Class

CLASS I T E M N O DESC O N H A N D DATE

1 2  1 3 32 33 38 39

Figure 2-3. ltem Record

Descr ib ing And Using Input  2-3



Coding Control Fields

The RPG ll specifications for the program are shown in
Figure2-4.  The entry  L l  on l ine 02 of  the Input  Sheet
(Figure 2-4, insert A) establishes the CLASS fielo as a con_
tro l  f ie ld.  When the in format ion in  the contro l  f ie ld
changes (a control break occurs) L1 is turned on. The Ll

indicator is used on the Output-Format Sheet (Figure 2_4,
insert B) to condition those operations which should be
performed only when a control break occurs. Note that the
Ll  ind icator  is  used in l ine 08 to condi t ion the CLASS f ie ld
in the deta i l  output  l ine.  This causes the CLASS f  ie ld to be
printed only for the first record of a new control group.
That  is ,  the CLASS f ie ld is  pr in ted only when i t  changes.

RPG INPUTSPECIFICATTONS

R e c o r d  l d e n t i f  i c a t r o n  C o d e s

r + ,

i '
. l

+ f

i i
l l
t t
l r

RPG OUTPUT SPECIF ICAT IONS G X ? l W  U / M O $ '

t5 76 11 18 79 aO**f-fl"_';:nT*..[-fT-f-f[]

l r
i +

es+

j

I
. T

I

-:_:- 15 /6 11 7A 19 AO

"" L-.1-i "'* ::::11", "" fifJ_lirr
F  i e l d  L o c a r i o n

|  ! i r ld  Nanre

l' fr

1-_tr

'io,*ioi'r i
i i i

rlirll
I i I t r i
lr_.,t"hl+
f l  i , r  f  t

Figure2-4. Defining and Using a Control Field



Spli t  Contrcl l  Fields The solut ion to the problem is to add a 3-character port ion

to  the  cus tomer  number  f  ie ld  us ing  th ree  co lumns wh ich
Two separa te  par ts  o f  a  f ie ld  o r  two separa te  f ie lds  can be  are  no t  ad jacent  to  the  or ig ina l  cus tomer  number  f ie ld
used asone cont ro l  f ie ld  known as  a  sp l i t  con t ro l  f ie ld .  (F igure  2-6) .  The or ig ina l  th ree  numera ls  o f  the  cus tomer
- l 'h is  

i s  dor re  by  ass ign ing  the  same cont ro l  leve l  ind ica tor  to  number  remain  in  the  or ig ina l  f ie ld .  The th ree  add i t iona l
bo th  par ts  o f  the  f ie ld .  The compi le r  w i l l  cons ider  the  da ta  numbers  are  pu t  in  the  new cus tomer  number  f ie ld .
in  the  sp l i t  con t ro l  f ie lds  as  one cont inuous  f ie ld .

A t  the  end o f  each month ,  a  repor t  i s  p roduced cons is t ing

Siuppose you have a 3-character customer number f ield in of :
the record and now need a 6-character f ield. The problem

i t ;  how to  pu t  a  la rger  cus tomer  number  (such as  100010,  1 .  Cus tomer  number .
100020) in a 3-character f ield. You cannot change records

eas i l y  because there  is  no  room fo r  expans ion  on  e i ther  2 .  A  descr ip t ion  o f  each purchase.

s ide  o f  the  cus tomer  number  f ie ld  (F igure  2-5) ,  and to  ex-
prand the f ield, the entire record format would have to be 3. The cost of each purchase.

changed.  A l l  p rograms us ing  these records  wou ld  a lso  have
to be changed to accommodate the changed record format. 4. The total cost of al l  purchases.
' l -h is  

wou ld  be  cons iderab le  work  and inconven ience.  RPG
l l  p rov ides  the  sp l i t  con t ro l  f ie ld  fea ture  to  meet  chang ing
dlata processing needs with minimum effort.

CUSTNO I T E M N O DESC OTYORD COST

3 4 1 2  1 3  3 2  3 3 37 38 44

Figure 2-5. Three Digit Customer Field

CNUM2 ITEMNO DESC OTYORD COST C N U M l

3 4

Figure 2-6. One Customer Number Split into Two Parts

1 2  1 3  3 2  3 3 37 38 44 45 47 48
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The report is group-indicated as shown in Figure 2_7.

The customer number determines when tota ls  would be
pr inted and thus must  be used as a contro l  f ie ld.  However,
on each record the customer number is  sp l i t  in to two par ts
(two fields). Both must be used in order to get the correct
customer number (F igure 2-8) .

Coding Split Control Fields

Spl i t  contro l  f ie lds must  be descr ibed in speci f  icat ion l ines
which fo l low one another  (F igure 2-g,  inser t  A)

CNUM1, the f ie ld in  columns 43-47 ot  the record,  must  be
speci f ied on the Input  sheet  before CNUM2, the f ie ld in
posi t ions 1-3.  This is  requi red because the three d ig i ts  in
CNUMl are the f i rs t  three d ig i ts  of  the customer numDer.

Parts  of  a spl i t  contro l  f ie ld may be e i ther  a lphamer ic  or
numer ic ,  In  th is  example,  they were both def ineo as numer-
ic  ( ind icated by the entry  in  column S2l .  l f  one of  them,
however,  had been def ined as numer ic  and one as a lphamer_
ic,  they both are considered numer ic  by the compi ler .

CHECKING THE SEOUENCE OF RECORD TYPES

Many da ta  p rocess ing  jobs  requ i re  the  use  o f  severa l  k inds
of  in fo rmat ion .  Somet imes,  th is  in fo rmat ion  must  be  in  a
special order to produce the correct results.

Order of Record Types Within a Group

For  example ,  to  do  end-o f - the-month  b i l l i ng ,  you  need
severa l  k inds  o f  in fo rmat ion .  For  each account  vou musr
know:

1 .  The ba lance fo rward  a t  the  beg inn ing  o f  the  month .

2 .  Payments  made dur ing  the  month .

3 .  Purchases  made dur ing  the  month .

To get the amount due, you subtract payments made from
the balance forward and then add new purchases to that
amount .

Information concerning balance forward, payments, and
purchases  is  usua l ly  on  more  than one record .  payments

are usually recorded as they are received. Purchases are
recorded as they are made. The balance forward is also
kept on a separate recoro.

CUSTOMER

oo1249

PURCHASES

#r+ ruerls
#  9 N A I L S

H A M M E R
ELECTRIC SAW

2'.X 4',s

PLYWOOD

TI LE

cosT

2.49
3.78

$ 6'27

1.29
42.85

$44.14

17.93

$17.93

7.43

$ 7.43

87.93

001254

001497

@1972

oo2024

$87.93 .

z-o

Figure 2-7. Report Group Printed by Custom€r Number
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Figure 2-8.  Using a Spl i t  Control  F ie ld
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Thus,  to  do the b i l l ing,  three d i f ferent  types of  records
are necessary for each account. Furthermore, these rec-
ords must be read in a special order. The balance forward
record must come first. The payment and purchase records
can be in any order; it makes no difference whether you
subtract all payments first, or add all receipts first, or add
receipts and subtract payments in any order. However,
you must decide on the order of these records for your
program and keep them in that  order ,  s ince the computer
wi l l  a lways expect  them in a cer ta in order .

Management of  a reta i l  s tore requi res a l l  receipts to oe
listed and subtracted before purchases are l isted and added.
Thus,  the order  in  which the records must  be read is :

1 .

Remember that these three types of records are necessary
for one account. When they are organized, they are organ.
ized according to account. Each record has a name on it.
All records with the same name must be grouped together
in the f i le  and must  be in  the order  ind icated (see Figure
2-9,  par t  A) .

What if one of the records accidentally got out of order?
Some customer would end up wi th the wrong amount .

2.

3 .

Balance Forward.

Payments.

Pu rchases.

Payment

Balance

f- 
n,."r,...

| * ' " " " " '

+Ba lance

+ Purchase

Payment

Balance

EDWARD,  B

D R I T T ,  E D

2-a

Figure 2-9. Order of Record Types Within a Group



' [o 
prevent this, you direct your program to check for rec-

ord sequence by entr ies in  columns 15-16 on the Input
sheet. These columns are tit led Sequence and are used for
indicating the sequence of record types for each account.

-f-hese 
sequence columns are used for every program you

\rvrite. lf you are not checking for a special order, these
columns must contain alphabetic entries. lf you are check-
ing for a special order, these columns must contain numeric
entr ies (01-99) .

Since it is f irst, the Balance record must be given the se-
quence entry  01 (see Figure 2-10) .  What  sequence entr ies
would the Payment and Purchase records have? Logically,
they would be 02 and 03 respectively (Figure 2-10). How-
ever. you could have used 09 and 20. You may use any num-
bers from 0l-99 just as long as the numbers used are in as-
cending order. However, 01 must always be used.

RPG INPUTSPECIFICATIONS GXzt .@ U/M 0S '

7 6 7 7 7 8 7 9 m

**fl.' P,q..m fT_fT_f-T_l
_ torntncrtonl I  I  |  |  |  I

I81L.,.,..,,,,"", 
",,,n.$ 

Mrch,n. co,eo,.,o.

I  card  EI .c t ro  Num&r-'1

I
Fi lename

F
F

E
5

a

D

?
a

r
E
z

3
i
!

; .
9

9 2 0

Record ldent i f  icat ion Codes
Field Locat ion

E

F i e l d  N a m e

' 3 s 5 5 5 6 4 7 e 9 5 1

€ *
E i

9 E '

5 6
i l 6 2

.E

E

tr

Field
Indicators2 3

,l.lu
: | ] : n 2 9 3 0 3

I

6

35 36 37 38

From To

J5 6l 7 *

26o

Figure 2-lO, Record Sequencr
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Since there are three different types of records, each should
be identif ied by a code so that the computer knows which
record type was read. Record identifying indicators should
be specified for each record type. All f ields in each record
type must also be described. Figure 2_1 1 shows how the
necords kept by the retail store were described.

lHow does the entry specifying sequence help you check for
record sequence? Suppose a payment record was read after
a purchase record. This would be incorrect order. The oro-
gram knows that a 02 record type doesn,t come after a 03
Iype and wi l l  automat ica l ly  hal t  because of  the mistake.

ll4ore Than One Flecord Type per Group

lVhat would happen if two payment records (02 record
typel were read in a row? The program would halt because
it expects a 03 record type to follow a 02 type. lt does not
expect two 02 types in a row. But what if a customer ac_
tually made two payments during the month? Or what if
he bought  more than one i tem dur ing the month? you
urouldn't want the program to halt whenever it read more
than one payment of purchase record per customer.

Y'ou must make another entry to indicate whether the pro-
gram can expect to read one or more records of the same

I 8 1 1 , . , " , " , , , " , " , , , , , e * M a c t r 4 ! c o , p o , a . o n
RPG INPUT SPECI  F ICATTONS

I  loe .amme,  I  .
L _  _  . _  t J . -

Figure 2-1 1. Description of Sequenced Record Types

2-10

type in  one group.  This entry  is  made in column 17 (Num_
ber) of the Input sheet. A 1 indicates only one record per
type;  an N indicates one or  more records per  type.  In  th is
example, only one balance record is needed. However.
there may be more than one payment record or purchase
record. Figure 2-12 shows these entries.

Optional Record Types in the Group

I t  is  a lso possib le in  th is  example to have no purchase rec_
ord.  A customer might  not  have purchased anyth ing dur ing
the month. lf so, a balance record would be read after a
payment record for the previous customer (see Figure 2-9,
par t  C) .  According to the speci f icat ions shown, th is  is
incorrect order. The program would halt.

To prevent  hal t ing in  th is  s i tuat ion,  you must  make another
entry,  th is  t ime in column 18.  p lace the le t ter  O in column
18 to indicate that the record type is optional (it may or
may not  be present) .  l f  you leave column 1g b lank,  the
computer assumes that the record type must always be
present.

Of the three record types. which must always be there?
The balance forward record should be present. Leave col-
umn 18 blank for it. The othertwo record types are op_
t ional .  Enter  the le t ter  O for  each (see Figure 2_13).

GX2J 9094 U/M 050.

15  76  77  tA  79  80-- _.-- 
I 

Punch ns

Dale  i  Ins t l c l  o .

Card  E lecro  Number **fl l"_ Proq.ah fT.f_ffT]
r d e n r r , c a r o n l  |  |  |  I  I  I

I

irr i

I- f

l

+



Figure2-12, Number of Each Record Type Per Group

IBM . , , , . " , " " , , " " .esMach,necoroo,a ,on

Date

O indicates that  the
Payment Record is  opt ional .

O indicates that the
Purchase Record is  opt ionat .
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Record ldent i f  icat ion Codes
F ie ld  Loca i ion

F  i e l d  N a m e

1 indicates only one Balance

N indicates one or  more
Payment Record per group.

IB I {  , " , " , " " , . " , ,  
" . ,  

n€$  Mdch ie  coroora ,  on

F  i e l d  N a m e

3 5 4 5 5 5 6 5 7

Record ldent i i icat ion Codes

A blank indicates that  the
Balance Record must be present

Figure 2-13. Optional Record Types in a Group
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Checking the Order of lRecord Types in a Group

In summary, three entries must be made to ensure proper
checking of the sequence of records in a group.

l .  Columns 15-16 must  conta in a numeral  f rom 01
through 99 that indicates the order in which records
must be read.

',2. 
Column 17 must r:ontain an entry that indicates
whether or not more than one record of a rype can
be expected. A I indicates that only one record of
a type wil l be accepted. An N indicates tnat more
than one record of a type wil l be accepted.

:3.  Column 18 must  conta in an entry  which indicates
whether or not thLo record type is optional. The let_
ter O indicates that the record type is optional. A
blank indicates that the record type must be present.

Incorrect Records Withirn a Group

'l-he 
entries for checking the sequence of record types with_

in a group wi l l  determinr . ' that  the records in  groups A and
El shown in Figure 2-14 itre in order. Suppose, however,
that  the payment  records for  John Hi l l  and A.  James were
rn ixed up (F igure 2-15) .  The program using the sequence
specifications just descri bed would not f ind this error. The
record types are sti l l  in prroper order. but the records them_
sralves are in the wrong groups. To ensure that records are
in the right group other r;pecifications have to be made.

For  the  end-o f -month  b i l l i ng  example ,  the  NAME f ie ld  i s
used as  a  cont ro l  f ie ld .  A  change in  the  NAME f  ie ld  ind i -
cates the end of one group and the start of another. Since
the  ba lance record  is  a lways  the  f i rs t  one in  a  new group,
the  ba lance record  type  shou ld  be  the  on ly  one tha t  causes
a cont ro l  b reak .  l f  the  records  are  mixed up ,  as  shown in
F igure  2-15 ,  a  cont ro l  b reak  w i l l  occur  be fore  a l l  records
of  one group have been read.  For  example ,  when the
Arno ld  James '  payment  record  is  read a f te r  a  John H i l l
ba lance record ,  a  cont ro l  b reak  occurs  because in fo rmat ion
in  the  NAME f ie ld  changes.  There  shou ld  be  no  cont ro l
break at this t ime. l f  there is a control break here. tne
resu l ts  o f  the  repor t  w i l l  be  inaccura te .

H I L L ,  J O H N

H I L L ,  J O H N

2 . 1 2

Figure 2-14, Corr€ct Data Records in a Group



' fo prevent this, certain calculation specif ications must be
rnade. Line 01 of the Calculation sheet shown in Figure
i2-16 shows that  ind icator  Hl  is  set  on.  H1 is  a hal t  ind ica-
tor. When it is on, processing halts after calculations and
rrutput operations have been performed for the record just

read. JAMES,  A

H I L L ,  J O H N

JAMES,  A

H I L L ,  J O H N
Purchase

Payment

Figure 2-15, lncorrect Data Records in a Group

RPG CALCULAT IONSPECIF ICAT IONS

** [*l-l "_
I81t, . , . , " , , , "^",  

" , , ,n.a 
M,ch,n. co,Dor.non

Figure 2-16. Halting When lncorrect Record if Found in a Group
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Look at the indicators which condition the SETON opera-
t ion,  L1 and N01.  A contro l  break (L1 turns on)  caused by
record type 01 (balance record) is correct, But a control
break (Ll ) caused when any other record tvpe (02 or 03)
is read indicates that a record is in the wrong group. This
is  an error  condi t ion.  Thus when L1 is  on (a contro l  break
has occurred)  wi th any record ident i fy ing indicator  other
than 01 (N01),  the hal t  ind icator  H1 is  set  on to srop proc-
essi ng.

Hal t ing on an error  is  one way of  handl ing error  condi t ions.'This 
method allows you to stop. correct the record in error.

and start processing over again. This often wastes time since'y'ou must restart the computer each time an error is found.
Programming to bypass the error  is  more of ten done.  This
wi l l  be d iscussed at  a la ter  t ime.

Sequenced and Unsequenced Record Types in a Group

So far we have talked about having records in a group which
must be in a special sequence. However, you may also have
records in the group which need not be in any sequence. In
th is  case,  a l l  recordswhich  do  no t  need to  be  in  sequence
are specif ied on the Input sheet before those that do. Re-
member that unsequenced records must have alphabetic
e n t r i e s  i n  c o l u m n s  l 5 - 1 6 ,  a n d  b l a n k s  i n  c o l u m n s  1 7 _ 1 g .

Unexpected or Unused Records Within a Group

lf the computer reads any record types which are not spec_
i f ied .  i t  w i l l  ha l t .  Of ten  you may have severa l  record  types
wi th in  a  f i le .  bu t  the  job  be ing  done requ i res  the  use  o f  on ly
a few of the record types. Do you st i l l  have to specify
each type? No,  you don ' t .  Bu t  remember  each t ime an  un_
descr ibed type is  found,  the  program ha l ts .  Th is  cou ld  resu l t
in  wasted  t ime.  There fore ,  to  p revent  ha l t ing  and to  e l im i -
nate a descript ion of each record type, you specify a catch_
a// indicator in addit ion to specifying al l  record types needed
(see F igure  2-17) .

These record types are not
descr ibed for  they are not
needed, The catch-al l
sequence entry causes al l
to be considered as type gg.

ldentification Code

I
6 (b tanr )

These record types are
indiv idual ly  descr ibed
because they are used
for  the job.

Figwe 2-17.  Catch-Al l  Sequence Entry
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According to the specifications in Figure 2-17, any record
read which does nof have one of the identif ication codes
specified, is considered to be record type gg. lf no opera-
tions are conditioned by record identifying indicator 99,
none wil l be done for all records which are considered type
99.

You may also use a catch-all indicator specification to pre.
vent halting when unexpected records (record in wrong
file, blank record, etc.) are read. Unwanted card records
are normally stacker selected into a special stacker so that
they can be removed from the deck at the end of the job.

Figure 2-18 shows specifications that describe three un-
sequenced record types used in the program and a catch-all
indicator which wil l be assigned to unwanted record types
found in the f i le .  When records are not  in  a specia l  order ,
(a lphabet ic  entr ies in  columns 15-16) ,  the catch-a l l  ind icator
is described last with no Record ldentif ication Codes. The
catch-a l l  ind icator  turns on i f  a  card is  read which can not
be identif ied by any of the preceding Record ldentif ication
Codes.

FIELD RECORD RELATION INDICATORS

You may have some programs which process several dif-

ferent record types. Two or more record types might con-

ta in  ident ica l  f ie lds .  To  e l im ina te  cod ing  these ident ica l

f ields for every record type you may use the OR relat ion-

sh ip  wh ich  ind ica tes  tha t  cer ta in  f  ie lds  a re  found on  a l l
record types. Not al l  f ields are identical in dif ferent record

types, however. You must have some way of specifying
those f ields found on only specif ic record types in the OR
re la t ionsh ip .  F ie ld  record  re la t ion  ind ica tors  ind ica te  those

fields found on only specif ic record types.

F ie ld  record  re la t ion  ind ica tors  w i l l  re la te :

o  A  f ie ld  to  a  spec i f i c  record  type  in  the  OR re la t ionsh ip .

o Control f ields and spl i t  control f ields to a specif ic record

type in  an  OR re la t ionsh ip .

o Match f ields for more than one record type (see Match

Fields and Multifile Processingl.

Rpc tNpUT I OR Relationship

Figure 2-18. Unsequenced Record Types with Catch-Alt Sequence
Entry

You can e l im ina te  dup l i ca te  cod ing  by  us ing  an  OR re la t ion-

ship to describe identical record types. This method also

reduces the size of the program.

When using the OR re lat ionship,  you need to wr i te  the
names of identical f ields from more than one type of rec-
ord only once on the Input  Sheet .  OR re lat ionship speci -
fications indicate that the fields named may be found on
all of the record types. The following input specifications
are necessary to set up the OR relationship:

Record identifying indicators (01-99) for each record
type.

The let ters OR in columns 14-15 for  a l l  record types
other  than the f i rs t .

Entries describing the record identif ication code of
each record type (columns 21-41l .

1 .

2.

3.

I  R e c o r d  l d e n t i { i c a r i o n  C o d e s
I
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The record identi fying codes must be described for a//  types
of  records  in  the  f i le  be fore  any  f ie lds  a re  descr ibed (F igure
2-19t .

The letters OR are placed before the descript ion of each
record type except the f i rst.  oR indicates that the f ields
l i s ted  may be  found on  a l l  record  types .  In  th is  example ,
the f ields l isted may be found on records identi f ied by an
N,  D,  o r  O in  co lumn 96.  lden t ica l  f ie lds  a re  descr ibed
af te r  the  en t r ies  wh ich  es tab l i sh  the  OR re la t ionsh ip .

OR Relat ionship With Field Record Relat ion Entr ies

In  the  example  o f  p r in t i r rg  a  repor t  by  p roduc t  c lass ,  a l l
record  types  had ident ica l  f ie lds  (F igure  2-3) .  Suppose tha t
the  in fo rmat ion  on  each record  type  is  o rgan ized d i f fe ren t_
ly ;  the  records  have some f ie lds  wh ich  are  ident ica t  and
some wh ich  are  no t  (F igure  2_20) .  Now you want  to  p r in t
on ly  a  descr ip t ion  o f  new i tems.  The record  ident i f  ied  by
an y 'y '  i s  the  on ly  one w i th  the  DESC f ie ld .  A l l  recoro  types
s t i l l  h a v e  C L A S S .  t T E M N O ,  D A T E ,  a n d  O N H A N D  f i e t d s .

The OR re la t ionsh ip  can be  used when a l l  f je lds  a re  no t
ident ica l .  In  th is  case,  ac ld i t iona l  en t r ies  must  be  made in
the  f ie ld  record  re la t ion  co lumns (6g_64)  on  the  Input
sheet .  The en t ry  cons is ts  o f  any  o f  the  record  ident i f y ing
ind ica tors  (01-99)  ass igned to  a  record  type  spec i f ied  in  the
tOR re la t ionsh ip .  The record  ident i f y ing  ind ica tor  en tered
in  co lu rnns  63-64 re la tes  a  f ie ld  to  a  par t i cu la r  record  by
ident i f v ing  the  record  type  in  wh ich  the  f ie ld  i s  found.

When co lumns 63-64 are  b lank ,  the  f ie lds  l i s ted  are  assumed
to be found in the posit ions specif ied on a// recorcls in the
OR re la t ionsh ip .  When an en t ry  i s  spec i f ied  in  co tumns
63-64, the f ield is found only on the record type having that
record identi fying indicator.

To  use the  OR re la t ionsh ip  w i th  f  ie ld  record  re la t ion  en t r ies
you must :

1 .  Code the  spec i f i ca t ions  descr ib ing  record  types  in  the
OR re la t ionsh ip  (F igure  2-21  , l ines  02 ,  03 ,  and 04) .

2 .  Descr ibe  a l l  f  ie lds  wh ich  are  ident ica l  on  a l l  record
types  (F igure  2-21  , l ines  06 ,  07 ,  and 0g) .  In  th is
example ,  the  ident ica l  f ie lds  a re  CLASS,  ITEMNO.
and DATE.

3 .  Spec i fy  a l l  f ie lds  tha t  a re  found on ly  on  the  f i rs t  rec-
ord  type  in  the  OR re la t ionsh ip ,  then the  secono rec_
ord  type ,  then the  th i rd ,  and so  on  (F igure  2-21  , l ines
1 0 , ' 1 1 , 1 2 , a n d 1 3 l , .

In  th is  example ,  the  on ly  f ie lds  fo r  the  f  i r s t  record  type
which  have no t  been descr ibed are  DESC and ONHAND.
For  each f ie ld ,  the  en t ry  0 l  must  be  made in  co lumns
6 i i -64 .  Th is  en t ry  means tha t  DESC and ONHAND are
found on only the record rype 0' l  identi f ied by an y' i l  in
co lumn 96.

RPG INPUT  SPECIF ICAT IONS

;
; '
:

i i

Figure 2-19. Using the OR Relationstrip to Describe ldentical Record Types
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CLASS I T E M N O DESC O N H A N D

5  6  1 2 1 3

New ltem Record

C L A S S I I T E M N O  I O N H A N D

5  6  1 2 1 3

Regular l tem Record

CLASS i TTEMNO ONHAND

5  6  1 2 1 3

Discontinued l tem Record

Figure 2-20. Record Types wirh Some ldentical Fields

RPG INPUT SPECI FICATIONS
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DATE

o Figure 2-21. Field Record Relation
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The DESC field is related to the record identi f ied by an y' l
because th is  i s  the  on ly  record  type  hav ing  a  DESC f ie ld .
ONHAND,  however ,  i s  found on  a l l  record  types .  ON_
HAND must be related to the record having an y'y'  in column
96 because i t  is in a dif ferent location on this record type.
The f ie ld  loca t ion  o f  ONHAND must  be  spec i f  ied  ancJ  re -
lated to the corresponding record type by the record iden-
t i f y ing  ind ica tors  (F igure  2-21  , l ine  j1 \ .

Remember  tha t  when f ie lds  a re  no t  iden t ica l  on  a l l  record
types, the f ield must be described and related to al l  record
types  on  wh ich  i t  i s  founo.

A l l  f ie lds  re la t ing  to  on ly  one record  type  shou ld  be  en tered
as  a  g roup and must  be  g iven the  same record  ident i f y ing  in -
d ica tors  in  co lunrn  63-64.

l f  most  f ie lds  a re  common,  descr ib ing  the  record  type  w i th
f ie ld  record  re la t ion  usua l ly  rec luces  the  number  o f  spec i f  i_
cations you must write and the amount of storage necessary
to  ho ld  the  ins t ruc t ions .

Field Record Relat ion with Control Fields

Cont ro l  f ie lds  can a lso  be  re la ted  to  a  spec i f i c  recoro  rype
in  an  OR re la t ionsh ip  by  f ie ld  recorc l  re la t ion  en t r ies .  ln
F igure  2-22  the  CLASS f ie ld  i s  a  cont ro l  f  ie id  (L1  in  co l_
umns 59-60) .  l t  i s  a lso  found or r  a l l  record  types ;  b lanks
in  the  co lumns 63-64 ind ica te  th is .  However ,  i f  a  cont ro l
f ie ld  i s  found on  on ly  one record  type ,  the  cont rc l l  f ie ld
must  be  ie la ted  to  the  record  type  in  wh ich  r t  i s  found oy
an en t ry  in  co lumns 63-64 (F igure  2_22, l ine  O7 l .

The number  o f  con t ro l  f  ie lds  need no t  be  the  same fo r
every  record  in  the  OR re la t ionsh ip .  Regard less  o f  the  r rum-
ber  o f  con t ro l  f ie lds  per  record  type ,  a l l  con t ro l  f ie lds  and
a l l  o ther  f ie lCs  re la ted  to  the  same recorc l  t ype  shou ld  be
entereLr  as  a  g roup (F igure  2"22 , l ines  07  and 0g) .

Field Record Relat ion with Spli t  Control Fields

The ru les  app ly ing  to  f  ie ld  record  re la t ion  w i th  cont ro l
f  ie lds  a lso  app ly  to  f ie ld  record  re la t ion  w i th  sp l i t  con t ro l
f  ie lds .  In  add i t ion ,  wf ren  sp l i t  con t ro l  f  ie lds  a re  four rd  on
recofd  types  descr ibed in  an  OR re la t ionsh ip  used w i th  f  ie ld
recorcJ  re la t ion  en t r ies ,  a l l  por t ions  o f  the  sp i i t  con t ro l  f ie ld
must  be  ass igned the  same cont ro l  leve l  ind ica tor  a r rd  the
same f  ie ld  record  re la t ion  en t ry .  Th is  i s  necessarV because
a l l  par ts  o f  a  sp l i t  con t ro l  f ie id  a re  on  the  same recorc t  ra ther
than on two dif ferent records.

1 2
^  i T rr ld 

LLld

r i \? i  c0s4 L"M c5o.

/5  /6  77  78  /9  80

i t i! , , , r  .1 ' .  t_  t_L-L  I  I  j
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Figure2-22. Field Record Relation with Control Fields
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C O N D I T I O N I N G  U S E  O F  I N P U T  F I L E S  ( E X T E R N A L

il \ lDtCATORS)

Thus fa r ,  in  th is  chapter ,  you  have read about  jobs  tha t
requ i re  the  comple te  p rocess ing  o f  a l l  inpu t  f i l es  spec i f ied .
The fo l low ing  top ics  w i l l  i l l us t ra te  how you can use RPG l l
to  do  jobs  fo r  wh ich :

1 .  l t  i s  r ro t  necessary  to  p rocess  one or  more  o f  the  f  i l es ,

2. l t  is rrot necessary to process an entire f i le.

I TEM NUI !1BE  R

46732

S A L E S  A N A L Y S I S

AMOUNT SOLD DATE

7  09 /15 /70

g  A9 /16 /70

2  0 9 / 1 7  / 7 0

1  09 /19 /70

46739  12

20

25

8

?

09 /15 /70

09 /16 /70

0 9 / 1 7  / 7 0

09 /14 /70

09 /19 /70

Figure 2-23. Two Similar Reports from Two Different Jobs

Using One Program to do More Than One Job

Have you ever  thought  how usefu l  i t  wou ld  be  i f ,  when

do ing  s imi la r  jobs ,  you  cou ld  use  one program to  per fo rm

more  than one f  unc t ion?

Cons ider ,  fo r  example ,  the  fo l low ing  jobs .  Two types  o f

repor ts  a re  requ i red  each week.  One is  a  sa les  ana lys is  re -
por t  showing what  i tems so ld  dur ing  the  week.  The second

is  an  inventory  repor t  showing ba lance on  hand f  o r  each

i tem in  s tock .  Not ice  the  s rmi la r i t v  in  the  fo rmat  o f  the

r e p o r t s  ( F i g u r e  2 - 2 3 ) .

B A L A N C E  F O F W A R D

I T E M  N U M B E R  A M O U N T  S O L D  D A T E  B A L A N C E

46732 7 09/15/70

a  09 /16 /70

2  09 / ' t 7  / 70

1 09/  19/7 o

46733

46739

1  50 '

32'

t z

2Q

09 /15 /70

09 /16 /70
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T w o  f  i l e s  a r e  a v a i l a b l e :  t h e  M A S T E R  f  i l e  w h i c h  c o n t a i n s
ba lance fo rward  records  fo r  a l l  i tems in  the  s to re ;and a
t r a n s a c t i o n  f  i l e  ( T R A N S )  w h i c h  c o n t a i n s  a l l  t h e  w e e k l y
:a les  fo r  each i tem (F igure  2-241.  Both  f i les  a re  in  ascend_
I n g  o r d e r  b y  i t e m  n u m b e r .

The sa les  ana lys is  repcr t  mere ly  , .equ i res  a  l i s t ing  o f  records
found in  the  t ransac t ion  f i le .

The inventory  repor t  requ i res  tha t  records  f rom two f  i les
oe matched.  ( l f  you  are  no t  fami l ia r  w i th  mu l t i f  i l e  p ro-
cess ing  us ing  two input  f i l es ,  see  the  chapter  Match  F ie lds

and Multifile Processing. ) When records from both files
match ,  the  number  so ld  i s  sub t rac ted  f rom the  ba lance on
hand.  The new ba lance is  then pr in ted  on  the  repor t
fo l low ing  the  l i s t  o f  t ransac t rons .

One repor t  requ i res  two f  i les ;  the  o ther  on ly  one.  How
cou ld  you wr i te  one program to  p roduce repor ts  wh ich
have such d i f fe ren t  f i l e  requ i rements?  l f  you  hao some
way o f  te l l ing  the  program when to  expec t  the  use  o f  one
f i le  and when to  expec t  two f i les ,  i t  cou ld  be  done.

Th is  you can do  w i th  ex terna l  ind ica tors .

I tem Number

I

TRANSACTION
F I L E

I t em  Number
I+

Note;  On disk systems,
MASTER &  TBANS
cou ld  be  d i sk  o r
conso le  f i l e s .

MASTE R
F I  L E

l t igure2-24'  Format of  Records used to Produce SalesAnalysisand Balance Forward Reports
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:ret ti n g E.x terna I I n d i cato rs

'You 
are  a l ready  fami l ia r  w i th  severa l  t ypes  o f  ind ica tors

used in  the  RPG l l  language.  These ind ica tors  a re  used to :

|  .  S ig r ra l  the  occur rence o f  a  spec i f  i c  cond i t ion ,  sucn as
match ing  records ,  con t ro l  b reak ,  o r  las t  record .

iZ .  Cont ro l  when cer ta in  opera t ions  shou ld  be  per -
fo rmed;  such as  on ly  when a  cont ro l  b reak  occurs .
o r  when a  spec i f  i c  record  type  is  read.

lMost indicators are set by the program on the basis of the
cond i t ions  wh ich  occur  dur ing  the  execut ion  o f  the  pro-
gram.  Ex terna l  ind ica tors ,  however ,  a re  se t  by  you pr io r
to  the  execut ion  o f  the  program.  You do  th is  in  one o f  the
l io l low ing  ways ,  depend ing  on  wh ich  Sys tem/3  mode l  you

have:

lVodel l0 Card System: In order to set external indicators
in  the  Card  Sys tem,  en ter  an  Ind ica tor  Cont ro l  Card  in  the
l i ys tem In i t ia l i za t ion  Program.  The cont ro l  card  must  have
the  fo l low ing  fo rmat :

Columns Entry

l / f t w o s l a s h e s )

b l a n k

I N D

blan  k

One-pos i t ion  en t r ies  ind ica t ing  the  se t t ing
o f  U1 th rough U8.  Ind ica tor  U1 is  se t  in
co lumn 8 ,  U2 in  co lumn 9 ,  and so  on ,  as
fo l lows:

1
0

F  (b lank )

16 -96  b lank

l=igure 2-25 shows an Indicator Control Card which causes
€rx te rna l  ind ica tors  U1 and U8 to  be  se t  on ,  ind ica tors  U2
through U6 to  be  se t  o f f ,  and ind ica tor  U7 to  remain  as  i t
l vas  in  the  prev ious  program.

Once an  ind ica tor  i s  se t ,  i t  i s  no t  changed dur ing  the  en t i re
program.  The on ly  way the  se t t ing  may be  changed fo r  the
nex t  p rogram is  by  another  Ind ica tor  Cont ro l  Card  en tered
in  the  Sys tem In i t ia l i za t ion  Program.

* | ndicators set

-  Punches

B

a

2
l
a

a

2
l
a

a

2
I

1-2

t q g b i l L  1 /

a

a

2

' '  , n ' , . , .  . '  
]

B

2
l
B

2

Figure2-25. Indicator Control Card (Model 10 Card Systeml

Model l0 Disk System and Model /5: Although most
ind ica tors  a re  se t  by  the  program,  you se t  ex te rna l  ind ica tors
pr io r  to  the  execut ion  o f  the  program.  Th is  i s  done by

inc lud ing  a  SWITCH s ta tement  in  your  Opera t iona l  Cont ro l
Language.  The fo r rna t  o f  the  SWITCH s ta tement  i s :

/ /  SWITCH indicator  set t inos

The ind ica tor  se t t ings  are :

i  =  ind ica tor  i s  tu rned on .

0  =  ind ica tor  i s  tu rned o f f .

X  =  ind ica tor  i s  unaf fec ted .

3

4-6

1

8 - 1 5

Ind ica tor  i s  tu rned on
I  nd ica tor  i s  tu rned o f f
Ind ica tor  remains  as  i t
was  se t  in  the  las t  job

U1 U2 U 3 U4 U5 U6 U7 U8

1 0 0 0 0 1
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Figure  2-26  shows a  SWITCH s ta tement  wh ich  se ts  ex terna l
ind ica tors  U l  and U8 on  and ind ica tors  U2 th rouqh U6 o f f .
Ind ica tor  U7 is  unaf fec ted .

Once an  ind ica tor  i s  se t ,  i t  i s  no t  changed un t i l  you  prov ide
another  SWITCH s ta tement  o r  per fo rm lpL .  you  cannot
use the  SETON or  SETOF opera t ion  codes  w i th  ex terna l
ind ica tors .

On the  Mode l  15 ,  when opera t ing  in  job  mode,  SWITCH
set t ings  are  rese t  to  0  a t  end o f  job .

Model 6: The operator sets external indicators pnor to
execut ion  o f  the  program by  respond ing  to  the  SWITCH
keyword  d isp layed by  the  sys tem.  An e igh t -pos i t ion  re -
sponse is  poss ib le ,  cor respond ing  to  the  e igh t  ex te rna l  in -
d ica tors .  Poss ib le  en t r ies  fo r  each pos i t ion  are :

1  =  ind ica tor  i s  tu rned on .

0  =  ind ica tor  i s  tu rned o f f  .

X  =  ind ica tor  remains  unchanged.

For  example ,  i f  the  opera tor  keys  XXXXlOXX in  response
to  the  SWITCH keyworo :

o  Ind ica tor  U5 is  tu rned on .

.  lnd ica tor  UG is  tu rned o f f .

o  lnd ica tors  U1,  U2,  U3,  U4,  U7,  and U8 remain  un-
changed.

Whi le  d isp lay ing  the  SWITCH keyword ,  the  sys tem d isp lays
the  prev ious  ex terna l  ind ica tor  se t t ing .  l f  a l l  ind ica tors  a re
to remain unchanged. the operator responds to SWITCH bv
press ing  PROG START.

Ind ica tors  se t  by  the  SWITCH keyword  re ta in  the i r  se t t ings
unt i l  ano ther  SWITCH s ta tement  changes them or  the  nex t
IPL occurs .

Figure 2-26. SWITCH Control Statement

Using an External lndicator to Condition a File

You can ass ign  an  ex terna l  ind ica tor  to  a  f i le .  When the  in -
d ica tor  i s  on ,  the  f i le  i s  used;  when i t  i s  o f f .  the  f i le  i s  no t

2-22

used.  Th is  then is  how you can te l l  a  p rogram when to  ex-
pec t  one f i le  and when to  expec t  two.  Cons ider  aga in  the
two jobs  d iscussed prev ious ly :  sa les  ana lys is  and inventory .

The TRANS f i le  i s  needed fo r  bo th  jobs ,  the  MASTER f i le
is  on ly  needed fo r  the  inventory  job .  Thus ,  the  MASTER
f i le  i s  ass igned the  U i  ind ica tor .  You se t  the  ind ica tor  on
for  the  inventory  job  (MASTER is  used here)  and o f f  fo r
the  sa les  ana lys is  job  (MASTER is  no t  used here) .

The U1 ind ica tor  i s  ass igned to  a  f i le  on  the  F i le  Descr ip t ion
sheet  in  co lumns 71-72.  Any  o f  the  e igh t  ex te rna l  ind ica tors
(U1-U8)  cou ld  be  used.  U1 was arb i t ra r i l v  chosen fo r  th is
example (Figure 2-27l..

Natura l l y ,  the  ca lcu la t ions  per fo rmed and the  type  o f  re -
por t  wr i t ten  ou t  w i l l  depend upon wh ich  lob  is  be ing  done.
D i f fe ren t  ca lcu la t ion  and ou tpu t - fo rmat  spec i f i ca t ions  are
needed fo r  each.  In  o rder  to  de termine wh ich  spec i f  i ca-
t ions  to  use  fo r  a  par t i cu la r  run  o f  the  program,  ca lcu la t ion
and ou tpu t - fo rmat  spec i f i ca t ions  must  a lso  be  cond i t ioned
by the  ex terna l  ind ica tor .  Th is  top ic  w i l l  be  fu r ther
discussed under Controlling Operations in an RpG ll program.

When wr i t ing  a  p rogram wh ich  can do  two jobs ,  be  cer ta in
tha t  the  two jobs  are  very  s imi la r .  Where  the  jobs  requ i re
many d i f fe ren t  ca lcu la t ions  and ou tpu t  opera t ions ,  i t  wou ld
be eas ie r  to  wr i te  two d i f fe ren t  p rograms than to  use  ex-
te rna l  ind ica tors .

Ending the Program Before Processing Al l  Fi les Completely

When shou ld  end-o f - job  opera t ions  take  p lace? The pro-
gram wou ld  normal ly  end a f te r  a l l  records  have oeen pro-

cessed.  When you are  read ing  one f i le ,  you  usua l ly  want  to
process  a l l  records  in  tha t  f  i l e .  Normal ly ,  you  wou ldn ' t
want to process a few records and then end the program
unless ,  o f  course ,  you  found an  er ro r  cond i t ion .  The com-
puter also operates under the assumption that al l  records
in the f i le should be processed before the program ends.
The LR ( las t  record)  ind ica tor  wh ich  cond i t ions  end-o f - job
opera t ions  is  no t  tu rned on  un t i l  the  las t  record  has  been
processed.

Suppose, however, that you are using two f i les in your pro-
gram. The computer assumes that al l  records in both f i les
must be processed before the program ends. l f  you want
the program to end before al l  records in both f i lesare pro-

cessed (for example, when the secondary f i le runs out of
records) ,  you  can spec i fy  th is .  Th is  i s  done by  p lac ing  an  E
in  co lumn 17 o f  the  F i le  Descr ip t ion  sheet  fo r  the  f i le  wh ich
wi l l  te rmina te  the  program.

SWITCH Control Statemenr



File Description Specif ication

F

I
L L N E

F  i l e n a m e

Uode o

Dev ice
SVmbol ic
Device

Name ot
Label Exi t

Extent Exi t
for DAIVI

o

o

lecord Addre$ Type

Core  lnde!

i

Elock

F"' t*
l s t n , n e

. |":T"',::'".

U 1 . U 8

t--
I

."t-.
&nt inuat i l

T-
i  I  Opt ion

" t " " . " . " . , . . . "

r .  L L n e s

Enry

0

0
I {nisr lE R 1 l i r 1?lr + ' l r

I A Y f q  l l r  l I ffrr
IJ.WV

r -L

'-T

I0

l fhl L i r l-f r : l r
0

0
i l L I  l_ l l

I

i i l i 1 I l

1 l lr
llr

Figure 2-2'I . Assignment of an External Indicator

Figure2-28 shows the File Description sheet used in a
bil l ing program that is to end when the last record of the
*condary fi le has been processed. This is indicated by an
E  i n  co lumn  17 .

File Description Specif ication

Leng lh  o l  K€y  F ie id  o r
of Aecord Addre$ Field

Figure 2-28. End-of-Job Specification
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To ind ica te  tha t  the  program wi l l  end  on ly  a f te r  a l l  records
t romal l  f i l es  have been processed,  you have the  op t ion  o f
leav ing  co lumn 17 b lank  fo r  a l l  inpu t ,  upc ia te ,  o r  combined
f i les  o r  o f  p lac ing  an  E in  co lumn 17 fo r  a l l  o f  these f i les .
F igure  2-29  shows both  ways  o f  spec i fy ing  tha t  a l l  f  i l es
must be completely processed before end-of- job. For more
in fo rmat ion  cc lncern ing  end-o f - job  fo r  p rograms us ing  more
than one f ile, see Match Fields and Multi-file processing.

aa Lr or iig h! 19 99 99

Norc: An disk systems, the fi les shown here might be on different devices, such as disk or console.

Figure 2-29. Two Ways of Specilying that All Records in All Filss Must be Processed Bsfore the program Can End

File Description Specif ication



Review 2

t . A sa les  ana lys is  repor t  i s  to  be  group- ind ica ted  by  sa lesman number  as  shown on
the  pr in t  char t  be low (GX2O-17161.

The f  ie lds  on  input  f  i l e  records  are  ar ranged as  fo l lows:

Positions
1-2
3-8
9-23
30
96

Salesman number  ( las t  two d ig i ts  o f  the  th ree  poss ib le )
Amount  o f  sa le
Customer  name
Salesman number  ( f i rs t  d ig i t  o f  the  th ree  poss ib le )
1  ident i f ies  the  record  type

F i l l  in  the  input  spec i f rca t ions  fo r  th is  p rogram choos ing  your  own f i le  anc j  f ie ld
names.

- PAGE

DATE --
l .+  r " ta  bo( !  o t  do i led  t in . +  t o l d , i . r  d o t t . d  i h .

I
I  N O  r E  D  m e n r i o n .

I  e , "a  - "u ' , , " - .n
w r t h  a  r u l 6 r  r a t h e r  t

Review 2 2-25



2. A large warehouse requires a weekly report showing the quantity of each item in
stock. Three types of records are found in the fi le for every item in stocx:
a' ln stock, which records the quantity in stock at the beginning of the week. This

record must be present. and there can be only one per item. lt is identif ied by a
Q in column 96,

b. Receipt, which records the quantity brought into the warehouse. This record is
opt ional .  There may be several  per  i tem. l t  is  ident i f ied by an I  in  co lumn 96.

c. /ssue, which records the quantity shipped out of the warehouse. This record is
opt ional .  There may be several  per  i tem. l t  is  ident i f ied by an o in  column 96.

ITEMNO i  DATE I  INSTOK I
r l l

I  2  3  a  5  5 '  8 1 9  l 0 I  1 ? t 3 i 4 r t 5 l o  i 7 t 8 t 9 ? 0 ? 1 \ 2 2 3 2 4 2 5 2 6 2 1 i 3 i 3 3 0 3 1

INSTOCK Record

rrEMNo I onre ! our i
I  z  3  a  5  c  i  n l : t , r l l ? r r r 4 l r 5 1 6 l l j 8 r j ? o n l z l x z q z s z t t j 2 8 2 9 3 0 j r

ISSUE Record

The records are grouped according to item number. All records of one item number must
be in the order  l is ted previously .  Using the in format ion g iven,  wr i te  the Input  speci f ica-
tions which are necessary to:
a. Check the sequence of the records in each group.
b. Prevent halting if unwanted or unused record types are read.

rrEMNo I onre I sxrerrv I
I  :  3  i  5  6  i  i l 3  $  l , , :  1 3  r 1 l l 5 1 !  l t  r !  1 9 2 J ; l r 2 t ' J i : 4 2 i : : i 2 , 2 8 ? 9 3 0 i t

RECEIPT Record



IB l t  
" , . , " , , . . "  

au ,^ . i l  M.ch , ie  coroo , !non

3.  Rewr i te the lnput  speci f icat ions shown below using f ie ld record re lat ion entr ies.

RPG INPUTSPECIFICATIONS

RPG INPUTSPECIFICATIONS

4.  To wr i te  an RPG l l  program which wi l l  produce e i ther  of  two s imi lar  repor ts  re.
qui r ing the use of  one or  two input  f i les,  you must  enter  a {an)
i nd ica tor  in  co lumns_of  the sheet  fo r  the  op t iona l  f i l e

You are reading two f i les,  NAMADD and TRANSACT. TRANSACT records wi l l
have a f ie ld added to them at  output  t ime.  The program should stop when the last
record from TRANSACT has been processed.

Make the necessary Fi le  Descr ipt ion entr ies for  NAMADD and TRANSACT.

cx2r  90s !  ! /M 050 '

15  t6  77  18  19  80
P'osram f[tT fi_l

_  r r , t i r L a r  o n L I _ L L  L l l

75  76  77  r8  79  80

**[f'1",_P'oqdm Tl ff[]-l
r d e . r r c a ' o r l  |  |  I  I  I  l

T

I
jzL

T

5 .

C a r d  E l c c t o  N ! i l b c r

I o"'.

Record ldent i f  icat ion Codes

2 1 2 2 2 3 t
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Answers To Review 2

RPG INPUT SPECI FICATIONS

The two f ie lds  wh ich  make up  the  sa lesman number  shou ld  be  ass igned the  same
control level indicator to indicate that both f ields are to be considered as one.

The spl i t  control f ields must be specif ied on two adjacent l ines. Since the f i rst
d ig i t  o f  the  sa lesman number  i s  in  pos i t ion  30 ,  th is  s ing le  d ig i t  f  ie ld  shou ld  be
spec i f  ied  be fore  the  f ie ld  conta in ing  the  las t  two d ig i ts  o f  the  number .  The
program determines the order in which the digits are to be arranged by the order
in  wh ich  the  f ie lds  a re  spec i f ied .

'"."n-].,P 'oedm t I  T -T -T i  l
r d e . r t l d ' o n l  L  |  |  |  |  I
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2.

RPG INPUTSPECIF ICAT IONS cx2r  9094 u ,M o50.

76  77  78  79  80

Any alphabetic sequence entry must be entered f irst to catch al l  record types not
be ing  used fo r  the  program.  Th is  p revents  ha l t ing  when an  unused or  un ident i f  ied
record is found in the input f i le. The three recorci types being sequence checked
must  be  ass igned sequence numbers  in  ascend ing  order  w i th  the  INSToK record
f i rs t ,  the  RECEIPT record  second,  and the  lssUE record  th i rd .  s ince  there  is  on ly
one INSToK record  per  g roup,  a  I  must  be  en tered  in  co lumn 17.  Th is  recorc l
must  be  present  so  co lumn 18 is  le f t  b lank .  Both  o f  the  remain ing  record  types
requ i re  an  N in  co lumn 17 and an  o  in  co lumn 1g.  They  are  op t iona l ,  and there
may be  more  than one per  g roup.  Any  record  ident i f y ing  ind ica tors  (01-g9)  you
choose are correct.

P , ' d f  r  l T f l  : lL l  |  _  r o _ - , , , , " . , - r  t _ l  l _ _ L I J
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3.

RPG INPUTSPECIFICATIONS
I B M , , . , , , , "  

"  
a ! , n c n  M r c h , , g c o , . o ' , o i

'."ff-l'' r q r a m t t t l t t l
l d e n r l , c a r , o n l  I  I  |  !  |

+ -

Because these record types conta in common f ie lds.  the oR re lat ionship may be used
to descr ibe them. However,  s ince not  a l l f ie lds are common to a l l  record types,
f ie ld record re lat ion entr ies must  a lso be used.  Al l  common f ie lds-wEEKNo,
EMPNo, and DEPT-are descr ibed f i rs t .  The NAME f ie ld.  a l though found on a l l
record types, is in different locations. Thus, it must be related to all record types
by speci fy ing i t  and i ts  end posi t ion three t imes and using the record ident i fy ing
indicator  in  columns 63-64 to indicate the record type wi th which i t  is  associated.
PAYRAT is  found in only  record type 10.  Thus 10 is  p laced in the Fie ld Record
Relat ion columns (63-64) .  DEDAMT and HRSWKD are re lated to the record type
on which they are found in the same way.  Remember that  a l l  f ie lds re lated to one
record type must be grouped together.

An external  ind icator  (U1-U8);  7 1 -72;  F i le  Descr ipt ion.



5 .

Length of K6y Fi€td tr
ol B.cord Addr.$ Fistd

lof Cylindor Ov.{tow

In the example above. TRANSACT is specified as a combined MFcu fi le because it
is to be both read and punched. An E is entered in column 17 for this same fi le to
indicate that the program should end when all TR,ANSACT records have been
processed.

lf you have a disk system, however, TRANsAcT could be a disk update fi le (U in
column 15) .  NAMADD would probably a lso be a d isk f i le .  An E would st i l l  be
entered in  column 17 for  the TRANSACT f i le .
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Chapter 3. Control l ing Printer Output

CHAPTER 3  DESCRIBES:

RPG l l  over f  low and fe tch  over f low to  cont ro l  page fo rmat t i r - rg .

RPG l l  fe tch  over f low ob jec t  p rogram cyc le .

A l ign ing  pr in te r  fo rms.

Ed i t ing  w i th  ed i t  words .

U s i n g  t h e  s p e c i a l  R P G  l l  w o r d ,  " P L A C E ,  t o  p r i n t  d u p l i c a t e  i n f o r m a t i o n .

D u a l  p r i n t e r  f  i l e s .

B E F O R E  R E A D I N G  T H I S  C H A P T E R  Y O U  S H O U L D  B E  A B L E  T O  D E S C R I B E :

The RPG l l  ob lec t  p rogram cyc le  fo r  over f low.

F u n c t i o n  o f  R P G  l l  i n d i c a t o r s .

Us ing  ed i t  codes  to  punc tua te  numer ic  da ta .

A F T E R  R E A D I N G  T H I S  C H A P T E R  Y O U  S H O U L D  B E  A B L E  T O  D E S C R I B E :

RPG l l  over f low and fe tch  over f low.

Ef fec ts  o f  fe tch  over f low on the  RPG |  |  ob lec t  p rogram cyc le .

A l i g n i n g  p r i n t e r  f o r m s .

Us ing  ed i t  words .

- P L A C E

Coding  fo r  the  Dua l  Feed Car r iage Feature  on  the  IBM 5203 Pr in te r  and cod ing  fo r
D u a l  F e e d  T r a c t o r s  o n  t h e  I B M  2 2 2 2 P r i n t e r .

Note :  You can use the  rev iew ques t ions  conta ined in  Rev iew 3  a t  the  end o f  th is
chapter  to  tes t  your  comprehens ion  o f  each top ic  in  the  chapter .  Quest ions  are
grouped accord ing  to  the  top ic  to  wh ich  they  app ly .  Answers  fo l low the  rev iew
quest ions .

C o n t r o l l I r g  P r ' n t r r  C u t l ' g 1  3 - 1



I N T R O D U C T l O N

The most  impor tan t  par t  o f  any  RPG l l  p rogram is  the
resu l t - the  ou tpu t .  Th is  chapter  descr ibes  the  RPG l l  cod-
ing  necessary  to  fo rmat  and punc tua te  p r in ted  ou tpu t  to
make i t  eas ie r  to  read and unders tand.  Methods  are  a lso
descr ibed fo r  dup l i ca t ing  in fo rmat ion  on  the  ou tpu t  record
and us ing  dua l  p r in te r  f i l es  to  p r in t  two repor ts  in  the  same
proqram.

Us ing  ther  p r in te r ,  you  can c rea te  a  repor t  cons is t ing  o f  in -
d iv idua l  l ines  ( records)  recorded consecut ive ly  on  s tock
paper .  You may a lso  use  i t  to  record  in fo rmat ion  on  your

own prepr in ted  fo rms,  such as  on  b i l l s ,  invo ices ,  and checks .
Regard less  o f  the  paper  o r  fo rm you are  pr in t ing  on ,  you
are  a lway 's  in te res ted  in  ob ta in ing  a  repor t  tha t  i s  neat  and
readab le .  Th is  means tha t  the  fo rmat  o f  the  repor t  and
data  on  the  repor t  must  be  cons idered when p lann ing  the
program.

RPG l l  c r :d ing  fo r  the  d i f fe ren t  p r in te rs  ava i lab le  on
Sys tem/3  is  near ly  iden t ica l .  D i f fe rences  in  cod ing  are
n o t e d .  T h e  a v a i l a b l e  p r i n t e r s  a r e :

IBM 5203  P r i n te r  (Mode l  10 )

IBM 1403  P r i n te r  (Mode l  10  D i sk  Sys tem and  Mode t  15 )

IBM 5213  P r i n te r  (Mode l  6 )

.  I B M  2 2 2 2 P r i n t e r  ( M o d e l  6 )

U S I N G  O V E R F L O W  A N D  F E T C H  O V E R F L O W  T O

CONTROL PAGE FORMATTING

RPG l l  per fo rms au tomat ic  page fo rmat t ing .  Wi th  s tandard
66 l ine  fo rms,  i t  leaves  f i ve  b lank  l ines  a t  the  top  o f  a  page

and s ix  a t  the  bo t tom.  (S ix  l ines  are  pr in ted  per  inch ;  e igh t
l ines  per  inch  are  a lso  poss ib le . )  However ,  au tomat ic  page

format t ing  may no t  a lways  meet  your  needs .  l f  you  want
cont ro l  over  page fo rmat t ing ,  you  can use an  over f low
ind ica tor  (oA-oG,  oV) .  For  ins tance,  assume tha t  a t  the
end o f  ev 'e ry  month  you prepare  an  inventory  repor t  wh ich
cons is ts  o f  a  l i s t  o f  the  quant i t y  o f  a l l  i tems in  s tock  by
product r: lass. l tems are l isted by product class, and each
produc t  r : lass  shou ld  s ta r t  on  a  new page (F igure  3- l  ) .

Suppose the  head ing  were  to  s ta r t  on  l ine  1  1  o f  each page.

To have an  equa l  marg in  ( ten  spaces)  on  top  and bo t tom,

l ine  56  shou ld  be  the  las t  p r in ted  l ine  on  the  page (assum-

ing  66  l ines  per  page) .  For  th is  repor t ,  you  must  use  an

over f low ind ica tor  to  cont ro l  page fo rmat .

Overf low Indicators

Over f low ind ica tors .  l i ke  o ther  ind ica tors ,  a re  used to  do

two th ings :

o  S i g n a l  a  c e r t a i n  c o n d i t i o n .

o  Cont ro l  when spec i f  i c  opera t ions  ( inc lud ing  those wh ich

cont ro l  page fo rmat )  a re  per fo rmed.

For  example ,  in  the  month ly  inventory  repor t ,  i tems in

s tock  are  l i s ted  by  produc t  c lass .  The repor t  cons is ts  o f  46

l i n e s  p e r  p a g e  ( s t a r t i n g  l i n e  i s  1 1  a n d  e n d i n g  l i n e  5 6 ) .  S o m e
product  c lasses  are  go ing  to  have more  than 46  d i f fe ren t

i tems in  s tock .  For  these c lasses ,  add i t iona l  pages  (over f low

pages)  a re  requ i red  to  l i s t  the  i tems.

Normally, the overf low l ine is the last l ine you want to

pr in t  on  the  page.  For  th is  repor t ,  the  over f low l ine  wou ld

be l ine  56 .  When th is  l ine  is  p r in ted ,  the  over f low ind ica tor
( i f  one  is  ass igned)  i s  tu rned on  to  s igna l  tha t  the  las t  l ine
you w ished pr in ted  on  the  page has  been reached.

When the  over f low ind ica tor  i s  on ,  you  know tha t  the  over -

f low l ine  has  been reached.  A t  the  end o f  the  page,  opera-

t ions ,  such as  advanc ing  to  a  new page ( the  over f low page)

and pr in t ing  head ings  on  the  new page.  can be  per fo rmed.

By ass ign ing  and us ing  over f low ind ica tors ,  you  can pr in t

spec ia l  l i nes  a t  the  bo t tom o f  the  page and a t  the  top  o f  the

new page.  Because you do  these opera t ions  on ly  when the

over f low ind ica tor  i s  on ,  you  w i l l  have to  cond i t ion  these

opera t ions  by  the  over f low ind ica tor .
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CLASS

oo124

ITEM NO

46732J1
63241 B1
4 3 1 5 1 C K

DESCRIPTION

SWEATER,  V.NK,  SZ 32
SWEATER,  V-NK,  SZ 34
CARDIGAN,  SZ 36

ON HAND

1 0
1 6
1 7

tN sTocK AS OF 10/30/71

CLASS

001 25

ITEM NO

54321K4
56422K4
573A1J4
5832481

DESCRIPT ION

T.SHIRT ,  WH,  SZ  30
T .SH IRT ,  WH,  SZ  32
T.SHIRT, WH, SZ 40
T -SH |RT .  WH.  SZ  42

ON HAND

1 1
1 4
1 5

I

L i  ne  56

L ine  1  1

Li  ne 56rN sTocK AS OF 10/30/71

CLASS

o01 26

I T E M  N O

67341 83
6743283

DESCRIPTION

WOOL SOCKS, BL 10
WOOL SOCKS.  GR 10

ON HAND

1 1
I

rN sTocK As oF 10/30/71

Figure 3-1.  End-of-Montn Inventory Report

L i  ne  56

Con t ro l l i ng  P r i n te r  Ou tpu t J . J



Specifications for Using Overflow lndicators

You must  spec i fy  to  the  RPG l l  compi le r  how repor ts

shou ld  be  pr in ted .  To  te l l  i t  what  to  do ,  you  make l ine
counter .  f  i l e  descr ip t ion ,  and ou tpu t - fo rmat  spec i f i ca t ions .

Line Counter Sprcifications

Line counter specif icat ions, found on the bottom half of
the  Ex tens ion  and L ine  Counter  sheet  (F igure  3-2) ,  a re  used
exc lus ive ly  fo r  de f  in ing  the  number  o f  l ines  you want
printed on each page.

Every t ime you use an overf low indicator to control for-
mat t ing ,  you  shou ld  p repare  l ine  counter  spec i f  i ca t ions .

Otherwise, a page length of 66 l ines wil l  be assumed with
l ine  60  as  over f low l ine .

F igure  3-3  is  a  sample  L ine  Counter  sheet  fo r  the  inventory
report.  Columns 7-14 are for f i lename. Only a printer f i le

name can be used here. Columns 15-22 contain the entries
for report formatting:

Columns 15- ' l  7 :  Place in  these columns the number of
avai lable l ines per  page.  Your page can conta in a max-
imum of  1 12 l ines.  The inventory repor t  uses standard
1 1 inch paper,  prov id ing 66 l ines per  page.

Columns 18-19:  Put  the le t ters FL in these columns to
show that the previous specifications gave form length.

Columns 20-22: Enter in these columns the number of
the over f low l ine,  when you want  the over f low indicator
to be turned on.  ln  the exanip le g iven,  i t  was 56.  You
can use any number f rom 1-1 12.

Columns 23-24: Enter the letters OL in these columns
to show that the previous specification was the overflow
l i ne .

Notice that columns 25-80 are not used.

RPG EXTENSION AND L INE COUNTER SPECIFICATIONS Form X2t  9091
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Figure 3-2,  RPG l l  Extension and Line Count€r Speci f icat ion Sheet
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Line Counter Speci f icat ions

L
F  i l e n a m e
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c
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9 €
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, t

:
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l;ff:: i l .
t

i , t i
t i

I
T - I I t ' f-fi ' f I T fl r l I T

I t l T

Figure 3-3,  L ine Counter Speci f icat ions

F i I e Derc ri ption Spec i f i cati ons

You must assign an overflow indicator to the printer f i le
when you want to control the format of printed reports.
This is done by an entry in columns 33-34 of the File De_
scniption sheet (Figure 3-4). you may choose to enter any
of  the fo l lowing over f low indicators:  OA, OB, OC, OD. OE,
OF. OG, or OV. The one you choose, however, must be
used throughout the program. L must also be entered in
column 39 to indicate that l ine counter specifications are
used.

These two entr ies indicate to the RpG l l  compi ler  that  i t
should not provide automatic page formatting. but should
format according to your specifications. lf you do not
mal<e an entry  in  columns 33-34 of  the Fi le  Descr ipt ion
sheet  for  a pr in ter  f i le ,  an automat ic  sk ip to l ine 1 occurs
on overflow.

L € . g t h  o f  K e y  F i e l d  o .

of Be.ord Addr6$ F e d

Different device names could be used here,
depending on your system conf igurat ion
and model. The device name for the Model 6
pr inter  would be TRACTR 1 .

Figure 3-4,  Assigning an Overf low Indicator  to the pr inter

Con t ro l l i ng  P r i n te r  Ou tpu t  3 -5



O utpu t- Format Spec if icat i o ns

When RPG l l  handles over f low,  pages are advanced auto-
mat ica l ly ,  When you handle over f low.  you must  speci fy
that  forms should advance.  This is  done by speci fy ing a
skip to the f i rs t  pr in t ing l ine on the page.  For  the end-of-
month inventory repor t  (F igure 3-1) ,  th is  would be a head-
ing on l ine 1 1.  F igure 3-5 shows the correct  speci f icat ion
for forms advancement. Remember to make a skip specifi-
cation on a l ine conditioned by the overflow indicator
(Figure 3-5) .  l f  you forget ,  a  cont inuous l is t ing wi l l  be the
resul t .

When the printer reaches the end of a printed page, RPG | |
a lso a l lows you to ignore that  the end of  the page has been
reached and cont inue pr int ing.  You do th is  by assigning an
overf low indicator  and never  us ing i t  to  condi t ion output
f i les.  L ines wi l l  be pr inted f rom the top l ine to the bot tom
line of each page, even over the perforation. lf you do not
want this to happen, remember to use an overflow indicator
to condi t ion the output  operat ions which are to be done
when the end of the page is reached.

RPG

Figure 3-5, Specifications for Forms Advancement

3-6

Preventing Records From Printing Over the Perforation

Suppose your program prints several detail and/or total
records per program cycle as shown in Figure 3-6, In this
case, the overflow indicator could be turned on:

1.  When the deta i l  record is  pr in ted.

2. When any one of the total records is printed.

lf overf low occurs when the detail record is printed, all
total l ines wil l also be printed before forms advance, pro-
v ided a level  3 contro l  break has occurred (L1-L3 are on) .
Remember the specif ication to skip to the next page is on
the heading l ine condi t ioned by. the over f low indicator .
This heading l ine is reached only after total records are
pr inted.

Assume that l ine 58 was specified as the overflow line for
this program. Assume also that the detail record printed on
the overflow line and that a level 3 control break occurred
when the next card was read. One page of the report would
look l ike that shown in Figure 3-7. Because all total rec-
ords are printed before overflow is sensed, the last total
record is printed on the fourth l ine of the next page. One
total record was even printed over the perforation.

What  can you do to e l iminate th is  s i tuat ion? You could
specify the overflow line high enough on the page so that
all total records would be printed on the page after the
overflow line has been reached. For the report shown in
Figure 3-7,  the pr int ing of  to ta l  records requi res 14 l ines ( in-

cluding spacing l ines). Thus for the case where a detail rec-
ord is printed on the overflow line, you would have to
specify l ine 44 as the overflow line to prevent printing
past  l ine 58.
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RPG OUTPUT SPECIF ICAT IONS
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Figure 3. i r .  Pr int ing Over the perforat ion



Page o f  GC21-7567-2
lssued 2' l  Decr_'mber 1979
B y  T N L :  c N i t l - 5 7 0 9
This is not t l -re best solut ion, however. Suppose overf low
was caused by the second total record instead of the detai l
re r ro rd .  On ly 'one more  to ta l  l i ne  wou ld  be  pr in ted  be fore
forms advanced.  Much o f  the  page is  no t  used in  th is  case
s i r rce  the  las t  l ine  is  p r in ted  on  l ine  50  (see F igure  3_g) .  As
you see,  th is  i s  a  very  uneconomica l  so lu t ion  s ince  much
paper can be wasted.

Fetch Overf low

RF'G l l  p rov i rJes  you w i th  a  be t te r  so lu t ion  fo r  p revent ing
pr in t ing  over  the  per fo ra t ion  than the  one prev ious ly  d is -
cussed.  Th is  so lu t ion  uses  the  RpG l l  rou t ine  known as
fetch overf lovrz. Fetch overf low specif icat ions al low you to
alter the basir:  RPG l l  overf low logic (see Overf low lndi-
cat 'or, Chapter /) .  You can cause forms to advance at the
t ime to ta l  o r  de ta i l  records  are  pr in ted ,  ins tead o f  wa i t ing

36
J I

38_
?q

40___
4 1

for  the  usua l  t ime.  F igure  3-9  shows the  two add i t iona l
t imes when opera t ions  cond i t ioned by  the  over f low ind i ,
ca tor  may be  per fo rmed.  (Remember  tha t  fo rms advance
a t  t h i s  t i m e . )

Dur ing  the  regu la r  p rogram cyc le ,  the  RPG l l  p rogram tesrs
on ly  once to  see i f  the  over f low ind ica tor  i s  on ;  th is  occurs
immedia te ly  a f te r  to ta l  ou tpu t .  By  us ing  the  fe tch  over .
f low spec i f i ca t ion ,  you  can te l l  the  computer  to  check  i f  the
over f low ind ica tor  i s  on  be fore  i t  p r in ts  to ta l  o r  de ta i l  rec -
ords .  You do  th is  by  s imp ly  en ter ing  an  F  in  co lumn 16 o f
the  Output -Format  sheet  fo r  any  de ta i l  o r  to ta l  record .
When an F  is  encountered ,  a  tes t  i s  made be fore  tha t  l ine  is
pr in ted .

l f  the  over f low ind ica tor  i s  on  when the  tes t  i s  made.  a l l
operations condit ioned by the overf low indicator are
immedia te ly  per fo rmed.  These opera t ions  usua l ly  inc lude
forms advancement  and the  pr in t ing  o f  head ings .  In  o rder
fo r  the  l ine  to  be  pr in ted ,  a l l  o ther  ind ica tor  cond i t ions
tested for on the same l ine as the overf low indicator must
also be satisf ied.

78.45

1 6 8 . 1 7

42 755.67
43
44
45
46 4.949.72

Over f low

l i n e

48_
49
50_ 13.421 .67
tr1

52 _-

54
55
56

6R

5v

O U

6 1
o t

O J

64

Figure 3-8.  Sper: i fy ing the Overf low Line High on the page
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I' f overflow, indicator

i:s on, perform output
( total, h ead i ng, deta i I )
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a
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Figure 3-10 shows two fetch overf low specif icat ions ( l ines
07 and 09). Consider how these operations are performed.
When i t  l s  t ime fo r  the  spec i f i ca t ion  in  l ine  07  to  be  done,
a test is made to see i f  the overf low indicator is on. l f  i t  is
on. the overf low routine is fetched; this causes the fol low-
ing operations to be performed.

1 .  A l l  to ta l  l i nes  cond i t ioned by  the  over f low ind ica tor
are  pr in ted .

2. Forrns are advanced (provided a skip to a new page
has t leen specif ied in a l ine condit ionecl by the over-
f  iow ind ica tor  ) .

3. Heacl ing l ines condit ioned by the overf low in<j icator
are  pr in ted .

4. The overf low indicator is turned off.

5 .  The record  spec i f ied  in  l ine  07  is  p r in ted .

Another test is made to see i f  the overf low indicator is on
loecause of the specif icat ion (F) in l ine 0g. l f  l ine 07 causes
forms to aclvance, the overf low indicator would not be on
iet this t ime. The total record specif ied in specif icat ion l ine
l l9 would be printed normally.

OUTPUT

Output I  ndicators

However. i f  the record specif ied in l ine 07 were printeci on
the  over f low l ine ,  the  over f low ind icaror  wou ld  be  on  and
the  spec i f i ca t ion  in  l ine  09  wou ld  cause the  over f low rou t ine
to  be  per fo rmed.

Cons ider  aga in  the  example  as  shown in  F igure  3-6 .  When the
deta i l  l i ne  was pr in ted  on  the  over f low l ine ,  a l l  to ta l  l i nes
were also printed before forms advanced. As a result,  pr int-
ing occurred over the perforat ion onto the next page
( F i g u r e  3 - 7 ) .

What  records  shou ld  most  log ica l l y  be  pr in ted  on  an  over -
f low page? Your answer is probaLrly al l  those records that
printed on or over the perforat ion. l t  wr:ulcj  indeed be nice
if  al l  total records could be pnnteci on the next page when
a de ta i l  record  was pr in ted  on  the  over f low l ine  (see F iqure
3 - 1  1  ) .

l f  the program knevy before i t  pr inted the f irst total record
tha t  the  over f low l ine  had been reached,  fo rms cou ld  be  ad-
vanced before the total records were printed. By specifying
an F  in  co lumn 16 o f  the  f i rs t  to ta l  spec i f i ca t ion ,  you  can
tel l  the program to check to see i f  the overf low indicator is
on .  l f  i t  i s  on  a t  th is  t ime,  fo rms w i l l  advance be fore  to ta l
records  are  pr in ted .  Spec i fy ing  ar r  F  in  co lumn 1  6  o f  the
f irst total specif  icat ions wil l  cause al l  total records to be
printed on an overf low page.

Would  an  F  fo r  the  f i rs t  to ta l  l i ne  take  care  o f  a l l  s i tua t ions?
$uppose that overf low did not occur unti l  the f irst total rec-
ord  was pr in ted .  The remain ing  to ta l  l i nes ,  hav ing  no  fe tch
overf low specif icat ion in column 16, would not cause the
program to check to see i f  the overf low indicator was on.
Thus ,  they  wou ld  be  pr in ted  on  the  same page (F igure  3-12) .
Count ing  the  spaces ,  th is  wou ld  mean the  las t  p r in t  l ine
wou ld  be  e igh t  l ines  beyond 58  ( the  over f low l ine)  o r  on
l ine  66 .

l f  th is  i s  feas ib le  fo r  your  repor t ,  you  cou ld  a l low pr in t ing
on l ine  66 .  l f  no t ,  you  cou ld  have the  over f low ind ica tor
checked at the second total l ine. In this case, i f  the f irst
total l ine caused the overf low indicator to turn on, the sec-
ond total l ine would fetch the overf low routine. Thus, the
last total records would be printed on the overf low page.

How can you de termine on  wh ich  l ine  to  p lace  the  F  tha t
wil l  fetch the overf low routine (provided the overf low in-
d ica tor  i s  on)?  You shou ld  s tudy  a l l  poss ib le  over f  low
s i tua t ions .  By  count ing  spaces  and l ines ,  you  can ca lcu la te
what would happen i f  overf low occurred on each detai l  and
to ta l  l ine .  Th is  i s  essent ia l l y  the  method used in  the  prev ious
d iscuss ion .

F i e l d  N a m e

An F in column 16 causes the
computer to test to s6€ if the
overflow indicator is on. 1 |

i  I  i  I i  t  l  I  I +  I  i * t  I  I
lF igure 3-10.  Fetch Overf low Speci f icat ions
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5 4 _
5ti
5 6 _
5'.7
5 8 _
59
o u -
o l

o l _

63
o + -

o:)

66_

Pa{le

JOE BROWN 409 .10

13,421 .67

Over f  low

Figure  3-1  1 .  Pr in t ing  Tota l  Records  on  the  Over f low page

o l

6il
63
o4

ot) 13.421.67

F i g u r e  l l - 1 2 .  P r i n t i n g  o n  t h e  L a s t  L i n e  o n  t h e  p a g e

C o n t r o l l i n g  P r i n t e r  O u t p u t  3 ' 1 1
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AL IGNING FORMS

Regardless of the type of printing forms you are using, it is
always necessary to have the forms aligned so that printing
is done on the correct l ine. lf printing occurs above or be-
low the l ine, your report looks messy and is hard to read.

How can you be sure the f i rs t  l ine wi l l  be pr inted in  the
correct position? You can align the forms in the position
you feel is correct. But you can never be sure unti l you try.
To try the alignment. the program must be executed; a
record must be printed. Suppose the forms are incorrectly
a l igned,  and as a resul t ,  the f i rs t  pr in t ing l ine is  incorrect ly
positioned. In this case, you can stop the computer and
realign the forms so that, hopefully, the second line wil l be
correct. This can go on for several tries, however. In the
meantime, the first few records printed on the report wil l
have been incorrectly aligned.

RPG l l  has the fac i l i ty  to  pr in t  the f i rs t  l ine repeatedly unt i l
forms are a l igned proper ly .  This  e l iminates pr int ing the
first several l ines of a report before correct forms alignment
is attained. The use of this facil i ty requires two specifica-
t ions:

1.  An output  l ine condi t ioned by the ' l  P indicator .

2.  The entry  of  1 in  column 41 of  the contro l  card.

When these specifications are made, the first l ine condi-
t ioned by the 1P indicator  is  pr in ted.  Al l  processing then
stops. The operator has time to reposition the forms if
necessary. When this is done, the operator has the option
of  having the 1 P l ine pr inted again or  of  cont inuing process-
ing. This he indicates by specific settings of the console
switches on the processing unit. (See halt 1P in the IBM
System/3 Models B and l0 Halt Guide, GC21-7540 for a
complete descr ipt ion of  the a l ignment  process.)

Al l  space and sk ip entr ies speci f ied for  the 1P l ine are per-
formed when forms are being a l igned.  This should be con-
s idered in p lanning for  forms a l i 'gnment .

l f  spool ing pr inted output  on the Model  15,  the 1P forms
al ignment  opt ion wi l l  be ignored and the user  can request
a l ignment  by means of  the OCL PRINTER statement .

EDIT ING

Formatting a printed report is one way of making tne re-
port easy to read and understand. Formatting, however,
concerns only the spacing and arrangement of data on the
printed page. lt does not concern the data itself. Data
must also be readable before the report can be understood.
Edi t ing makes a f ie ld readable.

3-12

When fields are printed out according to basic specifications
they appear exactly as they are inside the computer. This is
shown by the fo l lowing examples:

Type of Field Field Before Printing Field After Printing

Alphamer ic  JOHN T SMITH JOHN T  SMITH

004765KNumer i c 004765K

The alphamer ic  f  ie ld,  when pr inted.  is  easy to read and
understand.  but  the numer ic  f ie ld is  confus ing.  How should
it be read? What does the K mean? K is actually a com-
binat ion of  a d ig i t  and the s ign of  the f ie ld.  But  in  th is
form, the reader would have to guess what it says (see
Character Structure in Working With Data Stucture for
more in format ion) .

Edi t ing is  the means by which data is  made more readable
and understandable.  Edi t ing a f ie ld means punctuat ing i t
by removing the sign of the field from the rightmost digit
and p lac ing i t  a t  the end of  the f ie ld,  adding commas,  dec-
imal  points,  minus s igns,  dol lar  s igns,  or  any other  constant
in format ion.

Only numeric fields need to be edited before they are
printed. Notice the difference between the following
edi ted and unedi ted data taken f rom the same numer ic
amount  f ie ld:

004765K
$476.52CR

unedited data
edited data

The edi ted amount  f ie ld is  cer ta in ly  much more precise
and understandable than the unedi ted f ie ld.

Methods of Editing

A f ie ld can be edi ted by two methods:  (1)  edi t  codes and
(2) edit words. Several different codes are available. Each
code edits in a slightly different way according to a pre-
defined pattern. All, however, remove the sign of the field
so that  the r ightmost  d ig i t  wi l l  a lways pr int  as a number.
(See Character Structure in Working With Data Structure
for more information.) The Y edit code is used for date
f ie lds only.

Figure 3-13 shows the edit pattern for all codes. Choose
the code which wil l edit a field the way you want it to
appear and enter this code in column 38 of the Output-
Format sheet.



t--
I -
I LI  Ed i r  

I
I Code I Conrmas
t 1

I t ign For Negative Balance
Lrec||nat | | |

F o i n r  j  n r s s n l a "  l - { M i n u s }
i i t

Print Out On Zero Balancr

World Trade i
Zero

SuppressWorld Trade J

,00 or O 0,00 or 0 Yes

Bl an ks Bl  an ks Yes

.OO or 0 0.00 or 0 Yes

B lanks B l  an  ks Yes

,OO or 0 0.00 or 0 Yes

Blan ks Bl  an ks Yes

l- ----tila -
.OO or 0 ,O0 or 0 0.00 or 0 Yes

l n  i  i y e s  I  l . r l
l--t---l---: __---t--- - -i --_. J-J
i i  1  \ / e s  I  Y e s  i  I  i  -
t"_ -__+__.---i _-!______+_ | --

Bl an ks Bl  an ks 8l  an ks Yes

.0O or 0 ,OO or 0 0,O0 or 0 Yes

Blanks  j  E lanks

. 0 o o r 0  1  , 0 O o r O

B l a n k s Yes

O.00 or 0 Yes

i M :  Y p c i i

l-:-+ - l--:::- l _l-J---
l x . .  l  i  I  i  I
r-----i--* -i----f f --

Bl an ks
l B l a n k s B lanks Yes

i j - _ ] _ - f - + 1 J - + - +
l = i _ l _ _ ] - _ l l _ _ i
i

i  
Zero lcalances for  the World Trade format are wr i t ten in two ways,  dependrng on the entry made i
spec i  f i  ca t i  ons .

Th{ :  } :  code per fo l r rs  n ( )  ed i t ing .

l ' h c  Y  i : o d e  i s  u s e c J  t c r  d a r , ' { i e l d s .  i t  s u p p r r s s e s  t h e  i e f t m o s r  z e r o  o n l y -  T h e  y  c o d e  e d r t s  a  t h r e e  t
l 0  r h t ,  t r t l l o w i l r l  i ) a t i u j  i l :

n n /  t )

n n / n n

n n / n n , / r r

n l t / n n / i l t

I t  a  r i a r t a  f i e l r l  c r f  s i x  l l i , l i t s  i s  p a c k e d  o r r  c i i s k  a n r j  i h e  Y  e d i t  c o d e  r s  u s e d  w r t h  t h e  d a t a  i i e l d .  a n  e r r o r
p r o l r l e m ,  m o v e  t h e  d a t a  f  r e l d  t o  a n o t h e r  f  i e l d .

Yes

Yes

co lumn  2 l  o f  t he

s i x  d i g i t  f i e l d  a c c

wi l l  occu r .  To  so l

contro l  card

o r d r  n g

V E t h i s

F i g u  e  3 - 1 3 .  E d l i t  C o d e s

C o n l r o l l t n q  P r i n t { t r  O u t p r r t  3  l 3
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l - o ' e x a m l r l r : ,  i i  y c r r r  w i s h  a  f i e l d  c a i l e d  A M O U N T  w h i c h

has  t rn ro  dec  r re l  l ) ( i s i t ions  tc '  he  zero  supprcsscd and pun{ : '

t r ra tec l  u ; i t l i  dec i i r ra l  ; ' i . r in ts  a i - i r l  c ( ) f f lmas (when needed)  bu t

wr th  no  s ig l r ,  y , - )u  c l toosr ;  i i r { r  { :ode t l ra t  w i l l  , . Jo  r i l i s .  The

c l ra i t  i r i  F ig t , t ' i :  3 - i  3  s f rows i i r i : r t  two co i jes  r . , v i l l  accompl ish

i l r i i -  I  a r l d  1 ? .  l f  y o L . i  l v i s i i  u  z e r o  l i a ! a n c i :  t ( )  i ) r i n t ,  y o u

v" /ou ld  ch{ )o )c  the  coc lc ,  1 .  l f  you  wante( l  b la r rks  to  p r in t

wher i  t l re  f i t : ld  i s  zero ,  y . ru  r ruou lc l  use  the  2  cor je

U s i n g  e d i t  c r r d e s  i s  a  c o n v e n i e n t  w a y  o f  e d i t i r r g .  H o w e v e r ,

ihe  ccc ies  l . rv  th t r rnse lves  can ' t  do  every th ing  vou rn iqh t

want  t l : )  do .

putlctuating ItVith a Dollar Sign

Sr . i :pos i :  you  uvantec l  a  do l la r  s ign  to  l - re  p r in ted  on  the  ie
p , i i  i  { o r  t h e  h l V l O U N l  f i e i r l .  A n  e r l i t  c o ( l e  w o n ' t  p u t  t h e
c l o l l a r  s r g r t  i l r c r e .  Y o u  w * ; i l  h a v e  t o  s p e c i f  y  t h i s  i n  a d d i t i o n
l o  l i r l  t , r l i t  r ; c d e  y r l u  a r c  i r : i n i J .

A c c o r d i n g  t o  t h e  p r i n t e r  s p a c i n g  c h a r t  ( F i g u r e  3 - i 4 ) ,  t h r :

A N 4 O U f , l T  f i e l d  i s  s i x  c h a r a c t e r s  l o n g .  l t  b e g i n s  i n  c o l u r n n

7 0  a n d  e n d s  i n  c o l u r n n  7 5 .  l - l o w e v e r ,  t h e  r n i n u s  s i g n

w c u l d  e x t e n c  t h e  a m o u n t  f  i e l d  t o  c c l u m r ' i  7 6 ,  a s  s h o u r r r

i r r  F i g u r e  3 - 1 l l  a n d  F i g u i ' c  J - 1 6 .  T h e  d o i t a r  s i g r r ,  i f  p r i n t e d ,

s h o u l r l  b e  i n  < ; o l u m r r  6 9 .  L i n e  1 1  i r r  F i g t r r e  3 ' 1 5  s h c w ' s  t h e
s p e c i f  i c a t i o n  f  o r -  e d i t i r r q ;  t h e  A M O U N T  f  i e r i t l  b y  t h e  e d i t

c o r j e . J .  T h i s  c o d e  i s  u s e c l  s o  t h a t  n e g a t i v r .  v a l u e s  w i i l p r i r - r t

w i t h  a  m i n u s  s i g n  ( - )  t o i l o w i n g  t h e  f i e l d  T h e  d o l l a r  s i g n  c a n

b e  s p e c i f i e d  a s  a  c o n s t a n t  e n d i n g  i n  c o l u m n  6 9  a n d  m u s t  b e

s p e c i f i e d  i r r  r i r - i e  1 2 ,  t f r e  l i n e  f o l l o w i n g  t h e  e d i t  c o d e .

DeprerJ ing  upor  r ts  co i l t cn ts ,  t i r l .  A i t /OUNT f  ie lc ,  w i ' r i : r r
p r r ' r r r tcc l  ou t ,  cor i lL l  look  l rk r :  anv  o f  t l r c  fo l low i r rq  {v ;here
l \  r :  a r r y  n u t r b e r - ) :

N J N N N . N N

$ r \N. t \N
s N f,.iN
$  . N N

T h e  b l a n k s  D c t w e e r r  t h e  f  r r s t  r l r g i t  a n d  t h e  d o l l a r  s i t l t  l r r - e

t h e  r e s u l t  o f  z t ) r ' o  s u p p t . e s s i o r l .  T h e :  r l o l l a r ' , . i g t n  r t ; n a i t t r ;  r t t

posit ion 69: this is knoirun as a ftxed t loi lar sigrr.

O f t e n ,  i t  i s  d e s i r a b l e ,  a s  i n  w r i t i r r g  c h r c c k s ,  t o  e  i i m , i l ; - r t r - ' l l r i r s e

e m t r t y  s p a c e s .  T h e r e  a r e  t l v o  w a y s  o f  c l c i i r r q  t l - t t s :  i 1 )  m o v -

i n g  t h e  d o l l a r  s i g i r  s o  t h a t  i t  i s  a l w a y s  n e x t  t o  t h e  f r r s l  r ' l r q r t ,

a n d  ( 2 )  f i l l i n q  i h e  s p a c c s  w i t h  a s t c n ' i k s .

Ins teard  o f  l - rav i r rg  b lanks  be tween the  do l ia r  s iq t r  anc l  thc

f i r s t  r l i g i t ,  y o L l  c a .  c a u s e  t h e  d o l l a r  s i g n  t o  p r i n t  n c x t  t o

t h e  f i r s t  t l i g i t .  l n  t l - r i s  c a s e ,  t h e  a m o t t n t  l i e l d  w o t t l c l  l o o k

l i k r , r  o r i r :  o f  t h t :  f o i l o w i n g :

S N N N . N N

$ N N . N N

$ N . N N

$ . N N

A c io l la r  s r ! . ln  tha t  changcs  po 's i t ions  is  k i tovv t t  a : ;  l t  f lo i t t ing

d o l l a r  s l g n .  l t  i s  s p r : c i f i e d  b y  p l a c i n g  t h e  e n t r y ' $ ' i n  c o l -

u rnns  45-47 on  thc  sarne  spec i f i cd t io r t  I i r te  as  tho  ed i t  coc lc

{ s e e  F r g u r e  3 ' 1 6 ) .  R e r l e m b e r  t h a t  t h e  t i x e d  d o l l a r  s i g n  w a s

sprec i f iod  by  p lac ing  $  in  co lumns 45-47 o f  the  l i r re  fo l low '

i n g  t h , - .  e d i t  c o d e  ( F i g u r e  3 - 1 5 ) .

PAGI

DAIE

+-  ro id  tu< l  o r  do i l .d  l i ^ .

l € R 5  P E R  l a r C H .  6  L ! N E : 5  P F : R  !  € R i l c A L  i N C a  )

+!+ r

r  r  1 - + r

1*-f
r - t !  L

r- l*

F i g u r e  3 - ' 1 , 1 .  P r r n t e i  S p a c i n g  C h a r t  ( E c l i t i n q )

: l  11+
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5AL€.5

: i l , i l' D E F T ' , ,  I  i  I'  *L€S.If iAN'
'  AP l i jU iNT '  ,' ! a , T  A L '

l
l r'  
j$ i"  l

The f ixeci  dol lar  s ign is  specrf ierJ
by  p l ac i ng  ' $ '  i n  co l umns  45 -41  o f
t he  l i ne  f o l l ow ing  t he  ed i t  code .

Figune 3-15.  Fixod Dol lar  Sign

O U T P U T  S P E C I F I C A T I O N S

' . r ' i

s.AL E 5 .R E PORT.' I

F i g u r o  3 - 1 6 .  F l o a t i n g  D o l t a r  S i g n

C o r r t r n l l r n g  P r r i r r e r  C ) u l p r r r  3  l b
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P u ncr u at i ng ll'i t,h A ste ri sk s

'To  
inC ic ; te  t l ra t  as te r isks  shou ld  f i i l  the  spaces  car . rs i )d  l l y

suporess ion  o f  lead ing  zeros ,  p lace  the  en t r ; '  ' "  in  co lumns
45-4 ' l  < . : I  the  same - rpec i f i ca t ion  l ine  as  the  e i l i t  co tJe .  l i : r
rJe , l la r  s iq r i  i s  to  appear  bc fore  the  as ter isk ,  i t  inusL be  spec i -
f  ied  c i i  i i r f  nex t  l ine .  Wi th  the  spec i f  i ca t i . :ns  : :h r -nwn in  F i rJ ,
u re  - {  

' i  
7 ,  the  h i \4OUNT t ie id ,  depend ing  L jp ( ; , i  i t s  c . ) r - r to l ts ,

c o r - r i d  l r : c k  l i k e  a n y  o f  t h e  f  o l l o w i n g :

$N hlN . ttl i''l

$ ' N r " { . N N

$  
.  "  i i . N N

$ '  
-  -  N t {

Refer ro the lElvl System.i3 RPG l! Referetrce llanual .
SC2 I  7504 { r : r  a  mr . r re  de ta i le r j  exp lanat ion  and f  u r t l iu r
( ion ! r ( le  ra t lons .

P {.t t'i t:lLr at i rrg Llt r tt t D ash es

What  code r ryou l ,C y i . ru  r . rs , . , f l r  t l i e  fo i lo lv ing  jo l - r l  A  repor t
I i s t i r r t l  a l I  emplorTee nan les ,  addresses ,  te lephor re  r runrbcrs .
and s t :c ia l  se l ;u r  i t y  numbers ,  i s  des i rec l .  A  f  i l e  i s  k r i , t  ; rn  a i l
employr :es .  [ iach  reco ld  inc luc jes  o r re  e rnp loyr :e  r ranre , ; r j

d ress ,  te leprhcr r r :  number ,  and soc ia l  secr : r i t y  r r r :mber  amonr -J
o t h e r  t h i n q s .

- f he  
t e i r : phone  numb i l r  an ( i  soc ra l  secu r i t y  number  a r r )

e  n tL rd r . l  i r  l he  r e i ; o t  r - l  as  one  i i r n l i i l uous  i t um i l o r  w i t h  no

dasnes .  i : i e r r e tnbe r  t ha t  f  i c i c i s ' ; r ' i l l  p r i n t  { i u t  exac t l y  as  t heV

a r , l  r eco rde i l .  T i - r r . r ,  t he  t e i e f i i i r - r i , a  nu rnbe r  w i l i . i pL ' e3 r  65

28 :10804  T l i i s  i s  r a the r  r r a r r l  ' . r r  i - ead .  28? -L t804  i s  m i i ch

bet le:  .  I ' ior ,v wi l l  y<_r l r  ! te l  ihe t jash to a i_r l l . l 'arJ

A  r l as i r  i \  a  t ype  o {  p r r r r c tU ; . r r i o r r .  So  sc rne  l yue  i i  r t i i t l  i r t i

t t r r t s t  i j { r  i l o r i e .  Can  you  i i ' r , . 1 , - r  uode  t f r a t  w i l l  r : d i t  i l i r s  v r ; i y l
i r j r ,  l l r :  r r '  , . ,  ! l o n ' i . t y ; r , l  r 1 , 1 1

Fn r  t h r s  c rase ,  yo r . r  w i l l  hav r :  t i ,  ee t  i i i )  / ou r  cwn  t - . c l i r i r r g  pa t .

t r ; t n .  An  e : J t t  wo rd  c1 i ' ; i ) s  a  g ra t t e r l - '  f  o t  pL inc tL t . L t i o l .  Fo r  t he

g - rho i r e  r r L r rnbe f  t 7c r t  need  t h ree  i l i E t t . . ; ,  a  r i ash .  d i t d  i r , t l i t  f o r r t

d t g i t : ; .  Y , ; L i  : l r ec i f y  t h r :  ec i i i  r n " ro r r l  r r r  Co iumn5  45 ,7 { - l  o f  t h t r

Out l )ut-  l : :  of  l ra l  5 i ree t .  T he in, ' - r r t j ,  l  i  ke a ; t , " '  con: i i i t  i - -  i ,  r t ' tust

l l e  e r r r : l o sc r J  i r r  quo tes .  F i g r r r e  3 -18 ,  i i r r e r  i ; ' : i ,  s l t ows  i r o r r y  r - i r ; t

t e l ephL r i l c  nun rL re r  f  i c l e i  i s  t r r . l r l r : r j .  t h ree  b l a r r ks ,  a  dash  a r t d

t o u r  b l a n k s .

U r i l e s s  t h c  s o c i a i  s e c r r r i i y  f  i c l c i  i s  a l s o  e d i t e d  i t  r  r r l i  p r i r r t

o f r t  i l  ( . ) r l i r  i l r - r g  s t r i ng  o f  r r r r r r l r . l  , , ,  such  r : ; 41244d ' i 51

F r - - rm  t he  r : c l i !  i : v r , , r ' r l  t o  r " l i l k i t  t he : ! c . t . ; l  secu r , i l - y  n i t r nb i : r

r i - a , . i .  4 i  ?  4 4 - 0 . i 5 7 .  i t  s l r c u l r l  l o o k  i i k s  i i : i , r  r i i , -  , v r . , r i t

i i l r a ) ! ! r ]  ! ; r  F i r l L r r t r  - i . 11 : , t ,  i i r i r ,  t ) 5 .  I r Jo ' t i r ; r :  r . ha l ,  a  i r : a t l i i r . l  0

i . t t : r < t )  t s  t r r c i t t t i c t j  l r  1 i l r ' , , 0 t  t ,  v v o r r - j  i i t  a c c j i t r . ' , r  i , r  t i t ,  l u n l
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Punctuating by Leaving Btanks

A ,companv has  ra ther  long account  numbers .  To  make
them eas ie r  to  read and hand le ,  b lanks  are  le f t  a f te r  every
th i rd  d ig i t  when the  number  i s  p r in ted .

ls  there  a  code tha t  w i l l  inser t  b lanks? No,  aga in  you have
to  spec i fy  yor . l r  own ed i t  word .  In  an  ed i t  word .  b lanks  in -
dicate where the digits go and ampersands indicate wnere
b lanks  w i l lqc , .  The account  f ie ld  cons is ts  o f  ten  d ig i ts .
The ed i t  word  shown in  F igure  3-20 ,  inser t  A ,  w i l l  pu t
b lanks  a f te r  every  th ree  d ig i ts .

Punctuating fuy Adding Constant lnformation

For shipping purposes, the catalog department of a depart-
ment store must know the weight of every i tem it  sel ls.
The we igh t  in  pounds and ounces  is  recorded in  a  6 -d ig i t
f  ie ld .  The las t  two d ig i ts  a re  ounces ,  the  f  i r s t  four  d ig i ts
are pounds. lVhen printed out on a report,  the consrants
LBS and OZ rnust be inserted. Otherwise. the data would
not  be  unders tandab le .  Aga in  to  do  th is ,  an  ed i t  word  is
needed because no  ed i t  code w i l l  inser t  LBS and OZ.

Thra  pr in ted  f  ie ld  i s  shown on the  pr in te r  spac ing  char t  in
F igure  3-21 .  rSne space is  needed be tween the  d ig i t  and
LBS and betvrreen the digit  and OZ. Two spaces separate
pounds f rom r lunces .  Remember  in  the  ed i t  word ,  b lanks
are  spec i f  ied  fo r  d ig i ts ,  ampersands are  spec i f  ied  fo r  b lanks ;
ancl constant information is inserted where desired. The
ed i t  word  shou ld  be  as  long as  the  f ie ld  shown on the  pr in te r
spacing chart.  Figure 3-20, insert B, shows the correct edit
pa t te rn  fo r  th is  f  ie ld .

RPG OUTPUT SPECIFICATIONS
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Edi t  words can do a l l  k inds of  edi t ing for  you.  They can
even be set  up to do the same th ing as the edi t  codes.  Al l
you have to do is  show where the commas,  decimal  points,
credi t  s igns,  etc .  should appear.  A zero is  used to indicate
where zero suppression stops.  For  example in  F igure 3-20.
insert C, the 0 shows where zero suppression is to end in
the WEIGHT f ie ld.

E<Jit codes are a faster and more convenient way of editing
than edit words. Therefore, edit words are normally used
only when edi t  codes a lone cannot  accompl ish the job.

Editing and End Position

When speci fy ing end posi t ions for  f ie lds which are to be
ecl i ted,  e i ther  by edi twords or  edi t  codes,  be sure to a l low
errough room for  the edi ted f  ie ld.  l f  the f  ie ld to be edi ted
is  s ix  characters long on the input  record,  do not  a l low only
si:< positions for it on the printed report. By the time the
fir: ld is edited, it may contain many more characters than
si :<.  For  example,  the WEIGHT f ie ld which is  to  be punc-

tuated with the constants LBS and OZ is only a G-character
f  i r - ' ld  on the input  card.  But  when pr inted out  af ter  edi t ing
i t  requi res 15 spaces.  Always speci fy  an end posi t ion on
tl-re Output-Format sheet (columns 40-43) that takes into
account the length of the edited field.

USI I \ IG XPI . .ACE TO PRINT DUPLICATE INFORMATION

U s i n g  " P L A C E ,  y o u  c a n  t e l l  t h e  R P G  l l  c o m p i l e r  t o  p r i n t

dup l i ca te  in fo rmat ion .  When you spec i f  y  "PLACE on the

Output -Format  sheet ,  the  f  ie lds  l i s ted  above i t  w i l l  be

pr in ted  in  a  d i f fe ren t  pos i t ion  on  the  same l ine .  Th is  e l im-

ina tes  much dup l ica te  cod ing .

For  example ,  assume tha t  your  d is t r ibu t lon  f  i rm prepares

invo ices  on  the i r  da ta  p rocess ing  sys tem.  The invo ice  (F ig -

ure 3-221 sent to each customer consists of two parts: one

par t  the  cus tomer  keeps ,  the  o ther  he  tears  o f f  and sends

a long w i th  h is  payment .  Many f  ie lds  a re  common to  bo th

par ts  o f  the  invo ice .  For  example ,  NAME and CUSTNO
(cus tomer  number )  a re  p r in ted  on  the  f  i r s t  l i ne  o f  each par t .

A l l f i e l d s  i n  t h e  f o u r t h  l i n e  o f  t h e  r e p o r t ,  e x c e p t  f o r  t h e

descr ip t ion  (DESC)  f ie lds ,  and a l l  f ie lds  in  the  to ta l  l l ne  a re

found in  bo th  par ts  o f  the  invo ice .  The second par t  i s  a l -

most  a  dup l i ca te  o f  the  f  i r s t .

NAME CUSTNO NAME CUSTNO

A D D R

CITY

1TEM oTY pRtCE AMr  |  , ra "
No"- | -- 

N6-
DESC OTY PRICE AMT

TOTAL TOT TOTAL TOT

l : igure 3-22.  Invoice Form

Con t ro l l i ng  P r rn te r  Ou tPu t 3 -  1 9



Figure  3-23  shows t t re  p r in te r  spac i r rg  cha i t  i r  r  i r te  invo ice .
What  ou tpu t - fo rmat  spec i f i ca t ions  wou lc l  you  wnte  to  l . i i ; r , i
f  ie lds  tw ice  on  the  same l ine?  you cou ld  c le f  ine  the  f ie ld
and g ive  the  enc j  pos i t ion  fo r  i t  each t i rne  yc lu  wanted  to
pr in t  the  f ie ld .  F ig r - r re  3 -24  shows the  cod ing  necessarV
u s i n g  t h i s  m e t h o d .  T h e r e ' i s  a n  e a s i e r  w a y  t o  c j o  t h i s ,  h o w -
e v e r .  T h i : ;  i s  t h r o u g h  t h e  u s e  o f  * p L A C E .

C T E R S  P E R  ' N ( : H .  5  L I N E S  P E R  V € S I t C A L  I N C H  ) oaTE *_---.._-.

\"{_* " lord bo(I or don.d ti^.
I

lF igure 3-23,  Pr inter  Spacing Chart  for  Invoice

at-20



Page  o I  GC21 -7567 -2
lssued 24 May 1976

By  TNL :  GN21 -5389

OUTPUT SPECIFICATIONS
I B I I {  

" , " , , , , , , , "  
s !  . p s M r . h n e c ,  r . , . n

;";l [l I t 
'l 

f..;,i.i;;M ;l
-  + f  |  +  + l  I  I

l : ' - " l L l l l L l l  l
** [_['_ H:iil:,,""ffTfffl

7ti 16 11 ]a 79 AO

RPG OUTPUT SPECIFICATIONSj rBM
lF;,;;;;
lF;",.""

GX2r  9090 U/M 050.

15  /6  71  1A 79 AO
Pruqrim I_TIITT T l

_  r d , . r r r c d ' o n  I  I  |  |  |  l

o
-l

t :
l: ffi

n

g

:

O u t p r t  l r d i c a t o r s :+ lja-.'l'*t;1 ly1l.L[_l' - l:':i:l,l I
I : :  i : .  i  i l i ,

r  L t l  L  ! , r  L  t  l " l t l

: . 1 :!

t:
i l : ; i l i

i i i I t l
I t i  r
i i l l '
t l ; ] ,

. ] l
l

i'1

l :

I
t l

l

t 1
] l

i l

li
i t l l

l 1 ' r
N T

i r , l
, i , .
NT

] i
' r l

'28
{ F

l t

O J
qs
A A

l - l i i l l i l
i i i  " :  i l
l . l i , l :

l t l' r o r n ] r '  
] i l =

l $ ' i l  l ,  ,T ]o i r lAL ' i  
I  i i l i' , * ' i ; l l l i , i  

i t '  , '

Figure  3-24 .  Outpu t -Format  Spec i f i ca t ions  fo r  Invo ice  {Cod ing  Each F ie ld  Twice}

Con t ro l l i ng  P r i n te r  Ou tpu t  3 -21



Spec i f i ca t ions  fo r  Us ing  *pLACE

-PLACE 
is  a  spec ia l  RpG l l  func t ion  wh ich  can be  used to

acc{ )mpl ish  c lup l i ca te  p r in t ing  w i th  less  cod ing .  To  the  RpG
l l  compi le r  th r :  spec i f i ca t ion  *pLACE 

means:  Dup l ica te
thar :  par t  o f  the  l ine  wh ich  has  been spec i f iec l  and p lace  the
dup l ica ted  i r r fo rmat ion  in  a  d i f fe ren t  pos i t ion  on  rne  same
l ine .  *PLACE 

means a  spec ia l  func t ion  is  to  be  per fo rmed.
You shou ld  no t  use  th is  spec i f i ca t ion  as  a  f ie ld  name,  s ince
the  RPG l l  cornp i le r  w i l l  assume you want  the  preced ing
f  ie ld  dup l i ca ted .  When us ing  *pLACE you f  i r s t  de f  ine .  fo r
each record ,  a l l  the  f ie lds  wh ich  are  to  be  dup l ica ted .  G ive
the  end pos i t ion  fo r  each f ie ld  as  you normal ly  do .  Then
ent€r r  the  word  *PLACE 

on the  l ine  be low the  f ie lds  wh ich
are  to  be  dup l ica ted .  F igure  3-25  shows the  en t r ies  fo r  the
f i rs t  de ta i l  l i ne  o f  the  invo ice .

The compi le r  c loes  no t  know where  to  p r in t  un less  you
spec i fy  an  end pos i t ion  on  the  *pLACE 

ent ry .  In  F igure
3-25 i ,  the  end pros i t ion  g iven fo r  the  "pLACE ent ry  was 86 .

The "PLACE spec i f  i ca t ion  dup l ica tes  no t  on ly  le t te rs  bu t
a lso  b lank  spaces .  l t  w i l l  dup l i ca te  a l l  the  charac ters  ( in_
c lud ing  b lanks)  f rom pos i t ion  1  to  the  end pos i t ron  spec i -
f ied  fo r  a  f ie ld .  These dup l ica ted  charac ters  a re  then p laced
so t f ta t  they  end in  the  end pos i t ion  spec i f ied  fo r  the*PL,ACE 

ent ry

When spec i fy ing  an  end pos i t ion  fo r  the  *pLACE 
ent ry ,

you must  knov \ /  exac t ly  where  you w ish  the  f ie lds  to  p r in t .
You must  a lso  ,cons ider  the  amount  o f  space needed fo r
the print ing of ,al l  characters to be duplicated" Alwavs
specr fy  an  enrJ  pos i t ion  wh ich  a l lows room fo r  the  pr in t inq
of  dup l i ca ted  f  ie lds .

A  "PLACE spec i f  i ca t ion  must  no t  be  cond i t ioned by  ind i -
c a t o r s  i n  c o l u m n s  2 3 - 3 1 .  * p L A C E  

i s  a u t o m a t i c a l l y  c o n d i _
t ioned by  the  same ind ica tors  tha t  cond i t ion  the  f  ie ld  o r
f ie lds  to  be  repeated .

Formation of Print Lines

When Sys tem/3  per fo rms pr in te r  ou tpu t ,  a  who le  l ine  is
pr in ted  a t  once,  regard less  o f  how many f ie lds  a re  in  tha t
l ine .  Before  pr in t ing ,  the  who le  l ine  is  moved to  an  area  o f
s to rage exac t ly  as  i t  i s  to  be  pr in ted .  Data  is  p laced in  th is
s to rage area  one f  ie ld  a t  a  t ime.

The sequence in  wh ich  da ta  en ters  the  s to rage area  depends
on the  sequence tha t  f ie ld  names are  spec i f  ied  on  the  RpG l l
Outpu t -Format  sheet .  The f  i r s t  f  ie ld  recorded on  the  Output
Format  sheet  i s  en tered  f i rs t ,  then the  second,  e tc .  Each
f ie ld  i s  inser ted  in to  the  s to rage area  accord ing  to  i t s  end_
pos i t ion  en t ry  on  the  Output -Format  sheet .  l f  vou  have
made conf l i c t ing  en t r ies  in  your  spec i f  i ca t ions  ( fo r  example ,
one f  ie ld  over lapp ing  another )  the  las t  f  ie ld  ment ioned is
the  one tha t  w i l l  p r in t  in  i t s  en t i re tv .

'PLACE 
opera tes  in  the  same way as  normal  f  ie ld  names.

The opera t ions  assoc ia ted  w i th  "pLACE are  per fo rmed in
the  sequence "PLACE is  spec i f  ied  on  the  Output -Format
sheet  in  re la t ion  to  o ther  ou tpu t  en t r ies .

RPG OUTPUT SPECTFICATIONSIBIVI
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Figure 3-26. Line Formation (First Line of lnvoice)

Follow ttre formation of the f irst l ine to be printed on the

invoice. According to the specif icat ions in Figure 3-25,

the  NAME f ie ld  ends  in  pos i t ion  25  ar rd  CUSTNO in  36 .
fhe  f i rs t  par t  o f  the  l ine  is  comple ted  w i th  these spec i f i ca-
t ions  (F igure  3-26 ,  inser t  A) .  Because o f  the  way l ines  are
formed, t lre end posit ion for the *PL/\CE entry must be at
teast two t imes the higher end posit ion specif ied for a f  ield

tha t  i s  to  be  dup l ica ted .  Th is  ensures  tha t  the  las t  f ie ld

ment ioned w i l l  no t  over lap  the  f ie ld  p reced ing .  In  th is  case

the same f ields are to be printed again on the second part

o f  the  same l ine .  S ince  the  end pos i t ion  was 36 ,  the  sec-

ond par t  o f  the  same l ine  must  end a t  leas t  in  pos i t ion  72
( two t imes h igher  than the  end pos i t ion  fo r  the  f ie ld  to  be

dup l ica ted) .  l t  i s  dec ided they  are  to  end in  pos i t ion  86 .

The second part of the l ine is formed by the *PLACE entry
(F igure  3-26 ,  inser t  B) .

RPG

I  JOHN F ITZGERALD 4758321 |

Resul t  of  *PLACE

entry

Using Different Spacing for Duplicated Fields

The second and th i rd  l ines  o f  the  invo ice  do  no t  have f ie lds

to  be  dup l ica ted .  However ,  the  four th  l ine  o f  the  invo ice

requ i res  tha t  a l l  f  ie lds  be  dup l ica ted .  Not ice  tha t  d i f fe ren t

spac ing  is  requ i red  fo r  the  dup l ica ted  f  ie lds  because a  f  ie ld

ca l led  DESC must  be  inser ted  be tween ITEMNO and OTY.

Figure 3-27 shows correction specif icat ions. You want to

s ta r t  w i th  ITEMNO s ince  i t  i s  the  f  i r s t  f  ie rd .  ITEMNO is

spec i f ied  as  usua l ;  the  end pos i t ion  is  g iven .  Then *PLACE

is  spec i f  ied  w i th  the  cor rec t  end pos i t ion ,  50  in  th is  case.

These spec i f i ca t ions  cause the  l ine  to  look  l i ke  tha t  in  F ig -

ure 3-28, insert A.

SPECIF ICAT IONS

**[1"_

A.

OUTPUT
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Figure 3.2- ,1 .  Speci f icat ions for  Fourth L ine o{  Invoice
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Now,  the  remain ing  th ree  f ie lds  a re  spec i f  ied  and an  end
pos i t ion  is  g iven  fo r  each.  .pLACE 

is  en tered  a f te r  them
to  s ign i fy  tha t  the  above th ree  f ie lds  shou ld  be  dup l ica ted .
Remember  tha t  when f ie lds  a re  dup l i ca ted ,  a l l  in fo rmat ion
f rom pos i t ion  1  to  the  h ighes t  end pos i t ion  spec i f ied  fo r  a
f ie ld  i s  userJ .  In  th is  case,  pos i t ions  1  th rough 3g  are  dup l i_
ca ted  and p laced so  tha t  they  end in  pos i t ion  95 .

( f T Y ,  P R I C E ,  a n d  A M O U N T  a r e  i n  p o s i t i o n s  1  t h r o u g h  3 g ,
bu t  ITEMNIO is  a lso  there  s ince  i t  ends  in  pos i t ion  j0 .  Thus .
a l l  four  f ie lds  a re  dup l i ca ted  and p laced so  tha t  they  end in
96.  F igure  3-28 .  inser t  B  shows resu l t ing  fo rmat ion  o f  the
l i n e .  I T E M N O  n o w  a p p e a r s  t h r e e  t i m e s ,  o n c e  i n  t h e  D E S C
l ie ld  a rea  where  i t  shou ld  no t  be .

100

In  th is  example ,  we can spec i fy  the  f ie ld  DESC to  end in
pos i t ion  75 .  l t  w i l l  over lay  the  unwanted ITEMNO f ie ld
and thus  ge t  r id  o f  i t .  F igure  3 .2g ,  inser t  C  shows the  l ine
a s  i t  w i l l  b e  p r i n t e d .

For  each job  you do  us ing  *PLACE,  you w i l l  have to  ca l_
cu la te  exac t ly  what  happens when l ines  are  fo rmed.

Duplicating Constants

-PLACE 
can dup l ica te  cons tan ts  as  we l l  as  f  ie lds .  The same

spec i f  i ca t ions  are  used f  o r  bo th .  F igure  3-29  shows the
spec i f  i ca t ions  fo r  the  las t  l ine  o f  the  invo ice .  In  th is  case-PLACE 

dup l ica tes  a  f  ie ld  and two cons tan ts .  As  Vou can
see,  us ing  "PLACE e l im ina tes  dup l ica te  cod ing .

47535

47535 38 1 . 1 0

1 . 1 0

4 1 . 8 0 47535 47535 38

38

1 . 1 0  4 1 . 8 0

1 . 1 0  4 1 . 8 0
47535 38 41.80 47535 wooL socKs,  cR.  SZ 9

A. Line af ter  f  i rs t
*PLACE

B. Line after second
-PLACE

TOTAL -

C. Line after speci-
fication of the
DESC f ietd

TOTAL

F igu re  3 -28 .  Fou r t h  p r i n t ed  L i ne

3-24
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:  , 1 ,

lil'
on

*' ff l.,_ :;u",."ff[-[-f[-l

P

Constan t  o r  Ed i l  Wofd
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Print ing a Field Several Times on the Same Line

"PLACE can be  used to  p r in t  the  same f ie ld  severa l  t imes in
the  l ine .  A l l  you  have to  do  is  en ter  *pLACE 

a long w i th  an
end pos i t io r r  fo r  each t ime you want  the  f  ie lds  dup l i ca ted .
l . l '  you want the f ield dupl icated twice, you need two*PLACE 

enr t r ies .

Assume tha t  per iod ica l l y  a  s to re  p repares  mai l ing  labe ls  fo r
each cus tomer  who has  an  account  w i th  them.  TheV use
the labels wlren they send out special advert isements. The
mai l ing  labe l  has  on ly  name,  address ,  and z ip  code on  i t .

Since the label has to be only a few inches wide. the man_
ager found he could pr int  three labels s ide by s ide on h is
120-pr int  posi t ion pr inter  (F igure 3-30) .

You can see that each field needs to be printed three times
on each l ine.  In  the examples d iscussed so far ,  *pLACE 

was
used to dupl icate f ie lds only  once.

Figure 3-31 shows the speci f  icat ions for  the f  i rs t  l ine.
NAME needs to be entered three t imes per  l ine.  The or ig_
inal  f  ie ld speci f  icat ion pr ints  i t  one t ime:  the two *pLACE
entries cause it to be printed two more times.

| runrvre I

I  noon I

l crrv_ | Lsrnre I

L I ruaue I

l _  A p p R  I

I  ctrv I lsrnrel

L ADDR

I _ crrv I lsrere I
l z t P  I l z r P l l z r p l

Fi,gure 3-30.  [ \4ai l ing Labels

OUTPUT SPECIF ICAT IONS 6X21.m0 U/M 0s .

1  2  7 5 7 6 7 7 7 8 7 9 8 0

**fll" :1111- [T_T_T-fnr o e n ' r r . c d r o n l  |  |  I  I  I  I

t 1
r l
t l

i l

I  F igure 3-31.  Using +PLACE for  producing Mai l ing Labels
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USING TWO PRINTER OUTPU'] I  FILES IN ONE
PROGRAM

Two System/3 pr inters,  the IBM 11203 Pr inter  on the Model
10 Card and Disk svstems and the IBM 2222 Pr inter  on the
Model  6 a l low you to produce two separate pr inter  output
f i les on the same pr inter  in  a proqram (Figures 3-32 and
3-33) ,  The forms can be narrower than standard forms and
are o{ ' ten specia l  forms such as checks or  invoices.

A m in imum o f  17  p r i n t  pos i t i ons ,  be tween
the lef t  carr iage t ractor  and the r ight

l {

Primary t ractor

Figure 3-32.  5203 [ , r inter  wi th the Dual  Feed Carr iage Feature t ss r58A

secondary t ractor

I  b401rA

3-27

ca r r i age  t r ac to r ,  a re  no t  ava i l ab l e  f o r  p r i n t i ng .

Figure 3-33.  2222 Pr inter  wi th Dual  Feed Tractors

Con t ro l l i ng  P r i n te r  Ou tPu t
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Model 10 Card System, Model 10 Disk System, and
Model  12

To pr int  two output  f  i les for  one program, each of  the two
pr inter  f i les is  considered a separate output  f  i le  and must
be descr ibed as such.  These output  f i les requi re specia l
descr ipt ions on the Fi le  Descr ipt ion and Output-Format
sn eets.

File Description Specifications

lModel l0 Card System, Model l0 Disk System, and Moctel
l l2 :  F igure 3-34 is  a sample Fi le  Descr ipt ion sheet  for  the
Dual  Feed Carr iage Feature.  The two output  f i les to be
pr inted must  be assigned to the device names pRINTER and
PRINTR2  on  the  F i l e  Desc r i p t i on  shee t  ( co lumns  40_46 ) .
PRINTER is  the device name for  the le f t  carr iage of  the
pr inter .  The r ight  carr iage is  ass igned the device name
PRINTR2. Record Length entr ies (columns 24-271 f  or  the
two pr inter  f i les should be the same. Entr ies under Block
Length (columns 20-23)  must  be the same as Record Length
entr ies.  You are responsib le for  ensur ing that  output  to  the
PRINTER device is  conf  ined to the le f t -hand form and out-
put  to  the PRINTR2 device is  conf ined to the r ight-hand
form. You can easi ly  lay out  your  two repor ts  us ing the
Pr inter  Spacing Chart .

The fea ture  o f  the  b203 pr in te r  tha t  a l lows you ro  p roduce
two separa te  p r in te r  ou tpu t  f  i l es  i s  known as  the  Dua l  Feed
Car r iage Feature .  The fea ture  is  ava i lab le  on  96 ,  1  2O.  and
132 pos i t ion  pr in te rs .  One fo rm is  cont ro l led  by  the  le f t
car r iage o f  the  pr in te r  and the  o ther  fo rm is  cont ro l led  by
the  r igh t  car r iage.  There  is  space be tween the  r igh t  and le f t
car r iage t rac to rs  tha t  con ta ins  no  fo rm.  When you are  pr in t_
Ing  on  two fo r rns  you lose  a t  leas t  17  pr in t  pos i t ions
because no forrns can be placed in this space (see Output-
Forr,nat Specifications, later in this section).

Model 6

The 2222 pr in te r  on  the  Mode l  6  has  dua l  t rac to r  feed ing ,
a primary tractor and a secondary tractor. All 220 posi-
t ions  o f  the  pr in te r  a re  ava i lab le  fo r  p r in t ing ,  tha t  i s ,  there
need be  no  pos i t ions  los t  be tween the  pr imary  t rac to r  and
the s,econdary tractor.

The t rac to rs  tha t  con t ro l  the  r igh t -hand an< j  le f t_hand fo rms
on the  pr in te r  a re  ad jus tab le .  That  i s ,  the  w id th  o f  the
forms and the  s ta r t ing  and end ing  pr in t  pos i t ions  fo r  each
form are  var iab le .

Fi le Descr ipt ion Speci f  icat ion

I  r igut"  3-34'  F i le Descr ipt ions for  Two Pr inter  Fi les on Model  10 card system, Model  '10 Disk System and Model  12 (52o3pr inter l

F , l !  A r l ( l  i  o , r , r t l r ! , , , t , r I r l

L € n l l r  o t  K e y  F i e l d  o r

o l  R e c o d  A d d f c $  F  e  d

1! il
iilll

J - 2 6



Model  6 :  F igure  3-35  shows the  F : i le  Descr ip t ion  sheet
en t r ie$  fo r  the  dua l  t rac to rs  on  the  2222 pr in te r .  The two
pr in ten  f i les  a re  ass igned dev ice  names TRACTRl  and
T R A C T R 2  o n  t h e  F i l e  D e s c r i p t i o n  s h e e t  ( c o l u m n s  4 0 - 4 6 ) .
TRACTR 1  is  the  pr imary  t rac to r  ( le f t -hand pr in t  un i t )  and
TRACTR2 is  the  secondary  t rac to r  ( r igh t -hand pr in t  un i t ) .
Under  B lock  Length  (co lumns 2O-231 to r  each f  i l e  en ter  rhe
beginning print posit ion for that f  i le. Under Record Length
(colurnns 24-271 enter the ending ,orint position for that
f  i l e .  P r i n t  p o s i t i o n s  f o r  T R A C T R  I  a n d  T R A C T R  2  c a n n o t
over  la  p .

Output- Format Specif icat ions

Spac ing  and sk ipp ing  on  the  two f  o rms are  comple te ly  in -
dependent .  You can spec i fy  d i f fe ren t  spac ing  and sk ipp ing
for  each ou tpu t  f i l e .  Spac ing  and sk ipp ing  are  en tered  in
co lumns 17-22 o f  the  Output -For rna t  sheet .

Page of  GC21 -7567-2
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I Model 10 Card System, Model 10 Disk System and Model | 2:
Remember ,  there  are  17  pr in t  pos i t ions  you cannot  use ,
because there  is  a  space be tween the  le f t  and r igh t  car r iage
t rac tors  wh ich  cannot  conta in  a  fo rm.  Th is  i s  imoor tan t
when you are  p lann ing  where  to  pos i t ion  your  p r in t ing  on
each fo rm.  The f i rs t  charac ter  to  be  pr in ted  on  the  fo rm in
the  r igh t  car r iage (PRINTR2)  must  be  a t  leas t  17  pos i t ions

away f rom the  las t  charac ter  on  the  fo rm in  the  le f t  car r iage
( P R I N T E R ) .  S u p p o s e  y o u  d e c i d e  t o  u s e  p r i n t  p o s i t i o n s

1 th rough 80 .  Because the  f i rs t  charac ter  in  the  r igh t  car -
r iage must  be  a t  leas t  17  pos i t ions  away f rom the  las t  char -
ac ter  in  the  le f t  car r iage,  p r in t  pos i t ion  98  is  the  f i rs t  ava i l -
a b l e  p o s i t i o n :

80  (End pos i t ion  o f  the  fo rm in  the  le f t  car r iage)
+ 1 7  ( N u m b e r  o f  p r i n t  p o s i t i o n s  y o u  c a n n o t  u s e )

9 7

T h e r e f o r e ,  9 8  i s  t h e  f  i r s t  a v a i l a b l e  p o s i t i o n .  l f  t h e  l e n g t h  o f
your  p r in t  l ine  is  35  charac ters ,  the  las t  pos i t ion  fo r  the
second fo rm is  132.

Fi le Descr ipt ion Speci f  icat ion

Figure 3-35.  Fi le Descr ipt ions for  Two Pr inter  Fi les on Model  6 12222 pr inter)

Con t ro l l i ng  P r i n te r  Ou tpu t  3 -29
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REYNOLDS I  NDUSTRI  ES ,  I  NC .

rE:LEPHoNE '"J',:g;:5::,T:;1,. cusr No
408-286-e1oo 4ZOg15
s o L D r o  s .  l / \ l .  K I N G S

4 9 8  R i V E R  S T R E E T
S A N  J O S E r  C A L ] F .  9 4 0 6 7

S } J I P T O  I M P E R I A L  D E S I G N  H O M E S
D I V I S I O N  O F  S .  t , \ l .  K I N G S
8 3 4 3  B R A N C H  S T R E E T
S U N N Y V A L E T  C A L I F .  9 5 L L 7

O R D E R  D A T E
7 / L O / 7 0

oRDER NO.  I  sALESMAN
L 3 8 2 6  I  c .  J o N E S

S H I P  D A T E

7  / L 5 / 7 0

CITY.
I T E M
N U M B E  R DESCR I  PT I  ON U N I T  P R I C E

E X T E N  D E D
AMOUNT

9 6
z+u

3 5 0
, 2 0 0
"L75

39 : ]468
4L1 , tL6
4 T L L 3 2
4 L L 1  3 2
5 L L L L 7

O C T A G O N  B O X  4  i N C H
T t , . J I N L I T E  S O C K E T  3
S O C K E T  A D A P T E R  B R N
S I  LET  S t^ lTCH I  VORY
P U L L  C O R D  G O L D

. 2 3

. 6 0

. 3 2
L . 2 0

. 4 2

2 2 . O 8
2 4 . O O

L 1 _ 2 . 0 0
2 4 0 . O O

7  3 . 5 0

I O T A L a  t  - 4

D ' f l J - o 2 d

INVOICE REGISTER
7 / L s / 7 r

I N ' V O I C E  C U S T .
N O .  N O .

L 3 8 2 6  t + 3 O 9 1 5

L3827 t |31-0 30
L3828 t :+3245A

L3829 t1349 60

EXTENDED
AMOUNT

D I S C .
AMOUNT

$
4 , 7 8

4 . t 1

INVOICE
AMOUNT

4 7 1 - . 5 9
2 3 4 . 1 _ B

5 7  . 7 0
2 0 4 . 4 5

471_. 5 B
2 3 9 . 9 6

5 7  . 1 0
2 0 8 .  6 2

F  I  N A L  I ' O T A L S $ L 2  t  2 6 3 . 9 7  $ 1 , 4 5 . 2 9 $ 1 - 1 r 1 1 8 . 6 8

Figure 3-36.  Sample Invoice and Invoice Register

3-30



Example: End-of-the-Month Bi l l inrg

Assurne tha t  your  company invo ices  i t s  cus tomers  us ing
your  da ta  p rocess ing  sys tem.  l t  i s  your  respons ib i l i t v  to
prepare  and pr in t  the  invo ices  to  be  sent  to  the  cus tomers .
You are  a lso  go ing  to  keep an  invo ice  reg is te r ;  a  record  o f
every  invo ice  tha t  i s  sen t  ou t .  S ince  Vou have a  dua l  feed
pr in te r ,  you  w i l l  p r in t  bo th  the  invo ice  and the  invorce
reg is te r  a t  the  same t ime.  You might  name your  two ou t -
p u t  f i l e s  I N V O I C E  a n d  I N V R E G .

The fo rmat  o f  your  ou tpu t  must  b r3  de termined.  In  th is
c a s e ,  I N V R E G  w i l l  h a v e  t h e  s t a n d a r d  l e n g t h  o f  6 6  l i n e s ,
wh i le  INVOICE wi l l  have a  nons tandard  fo rm length  o f  50 .
Head ing  in fo rmat ion  is  p r in ted  on  the  top  o f  eacn repor r .
INVOICE uses  a  p repr in ted  fo rm f ,c r  much o f  i t s  head ing
i n f o r r n a t i o n .  I N V O I C E  h a s  a  6 3  p r i n t  p o s i t i o n  l i n e  a n d
I N V R E i G  h a s  a  5 0  p r i n t  p o s i t i o n  l i n e .  F i g u r e  3 - 3 6 ,  i n s e r t
A  is  a  sample  invo ice  and F igure  3-36 ,  inser t  B  is  a  sample
invo ice  reg is te r .

Since INVOICE has a nonstandard form length,  i t  must  be
def ined on the L ine Counter  sheet .  You wi l l  use l ine 43 as
the over f  low l ine.  F igure 3-37 shows a sample L ine Counter
sheet .  (Note that  s ince INVREG has a standard form length,
i t  does not  have to be def ined on the L ine Counter  sheet . )

Line Counter Speci f  icat ions

Figure 13.37.  L ine Counter Speci f icat ions for  INVOICE

Con t ro l l i ng  P r i n te r  Ou tPu t  3 -31
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You a lso  want  to  have head ings  pr in ted  on  the  top  o f  every
page.  Because you do  these opera t ions  on lV  when an  over -
f lo r , r r  ind ica tor  i s  on ,  you  have to  cond l t ion  these opera t ions
by  the  over f lo \^ /  ind ica tor .  F igure  3-38  shows the  F i le  De-
s c r i p t i o n  s h e e t s  f o r  M o d e l  1 0  ( l n s e r t  A )  a n d  M o d e l  6  ( l n s e r t
B) .  F igure  3-39  shows the  Output -Format  sheet  to  p r in t
head ings  a t  th€r  top  o f  every  page.  (Remember  tha t  sk ipp ing
and spac ing  on  the  two car r iages  are  independent . )

Not,e for Model l0 and Model l2 lJsers: Recall that the
r i g h t  f o r m  ( i n  t h i s  c a s e  I N V R E G )  m u s t  b e  a t  l e a s t  1 7
pos i t ions  away f rom the  fo rm in  the  le f t  car r iage.  Because
I N V O I C E  w i l l  h a v e  a  6 3  p r i n t  p o s i t i o n  l i n e ,  y o u  a s s i g n  p o s i -
t i o n s  1 - 6 3  t o  i t .  I N V R E G  i s  a  5 0  p r i n t  p o s i t i o n  l i n e  a n d  v o u
ass ig rn  i t  to  pos i t ions  81  th rough 130.

F

L.tsl

OUTPUT

F igu re  3 -39 .  Head ing  Spec i f i ca t i ons  f o r  INVOICE  and  INVREG

RI
R I

I

MPiutr
.45t1Asr

]EG

.(D

F

NVOTCE,
N VR,EGi i
N P  U T

MA-sr i

Figure 3-38.  Fi le Descr ipt ion Sheet for  End-of-Month Bi l l ing

? _ ? "

Fi le Descr ipt ion Speci f  icat ion

RAC]
RAC,
I 5 , K ,  I  I
t rt*i

' i i ;
I  - -  |  i

l i r

I B i l  ^ . , . , , ^ .  
" , , n e s M . . h  

i e c . r p o , . , , o r

IrJ-p
L'l!rr1 lDak

o  I  l O

. r l l o
or. '  Jo
o  4  I o

o  5  
l o

o  6  l O

Fi le Descr ipt ion Speci f  icat ion

F  c  A l d L l r o r ,  U . o r d e r r r l

L f f q r h  o l  K r y  F ' .  i l  o r

o l  R 0 ( r L 1  A , l ( l r c $  F  r r , r

L l r i q 1 f . i K . t F ! r  D r

0 1  H c ( r n l l  A r l l r . i \  F  r l r l



Review 3

1 .

2.

Overflow and Fetch Overflow

When you are not using overflow indicators or l ine counter specifications, but are

al lowing RPG l l  to  handle over f low automat ica l ly ,  how many l ines are assumed per

page? What is t:he first l ine printed? What is the overflow line?

Code the l ine counter specifications which are necessary to define a form of 50 l ines

with the overflr:w l ine 8 l ines from the bottom. What entries must also be made on

the Fi le  Descr i r>t ion sheet?

When is the overflow indicator turned on and when is it tested?

Describe a situation where printing can occur below the overflow line.

How does the l 'etch overflow specification alter the normal program cycle?

Given the fo l lc lwing in format ic ln,  supply the Fetch speci f icat ions,  for  the output

shown in F igure 3-40,  which wi l l  prevent  pr in t ing records on or  over  the per forat ion.

r  Number or  pr in t ing l ines per  page is  66"  The over f low l ine is  58.

a There are seven tota l  l ines in  a l l .  S ince a l l  are condi t ioned by the same contro l

level  ind icator .  they wi l l  a l l  pr in t  when a level  1 contro l  break occurs '

o Overf low should be forced i f  the over f low l ine is  pr in ted pr ior to beEinning tota l

output.

o Tota l  l ines 1,  2,  and3,must  pr in t  on the same page.  Tota l  l ines 4 through 7

must  Pr int  on the same Page.

RPG OUTPUT SPECIF ICAT IONS

3.

4.

tr

6.

c x 2 r M  u / M C $ .

,.,"fii.,_ 75 76 71 78 19 8Q

Prqr.h' fff-T-T--l_l
r d e n i ' , c a r i o n l  I  I  I  l _ L - ' J

O u t L ' u 1  l n d i c a l o r s

53 59 60 61 62 63 64 65 66 67

i -  r

rl Figure 3-40. Total Specifications (Ouestion 6)
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Forms Al ignment

7 .

8 .

Why is  accurate forms a l ignment t  important?

what  entr ies must  be made in the RpG l r  speci f icat ion sheets to repeat  pr in t ing the
f i rs t  heading l ine of  a repor t  unt i r  the forms have been correctry  ar igned?

Edi t ing

9.  Choose the  cor rec t  ed i t  codes  fo r  the  fo l low ing  punc tua t ion
a. 1,342,650.00CR (for zero balance, print .00)
b .  1 ,246,900-  ( fo r  zero  ba lance,  leave the  f  ie ld  b lank)
c .  1694824.25-  ( fo r  zero  ba lance,  leave the  f ie ld  b lank l
d .  1 2 / 1 3 / 7 1

10 '  Const ruc t  an  ed i t  word  fo r  a  12-d ig i t  account  number  so  tha t  i t  w i l l  p r in t  ou t  w i th
the  fo rmat  XXX XXX XXX XX-X.

11 '  on  the  ou tpu t -Format  sheet ,  spec i fy  the  ed i t  code and any  o ther  en t r ies  necessary
t o  p r i n t  o u t  a  d o l l a r  a m o u n t  w i t h  t h e  f o r m a t  $ * * 1 , 2 3 4 . 5 6 C R .  T h e  f  i e l d  m u s t  e n d  i n
pos i t ion  50 .  l f  the  t ie ld  i s  zero ,  p r in t  00 .



IPLACE

12. What is the function of

1 3.  In  the example shown,

*PLACE?

is *PLACE used correctly? lf not, why not?

SPECIF ICAT IONS

l lBlrl .,.,".,... 
",,,n.$Md,n.co,po,.,;n

O o i p u t  I n d i c a t o r s

C o n s t a n t  o r  E d i l  W o r d

14.  Wri te the output  speci f icat ions to pr in t  two mai l ing labels in  a row using "PLACE"

The f i rs t  label  ends in  pr in t  posi t ion 25,  the second in 60.  Each mai l ing label  wi l l

have three l ines and look l ike th is :

NAME 125 characters)
A D D R l  I 2 5 }
ADDR2 I  r  8 )  ZTPCODE (5 )

Dual Printer Output l: i les

15. What does the tlse of the dual feed printer allow you to do?

16. What l imitatiorrs exist when designing forms for use with the Dual Feed Carriage

Feature on the 5203 printer?

17. How do you distinguish between the two feeds on the RPG ll specification sheets?
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Answers To Review 3

Sixty-s ix  l ines are assumed per  page.
is 60.

Fi rs t  l ine pr inted is  06 and the over f  low l ine
1 .

2.

Fi le Descr ipt ion Speci f  icat ion

F

Devrce
Symbol rc

Dev ice

N a m e  o l

L a b e  E x i

E x t e n t  E x  t
l o r  D A M

l- "*
|  |  |  r  e F o , m a '

I I I t----r--
o t t t  I

: i  I  l : l  ' . ,  |  " * -o
I  ] -  l :  l i l  

L6!m 
I  

Le '  q h

C o r e  I n d e r . 
Fft-

U l  U 8r
I
I

- . . ^ t _ _ _ _

E n l ,  y

lor  r r l r  r lc

l.____
I L  j

I  i '" l . l  F c

iFl*,*r!+!

?

Form length  is  50  l ines  and over f low l ine  is  42 .  Any  over f low ind ica tor  oA-oG or
oV must  be  en tered  in  co lumns 33-34 o f  the  F i le  Descr ip t ion  sheet .  L  must  De
entered  in  co lumn 3g to  ind ica te  tha t  L ine  counter  spec i f  i ca t ions  are  used.

l f  the  pr in te r  has  pr in ted  on  the  over f low l ine  e i ther  dur ing  to ta l  o r  de ta i l  ou tpu t .
the  over f low ind ica tor  spec i f ied  in  the  F i le  Descr ip t ion  sheet  i s  tu rned on .  The over .
f low ind ica tor  i s  tes ted  and over f low outpu t  per fo rmed on ly  a f te r  to ta l  ou tpu t .

a .  when more  than one de ta i r  o r  to ta l  r ine  is  p r in ted  dur ing  one cycre  and a  r ine
other  than the  las t  to ta l  l i ne  i s  p r in ted  on  the  over f low l ine .

b .  when the  las t  de ta i l  l i ne  fo r  a  cont ro l  g roup pr in ts  on  the  over f low l ine .  the  to ta l
l ines  fo r  tha t  g roup w i l l  p r in t  be low the  over f  low l ine .

The overf low indicator is tested prior to print ing each l ine specif ied with fetch over-
f low ra ther  than wa i t ing  un t i l  a l l  to ta l  ou tpu t  has  occur red .  l f  the  ind ica tor  i s  on
when tes ted ,  over f low outpu t  i s  per fo rmed immedia te ly  and then the  l ine  spec i f ied
is  p r in ted .

5 .

Line Counter Speci f icat ions

L 8 9 t 0

a

: :
2

: : a : ? , i E
a

2

L

L

L

.RlItNiI q Y lL

T
i 1 1 l

' t

1+
1 1

l

I
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F in column 16 of  l ines I  and 7 of  F igure 3-40.  F i r r  co lumn 16 of  l ine 1 causes
forms to advance if the overflow indicator is on, assuring that total 1 wil l not print

below the overii low line and total 3 wil l not fall over the perforation. Since totals 4
through 7 musl: all print on the same page and wil l not all f i t below the overflow line,
enter F in the specifications for total 4 to cause a skip to the next page if the over-
flow indicator is on. Since totals $7 must print on the same page as total 4, no fetch
specification should be entered for them.

Forms must be aligned accurately so that printing is correctly positioned on each
page and so thert printing occurs exactly where you want it, not above or below.

There must be at least one line on the output sheets conditioned by the 1P indicator.
A '1 'must  be entered in  column 41 of  the contro l  card,

a . A
b . K
c . M
d . Y

10. Blank spaces strow where digits are to be placed and &'s show where blanks go. The
entire word must be enclosed in quotes.

RPG OUTPUT SPECIFICATIONS
,!r in.n xd'm Co'Fr.ron

6.

7.

8.

9.

IBII
GX2lm U/MO@'

7 5 7 6 7 7 7 8 7 9 S**ffi"P,q.om [T_fT_T_T-l
l d .n r i r id t ion l  I  I  I  I  I  I

Output Indicators
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11'  The A edi t  code wi l l  zero suppress and inser t  commas,  decimal  points,  and the credi t
sign CR. The asterisk entered in columns 45-47 wil l cause all places zero suppressed to
be f i l led wi th aster isks.  The dol lar  s ign must  be speci f ied on the l ine fo l lowing the
edit code. when printed in position 3g, it wii l come right before the asterisks.

SPECIFICATIONS G X ? 1 9 @  U / M O S '

C a r d  € l e c r o  N u m h . - -  ^  1 7 5 , 7 6 , 7 7  
/ 8  7 9  8 0

" " "1 | l "  : l * ' i l  ITT_T-T_T-]-  
t_L,t  _ rd"", , i ,c", ,o.1 |  |  |  I  |  |

12.

1 3 .

14 .

The funct ion of  *PLACE is  to easi ly  code the pr int ing of  dupl icate in format ion on
the same output  l ine.  *PLACE places in format ion f rom pr int  posi t ion 1.  through
the highest end position previously def ined for a field into the print positions indi-
cated by the end position in the "pLACE entry.

I t  is  not  correct .  The end posi ton in  the *pLAcE speci f icat ion is  not  h igh enough.
The dupl icated in format ion wi l l  over lay the f ie ld cal led ACCTNO. The end posi t ion
on the *PLAcE l ine should be at  least  twice the h ighest  end posi t ion previously
specified for that record.

Two labels must be printed. Therefore, for each line you must specify the original
f ie ld and a "PLACE entry,  which wi l l  cause the contents of  the or ig inal  f ie ld to be
dupl icated.

F  i l e n a  m e

No Sis. C B

z
a
c
D

J

L
E n d
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The dua l  fe red  car r iage a l lows the  pr in t ing  o f  two independent  repor ts  s imu l taneous ly .

A  nr in imunr  o f  seventeen pr in t  pos i t ions  must  be  le f t  b lank  be tween the  two ou tou t
fo rms.

Model l0 c'ard System, Model l0 Disk system, and Model l2: The only difference
is  tha t  the  < lev ice  name on the  F i le  Descr ip t ion  sheet  fo r  the  le f t  car r iage is  PRINTER
a n d  f o r  t h e  r i g h t  c a r r i a g e  i s  P R I N T R 2 .

Mode l  6 :  1 -he  on ly  d i f fe rence is  tha t  the  dev ice  name on the  F i le  Descr ip t ion  sheet
fo r  the  le f t  t rac to r  i s  TRACTR 1  and fo r  the  r igh t  t rac to r  i s  TRACTR2.

i 6 .

|  1 7 .
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Chapter 4. Card Output Operations

C H A P T E R  4  D E S C R I B E S :

Puncr red  ou tpu t .

Pr in t ing  on  cards .

Us ing  one f  i le  fo r  bo th  input  and ou tpu t .

Se lec t ing  the  s tacker  fo r  ou tpu t  cards .

Merg ing  input  and ou tpu t  f  i l e  cards .

B E F O R E  R E A D I N G  T H I S  C H A P T E R  Y O U  S H O U L D  B E  A B L E  T O  D E S C R I B E :

Us ing  the  pr in te r  to  p roduce a  s imp le  l i s t ing .

Us ing  cont ro l  f ie lds .

RPG l l  ob jec t  p rogram cyc le  fo r  de ta i l  and  to ta l  opera t ions .

A F T E R  R E A D I N G  T H I S  C H A P T E R  Y O U  S H O U L D  B E  A B L E  T O  D E S C R I B E :

Cod ing  fo r  punch ing  a  combined or  ou tpu t  card  f i le ;summary  punch ing .

Format ted  pr in t ing  and un format ted  pr in t ing  ( -PRINT)  on  cards .

Uses  and cod ing  fo r  combined f i les .

S tacker  se lec t ing  input ,  combined,  and ou tpu t  card  f i les .

Cod ing  fo r  merg ing  input  and ou tpu t  card  f i les .

Note: You can use the review questions contained in Review 4 atthe end of this

chapter  to  tes t  your  comprehens ion  o f  each top ic  in  the  chapter .  Quest ions  are

grouped accord ing  to  the  top ic  to  wh ich  they  app ly .  Answers  fo l low the  rev iew
q ues t i  ons .

Card  Ou tpu t  Ope ra t i ons  4 -1



!NTHODUCTIOI\

Thus fa r - ,  in  th is  mar r r , ra l ,  the  program outpu t  usua l ly  has
been a  pr in ted  fo rnr  o r  repor t .  punched cards  ger rera l l y
have beer i  used as  a  sJurce  o f  inpu t  da ta .  However ,  cards
can be  usr - .d  fo r  ou tpu t  as  we l l  as  input .  Th is  chapter  des_
cr ibes  RPG l l  cod ing  fo t .  ou tpu t  opera t ions  us ing  the  IBM
5424 MFCU,ava i lab le  on  the  Sys tem/3  Mode ls  10  and 15 ,
a n d  t h e  I U M  2 5 6 0  M F C M ,  a v a i l a b l e  o n  t h e  S y s t e m / 3  M o d e l
1 5  o n l v .

You might  want  to  have car<J  ou tpu t  fo r  many reasons .
Perhaps  you want  to  genera te  a  new f i le  o r  change an  input
f  i l e  in  sonre  way,  such as  by  re fo rmat t ing  the  records ,  add-
ing  da ta ,  de le t ing  da ta"  add ing  r rew records ,  o r  de le t ing  un_
wanted records .  The ou tpu t  you  choose might  be  da ta
punched on  the  cards ,  p r in ted  on  the  cards ,  o r  bo th .  In_
format ion  can be  pr in ted  on  cards  fo r  iden t i f i ca t ion ,  in te r_
pre ta t ion  o f  the  pr , rnched da ta ,  o r  any  o ther  purpose you
des i re .  You can punch and pr in t  da ta  on  b lank  cards  or  on
cards  tha t  a l ready  conta in  da ta .  you  can a lso  d i rec t  cards
to  a  spec i f  i c  s tacker  o r  more  oL t tpu t  f i l e  cards  w i th  cards
f r o m  a n  i n p u t  f i l e .

P U N C H I N G  A N D  P R I N T T N G  O N  C A R D S

Punch ing  and pr in t ing  on  ind iv idua l  ou tpu t  caros  are  con_
t ro l led  sep,ara te ly .  Punched cards  need no t  be  pr in ted ;
pr in ted  cards  r reed no t  be  r runched.

Punched Output

Punched ou tpu t  can  be  used to :

o  Create  a  f i le  o f  cards  tha t  i s  d i f fe ren t  f rom the  input  card
f  i l e

.  Add new records  to  a  card  f  i l e

o  Add f ie lds  to  input  records

o Punch a  summary  card  f rom a  group o f  inpu t  caros

R P G  l l  c o d i n g  f o r  p u n c h e d  o u t p u t  i s  s i m i l a r  t o  c o d i n g  f o r
pr in te r  ou lpu t .  E i ther  the  pr imary  hopper  (dev ice  name
M F C U l  o r  M F C M l  )  o r  t h e  s e c o n d a r y  h o p p e r  ( d e v i c e  n a m e
MFCU2 or  MFCM2)  can be  used as  the  ou tpu t  dev ice ;  the
other  hopprer  i s  used as  the  input  dev ice .  In  some cases ,
punch ing  can be  done on  the  input  cards  themse lves  (see
Using One File for Botir lnput and Output, in this chapter).
R e m e m b e r ,  h o w e v e r ,  i f  o n l y  o n e  M F C U  h o p p e r  i s  u s e d ,  i t
m u s t  b e  M F C U l  ( M o d e t  1 0  C a r d  S y s t e m  o r r l y ) .

On the  Output -Format  sheet ,  you  can spec i fy  head ing ,  de-
ta i l ,  and  to ta l  ou tpu t ,  jus t  as  you can w i th  a  p r in te r  f i l e .  ln
some cases ,  you  may want  to  punch on ly  to ta l  records  by
summing the  da ta  on  severa l  inpu t  records  and punch ing  a
separate card for the total.  This is known as summary
punching. Do not specify an edit code for punched output
un less  you want  to  have punc tua t ion  punched in to  tne  ou t -
put cards.

Print ing On Cards

I t  i s  advantageous to  p r in t  the  same in fo rmat ion  on  tne
card  as  was punched on  the  card .  Th is  way you can eas i l v
in te rpre t  what  in fo rmat ion  is  recorded on  the  card .  A lso ,
pr in t ing  in fo rmat ion  on  the  card  makes i t  eas ie r  to  recrea te
a card that is damaged to the extent that i t  cannot be read
by  the  MFCU or  MFCM,  or  dup l i ca ted  by  the  da ta  recorder .

A l though you may pr in t  the  same in fo rmat ion  on  the  card
tha t  i s  punched on  the  card ,  i t  i s  no t  a lways .necessary  to
do so .  You may pr in t  en t i re ly  d i f fe ren t  f ie lds  f rom those
tha t  a re  punched.

The 96-co lumn card  has  space a t  the  top  fo r  four  l ines  o f
p r i n t i n g  ( F i g u r e  4 - 1 ) .  E a c h  l i n e  c a n  c o n t a i n  3 2  p r i n t e d
charac ters ,  fo r  a  to ta l  o I  128 pr in t  pos i t ions .

The 80-co lumn card  can be  pr in ted  on ly  on  the  MFCM
Model  A1 w i th  the  op t iona l  p r in t  fea ture .  Up to  s ix  p r in t
l ines  can be  used.  Each l ine  can conta in  up  to  64  pr in ted
charac ters ,  fo r  a  to ta l  o f  384 pr in t  pos i t ions .

The MFCM pr in t  heads  can be  se t  to  p r in t  in  25  d i f fe ren t
pr in t  l ine  pos i t ions ,  f rom above the  12-punch pos i t ion  to
be low the  9-punch pos i t ions  (F igure  4-21  .  The pr in t  heads ,
numbered 1  th rough 6 ,  must  remai r r  in  sequence f rom top
to  bo t tom,  w i th  p r in t  head 1  a t  the  top .  There fore ,  w i th
s ix  p r in t  heads  ins ta l led ,  p r in t  head 1  cannot  be  se t  be low
l ine  20  and pr in t  head 6  cannot  be  se t  above l ine  6 .  ln te r -
med ia te  l ine  pos i t ions  are  loca ted  on  and be tween each row
of  punch pos i t ions .  Pr in t -pos i t ion  5  (be tween the  11- row
and O- row)  shou ld  be  avo ided,  i f  poss ib le ,  because the  feed
whee l  may cause some smudg ing  o f  charac ters  p r in ted  in
t h a t  p o s i t i o n .  I n  p u n c h e d  f i e l d s ,  p r i n t i n g  i n  e v e n - n u m b e r e d
l ine  pos i t ions  shou ld  be  avo ided because punch ing  may
obl i terate some characters.
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Formatted Printing (M FCU )

Using formatted printing, you may print a field or constant
in  any of  the 128 pr int  posi t ions avai lable on a 96-column
card.  The f i rs t  three l ines are the l ines usual ly  pr in ted.  The
fourth is printed only if necessary becar.lse printing on the
fourth l ine increases considerably the amount of t ime needed
to print, and thus increases the time needed to do the job.

Print ing l ines-1

6  7  3  I  r 0  1 6  r ?  1 6 1 9 2 0 2 1 2 2 3 2 4 2 5 2 6 2 7 2 A 2 9 3 0 X l  t 2

33 3a 35 36 37 53 sa 55 s6 st

5 5 6 5 6 7 5 3 6 9 7 0 1 1 1 ? J 3 7 1  3 0 d S 2 a 3 3 . a 5 € 6 S 7 3 a 3 0

5 16 ro7 ro3 r@ flo il5 ar il6 ilg r20 ra 12 r23 r
)

1

a

I

a
4
2
I

B

a

2
1

a

2
I

a

1

21 22 23 Xl 25 26 2j 2A 2s 30 11 32

6 5  S  6 7 6 4 5 9 1 0  7 1 1 2  1 3 1 .  3 0  3 r  a 2  A 3 a 4  3 5  6 6 A 7  3 e A 9 9 0  9 t  9 2  9 3  9 4  9 s 9 5

t l t 3 7 @

Figure 4-1.  Pr int ing Lines on a 96-Column Punch Card
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t z : l s o i 8 9 1 0 i t 2
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Figure 4-2.  Pr int ing Lines on an 8O-Column Punch Card
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Page o f  GC2 1-  i  t i67-2
lssued 3 fJ  June 1978
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For  each f ie l , l  o r  cons tan t  you  w ish  pr in ted  by  the  MFCU,
you must  makr :  the  fo l io rv ing  spec i f i ca t ions  on  the
O u t p u t  S p e c i f  i c a t i o n s  s h e e t  :

l f  a  f i e l d  i s  t o  b e  p r i n t e d ,  e n t e r  t h e  f i e l d  n a m e  i n  c o l
u m n s  3 2 - 3 7 .

Enter  "  in  co lumn 40 to  i r rd ica te  tha t  the  f ie l t l  i s  r r_ r
be  pr in t , ,d  n t - l t  pLnc l ted .

E n t e r  a n y  e n d  p o s i t i o n  f r o m  0 0 1  t o  1 2 8  i n  c o l u m n s
41 43 .

i f  a  c o n s t a n t  r s  t o  b e  p r i n t e d ,  e n t e r  t h e  c o n s t a n t  i r r
c o l u m n s  4 5 - 7 0 .

F o r  e x a r n p l e ,  t o  p r i n t  t h e  f i e l d s  o n  t h e  c a r d  s h o w n  i n  F i g -
u r e , 4 - 3 ,  t h e  s p e c i t i c a t i o n s  i n  F i g u r e  4 - 4  l i n e s  0 6 - 1 0  a r e
necossary .  You ind ica te  punch ing  o f  these f ie lds  by  spec i -
fy ing  an  end pr ts i t ion  w i thout  the  as ter isk  (see F igure  4-4 ,
l i n e s  0 2 - 0 5 ) .  l f  y o u  i n t e n d  t o  p u n c h  f i e l d s  a n d  p r i n t  f i e l d s ,
y o u  n e e d  t w o : ; p e c i f i c a t i o n s  p e r  f i e l d .  l f  y o u  h a v e  s e v e n
f ie lc ls  to  be  bo th  punched and pr in ted ,  you  need i4  spec i f i ,
ca t i  ons .

B e c a u s e  p r i n t i n g  a n d  p u n c h i n g  a r e  t w o  s e p a r a t e  f u n c t i o n s ,
i t  i s  p o s s i b l e  t c  p r i n t  a  f i e l d  w i t h o u t  p u n c h i n g  i t  a n d  p u r r c h

- JAN ICE  T  SWENSON

C H A R L E S V T  L L E ,  I  D A H O 7  1 6 3 2 1 1 8

9 1 7  1 5 8

F i g u r e  4 - 3 .  F o r m a t t e d  P r i n t i n g  o n  a  9 6 - C o l u m n  C a r d

a  f i e l d  r v i t h o u t  p r i n t i n g  i t .  l f  y o u  p u n c h  a n d  p r i n t  t h e  s a m e
f i r : ld ,  you  may pu t  eac l - r  in  d i f fe ren t  pos i t ions .  l r r  o ther
words ,  you  may fo rmat  the  punched f  ie lds  in  a  c l i f fe ren t
w a y  t h a n  y o u  f o r m a t  t h e  p r i n t e d  f i e l d s .

. " , . , . , " , , ; , , , " . ]
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Figure  4-4"  Sper : i f  i ca t ions  fo r  Punch ing  and Pr in t ing  on  a  Card  (Format ted  Pr in t ing  -  MFCU)
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l=ormatted Printing - MFCM

[Jsing formatted printing, you can print a field or constant
on any s ix  of  the 25 pr int  l ines avai lable on an g0_column
card. For each field or constant you wish printed by the
l / lFCM, you must  make the fo l lowing speci f icat ions on the
Output-Format sheet :

1.  When pr int ing a f ie ld.  enter  the f ie ld name in columns
32-37.

tL.  Speci fy  a pr in t  head number (1-6)  in  column 41.

:1.  Speci fy  a pr in t  end-posi t ion (0 i -64)  in  columns 42
and 43.  (The leading zero is  requi red when speci fy ing
pr int  posi t ions 01 -09.)

When pr in t ing  a  cons tan t ,  en ter  the  cons tan t  in
co lumns 45-70.

For example,  to  pr in t  the f ie lds shown in F igt . r re 4-5,  the
specifications shown in Figure 4-6 are necessary. Coding
l ines 02 through 05 cause the f ie lds to be punched.  Coding
l ines 06 through 1 0 cause the f ie lds and a constant ,
BALANCE. to be printed. As you can see, two specifications
are required for each field that is to be both punched and
pr inted.  In  order  to obta in the desi red pr int ing resul ts ,  the
MFCM pr int  heads must  be a l igned mechanical ly  pr ior  to
running the program.

Note: The fourth l ine of printing also could have been
printed using print head 4, with print heads 5 and 6 set to
l ine posi t ions lower on the card.

Because pr int ing and punching are twc separate funct ions,
i t  is  possib le to pr in t  a f ie ld wi thout  punching i t  and to
punch a f ie ld wi thout  pr in t ing i t .
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o Figure 4-5,  Formatted Pr int ing on an 8O-Column Card
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o l ; igure 4-6.  Speci f icat ionsfor  Punching and Pr int ing on a Card {Formatted Pr int ing -  MFCMI

Unformatted Printing (*PRINT) - MFCU and MFCM

Using formatted printing, recall that if you wish to both
punch and pr int  a f  ie ld.  you must  have two entr ies per  f ie ld
,on the Output-Format sheet :  a punch entry  and a pr int
entry .  l f  you want  several  f ie lds to be both punched and
printed, there is a great deal of coding involved.

RPG l l  has a specia l  reserved word,  *PRlNT, which a l lows
you to punch and pr int  f  ie lds and constants wi th less coding.
When *PRINT is  speci f  ied,  i t  causes a l l  prev ious f ie lds
descr ibed for  the record to be pr inted.  Use of  *PRINT is
known as unformat ted pr int ing.

Figure 4-7 shows the use of  the -PRINT speci f icat ion.
NAME, ADDR, ACCTNO, and BAL are to be punched.
Fol lowing these f  ie ld names in columns 32-37 is  the entry
"PR lNT.  This entry  causes the previous four  f ie lds to a lso
be printed on the card (see Figures 4-8 and 4-9).

75 76 77 78 79 80
P,q'!m fTl-T-T-T-l
l d .n r l , c . r ,on l  |  |  I  I  |  |

Using *PRINT wi th the MFCU causes f ie lds and constants
to be printed in positions corresponding to the punch posi-

t ions.  For  example,  ACCTNO is  punched in posi t ions 41-48
and a lso is  pr in ted in  posi t ions 41-48.

On the MFCM, there is not space to print 80 characters on
one line. Therefore, data punched in columns 1-64 is
printed in print positions 1-64 by print head 1; data punched

in columns 65-80 is printed in positions 49-64 by print

head 2 (F igure 4-9) ,

The word *PRINT can be used only once for a record and

must be entered after the description of all f ields that are
to be both punched and printed. Suppose, instead of print-

ing a l l  four  f ie lds (NAME, ADDR. ACCTNO, and BAL),
you want  to pr in t  only  NAME and ACCTNO. In th is  case,
the entry  *PRINT must  fo l low NAME and ACCTNO.
ADDR and BAL must  be descr ibed af ter  the *PRINT entry
(F igu re  4 -10 ) .

Columns 7-22 and 39-74 must always be left blank on the
*PR I NT specif ication l ine.

OUTPUT

""*fitl",-

a 2

0

:
0

:
I

l

i
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RPG OUTPUT SPECIFICATIONS

Figuse 4-7.  Punching and Pr int ing on a Card Using *pRlNT

{ Unformatted Pr int ing }

Figure 4-9.  Unformatted Pr int ing on an 80-Column Card

Figure 4-8.  Unformatted Pr int ing on a 96-Column Card
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F i g u r e  4 - 1 0 .  U s i n g  * P R I N T  t o  S p e c i f y  F i e l d s  W h e n  S o m e  a r e
P u n c h e d  O n l y

You may use any  ind ica tor  in  co lumns 23-3 .1  to  cond i t ion
t h e  - P R I N T  

e n t r y .  T h a t  s p e c i f i c a t i o n  w i l l  t h e n  b e  p e r -
fo rnred  on ly  when the  cond i t ion  se t  bV the  ind ica tor  rs
met .  For  exar rp le ,  accord ing  to  the  spec i f  i ca t ion  in  F ig -
u r e  4 - 1 1 ,  l i n e  0 5 .  t h e  f i e l d s  w i l l  b e  p r i n t e d  o n l y  w h e n  1 0
and 21  are  bo th  on  a t  the  same t ime.

Editttng A Fielo' Printed on the Card

Any f ie ld  tha t  i s  to  be  pr in ted ,  us ing  e i ther  fo rmat ted  or
un format ted  pr in t ing ,  can  be  ed i ted .  Th is ,  o f  course ,  w i l l
makt . '  the  pr in ted  f  ie ld  eas ie r  to  read and unders tand.

Ed i t ing  a  f ie ld  t .o  be  pr in ted  on  the  card  is  done r r )  rne  same
way as  ed i t ing  a  f  ie ld  to  be  pr in ted  on  the  pr in te r .  How,
ever ,  ed i t ing  shou ld  be  kept  a t  a  min imum so tha t  the  length
o f  the  pr in ted  f  ie ld  won ' t  be  cons iderab ly  la rger  than the
length  o f  the  punched f ie ld .  Zero  suppress ion  or  mere ly  re -
mova l  o f  the  s ig tn  a re  o f ten  done s ince  thev  do  maKe tne
pr in t ing  eas ie r  to  read,  bu t  s t i l l  keep the  pr in t ing  in  a  one-
to -one re la t ionsh ip  w i th  the  punches.

F igu re  4 -11 .  Cond i t i on i ng  *PR  INT  En t r y

U S I N G  O N E  F I L E  F O R  B O T H  I N P U T  A N D  O U T P U T

I n  y o u r  e x p e r i e n c e  w i t h  R P G  l l ,  y o u  h a v e  u s e d  c a r d  f i l e s  a s
input  f  i l es  and ou tpu t  f  i l es .  Suppose,  however ,  you  wanted
to  punch in to  the  same card  tha t  was  read in to  the  com-
puter .  l s  i t  poss ib le  to  use  input  and ou tpu t  f i l es  to  do  th is?
No,  input  cards  are  on ly  read and ou tpu t  cards  are  on ly
punched or  p r in ted .  What  you neer l  i s  a  combina t ion  o f  the
t w o .  T h e  R P G  l l  l a n g u a g e  a l l o w s  s u c h  a  f  i l e  c o m b i n a t i o n .
This type of f  i le is cal led a contbined f i le.

Note :  ln  th is  d iscuss ion .  on lV  the  MFCU is  used fo r  r "e f  e r -
ence;  un less  no ted  o therw ise ,  the  MFCM can be  used in  the
same way.

Punching Into the Same Card that is Read

A company keeps  a  da i l y  record  o f  the  amount  o f  each i tem
so ld .  A t  the  end o f  the  week the  da i l y  amount  so ld  fo r  each
i tem is  punched in to  the  card  in  s ix  d i f fe ren t  f ie lds ,  one f ie ld
per  day .  These cards  are  then used in  a  p rogram wh ich  to ta ls
the  da i l y  amount  so ld  fo r  each i tem and punches tha t  to ta l
in to  the  same card  tha t  con ta ined the  da i l v  amounrs .

F igure  4-12  shows the  fo rmat  o f  th r :  da ta  card  wh ich  is  read.
Each card  conta ins  the  end o f  the  r rueek  da te  (DATE) ,  the
i t e m  n u m b e r  ( I T E M N O )  a n d  d a i l y  a m o u n t s  s o l d  ( F L D 1

t h r o u g h  F L D O ) .  F i g u r e  4 - 1 3  s h o w s  t h e  s a m e  c a r d  a f t e r  i t
has  been punched.  TOTAL is  the  f  ie ld  punched a f te r  the
to ta l  amount  so ld  has  been ca lcu la ted .
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Figure 4-12.  Combined Fi le Card Read

Figure 4-13.  Combined Fi le Card Af ter  Punching
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To descr ibe th is  program, you wi l l  need four  types of
speci f icat ions sheets:  F i le  Descr ipt ion,  Input ,  Calculat ion,
and Output-Format.  On the Fi le  Descr ipt ion sheet ,  you
def ine t l - re f i le  as a combined f i le  wi th a le t ter  C in column 1b.
Fi le  Descr ipt ion ent i res for  a combined f i le  are the same as
those for  an input  f  i le  except  for  co lumn 15.  (See Figure
4-14,  i r rser t  A.)  Cards wi l l  be both read and punched on
MFCUl.  Wi t l r  the except ion of  the device name, speci f ica-
t i ons  i n  F igu re  4 -11  app l y  t o  t he  MFCM.  as  we l l

0 1 4

0 5

0 1 6

RPG INPUTSPECIFICATIONS

O n  t h e  I n p u t  s h e e t  ( F i g u r e  4 - 1 4 ,  i n s e r t  B )  y o u  s h o u l d  d e -
f ine  on ly  the  f ie lds  wh ich  are  to  be  read.  Remember  the
TOTAL f ie ld  i s  no t  in  the  cards  when the  cards  are  read

and there fore ,  i s  no t  descr ibed on  the  Input  sheet .  S ince
the  TOTAL f ie ld  i s  to  be  c rea ted  dur ing  the  job ,  i t  i s  de-
f i n e d  o n  t h e  C a l c u l a t i o n  s h e e t  ( F i g u r e  4 - 1 4 ,  i n s e r t  C ) .

The Output -Format  sheet  (F igure  4-14 ,  inser t  D)  descr ibes

on ly  the  in fo rmat ion  tha t  i s  to  be  punched in to  the  card .
Here  aga in  you descr ibe  the  TOTAL f  ie ld .

Note :  Be sure  the  card  co lumns to  be  punched conta in
b lanks ,  to  p revent  p rob lems w i th  inva l id  punch combina t ions .

iil
il.

ATf.

rD-r". -
I,D2:
,LD3-.
.L,D-'ll .

i l
l - t

+ . l

Figure 4-14 (Part  1 of  2) .  Speci f icat ions for  Reading and Punching Each Card

4 - 1 0

Fi le Descr ipt ion Speci f  icat ion
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OUTPUT SPECIF ICAT IONS

Figura 4-14 lPart 2 ol 21. Specifications f or Reading and punching Each Card

Prunching into a Blank Card in the File

You have just learned how to use a combined fi le when you
wish to read and punch the same card. What if you wish to
rerad several cards and then punch another card in the same
file? Remember any time you want to read and punch cards
from the smefile, that f i le must be defined as a combined
f  i l e .

Assume that a company which keeps a weekly record of
items sold, uses these records at the end of the month to
determine the quantity of items on hand. For each item,
fo,ur 6111.r.n, types of cards are read (Figure 4-1 5).

1 . Onhand.  which conta ins the number in  s tock at  the
beginning of  the month.

lssues,  which conta ins the number sold dur ing the
month. There is one of these cards for each week.

Receipts, which contains the number added to stock
through reorder.

New Onhand,  which is  b lank.  Af ter  ca lculat ions have
been performed to determine the number on hand,
this number and the date and a code are punched into
the card. This card, when punched. wil l be used as
next  month 's  Onhand card,  and wi l l  be in  the same
format as the current Onhand card.

2.

3.

4.

Yes Yes I  l
v * J N o ?
N o r Y e s 3E n d
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Each of these card types is identif ied by a code in column
96 (see Figure 4-15). (This code would be column B0 if
the MFCM were used.)

Onhand Card

I  ssu es Card

Figure 4-15. Four Card Type
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Again, you wil l need four types of specif ication sheets to
wr i te  your  program: Fi le  Descr ipt ion.  Input ,  Calculat ion,
and Output-Format. On the File Description sheet, you
must  enter  the f i lename. f i le  type,  and device (see Figure
4- ' l  6 .  inser t  A) .  Since th is  f i le  is  both read and punched,
the f i le type must be C to denote a combined fi le.

Orr the Input sheet. you must describe all four card types
anrC assign record identifying indicators. These indicators
wiil l  be used later to condition those operations which are
to occur only when a specific card type has been read.

lBl't "," .,.
F*
E@a";

RPG INPUTSPECIFICATIONS

@

These cards must be read in a certain order. The onhand
card must  come f i rs t ,  the new onhand (b lank)  card must
come last ,  The issues and receipts cards may be in e i ther
order, but must always be in the same order for any pro-
gram. For  th is  program, assume that  receipts cards fo l low
issues. Remember to indicate that cards are to be in a cer-
ta in sequence by us ing numer ic  sequence entr ies for  a l l  card
types. These entries wil l direct the program to check for
sequence.  F igure 4-16,  inser t  B,  shows input  speci f icat ions
for this program.

On the Calculat ion sheet ,  you def  ine the calculat ions
(Figure 4-16,  inser t  C)  which must  be per formed to deter-
mine amount  on hand.  The record ident i fy ing indicators
assigned on the Input sheet are used to condition calcula-
t ions.  For  example.  only  when an issues card is  read (02 is
on)  wi l l  number sold ( ISSUES) be subtracted f rom INSTOK.

i i

l+

,u fi

f
T

Fi  le Descr ipt ion Speci f  icat ion

L e n g r h  o i  K e y  F  e l d  o r

o i  8 € c o r d  A d d . e s s  F i e l d

Srar Ing

For  the  MFCM,  change 96  to
80 in  these pos i t ions  and
change the  dev ice  name.

Figure 4-16 {Part  1 of  2) .  Speci f icat ions for  Reading and Punching Combined Fi le Cards
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RPG CALCULAT ION SPECIF ICAT IONS

T ; ; , r * l  l - f  t T  l ' f f i ]
I - ' ' : - l - " * l I : I l l - l  I **ffir

Fdctor  1  I  Ooera lon

) t  i )  )1  )4  2 t  2b  2712A 29 t0  l t  32

IBr i l  . , . . , , "  .""  
" . , .?$M.chnec.rn.,a, . i

OUTPUT SPECIF ICAT IONS

I-t
1 l

F igu re4 -16  lPa r t 2o t  2 ) .  Spec i f i ca t i ons fo rRead ingandpunch ingcomb inedF i l eca rds

On the Output-Format sheet  (F igure 4-16,  inser t  D)  you
must  show the f  ie lds which are to be punched.  Since only
the b lank card is  punched,  punching occurs only  when 04
is on, Because the card punched wil l be used as next month's
Onhand card,  ITEMNO, DATE, INSTOCK and a code must
be punched.

STACKER SELECTION

Stacker selection is the means by which you can separate
certain cards from all others in the fi le. lf stacker selection
entries are not made, all cards automatically fall into speci-
fic, predefined stackers:

MFCUl :  S tacke r  1
MFCU2: Stacker  4
MFCMl:  Stacker  1
MFCM2: Stacker 4 (Model A2) or Stacker 5 (Model

A 1 )

y'y'ofe.' Unless stated otherwise, this discussion applies to
both the MFCU and the MFCM.

75 76  77  78  79  80

"* ffi "_',jffIil",."fl-fffn

When To Specify a Combined File

How do you know whether to describe a card f i le that must
be read into the computer as an input or as a combined fi le?
l f  you remember these basic  ru les you wi l l  have no t rouble
decid ino.

ff the fi le contains cards that are to be both read and
punched, it must be a combined f i le.

lf cards in the f i le are to be stacker selected on some
basis other than card type, the fi le must be described
as a combined file (see Stacker Selection, Selecting on
a Basis Other Than Card Typel .

1 .

2,

o
F  i l e n a m e

l o
F

a  I  l 0  1 1  r ?  1 3 1 1 !

i
c

a
E:

I

d

Skrp Output I  ndicatofs

F r e l d  N a m e
1  Y e ,  I  :  1  a l r l Y : u a r e
I  ! a  r '  I  z  e  |  |  F ' e r d t o ' ,

|  \  I  ,  c  l -  l z  z e ' o

[ _ _ \ "  I  N o  I  a  p _ l l l  s . e e r e $

Constant or Edit  Word

I
iz
)

:t;l )lvfr
I il+

0 3 l

;l;Tl - t 1

I

_LtI
o I I

r l
For the MFCM, change 96 to 80.
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Inpu t  and Combined F i le  Cards

Input  f i le  cards  are  s tacker  se lec ted  by  input  spec i f i ca t ions .
C,ombined f  i le  cards  can be  s tacker  se lec ted  by  e i ther  input
or  ou tpu t  spec i f  i ca t ions .

Selecting on the Basis of Card Type

Stacker  se lec t ion  by  input  spec i f i ca t ions  must  be  on  the
bas is  o f  card  type .  Th is  means Vou may separa te  a l l  cards
o l '  one  type  f rom the  input  f i l e  by  spec i fy ing  a  spec ia l
s t ,acker  in to  wh ich  they  shou ld  be  s tacked.

Suppose you want  to  c rea te  a  month ly  l i s t  o f  a l l  i tems in  a
re ta i l  s to re"  Three card  types  are  used:  one fo r  new i tems,
one fo r  d iscont inued i tems,  and one fo r  a l l  o ther  i tems.
The manager  wants  to  take  a l l  cards  descr ib ing  d iscont inuecJ
i tems out  o f  h is  f i le .  He can do  th is  by  spec i fy ing  the  s tacker
in to  wh ich  the  card  type  is  to  be  se lec ted .  The spec i f i ca t ion
in  F igure  4-17 ,  inser t  A ,  l ine  02 ,  w i l l  separa te  the  d iscont in .
ued i tem cards  (card  ident i f  ied  w i th  a  D in  the  las t  co lumn)
from the other cards by pLttt ing them in stacker 2.

Not ice  tha t  the  OR re la t ionsh ip  was used in  descr ib ing  the
three card types. When stacker selection is done with the
Ol l  re la t ionsh ip  one ru le  must  be  kept  in  mind :  each card
type w i l l  fa l l  in to  the  s tacker  ind ica ted  fo r  i t .  For  example ,
F igure  4-17 ,  inser t  A .  shows the  s tacker  se lec t ion  en t ry  2
for the second card type. The other card types have no
stacker selecton entry. They are, therefore, stacked in
stacker 1 i f  they were entered in the primary hopper or in
stacker 4 or 5 i f  entered in the secondary hopper. According
to  F igure  4-1  7 ,  inser t  B ,  card  type  02  fa l l s  in to  s tacker  2 ,
card  type  03  fa l l s  in to  s tacker  3 .  Where  does  card  tvpe  01
fa l l?  l t  w i l l  fa l l  in to  e i ther  s tacker  1 ,  4 ,  o r  S  c lepend ing
upon the  dev ice  used and the  hopper  in  wh ich  the  f i le  was
entered .

Selecting on a Basis Other Than Card Type

Suppose you w ish  to  s tacker  se lec t  inpu t  f  i l e  cards  on  some
bas is  o ther  than card  type .  such as  the  resu l t  o f  ca lcu la t ions ,
the  resu l ts  o f  match ing  records .  o r  the  conten ts  o f  an  input
f  ie ld .  For  example ,  assume tha t  the  cards  wh ich  conta in
in fo rmat ion  concern ing  new,  d iscont inued,  and ava i lab le
i tems in  the  s to re  a lso  conta in  the  amount  on  hand a t  the
end o f  the  month .  In  add i t ion  to  l i s t ing  a l l  i tenrs ,  recoros
of i tems which need to be reordered are selected to a
separa te  s tacker .  The c r i t i ca l  reorder  po in t  occurs  when
there  are  25  i tems or  less  le f t  on  hand.  (Th is ,  o f  course ,
does  no t  app ly  to  d iscont inued i tems. )  Thus ,  in  the  ca l -
cu la t ions ,  ONHAND is  a lways  compared to  25 .  l f  the
amount  i s  equa l  o r  less  than 25 , the  i te rn  needs ro  De re -
ordered.  A l l  cards  descr ib ing  i tems to  be  reordereo are  to
be separa ted  f rom the  o thers  in  the  f i le  by  s tack ing  them
in  a  spec ia l  s tacker .

Where  wou ld  you spec i fy  the  s tacker  se lec t  en t rv  tha t
wou ld  do  th is?  There  are  on ly  two poss ib i l i t i es  - -  Input
sheet  o r  Outpu t -Format  sheet .  Remember  tha t  i r rpu t  cards
can be stacker selected on the I nput sheet on the basis of
card  type  on ly .  In  our  example ,  no t  a l l  cards  o f  any  one
type w i l l  descr ibe  i tems tha t  need to  be  reordered.  There-
fo re ,  the  se lec t ion  is  no t  on  the  bas is  o f  card  type  and can-
not  be  spec i f ied  fo r  an  input  card  on  the  Input  sheet .  Th is
leaves  on ly  the  Output -Format  sheet  on  wh ich  to  spec i fv
th is  s tacker  se lec t ion .  But  s ince  our  f  i l e  i s  no t  an  ourour
f  i le ,  how cou ld  i t  be  spec i f ied  on  the  Output -Format  sheet?
Remember  tha t  a  combined f  i le  serves  fo r  bo th  input  and
outpu t .  There fore ,  a  f i le  f rom wh ich  cards  are  to  be
stacker selected must be defined as a combined file.
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For the MFCM, change gO to 80.
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Figure 4-17. Stacker Selecting Cards in an OR Relationship

l 3
ts i le f ;me I  e

I F
l t A

,ri
. l , r , , n ' , " , .

'l li rt

4-16



Figure 4.-18 shows t lre ent; ies whicir are ne{:ess.rry to stacker
se lec t  a i l  i ;a rc ls  (except  d i ,con t inued)  cards)  wh ich  conta in
25 or  less  in  the  ONHAND f ie ld .  The f i le  wou ld  be  de-
scr ibed as  a  combined f i le  by  p lac ing  e  C in  co lumn 1b o l
the  F i le  Descr ip t ion  sheet .

F igure  4-18 ,  inser t  A ,  shows ' r .h i r t  rhe  ONHAND f  ie l r j  i s
compared with 25, l l  the cornpare is equal or less, in-
C ica tor  l0  tu rns  on  to  ind ica te  tha t  the  i tenr  shou ld  be
ord+:rEd. Indicator ' l  0 is ihen used on the Output-[: .rrmat
shset  to  c tnd i t ion  the  s tacker  se lec t lon  en t ry  (F igurc  4 - .1  g ,

inser t  B ,  ! ine  01  l .  Wh* i i  10  is  on  { there  are  ZE or  iess  r : i
the i t t i r i .r  !eft l  arrd tfrc card is not a discontinuci l  i tern { in-
t l i ca to r  0 l l  i s  nor  c r ' ) .  the  car r l  i s  se lec ied  in to  s tacket  2 .
A l l  o ther  cards  go  in to  s ta tker  1 .

Rutes far Stacker Selecting Cardr from a Combined Fite

Combirred f i le cards can be stacker selected b! '  bottr inLrr"rt
and ou tpu t - fo rmat  spec i f i ca t ions .  Input  s tacker  se lec t ion
is basecj on card type aione; outi lut stacker seleit ion can
be on any other basis. In fact, you can stacker select sorne

card tVpes by irrput specif icat ions anci ot lrers by output-
fc.rrmat specif icat iorrs. However, one card type should not
have both types of stacker selection sfrecif  icarierns. l f  i t
does, the input entry is ignorer. i .  [-urthermore. i f  you are
pr - , r rch ing  or  p r in l i r rg  on  combined f  i le  cards  tha t  a re  a iso
to be stacker selected. the stackL-r select ion entrv i"nust be
on the OLrtput-Forrnat stteut.

Stacker Selecting Output Fi le Cards

Liuttr ir ; t  t i le cart is e re stacker seIected by {. ]1.! tput specif ica-
t ions .  For  exanrp le ,  s tacker  se lec t ion  by  ou tpu t  spec i f i ca-
r ions can [rr:  made on the ba$ii  of resu!ts of calculat iorrs,
matching recorrJs, c{}ntent of f  ields, ancl error condit ions.
Output stacker selection can be based on card type, but
carr i  type selection is usually done with irr;rut specif  icat ions.

Cor is ider  an  end-o f - the-month  inventory  p rogram tha t :  (1 )

l int ls the balarrce on harrd for cach i tem, {2) determines i f
:rnd when an i tern should be reordered; and (3) f  int ls any
iterns that are overstocked.

lE rr ": l l :::: ' :y::r ' l j  :rr11ri 
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I

;:. :+. ' -- l-;*;ra L**+I.i r,ili:] "'*l ,.,"Lii'- lflil",."ffirt|
C_ j, ____=,J_] 

_i _,_. .r,^;_ lT_n:Lrl 
_-l 

I- - t l : r i  I  |  |  |
r,r,;r i  n" | '"," l . ' , ," i  , ,- 

-f 
--tt]{ ' , f f i  
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Figure 4.18.  Stacker S€lect ion on the Basis of  Calculat ions
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1

2.

3 .

Two f i les  a re  used:  an  input  f i l e  and an  ou tou t  f i l e .  The
i n p u t  f i l e  c o n t a i n s  t h r e e  t y p e s  o f  c a r d s  ( F i q u r e  4 - 1 9 ) :

lnventory  Ba lance cards ,  wh ich  conta in  the  numoer
in  s tock  a t  tk re  beg inn i r rg  o f  the  month ,  and the  max-
imunr  and min imum quant i t ies  wh ich  shou ld  be  reo t
in str:ck"

lssur :  sumrnary  cards ,  wh ich  conta in  the  to ta l  nurnber
issu i ld  dur ing  ea t ;h  week.  S ince  th is  i s  an  end o f  the
rnonth job, thL're may be several of these.

Rece ip t  cards ,  wh ich  conta in  the  nurnber  ac lded to
stock: through reorder.

Each i tenr , 'nust have a balance card. The other t \ ,vo cards
i t re  op t iona l .  The ou tpu t  f i l e  con ta ins  b lank  cards .

For  each i tem,  rhe  to ta l  number  in  s tock  w i l l  be  ca lcu la ted
f rom in fo rmat ion  on  the  input  cards  and then punched in to
a  b lank  cu l :pu t  f i l e  card  a long w i th  a l l  o ther  f ie lds found on
the  ba lance i  car r l .  The fo rmat  o f  the  ou tpu t  card  must  be
the  same ar ;  the  input  ba lance card ,  s rnce  th is  ou tpu t  card
is  used as  the  ba lance card  fo r  nex t  rnonth 's  inver r to rv .

l Je fo re  the  ba lance on  hand is  punched in to  the  b lank  cards .
the  amount  i s  compared to  the  max imum and min imum
quant i t ies  in  s tock  es tab l i shed fo r  each i tem to  de termine
reorder  p rc ,cedure .  As  a  resu l t  o f  the  compar ison,  four  con-
d i t ions  cou ld  occur :

l f  the  amount  in  s tock  is  zero  or  back-ordered,  the
i tem shou ld  be  reordered immedia te lv .

l f  ther  amount  is  greater  than zero but  equal  to  or
bel<tw the min imum, normal  reorder ing procedures
should be fo l lowed.

l f  the  amount  i s  be tween max imum and min imum,
the i tem does not need to be reordered.

l f  the  quant i t y  i s  g rea ter  than the  max imum,  the
manager should be noti f  ied of the overstocked i tem.

Ins tead o f  pu t t ing  a l l  newly  punched ba lance cards  in to
one s tacker ,  i t  wou ld  be  more  conven ien t ,  when prepar ing
1o reorder, i f  they were stacked into dif ferent stackers:
one s tacker  fo r  i tems requ i r ing  immedia te  a t ten t ion  ( re -

order  immedia te ly  o r  g rea t ly  overs tocked) ,  one fo r  i tems
1o be  reordered normal ly ,  and one fo r  i tems wh ich  need
not be reordered. To separate them, you spe(rf\ , ,  di f ferent
stackers thery could go into on the basis of the anr.runt in
t h e  I N S T O K  f i e l d .

Receipt  Card

Figure 4-19.  Cards Used for  Inventory Job

Inventory Ealance Card
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From wh ich  f i le  do  cards  come tha t  a re  to  be  s tacker
se lec ted? They come f rom the  ou tpu t  f  i l e  s ince  they  are
the newly created balance cards. Therefore stacker selec-
t ion  en t r ies  must  be  made on the  Output -Format  sheet .
S tacker  se lec t ion  en t r ies  a re  on  the  bas is  o f  the  comoare
opera t ion .  Thus  these compare  opera t ions  must  se t  ind i -
ca tors  wh ich  w i l l  be  used on  the  Output -Format  sheet  to
in r l i ca te  in to  wh ich  s tacker  cards  must  fa l l .  F igure  4-20
shows the prograrn specif icat ions.

F igure  4-2O,  inser t  A ,  l ines  01 ,  02 ,  shows opera t ions  used
for  f ind ing  the  number  in  s tock .  When a  cont ro l  b reak
occurs  (a  card  fo r  a  new i tem is  read)  the  number  in  s tock
is  compared as  manV as  th ree  t imes ( l ines  04-06)  to  de ter -
mine  in to  wh ich  s tacker  the  cards  shou ld  fa l l  fo r  reorder ing
purposes .  Resu l t ing  ind ica tors  a re  se t  o f f  ( l ine  03) ,  s ince
in rproper  se lec t ion  cou ld  o therw ise  occur  due to  mu l t ip le
ind ica tors  se t  fo r  a  s ing le  cond i t ion .

INSTOK is  f i rs t  compared to  zero .  l f  i t  i s  equa l  o r  be low,
in r l i ca to r  10  is  tu rned on .  l f  INSTOK is  g rea ter  than zero ,
i t  i s  compared to  the  min imum quant i t y .  When INSTOK
is  equa l  to  o r  less  than min imum,  ind ica tor  20  is  tu rneo on .
l f  INSTOK is  g rea ter  than min imum,  i t  i s  then compared
t o  m a x i m u m .  I n d i c a t o r  1 0  i s  t u r n e d  o n  i f  I N S T O K  i s
grL 'a te r  than max imum; ind ica tor  30  is  tu rned on  i f  i t  i s
equa l  o r  less .

Any  o f  these ind ica tors  can be  se t :  10 ,  20 ,30 .  S ince  thev
in rC ica te  the  amount  in  the  f ie ld  INSTOK,  they  a lso  ind ica te
in to  wh ich  s tacker  cards  shou ld  fa l l .  (See F igure  4-20 ,  in -
sent  B . )  l f  10  is  on  ( INSTOK is  zero  or  less  or  g rea ter  than
max imum)  cards  go  in to  s tacker  4 .  l f  20  is  on  ( INSTOK is
grea ter  than zero ,  bu t  equa l  to  o r  less  tha i r  the  min imum) ,
cards  go  in to  s tacker  2 .  l f  30  is  on  ( INSTOK is  g rea ter
than MIN t ru t  less  than or  equa l  to  MAX)  cards  go  in to
s tacker  3 ,  In  a l l  cases ,  f i ve  f ie lds  and a  cons tan t  a re  punched
punched orr each blank card before i t  is stacked,

Rules for Stacker Selecting Cards From An Output File

l f  no  s tacker  se lec t ion  en t ry  i s  rnade fo r  the  ou tpu t  f i l e ,

cards  au tomat ica l l y  fa l l  in to  p redef ined s tackers  -  s tacker  1

i f  the  f i le  i s  in  the  pr imary  hopper ;  s tacker  4  i f  the  f i le  i s  in

the secondary hopper. You may, however, cause cards to

be s tacked i r r  any  o f  the  four  (o r  f i ve)  ava i lab le  s tackers

m e r e l y  b y  e n t e r i n g  ' l  , 2 , 3 , 4  o r  5  { 5  f o r  M F C M  M o d e l  A 1 )  i n

co lumn 16 o f  the  Output -Format  sheet .

A l l  cards  f rom the  same f i le  w i l l  fa l l  in to  the  spec i f ied
s tacker  un less  ind ica tors  a re  used in  co lumns 23-31 .  l f  ,
as  in  th is  example ,  you  want  cards  to  fa l l  in to  d i f fe ren t

stackers, Vou must use indicators set by calculat ion opera-

t ions  to  cond i t ion  the  s tacker  se lec t ion  spec i f  i ca t ions .

Merging Input and Output Fi le Cards

Put t ing  cards  f  rom two d i f fe ren t  f  i l es  in to  the  same s tacker

is  known as  merg ing  cards .  Any  two f  i les  can be  merged.

To do  so ,  you  mere ly  spec i fy  the  same s tacker  fo r  each f i le .

When input  and ou tpu t  f  i l e  cards  are  merged,  the  ou tpu t

f i le card tor each program cycle is stacked in front of the

input  f i l e  card  read a t  the  beg inn ing  o f  the  cyc le .  Why are

outpu t  cards  s tacked be fore  input  f i l e  cards? Accord ing  to

the  way the  MFCU and MFCM opera te :

1 .  An input  card  is  no t  s tacked un t i l  the  nex t  inpu t  card

is  read.

2 .  Any  ou tpu t  card  tha t  i s  punched is  s tacked immedi -

atel y .

These s ta tements  a re  the  key  to  the  order  o f  merg ing .  Con-

s ider  what  th is  means dur ing  a  regu la r  p rogram cyc le .  When

an ou tpu t  f i l e  card  is  punched.  i t  i s  s tacked.  Th is  cou ld  be

e i ther  a t  to ta l  t ime or  de ta i l  t ime.  However ,  the  input  card

read a t  the  beg inn ing  o f  the  cyc le  i s  no t  s tacked un t i l  the

nex t  card  is  read.  Th is  resu l ts  in  the  ou tpu t  card  be ing

s tacked in  f  ron t  o f  the  input  card .  Most  o f ten ,  however ,

you wou ld  want  the  merged cards  ordered so  tha t  inpu t

cards precede butput cards.

Reversa l  o f  the  normal  s tack ing  order  can be  accompl ished

by spec i fy ing  look  ahead f ie lds  o r  dua l  inpu t  a reas  fo r  the

input  f  i l e .  When e i ther  o f  these is  spec i f  ied ,  inpu t  cards  are

stacked before output cards.

Stacker  se lec t ion  cannot  be  spec i f  ied  f  o r  inpu t  f  i l es  w i th

dua l  inpu t  a reas ,  There fore ,  i f  you  w ish  to  merge cards

f rom the  input  and ou tpu t  f  i l e ,  you  must  merge the  cards

in to  the  de fau l t  s tacker  fo r  the  input  f i l e  (de f ined pre-

viouslv - see Stacker Selectionl.
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Punching and Printing on Cards

1.  why is  i t  important  to  pr in t  on a card the same informat ion punched in a card?

2.  Using the fo l lowing in format ion,  wr i te  the output- format  speci f  icat ions to punch
and pr int  the fo l lowing f ie lds on output  cards:

Review 4

Field

CUSTNO

N A M E

AMT

I N V N O

DATE

2 {constant}

End Position

26

32

38

44

96 (use 64 for MFCM)

The informat ion should be pr inted in  the same re lat ive posi t ions as i t  was punched.
Do not  use *PRINT for  th is .  For  the MFCM (Model  15 only) ,  use pr int  head 1 for
a l l  f ie lds.

3 .  Do  p rob lem 2  us ing  "PR lNT .

Using One File For Both Input and Output

4.  When should a f i le  be speci f  ied as combined?

5. lf all master cards in a fi le are to be separated from item cards in the same fi le, the
f i le  type should be speci f  ied as_.

6.  True or  False? Both pr inter  f i les and card f i les can be combined f i les.

7. An electric company wishes to find the amount each customer owes for the electricity
he used during the past month. The input f i le consists of three types of records for
eacn customer:

o READl which conta ins the meter  reading at  the beginning of  the month.

o READ2 which conta ins the meter  reading at  the end of  the month.  This card
wi l l  be used as next  month 's  READl card.  l t  now conta ins a b lank in  the last
column, and must  therefore be punched wi th a 1 in  the last  co lumn.

o AMOUNT DUE which conta ins a b lank f ie ld (AMTDUE) which wi l l  be punched
with the amount each customer owes.

For each account these three cards must be present and in the order indicated.

Review 4 4-21



N A M E A D D R

a

a

2
l
B

a

2
I

READ1 
t

B

U a

(.) ;

B

B

l
a

a

2
l
a

2
l

N A M E

R E A D 2

R E A D I  C a r d R E A D 2  C a r d

Amoun t  Due  Ca rd

The program must :

o  F ind  the  number  o f  k i lowat t  hours  (KWH) o f  e lec t r i c i t y  used dur ing  the  month .  The
read ing  has  two dec ima l  p laces .

'  Mu l t ip ly  the  number  o f  k i lowat t  hours  used by  ra te  per  k i lowat t  hour  to  f ind  amount
due '  (AMTDUE has  2  dec ima l  p laces . )  Rate  is  $ .05  per  KWH for  the  f  i r s t  s0  KWH.
then $ .02  per  KWH for  a l l  over  the  f i rs t  50  KWH.

o Punch the  amount  due on  the  appropr ia te  card .

. Separate al l  three card types into dif ferent stacKers.

Make the  necessary  en t r ies  on  the  F i le  Descr ip t ion ,  Input ,  Ca lcu la t ion .  and Output -Format
sheets.
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Stacker Selection

8.  l f  s tacker  se lec t ion  is  spec i f ied  on  the  Output -Format  sheet  dur ing  de ta i l  ou tpu t
fo r  card  3 .  wh ich  card  w i l l  be  se lec ted? Which  card  w i l l  be  se lec ted  i f  s tacker  se lec
t ion  is  spec i f ied  dur ing  to ta l  t ime ou tpu t  a f te r  con t ro l  g roup A?

At  each s top  they  make,  d r ivers  work ing  fo r  a  fue l  o i l  company record  beg inn ing

and end ing  meter  read ings  and the  number  o f  ga l lons  o f  o i l  de l i verec l  to  the  cLrs tomer .

La ter  the  account  number ,  meter  read ings ,  and ga l lons  de l i vered  are  punched in to

card s.

A l l  regu la r  cus tomers  are  charged 15d per  ga l lon .  However  hosp i ta l  and government

agenc ies  rece ive  a  2% d iscount .  The code to  show wh ich  cus tomers  rece ive  a  d is -

c o u n t  i s  i n  t h e  a c c o u n t  f i e l d .  l f  t h e  l a s t  d i g i t  i s  0 ,  n o  d i s c o u n t  i s  g i v e n ; b u t  i f  t h e

las t  d ig i t  i s  5 ,  the  d iscount  i s  g iven .

Wr i te  the  ca lcu la t ion  and ou tpu t - fo rmat  spec i f i ca t ions  to :

a .  Check  the  dr iver ' s  ca lcu la t ions  in  de termin ing  ga l lons  de l i vered  to  each account

by  subt rac t ing  beg inn ing  meter  read ing  f rom end ing  meter  read ing .

b .  Ca lcu la te  the  amount  charged to  each account  (AMOUNT) .

c .  F ind  to ta l  number  o f  ga l lons  so ld  fo r  the  day  (TOTALG)  and to ta l  amount

charged (TOTALA) .

d .  Pr in t  a  repor t  l i s t ing  da i l y  t ransac t ions  and to ta ls .  l f  there  is  an  er ro r  in  d r iver ' s

ca lcu la t ions ,  p r in t  the  account  number ,  code,  and a  message,  'CALCULATION

E R R O R "

e.  S tacker  se lec t  cards  fo r  cus tomers  rece iv ing  d iscounts  in to  s tacker  2 .  A l l  o thers

go into stacker 3.

9 .
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The input  spec i f i ca t ions  and the  layout  o f  the  pr in ted  repor t  a re  as  fo l lows

RPG INPUT SPECI  F ICAT IONS
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1.  Pr int ing the same informat ion that  is  punched on a card:
a.  Enables you to easi ly  see what  is  on the card.  you don, t  have to analyze each

punch combinat ion.
b. Makes it easier to recreate a card that is damaged to the extent that it cannot be

processed.

2.

SPECIF ICAT IONS

Answers to Review 4

GX?1 9090 U/M 050'

PO[.M TT IITT]
_  r d r n i r c J r o n l  |  |  |  |  |

r t i,it 
i

; l l So lu t i on  f o r  MFCU

Solut ion for  MFCM

f l '' l  i l i
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OUTPUT SPECIFICATIONS
I B t r l , , " , ^ , , . ,  a u , n e $ M a c h , n . c o . D o - r o n

P'oe,a,n fTT]_T-I
l d e n i l , c a | o n J  |  |  I  |  |  |

i11
rl

4 .

5.

A fi le should be specified as combined if i t is both read and punched or if cards
from the fi le are stacker selected on a basis other than card type.

Input (stacker selection is on basis of record type here.)

False, only card fi les can be designated as combined fi les.

For  MFCM,  change g6  to
80 and change the  dev ice
name.

7 .

Constant or Edit  Word

^ -;; ; ; ; l

t . z q o  
I- p r " : . 1

E.d

File Description Specif ication

E x t e n t  E x i t
lor DAlvl

Lens ih  o l  Key  F ie td  o r
o f  R€cord  Addres  F ie td
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Page  o f  GC21 -7567 '2
l ssued  30  June  1  978
B y  T N L :  G N 2 1 - 5 6 1 6

R P G  I N P U T S P E C I F I C A T I O N S

rJ.5

i3.5
',1-2
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i
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Page  o I  GC21 -7567 -2
l ssued  30  June  1978
B y  T N L :  ( 3 N 2 1 - 5 6 1 6

RPG

l , , t f  r  ;  
' ' ' " , ' l '

l , , j r ' I L  p , , , n r

S P E C I F I C A T I O N S
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' 1 l l

i l L

OUTPUT
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I
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I
I
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I

I
I

S i n c e  c a r d s  i n  t h i s  f i l c  a r e  t o  b e  b o t h  r e a d  a n d  p u n c h e d  t h e  f i l e  m u s t  b e  d e f i n e d  a s

a  c o m b i n e d  f i l e  ( C  i n  c o l u m n  1 5  o i  t h e  F i l e  D e s c r i p t i o n  s h e e t ) .  T h e  c a r d  t y p e
ident i f ied  by  a  1  requ i res  no  punch ing ,  and there fore  can be  s tacker  se lec ted  on  the
Input  sheet .  A  1  was en tered  in  co lu rnn  42  o f  the  Input  sheet  to  ind ica tLr  the  s tacker .

L e a v i n g  t h i s  c o l u m n  b l a n k  w o u l d  a l s o  i n d i c a t e  t h a t  t h e  c a r d  t y p e  g o e s  i n t o  s t a c k e r  I

because cards  en tered  in  p r imary  hopper  oJ  the  MFCU are  au tomat ica l l y  s tacked in

s tacker  1 .  Outpu t  opera t ions  are  per fo rmed on card  types  02  and 03 .  S tacker  se lec-

t i o n  i s ,  t h e r e f o r e ,  s p e c i f i e d  f o r  e a c h  o n  t h e  O u t p u t  S p e c i f i c a t i o n s  S h e e t  i n  c o l u n r n  1 6 .

a .  Card  3  -  the  carc l  tha t  i s  be i r rg  p rocessed.

b .  Card  3  -  the  card  wh ich  caused the  cont ro l  b reak .

8 .

9.
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OUTPUT SPECIFICATIONS

P4'Im t r-rl-rT_l
rdenr r ica t ionL L  l_ l  I  L  I

You must be certain to check td see i f  the code is 5 or 0. The result ing indicator showing the

result of the compare is then used on the Output-Format sheet to show into which stacker

cards should fal l .  Stacker selection must be specif ied as a detai l  operation so that the correct

card wil l  be selected. Any report formatt ing you choose is acceptable.
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Chapter 5. Control l ing Operat ions In An RPG l l  Program

CHAPTER 5  DESCRIBES:

Add i t iona l  uses  o f  ind ica tors  to  cont ro l  ca lcu la t ions  and ou tpu t '

Cont ro l l ing  opera t ions  on  the  bas is  o f  the  nex t  record  in  a  f i le '

Man ipu la t ing  da ta  by  mov ing  i t  f rom one f  ie ld  to  another '

Sav ing  s to rage space and cod ing  in  ca lcu la t ions  by  us ing  branch ing  and subrout ines '

Spec ia l  uses  o f  con t ro l  leve l  ind ica tors .

B inary  f ie ld  opera t ions .

Increas ing  the  speed o f  RPG l l  opera t ions '

B E F O R E  R E A D I N G  T I - I I S  C H A P T E R  Y O U  S H O U L D  B E  A B L E  T O  D E S C R I B E :

G e n e r a l  u s a g e  o f  t h e  f o l l o w i n g  i n d i c a t o r s :  0 1  9 9 ,  M R ,  L 1  L 9 '  L R ,  1 P '  O A - O G '  O V '

The concept  o f  match ing  records .

Cod ing  o f  a r i thmet ic  opera t ions  in  ca lcu la t ions '

RPG l l  ob jec t  p rogram cYc le .

A F T E R  R E A D I N G  T H I S  C H A P T E R  Y O U  S H O U L D  B E  A B L E  T O :

C o n t r o l  c a l c u l a t i o n s  a n d  o u t p u t  u s i n g  H 1 - H 9 ,  U 1 - U 8 ,  a n d  R e s u l t i n g  I n d i c a t o r s '

Cond i t ion  ca lcu la t ions  us ing  OA-OG and OV ind ica tors '

Use the  RPG |  |  look  ahead fea ture .

Code spec i f  i ca t ions  to  move da ta  f rom one f ie ld  to  another '

Branch in  ca lcu la t ions  us ing  GOTO and TAG.

E m p l o y  s u b r o u t i n e s  i n  c a l c u l a t i o n s  u s i n g  B E G S R ,  E N D S R ,  a n d  E X S R '

Cause an  ar t i f i c ia l  con t ro l  b reak  and to ta l  opera t ions  us ing  L0 '

Use cont ro l  leve l  ind ica tors  to  per fo rm group pr in t rng '

Cont ro l  ca lcu la t ions  us ing  b inary  swi tches .

s ta te  advantages  o f  dua l  inpu t /ou tpu t  a reas  and cor rec t ly  code fo r  them.

/Vote.. You can use the review questions contained in Review 5 at the end of this

chapter  to  tes t  \ /our  comprehens ion  o f  each top ic  in  the  chapter '  Ouest ions  are

grouped accord ing  to  the  top ic  to  wh ich  they  app ly .  Answers  fo l low the  rev iew

ouest r  o  ns .

Con t ro l l i ng  Ope ra t i ons  I n  An  RPG l l  P rog ran r  5 -1



INTRODUCTION

There are many ways that  you r ;an contro l  the per formance
of  RPG l l  operat ions.  you havr :  a l ready l . . rn .O the basicetements of  contro l l ing calculat ions and output ,  especia l ly
the concept  of  the RpG l l  ob ject  program .V. f .  .nO the useof  ind icators to condi t ion speci l icat io"ns.  t f , i ,  .n .pt . ,  , rp_plements those basic  ch e I p y o u'' 0,.,,, " i * lj,',::ff H:T:lj: t-F8 

T ;:#1,and do more compiex jobs.

ADDITTONAL USES OF INDICATORS TO CONTROL
CALCULATTONS AND OUTPUT

(Jn the Calculat ion and Output_F:ormat sheets,  you descr ibea l l  t he  ca l cu la t i ons  and
{jometimes,,r rhu ..r;;;;::t*ffi:: [J;:J, ffIbe performed on every program c;ycle. More often, however,
) /ou  want  opera t ions  done on ly  under  cer ta in  cond i t ions .
[ :o r  example ,  you  may want  to  per fo rm a  ca lcu la t ion  or  dosome outpu t  on ly  when a  cont ro l  b reak  occurs ,  do  an  opera_t ion  on ly  when i l  cer ta i r
operations onry on ..,.,l,l"liji,:t#J:::",or 

do certain

I n  c o l u m n s  7 - 1 7  ( l n d i c a t o r s )  o f  t h e  C a l c u l a t i o n s  s n e e t  a n dc , ) lumns 23-31 ( ,3u1pL l t  Ind ica tors )  on  the  Output_Format
sneet ,  you  can spec i fy  when cer ta in  ca lcu la t ion  ano ou tpu t
opera t ions  are  to  be  done.  Some ,c f  the  ind ica tors  tna t  can
br - .  used.  and the  cond i t ions  they  s igna l .  a re :

Condition

Opera t ion  is  r lone  on ly  wnen a  spec i f i c
record type has been read, or when the
resu l t  o f  a  ca lcu la t ion  or  tne  conten ts
o f  a  f  ie ld  a re  as  des i red .

Opera t ion  is  c lone on ly  wnen records
match .

Opera t ion  is  done on ly  wnen a  cont ro l
b reak  occurs .

Operat ion is  done af ter  a l l  records have
been read and processeo.

Output  record pr ints  only  on the f  i rs t
page.

Output  record pr ints  onty when over-
f low occurs.

You are probably somewhat  fami l iar  wi th the use of  these
indicators f rom previous educat ion,  reading,  or  other  topics
in th is  book.  However,  there are other  k inJs and uses ofindicators wi th which you may not  be so fami l iar .  This
section discusses:

1.  Hal t  ind icators used to te l l  what  operat ions should
be done on an error  condi t ion.

2.  External  ind icators used to te l l  what  operat ions should
be done for  a speci f ic  program run.

3. Overflow indicators used to tell what calculations
should be done when over f low occurs.

In addi t ion to these new uses of  ind icators,  th is  sect ion a lso
descr ibes condi t ion ing of  operat ions based on the resur ts  of
cer ta in calculat ions.

Preventing Operations From Being Done When an Error
Occurs

Hal t  ind icators are used to test  for  an error  condi t ion inyour  data.  According to RpG l l  program logic ,  a hal t  does
nor occur  as soon as the error  condi t ion is  found (as soon as
the hal t  ind icator  is  turned on) .  Instead,  the program
cycle is  completed before the hal t  occurs.  This means tnat
addi t ional  operat ions may be per formed in error  unress you
specify otherwise.

Preventing Calculations When an Error Occurs

Speci f icat ions shown in F igure S_1 i l lust rate the use of  H i
ro prevent  ca lculat ions.  Tests are made to determine i f  the
INSTOK,  TOTAL ,  o r  ORDER f i e l ds  on  reco rd  t ypes  O l  , 02 ,or  03,  respect ive ly ,  are negat ive.  A negat ive value in  any of
these f  ie lds is  an error  condi t ion.  When an error  is  found,
H 1 turns on.  Since calculat ions Inormal ly ]  are done when
02 and 03 record types are read,  condi t ion ing these catcula_
trons by NHI prevents them f rom being done when data is
erroneous.

lndicator

0 1 - 9 9

M R

L  1 - L 9

L R

1 P

tf ,A-OG; OV

Hal t  ind icators can a lso be speci f ied on the Calculat ion
sheet  to test  for  an error .  For  example,  in  F igure S_2,  H1
is set  on i f  the resul t  o f  operat ion in  l ine 01 is  negat ive.  l f
quant i ty  in  s tock ( INSTOK) is  negat ive af ter  quant i ty
shipped (OTYSH) has been subtracted, an error nas occur-
red.  H1 turns on and the system wi l l  ha l t  a f ter  the current
cyc le.
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,Preventing an Entire Record From Being Written

Figure 5-3,  l ine 07,  shows an oulput  operat ion condi t ioned
so that the record specified wil l be written only when thehal t  ind icator  is  not  on (NH1).  lVhen the hal t  ind icator  ison (H1),  i t  wi l l  be bypassed.

l,reventing Fielats From Being Written

Siuppose, however, that you oo not want to bypass the
vrrit ing of the entire record, but lvant some fields written
even when a halt condition occurs. For this case you
should use the hal t  ind icator  to  condi t ion cer ta in f ie lds
urithin the record instead of conditioning the entire record.
This way,  when an error  occurs,  some f ie lds wi l l  be wr i t ten
and some wi l l  not .

Figure 5-4 shows the specifications which wil l bypass the
wr i t ing of  a l l  f ie lds except  DEpT and ITEMNO when an
error occurs.

Doing Output Only When an Error Occurc

It is also possible to condition records or f ields so that they
are written only when an error condition occurs. Figure
5-5 shows the specifications which do this.

Using the halt indicator wil l cause the computer to stop
after all operations are completed for the record causing the
error. You may restart processing immediately, however, by
pressing the start button on the processing unit.

Fignrre 5-3, Preventing a Record from printing
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Using lndicators Ctther Than Hl-HSt to gypass Error
Conditions

l f  y 'ou  are  no t  in te res ted  in  ha l t ing  r ryhen an  er ro r  cond i t ion
occurs  bu t  s t i l l  r ry ish  to  bypass  the  process ing  o f  e r roneous
dat .a ,  you  may use ind ica tors  0  j -99  ins tead.  They ,  l i ke  ha l t
ind ica tors ,  may be  ass iEned to  checr (  fo r  e r ro r  cond i t ions  in

data  on  the  I  nput  sheet  and are  then la te r  used to  cond i t ion
ca lcu la t ions  and ou tpu t  opera t ions  (see F igure  5-6) .  Thev
do no t  cause a  ha l t .

When you do  no t  w ish  to  ha l t  the  program fo r  an  er ro r
cond i t ion ,  you  may serec t  cards  in to  a  spec ia r  s tacKer  so  tha l
they  w i l l  no t  be  mixed w i th  va l id  da ta  cards .  S tacker  se lec_
t ion  may be  done based on  the  use  o f  the  ind ica tor  fo r  aner ror  cond i t ion .

RPG INPUT SPECI  F ICAT IONS
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Controlling Which Operations are Done For a Specific

Program Run

The chapter entitled Describing and Using /nput describes

how to condition the use of an input f i le with an external

inclicator so that a program can use different input f i les in

di1'ferent program runs. That chapter also describes how to

assign external  ind icators U1'Ug on the Fi le  Descr ipt ion

sheet and how to set the indicators.

This section describes how external indicators are used on

the Calculation and Output-Format sheets to condition

which operations should be done for a specific program run'

Conditioning lnput Files and Related Calculations

Consider  for  example,  ca lculat ions done for  a sales analys is

program. For  each i tem in s tock,  month ly  tota l  so ld (SOLD)

is calculated and then added to last month's year-to-date

tota l  (BALFOR)to f ind the current  year- to-date tota l

(BALNCE).  In  the f i rs t  month of  a new year,  month ly  tota ls

should not be added to prior year'to-date totals because

tota ls  are not  carr ied over  f rom year to year '  This  last

statement, the year-to-date addition statement, therefore,

is  not  done for  a l l  program runs.  By condi t ion ing the

statement  wi th an external  ind icator ,  you can contro l  when

the statement  is  done'  In  F igure 5-7,  the monthly  tota l  is

added to pr ior  year- to 'date only when U1 is  on '

When one program is  wr i t ten to do two s imi lar ,  yet  unique'

appl icat ions,  some calculat ions may be used for  both appl i -

cat ions,  some for  only  one.  Again you may use external

indicators to contro l  which calculat ion speci f icat ions are

used for  each aPPl icat ion '

RPG CALCULAT ION SPECIF ICAT IONS

"*-l
_ _ l

R e s u l t  F i e  d

Figure 5-7,  Condi t ioning a Oalculat ion by an External  Indicator
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Conditioning lnput Fites and Ftelated Output Operations

Consider again the example discussed in the section of Chap-ter 2 entitled tlonditioning lJse of tnput Files. Two report3
were requi red: :  sa les analys is  and inventory (F igure 5_g).
Since the results are so similar (one report mereiy includes
more informa{ion than the othetr), the jobs are coded in oneprogram.

Two f i les are avai lable:  a MASTER f i le  which shows the
balance forward for  each i tem, and a TRANSACTION f i le
which contains dairy records of the number of items sord.
The sales anarysis job requires one fire since it jusr creates
a l ist of transactions. The inventory job requiies two fi les
since, for each item, it subtracts the number sold from the
balance forward to find the new balance forward. An exter-
nal indicator was assigned on the File Description sheet (see
Figure 5-9). lts setting indicates to the program which fi les
are to be used.

SALES Af\tALyStS

ITEM NUMBER AMOUNTSOLD DATE

46732

46739

Figure 5-8. Two Similar Reporc

7 s9115170

8 sg l16 l70

09/17170

09/19170

09115170

o9116170

09/17/70

@118170

1 2

20

t1
Sr fl
I-I]J

f . i
l l r
t +
r + i iil|

Figlure 5-9, Assigninrg an External Indicator to the Master File

5-8i

BALANCE FORWARD

ITEM NUMBER AMOUNTSOLD DATE

09117170

09119170

a9/15170

o9116/70

File Description Specification

Lengrh  o f  Key  F ie td  o r
o f  Record  Addre$ Fre td

The devices used depend on which
System/3 model and configuration you have.



Because the  resu l ts  d i f fe r  s l igh t ly  fo r  each job ,  d i f fe ren t

ou tpu t  opera t ions  are  requ i red .  When two lobs  are  coded
together .  you  ind ica te  wh ich  opera t ions  are  to  be  done fo r
each th rough the  use  o f  an  ex terna l  ind ica tor  by  se t t ing  the
ind ica tor  to  s igna l  wh ich  f i les  a re  to  be  used.  You can spec i -
fy  wh ich  ou tpu t  opera t ions  shou ld  be  done in  the  same
way-by  cond i t ion ing  them by  the  same ex terna l  ind ica tor .

The Output -Format  sheet  shown in  F igure  5-10  shows spec i -
f  i ca t ions  fo r  bo th  jobs .  Appropr ia te  head ing  and de ta i l  l i nes
are  g iven fo r  each.  The to ta l  record  is  on ly  fo r  the  ba lance
forward  job .  Un less  to ld  o therw ise ,  the  computer  w i l l  t ry
to  per fo rm a l l  spec i f i ca t ions  (p rov ided cond i t ions  se t  by
ind ica tors  in  co lumns 23-31 are  sa t is f ied)  in  each cyc le .  You,
there fore ,  have to  te l l  the  computer  wh ich  opera t ions  to  do
for  each lob .

The f i le  descr ipt ion speci f icat ions (F igure 5-9)  show that
when U1 is  on,  the MASTER f i le  is  used.  This means that
the  i nven to ry  j ob  i s  be ing  done .  Thuswhen  U1  i s  on ,  on l y
the output  speci f icat ions to pr in t  records for  the balance
inventory are needed.  Condi t ion those output  records on
U 1  ( F i g u r e  5 - 1 0 ,  l i n e s  0 1 , 0 5 ,  1 0 , 1 2 , 1 5 , 2 2 1 .  C o n d i t i o n
those for  the sales analys is  job on NU1 (when U1 is  not  on
the MASTER f i le  is  not  used).

Conditioning Output Files and Related Output Operations

The program just  d iscussed involves the use of  a var iable
number of  input  f  i les.  One program may a lso requi re the
use of  a var iable number of  output  f i les.  In  that  case,  the
output  f i le  must  be assigned an external  ind icator .  When
the indicator  is  on,  the f i le  is  used.  When i t  is  of f .  the f i le
is  not  used.

OUTPUT SPECIFICATIONS

I l l++l

t _

Figure 5-10.  Condi t ioning Output  Operat ions by an External  Indicator
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Fo r  examp le ,  cons ide r  a  sa l es  ana l ys i s  j ob  wh i ch  does  t he
f o l l o w i n g :

1 . Calcu la tes  an ,J  records  the  quant i t y  o f  each i tem soro
d u r i n g  t h e  m o n t h .

Updates  the  r , ,96r - t . -a r te  to ta l  o f  the  number  o f  each
i tenr  so ld .

3 .  Creates  a  new year - to -da te  record .

The input  f  i l e ,  o rgar r i zed  in  ascend ing  order  by  i tem num_
ber ,  cons is ts  o f  two record  types :  (1 )  i tem cards ,  ano (2 )
sumrnary  YTD cards .  Each i tem carc l  represents  an  t tem
t ransac t ion .  [ )u r ing  the  job ,  i tem cards  are  counted ;  anc l ,
wnen a  cont ro l  b reak  occurs ,  amount  so ld  i s  added to  the
year - to -da te  to ta l  found on  the  summary  card .  The num_
ber  sc ld  and cur ren t  year - to -da te  to ta ls  a re  recorded on  the
sa les  ana lys is  repor t , .  and a  new sumrnary  card  conta in ino

the  cur ren t -year - to -da te  to ta l  i s  punched.  Not ice  tha t  the
new year-to-date summary card is stacker_selected into
s tacker  1 ,  the  de fau l t  s tacker  fo r  the  pr imary  MFCU hopper
( F i g u r e  5 " 1 1 ,  l i n e  1 1  o f  t h e  O u t p u t  s h e e t ) .  A s s u m e  t h a t
the  o ld  sumrnary  card  is  se lec ted  in to  a  d i f fe ren t  s tacker  by
means o f  an  en t ry  in  co lumn 42 o f  the  input  spec i f  i ca t ions .
Thus ,  the  new summary  card  is  au tomat ica l l y  p laced in to
the  i tem f i le  in  p repara t ion  fo r  the  nex t  run  o f  tne  program,
wh i le  the  o ld  summary  card  can be  eas i l y  d iscarded.

At  the  end o f  the  year ,  new year - to -da te  summary  caros
shou ld  no t  be  punched because the  year_ to-da te  to ta l  i s
no t  car r ied  over  in to  the  nex t  year .  In  th is  case,  the  punch_
Ing  opera t ions  shou ld  no t  be  done.  you can te l l  the  pro_
gram whether  o r  no t  to  punch by  cond i t ion ing  rne  ou tpu t
opera t rons  and the  ou tpu t  f i l e  by  the  same ex terna l  ind ica-
to r .  F igure  5-1 i  shows some o f  the  spec i f i ca t ions  fo r  the
i o b .
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Always  t re  s r ; re  to  con i ro l  wh ich  ca lcu la t ion  and ou tpu t

opera t ions ' " ; l rou ic !  be  done fo r  the  job  be ing  run  by  con-

d i t ion ing  t f ie  opera t ions  w i th  the  same ex terna l  ind ica tors

th,at were assigned to the f i le. When you condit ion inpr.t t

f  i i ,as by external indicators, you may condit ion output

o,Jrerations i f  you desire. However when you condit ion out-

p r t  f i i es ,  you  must  use  ihe  same ex terna l  ind ica tor  used fo r

cond i t ion inq  the  ou tpu t  opera t ions .  l f  you  fo rge t  to  con-

dit ion the rcr:orcls for an output f i le condit ioned by an ex-

te rna l  ind ic . i to r .  an  er ro r  w i l l  occur .

Cond ition ing Out|"rut Aperations OnIy

Sci far, you have learned that external indicators condit ion

f i les  and opera t ions  re la ted  to  the  use  o f  tha t  f i l e .  Ex terna l

indicators need not always condit ion a f i le;they can condi-

t ion  ou tpu t  opera t ions  on iy .  
- l -h is  

means tha t  every  t ime

the  prograr r r  i s  run ,  the  same f i les  w i l i  be  used,  bu t  d i f fe ren t

ou tpu t  opera t ions  are  dcne depend ing  upon the  se t t ing  o f

the  ex terna i  ind ica tors .

For example, iust one specif ication conditioned by an ex-

ternal indicator can change a group-printed report to a
group-indicated report or vice versa. Figure 5-'12. part A,

shows that a detail l ine wil l print for every card. By adding

an external indicator, you can control whether or not the

deta i l  l ine wi l l  pr in t  (F igure 5-12.  par t  B) .  When Ul  is  on,

the l ine pr ints ;  when Ul  is  not  on,  i t  wi l l  not  pr in t .

Controlling Calculations When Overflow Occtlls

You normally think of using an overflow indicator to con-

dition total or heading records that must be printed on
every page of a report. But you may also use the overflow
indicator to condition calculation operations. Any calcula-

tion ooeration so conditioned wil l be performed only when

overflow occurs.

IBl,l

i l u ! ! , u i  I n d r c i l o r s
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Assume,  fo r  e rxample ,  tha t  you  are  prepar ing  an  accounts
rece ivab le  rep ,or t  as  shown in  F igure  5_13.  On each page o f
the  repor t ,  you  w ish  to  have a  to ta l  showing the  amount  o f
a l l  accounts  rc .ce ivab le  on  tha t  page.  you a lso  w ish  to  f ind
the  to ta l  amount  o f  a l l  accounts  rece ivab le  on  a l l  pages .
Thus  a t  the  br_ 'g inn ing  o f  each page,  you must  s ta r t  accumu_
lating totals for that page. When overf low occurs you want
to  add the  amount  o f  the  accounts  rece ived (page to ta l )  to
f ina l  to ta l ,  p r in t  the  page to ta l  and then rese t  the  page to ta l
to  zero  so  tha t  you  can s ta r t  accumula t ing  to ta ls  fo r  the
nex t  page.  On ly  the  ca lcu la t io r rs  wh ich  are  to  be  done when
over f low occurs  a re  cond i t ionerJ  by  the  over f  low ind ica tor .
See F iqure  5 .  14  fo r  the  ca lcu la t ion  spec i f  i ca t ions .

Performing Calculat ions on the Basis of the Results of
Other Calculat ions

The va lue  o f  the  conten ts  o f  a  f ie ld  ra ther  than rne  occur_
rence o f  a  cer ta in  cond i t ion  can be  used to  de ter rn rne
whether  o r  no t  an  opera t ion  w i l l  be  per fo rmed.  you have
worked w i th  such s i tua t ions  a l ready .  For  example ,  you
have used a  f ie ld  on  an  input  record  to  < le te rmine  i f
p rocess ing  shou ld  be  done.  l f  the  f  ie ld  was pos i t i ve ,  you
wanted to  do  a l l  ca lcu la t lons ;  i f  i t  was  negat ive ,  you  d idno
calculations. (See Preventing Calculations When an Error
Occurs.l

For  the  s i tua t ion  jus t  s ta ted  the  conten ts  o f  an  input  f ie ld
determined what  ca lcu la t ions  ( i f  any)  were  done.  In  th is
sec t ion ,  however ,  emphas is  w i l l  be  p laced upon how resu t ts
ob ta ined in  a  ca lcu la t ion  opera t ion  can be  used to  oe ter -
mine  whether  o r  no t  o ther  ca lcu la t ions  are  per fo rmeo.

DATE 06/30/0

CUST IVO

ACCOUNTS RECE IVABLE  REGISTER PAGE 1

1 2093

12128

12206

12720

1 2803

128't5

1 2900

13260

13265

1 2390

1 4 6 1 9

ACCOUNT NAME

A A B Y ,  S H E L L E Y

A C K E R ,  A L V I N

A D A M S ,  C I N D Y

ADSON,  MARION

ANTON,  MONICA

A X F O R D ,  J O E

B A I L E Y ,  M A R L Y S

B A L Z U M ,  G E R A L D

BATTEY,  ADA

BEABOUT,  ABT

B E R G E R S O N ,  M .

B ILSTAD,  DON

INV DATE
MO/DYIYR

4t18 lO

4!181O

q l a a

4 l18 tO

411810

4118lO

4118/0

4 t18 lO

4t18tO

4l18lO

4t18/O

4t18lO

ACCOUNTS RECEIVABLE

86.40

403.1  0

345.05

700.60

1.253.40

48.52

107.05

345.1 0

316.05

43.60

1,129.02

4,943.24 PAGE TOTAL

F: igure 5-13.  Report  wi th page Totals
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M C I F I C A T I O N S

Figure 5-14,  Condi t ioning a Calculat ion by an Overf low Indicato;

Using the Besults of Arithmetic Operations

Consider how the result of a calculation can be used to de-
termine the need for  fur ther  calculat ions in  a b i l l ing pro-
gram. For each account, it is necessary to f irst determine
the amount owed by adding charges and payments (pay-
ments are recorded as negative numbers) to the balance due
at the beginning of the month. For any customer owing
money at  the end of  the month,  a serv ice charge of  1-1 l2
percent is added to the amount due. lf he has credit coming,
he must be sent a credit memo instead of a bil l . Thus a test
must  be made on the amount  due f ie ld to determine i f  i t  is
p lus or  minus.  l f  i t  is  p lus,  the customer owes money and
the service charge must be figured before the bil l  is printed.
l f  i t  is  minus,  he has a credi t  and must  be sent  a credi t  memo.
The card for the customer with a minus balance is stacked
into a special hopper. lt is later used in a credit memo run.

++ 1 2
- T - l  P f @ , a m

* " 1  
1  1 . ' *  r d e ; , i r c a r o .

R e s u  t  F l e l d

How can you cause a  tes t  to  be  made on the  da ta?  Remem-

ber  in  F igure  5-1  how you tes ted  fo r  a  minus  quant i t y .  By

enter ing  an  ind ica tor  {01-99 ,  H1-Hg)  in  co lumns 54-59,  you

can tes t  fo r  p lus ,  minus ,  o r  zero  depend ing  upon where  you

olace the indicator.

For  th is  p rogram,  ind ica tor  99  is  p laced in  co lumns 54-55

to  tes t  fo r  a  p lus  cond i t ion  (see F igure  5-15) .  When a  cont ro l

break occurs (al l  transactions for one account are processed)

and when 99 is on, the 1-1 12 percent service charge is found

and added to  amount  due (AMTDUE)  to  f ind  to ta l  amount

due.

l f  ind ica tor  99  is  o f f  (no  amount  due)  when the  cont ro l

break occurs, these last two operations are not performed'

TTTTTTI

I

CALCULAT ION SPECI  F ICAT IONS

a Figure 5-15.  Condi t ioning Calculat ions by an Indicator  Set  as a Resul t  of  an Ar i thmet ic Operat ion

: o
> z
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, ;
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The resu l t  o f  any  ar i thmet ic  opera t ion  (ADD,  SUB,  MULT,
DlV,  Z-ADD,  ;Z-SUB,  MVR)  can be  tes ted  by  spec i fy ing  re_
su l t ing  ind ica tors  in  co lumns 54"59.  The resu l t ing  ind ica_
tors  wh ich  are  se t  as  a  resu l t  o f  the  tes t  can  cond i t ion  those
operations whir:h are to be performed on the basis of the re-
sult  of that t€]st.

Using the Results of Compare Operations

In  a  compare  o lcera t ion  (COMp) ,  f ie lds  o r  l i te ra ls  o f  the
same type (a lp f ramer ic  o r  numer ic )  a re  compared to  each
, f ther  to  de ternr ine  the i r  re la t ionsh ip  to  each o ther .  Ind ica_
tors entered in ,cslgrn6, 54_59 are used to indicate whether
the  f ie ld  o r  l i te ra l  in  Fac tor  . l  i s  h igher  than,  lower  tnan,  o r
r :qua l  to  rhe  f ie ld  o r  l i te ra l  in  Fac tor  2 .

- [he  
resu l ts  o f  a  compare  can a lso  cont ro l  wh ich  ca lcu la t ions

s ;hou ld  be  done nex t .  For  examp{e ,  when do ing  an  inventory
and reorder  app l i ca t ion ,  the  compare  opera t ion  (COMp)
is  used to  de ter rn ine  i f  any  i tem needs to  be  reordered.  ln
t h e  e x a m p l e  s h o w n  i n  F i g u r e  5 _ 1 6 ,  t h e  f  i e l d  c a l l e d  M I N
(min imunr )  con ta ins  the  c r i t i ca l  reorder  po in t .  The f ie ld
O N H A N D  i s  c o r n p a r e d  t o  M l N .  l f  t h e  a m o u n t  o n  h a n d  i s
less  than or  equa l  to  MlN,  ind ica l .o r  99  is  on .  The reorder
c luant i t y  i s  ca lcu la ted  by  subt rac t ing  amount  on  hand f rom
the number  in  t l re  f ie ld  ca l led  MAX wh ich  conta ins  the
nnax imum numLrer  wh ich  shou ld  be  in  s tock .  l f  amount  on
l^and is  g rea ter  than MlN.  no  reorder ing  need be  done and
th is  ca lcu la t ion  s  no t  done.

Using the Results of the Test Zone (TESTZ) Operation

Another operation code, TESTZ, is available to test ctata
dur ing calculat ions so that  you can determine which cal_
culation to do next. TESTZ tests only the zone portion of
the leftmost character of an alphameric field. TESTZ does
not  test  speci f ica l ly  for  p lus,  minus,  or  zero;  h igh.  low,  or
equal .  Rather ,  i t  te l ls  you into which group of  zones the
zone tested fa l ls :

a The zones of  the character  & (ampersand),  A_l  cause
the Plus indicator  entered in  columns 54_bb to be turned
on .

o The zones of  the characters )  (bracket) ,  _  (minus) ,  and
J-R cause the Minus indicator  entered in  columns 56_57
to be turned on.

o The zones of  a l l  o ther  characters cause the indicator
entered in columns S8-S9 to be turned on.

The test zone operation could prove very useful in a large
bi l l ing appl icat ion.  Consider  the case of  a company which
nas so many accounts that  b i l l ing must  be d iv ided.  Customers
whose last names are in the first part of the alphabet are
bi l led on the 1sth of  the month;  a l l  o thers are b i l led at  the
last  of  the month.  The master  f i le  used in b i l l ing is  organized
in ascending order according to account number.

The records in this fi le could be sorted by name so that you
could d iv ide the f i le  for  b i l l ing.  However,  th is  f  i le  is  used
so often for other purposes that it is a waste of t ime to
repeatedly sort it according to name and then sort it again
according to account number.

RPG CALCULATION SPECIFICATIONS

r-r
P " r l  I  l o t

R6ul t  F ie ld

E

E

':

I
l

3

0
l f
o 1' .  
i

;l*+
t !

Figure 5-16'  condi t ioning calculat ion$ by an lndicator  set  as a Resul t  of  a compare operat ion
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!r better way to do the bil l ing is to test the name field in
each record to see in which part of the alphabet the name falls.
Eluring the first of the month, if the last name begins with
letters A-1, you wish to find amount due. TESTZ will test
tlhe first letter in the field and tell you in what part of the
alphabet it is. Figure 5-17 shows the calculation specifica-
tions necessary to bil l  customers whose last names fi l l  into
category A-1.

RPG CALCULATION SPECIFICATIONS

Figure 5-17. Conditioning a Calculation by an Indicator Sat .s a R6ult of tha TESTZ Operation

RPG CALCULATION SPECIFICATIONS

Fi5lrc 5-18. Uring TESTZ and Extcrnel Indicttort

Naturally at the end of the month you wil l want to bil l  the

rest of the customers. But you don't want to write another
program for end of the month bil l ing. So you write one
program to do both jobs and use external indicators to con-
dition the specif ications for each job (see Figure 5'18).
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Yuu can use TtjSTZ to test for any special code you ser up
by using the zone of a character. This is most often done'when you have no space on your records for any other kind
,of identifying irrformation. For example, when establishing
ir code for the F,ercentage of commission received by each
salesman, you could use the & to indicate 6 percent and
lthe minus (-) sign to indicate 15 percent. you would, of
course, have to punch this code in the leftmost position of
a numeric field because this is the position tested by the

TESTZ operation. Figure 5-19 shows how the code is
placed in the field containing salesman number. However,
you must define the field as alphameric since the TESTZ
operation can only be performed on an alphameric field.

Figure $20 shows the TESTZ used on the SALSNO (sales-
man number) f ield, which contains the commission code,
in order to f ind rate of commission. The results of the test
determines what other calculations wil l be done.

F o r m  c x 2 1 . S 9 3

P r i n € d , n  U . S . A

75 76 17 78 7g 80

S A L E S M A N .

Whose number is 17657779

Who earns 15% commission

Has 17657778 punched
in SALSNO fietd

Figure 5-19. Punching a Code

,"*lii",P,q,an fT-t-T-I-T-l
_ tdenr t r i ca t ion l  |  |  |  |  |  I

a 5 e a 7 . s a 9

p ? 0 3 r o . 0 3 6 o ? u r o r

^ B

8 a a
4  a  a  a o  a  a  a

2  a a  a a a  4

r  a a  a a a a  2
1

2 5 [ , , I m r c n ' :

a ^
^ a
2 4
a 2
B  

1 3  !  $ 3 . 3 '  r . ! ' s . '  . .  
" * " .  

* _  l

B a
4 8
z 4
1 2

! 5  ! a . 7  ! .  ! r r o  
" ,  " r  

r "  
" .  " " . "  

1

37@

CALCU LATTON SPECI FICATIONS

---_l Punchins
Pror .mmer  joa te  I  

In ( rucno.

Grd  E l€cro  NumEr

Figure 5-2O. Tosting a Fiold to Determine a Code
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C C } N T R O L L I N G  O P E R A T I O N S  O N  T H E  B A S I S  O F  T H E

N E : X T  R E C O R D  l N  A  F I L E

Sormet imes,  ca lcu la t ions  to  be  per fo rmed may deper rd  upon

in fo rmat ion  in  the  nex t  record  or  on  the  type  o f  the  nex t

record to be processed. For example, in a certain kind of
p rogram.  you migh t  want  to  bypass  ca lcu la t ions  fo r  the  cur -

ren t  record  i f  you  knowthe nex t  record  in  the  f i le  i s  iden t ica l .

The RPG f l  language has a special feature cal led look ahead,
wh ich  ex ter rds  the  bas ic  RPG l l  log ic .  l t  w i l l  a l low the  com-
puter  to  look  a t  in fo r rna t ion  in  the  nex t  record  to  be
processed wh i le  i t  i s  p rocess ing  the  cur ren t  record .  Th is

means tha t  in fo rmat ion  in  record  B can be  used wh i le  record

A is  be ing  processed.  By  us ing  th is  fea ture ,  you  can

write a program that uses information from the next record

ava i lab le  fo r  p rocess ing .

Look  ahead can be  used w i th  card ,  tape,  o r  d isk  input  f i l es .

Th is  sec t ion  d iscusses  look  ahead w i th  card  (MFCU)  and
d isk  f i les .  For  MFCM,  tape,  and o ther  f i les ,  the  concept

is  s ; im i la r .

Secondary
Hopper

Pr imary
Hopper

Processing Card or Disk Fi les l

MFCU Files; (Refer to the representation of the M FCU

card  pa th  in  F igure  5-21  dur ing  th is  d iscuss ion . )  As  Card

A is  read,  da ta  recorded on  i t  i s  t rans fer red  to  the  input

area .  The card  then moves on  to  the  wa i t  s ta t ion .  Accord-

ing  to  the  RPG l l  p rogram cyc le ,  in fo rmat ion  is  t rans fer red

from the input area to the processing area r ight before de-

ta i l  t ime.  A t  de ta i l  t ime,  then,  ca lcu la t ions  can be  done on

data  f rom the  card  pa th  wh ich  is  in  the  wa i t  s ta t ion  (Card  A) .

However ,  when look  ahead is  spec i f ied ,  another  card  (Card

B)  i s  read be fore  de ta i l  t ime opera t ions  are  per fo rmed in

the  cur ren t  cyc le .  Card  A is  s tacked and in fo rmat ion  f rom

Card  A is  moved to  the  process ing  area .  Then in fo rmat ion

on Card  B ius t  read is  t rans fer red  to  the  input  a rea  and is

ava i lab le  fo r  use  wh i le  p rocess ing  Card  A,  now in  the

stac ker.

Pri  nt
Stat ion

Punch
Stat ion

Pr imary
Wait  Stat ion

Card A is  stacked and data f rom card A

is moved to the processing area.

Before card A is processed, data from

card B is  read into the input  area,

where i t  is  avai lable whi le processing

card A.

.a>L---\ 
€>

FigureS-21 . The Look Ahead Function with a Card File

Control l ing Operat ions In An RPG l l  Program 5'17



Disk Files: Figure 5-22 shows processing of three of the
records f rom two d isk input  f  i les,  one pr imary anct  one
secondary.  The records avai lable for  look ahead dur inq the
processing of these records are:

Read first record
from pr imary f i le  (Pl  ) .  

i , t : : r i :

Match F ie ld 
'

Va lue

L

Record Processed

P 1

P2

S 1

Records Available

P2  and  S1

P3 and Sl

P3 and 52

- - - - J
I
I
I
I
I
I

-  -  -  _  _ J

Area into which records
are read (read areal.

Area into which records
are selected for
processing (process area).

Read Area

Process Area

L?Read secona
record from
primary f ile. ,,aLi

r . - _ . _  _ _ _ J

Select first record
from pr imary f i le
for processi ng,

Fitgwe 5-22 (Part I of 2).

5 . 1 8

P R I M A R Y  F I L E SECONOARY F ILE

1

lP2

2 2

(P4)

3

(P5

2

(P3l

2

(P4

3

(P5

Records Available for Look Ahead: Two Input Files



In general. when the record being processed is from an in-
prut  f i le ,  the next  record in  the input  f i le  is  avai lable as are
the records which were read but not processed from tne
other  f i les.

@neao tniru
record f rom

@

pr imary f i le .  . , i ,

i - - - - -

f  r om  p r ima ry  f i l e  f o r
processr ng.

Read  A rea

Process Area

6

(s3) (s4 )

3

(s5)

T

l -- l
L-1P-2]i  processed Records
l-1- 

- - -l

i--grl

Oru,.. ,  f i rst record from
seconda rv  f i l e  f o r  p rocess ing .

1 2 2

(s4

3

@*."0 second record
f rom seconda ry  f i l e .

Read Area

Process Area

Figure 5-22 (Part  2 of  2) .  Records Avai labte for  Look Ahead: Two Input  Fi les
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Checking for Duplicates

Duplicate records or records with duplicate fields are some-
times considered erroneous. Orrly one of the duplicates
should be used for the job.

Consider, for example, the case of a company which has a
large turnover in inventory items. Ouite frequently new
items are added and others deieted from the inventory. A
number for a deleted part is to be assigned to a new part.
Some nristakes have occurred, however, and one part num_
ber has been assigned to two clifferent items. As a result of
this error, inventory balances for these items have not been
updateo :orrectly. and errors have been made on customer
invoices.  l f  th is  s i tuat ion is  possib le,  a regular  check should
be made for duplicate part numlrcrs.

Each month, a report is created showing the complete in_
ventory. All part numbers are l isted on the report. you
could look through the report to check for duplicate part
numbers, but it would be easier and more accurate if you
rcould add a few specifications tlrat would check for dup-
licates and indicate on the report which item numbers are
rCuplicate.

By using the look ahead feature you have access to informa_
tion that is coming up. You can then use this information
to determine what operations to do. lf you are processing
a record with part number 64322, and you know that the
next record also has part number 64322, you can print a
message indicating duplicate part numbers, then halt. But,
if you are processing the record with part number 64322
and you do not know that the next record also has part
number 64322, you can do nothing special because you are
not aware that you are processing a record which contains
a duplicate entry.

Writing Specifications for Look Ahead

Any field which you want to look at in the next record to
be processed must be defined as a look ahead f ield. lf that
f ield is also used in normal processing (other than as a look
ahead field), it must be def ined in the normal way also.
Thus, most look ahead f ields wil l be specified twice.

Figure $23, l ines 01-05, shows specifications needed to
describe the input f i le used in preparing an inventory l isting.
When checking for duplicates, PARTNO is the field you
want to use when looking ahead at the next record; there-
fore, PARTNO must be defined as a look ahead field. The
specifications in Figure 5-23. l ines 06-07, do this.

Graoh ic C.rd Electo Numh'

I8M, , , " , . , , , " . " ,  
" , , ,nes  

Mdch,n€  co ,m.anon

Figure 5-23. Look Ahead Specifications

RPG INPUT SPECI FICATIONS GX21 9@4 U/M 050'
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All look ahead fields must be defined as being in a record
type different from the others defined. This is done by
using a unique alphabetic sequence entry in columns lS-,|6.
No record identifying indicator (01-gg) can be used. A
double asterisk ('*) is placed in columns l9-20 to specify
that the fields described in the following lines are look
ahead fields. Field location is also specified for look ahead
fields.

Every look ahead field must be named, but the name given
must be different than when it was described as a normal
input f ield. The same field is given two names so that you
can distinguish between the field on the record being
processed and that same field (the look ahead field) on the
record that is to be processed next (Figure 5-24).

NEXTNO refers to
posit ions 1-5 in the
record to be processed next.

PARTNO refers to positons
1-5 in the record currently
orocessed.

INPUT AREA

I
Iiriii:iriilii

a:ati ti:::
a a:; l ; l l |

tSiriii

ii'iiii','.#i
: t -rliilli
ntiiii:iilt

:iiiiiiiiiii.

Figure 5-24, Look Ahoad Field:

(PARTNO)

PROCESSING AREA

l l l l i lr, l .: ' , i i!iiii:ij:.:.:i:iiiiiiiii:,iiiiiiiiiii'iiliiiiiiiiiiiiili,i,,i,r,,,,,,

A FieH with Two Nam6

@
(NEXTNO)
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Using Loak Ahead lnformation

Now that  you have speci f ied the look ahead f  ie ld,  you can
use i t  as you would any other  f ie lc l .  The only except ions
are that  you cannot  use i t  as a resul t  f ie ld in  calculat ions,
nor  can i t  be b lanked af ter  for  output .

In  the l is t ing program, you have to make a compar ison
between part numbers from two records. lf pARTNO on
the record being processing is  the $ame as NEXTNO on the
n€xt record to be processed, you wish to print a message
in,Cicat ing dupl icate entr ies.  l f  the PARTNO and NEXTNO
fie lds do not  matc l r ,  there are no dupl icates for  that  par t
nurmber,  and the i tem is  merelv  l is ted.

Figure 5-25 shows speci f  icat ions for  the program. The opera-
t ion in  l ine 01 of  the Calculat ion sheet  compares the par t
number on the record being processed (PARTNO) to the
part  numher on the record coming next  (NEXTNO).  l f

they  are  equa l ,  ind ica tor  07  is  tu rned on .  Not ice  on  the
Output-Format sheet that when 07 is on, the word dup-
l ica,e is printed.

The SETON and SETOF opera t ions  in  l ines  02-04f  o f  the
Calc : r la t ion  sheet  a re  used so  tha t  the  computer  vv i l l  i n -
d ic . .e  a  dup l i ca te  when the  second record  hav ing  the  dup-
l i ca te  par t  number  i s  p rocessed.

Cons ider ,  fo r  example ,  records  A1 ,  A2,  and B.  T l re  f i rs t
two records  are  dup l i ca tes ;  the  th i rd  i s  no t .  Wher r  A1 is
processed,  the  program looks  ahead to  A2 and,  b \ r  com-
par ing ,  knows tha t  A2 is  the  same as  A1.  When A,2  is
processed,  the  program looks  ahead to  B .  The cornpare  w i l l
say  tha t  A2 is  no t  a  dup l i ca te  s ince  i t  does  no t  metch  B1.
But  A2 rea l l y  i s  a  dup l i ca te  because i t  i s  the  same as  A1.
Thus,  when process ing  A1,  you have to  se t  an  ind ica tor
wh ich  w i l l  be  on  when A2 is  p rocessed and wh ich  w i l l  in -
d ica te  tha t  A2 is  a  dup l i ca te  s ince  i t  matches  the  prev ious

record.

RPG CALCULAT ION SPECIF ICAT IONS

Fa..rat 2

P,oqram [-Tf fT n
r d e . r r ( a ' o n t  |  |  . l * L L l

**ff]'-*

C o m n i e r , c

i+
I
l

,,J
RPG OUTPUT SPECIF ICATIONS

l ; , " , " .  I  i  I  |  |  I  l  1 . . ' , , ' " " ' ^ \ - , ' ; ; - , ' lt  t - t  +  I  + - J  I  I
L P u n ' h t l l l l l L l  I

i  I  ;  I  I  
' , , " r ; ; n . " ,  

I

l . i  i  r1  iL__ l

-T-- 
I
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Figure 5-25. using lnformation from the Look Ahead Field to check for Duplicates
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W h e n  P A R T N O  e q u a l s  N E X T N O ,  0 7  t u r n s  o n .  T h i s .  i n
tu rn ,  causes  ind ica tor  51 ,  wh ich  is  used to  ind ica te  tha t  a
dup l ica te  record  is  p rocessed,  to  tu rn  on .  Dur ing  the  nex t
program cyc le ,  the  compare  does  no t  ind ica te  dup l i ca tes ;
there fore  07  is  no t  on .  But  51  rs  on ,  mean ing  tha t  the  rec-
ord  be ing  processed is  a  dup l i ca te  s ince  the  par t  number  on
i t  matched the  par t  number  on  the  prev ious  record .  There-
fo re ,  07  is  se t  on .  Remember  07  cond i t ions  those ou tpu t
opera t ions  wh ich  are  to  be  done f  o r  dup l i ca tes .

Perform detail
output

Perform detai l  calculat ions:
Compare  PARTNO f i e l ds :

12455  t o  12455
They  a re  equa i  so  t u rn  07  on
0 7  i s  o n  s o  S E T O N  5 1 .

Move data f rom record
selected into processing
area.  l f  Look Ahead is
used, read another record.
l f  cards,  the f i rs t  is  stacked.

o

Logic for Look Ahead

l nd ica tor  52  is  se t  on  in  l ine  03  to  ind ica te  tha t  the  las t
dup l i ca te  record  is  be ing  processed.  Ind ica tor  52  then con
d i t i o n s  l i n e  0 4  s o  t h a t  i n d i c a t o r  5 1  w i l l  b e  s e t  o f  !  a n d  n o t
ind ica te  dup l i ca tes  in  the  fo l low ing  cyc le .  F igure  5-26
shows the  program log ic  fo r  th is  j c lb .

a

a

Read a

Record

12455

Note :  Th i s  r eco rd  i s  r ead  on l y  i f
the Look Ahead feature is  used.

I t  l s  r ead  a f t e r  da ta  f r om the
f  i rs t  record is  moved into

a  t he  p rocess ing  a rea .

o

Turn  on  O
record identi tying
indicator 01

o

a

o

a

o

a

12455  DOOR KNOB 48  DTJPL ICATE

Figure 5-26 (Part  1 of  3) .

o
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12455 DOOR KNOB 48 OUPLICATE

12455 HINGE,6"  . , ,  90  DUPLICATE

a oa

l

I

I

I

I

I

I
I

J

o

o

o
Turn off
record identifying
indicator Ol

a

Y{"
1 2456

12455

Turn on
record identifying
indicator 01

o
Perform detoil

output

o
Perform detail calcul ati ons :
Compare PARTNO fietds:

12455 to 12496
Not equal so turn 07 off a

SETON O'l  and32 using St from
prev tous  cyc te .  SETOF 51 and 52

Move data f rom record selected

O 
into processing area.  l f  Look
Ahead is used,  read another
record.  l f  cards,  the f i rs t  card
is stacked.

o

Figure 5-26 (Part 2 of 3). Logic for Look Ahead

o

o

o
o
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12455 DOOR KNOB 48 DUPLICATE

1 2 4 5 5  H I N G E , 6 "  9 0  O U P L I C A T E

1 2 4 5 6  H | N G E , 8 "  7 5 a - , " "
o  o  / / -

/ r  o
r l
l it. ! '
nk;r--;;

)-r.;,qs{--a !
I F J

Turn of f
record identifying
indicator  01

Perform detail
output operations

Perform detai l  calculatrons:
Compare PARTNO f ieros:

12456 to 12457
a Unequal  so turn 07 of f .

a

Figure 5-26 (Part  3 of  3) . Logic for Look Ahead

o

a

e

Move data f rom record selected
into processing area.  l f  Look
Ahead is speci f ied,  read another
record.  l f  cards,  the f i rs t  card
is stacked.

Turn  on
record identifying
indicator 01

o

a

o

o

a
I
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Doing Special Operations When There is Only One Record
in a Group

It is often important to know if  and when you are process-
ing  the  on ly  record  in  a  g roup.  The program descr ibed in  the
fo l low ing  paragraphs  is  sucn a  case.

A report is prepared showing charges made by customers
dur ing  the  month  (F igure  E-271.  The input  f  i l e  i s  o rgan-
ized  in  ascend ing  order  by  cus tomer  number .  Dur ing  the
month some customers wil l  hav,a made one charge; others
severa l .

When only one charge is made per customer, the total l ine
is  near ly  a  dup l i ca te  o f  the  on ly  de ta i l  l i ne .  In  th is  case,
you do  no t  need to  p r in t  bo th  the  de ta i l  and  to ta l  l i ne  be-
cause the  to ta l  l i ne  w i l l  do .

But  how wi l l  you  know dur ing  any  one program cyc le
whether  the  cur ren t  record  is  the  on ly  one in  a  g roup?
You can f ind  ou t  by  look ing  a t  in fo rmat ion  on  tne  nex t
record .  Remember ,  any  t ime in fo rmat ion  f rom the  nex t
record is necessary to determine how to process the cur-
rent record, you must use the look ahead feature. Account
number  i s  es tab l i shed as  a  look  ahead f ie ld  in  th is  p rogram.
Any look ahead f ield specif ied applies to al l  record types. Thus
each record read contains infornration that wi l l  be looked at
before the record i tself  is processed. By looking ahead into
th is  f  ie ld  you w i l l  know whether  o r  no t  the  nex t  record
to be processed is part of a new group.

Whenever a record is read, the current ACCTNO field is
compared to the one coming up.  l f  the f  ie lds are equal ,  you
know you are processing a record that is not the only one
in a group.  Therefore,  a deta i l  l ine should be pr inted.  l f
the ACCTNO f ie lds are not  equal  and th is  is  the f  i rs t  t ime
the present account number has been encountered, the cur-
rent  record is  the only one in the group,  and the deta i l  l ine
should not print. Figure 5-28 shows the specifications for
the program.

MONTHLY CHARGES

ACCT NO NAME CHARGE

47653 JILL ARNDT a.97 1
5.99 ) Detail linat

n.87 )

47653 JILL ARNDT 34.98 r Tot.l

'[9832 NANCY BENNET 87.93 r Tot l

59821 JOAN BOND 7.42 Doralt

Figure 5-27. Format of Monthly Charge Report

IBIT
RPG INPUTSPECIFICATIONS GX2l  g  U/M050.

p n ^ r d , n  U S . A

75 76 77 78 79 80
r q , s m l t t t t t l

_  lden lne t ion l  |  |  I  j  |  |

T:--
I

I Pros.ammer I oare

Ca,d  E lec i ro  Numer

Figure 5-28 (Part 1 of 2l' Using Look Ahead to Determine When There is Only One Record in a Group
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CALCU LATION SPECI  F ICATIONS
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SPECIFICATIONS

Figure 5-28 lPart 2 of 21. Using Look Ahead to Dstermino When There is Only One Rscord in a Group

GX21m U/MoS'

P,q,!m TT-TT-IT]
_ lde^r l , conon l  I  I  I  I  I  I

C . rd  Erec to  Numhr

G r d  E l e c t o  N u h b '

Aq.mre. I  o.n

o
;

l i

l:

Fi lename

F
t:

"  ' '  ' '  ' ,  ' "1;

o

E

* ip Oulput Indrcato.s

Fae ld  Name
) | -*- ;^';.i;11.*J""',*f"" I l" ::-r 

-l

1  v *  |  I  r  i  a  I  J  l Y  o a r e  l
I  v *  |  N u  |  .  I  s  l r  I  F ' e r d t d t r l

|  * .  |  " *  |  .  j  c  l L  l z  z * .  I
l N o  I  N o _ . _ I  4 l p l M l  s u p p r e s l

Constanl or Edit  Wordo

t 9 t

E n d

z .AUTOR

n

I

h

c

I
I

t l
l <

1f
i12
l t q

fl;
t l
t h
l p1r
l 1 2

I'tAl
I l. I

Ft+tt
l.0

o 5

l o
t l
l o
T I
l o
T"l
T"1
l"l
E
T I
l o l
l o l-t--1
l o l

T;l

z
I

f

0

o

0

0

6

7

;
9

l l r

I

IJ t;
I l'tl o | | l f

Control l ing Operat ions In An RPG l l  Program 5-27



a

Doing Special Operations for the Last Record in a Group

In some programs,  i t  may be necessary to do specia l  opera-
t ions on the last  record of  a corr t ro l  group.  This is  because,
unless the last  record in  the contro l  group is  of  a d i f ferent
type (have d i f ferent  record ident i f  icat ion) ,  i t  is  impossib le
to know when you are processing the last  record in  the
group.  When al l  records are of  the same type,  you have to
know what  is  on the next  record before Vou know whether
or  not  you are processing the last  record in  the group.  To
look at  in format ion in  the next  record,  you must  use the
look ahead feature.

Figure 5-29 shows four records which are to be processed.
The f i rs t  three belong to one contro l  group;  the four th is
the beginning of  the next  groul : .  The last  record of  the
group ( the th i rd record in  th is  r :ase)  requi res specia l
processing.  In  order  to know vuhen the last  record in  the
group is to be processed, you ntust look at the accounr
number in  the next  record.  Wfren i t  is  d i f ferent ,  you know
that the last record in the grou;c is being prccessed.

Additional Points to Consider About Look Ahead

You must  consider  the fo l lowing th ings when you are
planning to use look ahead:

When look  ahead is  used w i t .h  a  combined or  uodate
f i le ,  and tha t  f i l e  i s  the  on ly  input  f i l e  in  the  program,

the  f  ie ld  looked a t  i s  no t  on  the  nex t  record ,  bu t  on
the record currently being processed. Therefore, there
is  l i t t le  use  fo r  look  ahead w i th  update  or  combined
f i les  in  a  s ing le  f  i l e  p rogram.  In  a  p rogram wi th  rnu l t ip le
input - type  f i les ,  look  ahead f ie lds  can be  usef  u l  in  update
and combined f  i les .  For  example ,  i f  two f  i l es  w i th  look
ahead f ie lds  a re  be ing  processed -  an  input  f i l e  and a
combined f i le  (o r  update  f i l r : )  -  look  ahead f ie lds  in  the
combined f i le  a re  ava i lab le  as  the  input  f i l e  i s  be ing
processed (see Figure 5-22).

Look  ahead is  never  used w i th  cha ined,  demand,  o r  ou t -
pu t  f i l es .

Only one look ahead record type specif icat ion may be
used fo r  a  f i le .  There  may be  severa l  f ie lds  l i s ted  under
that one record type specif icat ion however,

Any  look  ahead f ie lds  spec i { ' ied  app ly  to  a l l  t ypes  o f  rec-
ords  in  the  f  i l e .  There fore ,  a l l  records  read f  rom the  f  i l e
w i l l  be  t rea ted  as  i f  they  have look  ahead f  ie lds .

47654
(Account f ie ld

specified also as

a look ahead f ie ld)

In the processing of

th is record,  the Look
Ahead feature shows

that  the next  account
number  i s  d i f f e ren t .

Therefore,  th is is  the
last  record of  a group

and as such requires

specia l  operat lons.

Figure 5-29.  Using Look Ahead to Find Last  Record in a Group

MOVING DATA

You can ins t ruc t  the  program to  man ipu la te  da ta  in  many

different ways. You can cause data to be added, subtracted,
mul t ip l ied ,  compared,  tes ted  or  d iv ided.  You can a lso  cause
data to be moved. When data is moved, a copy of the data

in  one f ie ld  i s  t rans fer red  to  another  f ie ld .  In  the  process

of  t rans fer ,  i t  may or  may no t  be  changed depeno ing  upon
your  spec i f i ca t ions .

You may w ish  to  move da ta  fo r  many reasons ,  inc lud ing :

To save in fo rmat ion  f rom a  f ie ld .

To separate one f ield into 2 or more parts.

To  change a  numer ic  f ie ld  in to  an  a lphamer ic  f ie ld  o r

vice versa.

The preceding topics wi l l  be d iscussed later  in  th is  sect ion.
First, however, you must learn how to use the move opera-
tion codes.

3.

5-24



iSpecifications for Moving Data

-fwo 
operation codes can be used to move data: MOVE or

IVIOVEL. For  both operat ions Factor  2 and the Resul t
lF ie ld are a lways used.  Factor  2 may be e i the! .  a  f  ie ld or
constant .  Any condi t ion ing indicators mav be used.  How_
ever,  Factor  1 and resul t ing indicators may not  be speci f  ied.

-fhe 
MOVE operation code moves a copy of characters

sitarting from the rightmost position of Factor 2 into the
r ightmost  posi t ions of  the Resul t  F ie ld.  As a resul t  o f  the
rnove,  the contents of  the Resul t  F ie ld are changed,  but  the
contents of  Factor  2 remain the same. F igure 5-30 i l lus-
t rates the MOVE operat ion.

The MOVE operation code
moves a copy of characters
starting with the rightmost
position of Factor 2 into the
rightmost positions of the
Resul t  F ie ld.

1 2 3 4 5 6 7

1 2 3 4 5

Factor 2 When Factor 2 and the
Resul t  F ie ld are the same length
all characters in Factor 2
can be moved, Movement starts
with rightmost character of
Factor 2

Resul t  F ie ld

Factor  2 When Factor  2 is  longer than the
Resul t  F ie ld,  only the exact  num-
ber of characters needed to fill
the Result Field are moved from
the rightmost positions of Factor 2
into the Resul t  F ie ld

Resul t  F ie ld

Factor 2 When Factor 2 is shorter than
the Resul t  F ie ld,  a l l  characters in
Factor 2 are moved into the
rightmost positions of the
Resul t  F ie ld.  Al l  characters in the
Result Field to the left of those
moved in from Factor 2 remain
the same as they were
before the move.

Resul t  F ie ld

1  2 3 4 5 6 7

l f  the  Resu l t  F ie ld  i s  the  same length  as  Fac tor  2 ,  a l l  char -
acters in Factor 2 are transferred. However, i f  the Result
F ie ld  i s  shor te r  than Fac tor  2 ,  on ly  the  number  o f  charac-
te rs  needed to  f  i l l  the  Resu l t  F ie ld  a re  t rans fer red .  On the
other  hand,  i f  the  Resu l t  F ie ld  i s  longer  than Fac tor  2 ,  a l l
characters in Factor 2 are moved to the r ightmost posit ions

of  the  Resu l t  F ie ld .  The excess  le f tmost  charac ters  o f  the
Resu l t  F ie ld  remain  unchanqed.

The MOVEL opera t ion  is  jus t  the  reverse  o f  the  MOVE
operation; i t  moves a copy of the characters start ing from
the leftmost posit ion of Factor 2 into the leftmost posi-

t ions  o f  the  Resu l t  F ie ld .  F igure  5-31  i l l us t ra tes  the  MOVEL
opera t ion .

Figure 5-31.  MOVEL Operat ion Code

he MOVE L ooeration code
a copy of characters start

with the leftmost position of
Factor 2 into the leftmost
posi t ions of  the Resul t  F ie ld.

Factor 2

Resul t  F ie ld

Factor 2

Resul t  F ie ld

When Factor 2 and the
Resul t  F ie ld are the same length
all characters in Factor 2
can be moved. Movement starts
with the rightmost character of
Factor  2.

When Factor 2 is longer than the
Resul t  F ie ld,  only the exrct  num-
ber of characters needed to fill
the Result Field are moved from
the leftmost positions of Factor 2
into the Resul t  F ie ld.

When Factor 2 is shorter thgn
the Resul t  F ie ld,  a l l  characters in
Factor 2 are moved into the
leftmost positions of the
Resul t  F ie ld.  Al l  characters in the
Result Field to the right of those
moved in from Factor 2 remain
the same as they were before
the move.

Factor 2

Resul t  F ie ld

f:igure 5-30, MOVE Operation Code
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Account F ie ld

Read a Record

I N P U T
A R E A

PROCESSING
A R E A

Move data into processing area

INPUT
A R E A

l-l613r-l
t t

ACCT

ACCT

I
PROCESSING

A R E A

PROCESSING
A R E A

Move data into processing area

I  NPUT
A R E A

Iffi-l
l l

ACCT

I
I
I
I

PROCESSING
AREA

t l
ACCT

5-30

F'par'aF'orn-' I

f f ; l
t:-:]

ACCT

Figure 5-32. Dara in Storag€



Saving Information From a Field by Move Operations

Any in fo rmat ion  in  f ie lds  spec i f ied  as  input  f  ie lds  i s  nor .
rna l l y  on ly  ava i lab le  fo r  one program cyc le .  Each t ime a
rercord is read, information from the f ields on the new rec-
ord  rep laces  tha t  wh ich  was there  f rom the  prev ious  record
(see F igure  5-32) .

There  are  t imes,  however ,  when you w ish  to  save in fo rma-
t ion  f rom a  record  so  tha t  you  can have i t  ava i lab le  in  the
nL 'x t  p rogram cyc le .  For  ins tance,  you may want  to  check
t f re  conten ts  o f  a  f ie ld  in  o rder  to  de termine i f  a  f i le  i s  in
proper  sequence or  i f  i t  has  dup l ica te  en t r ies .  In  o roer  ro
d< l  th is ,  you  must  have the  da ta  f rom two f ie lds ,  the  f  ie ld
from the record just read and the f ield from the recoro
read in  the  prev ious  cyc le .

Cons ider  the  prob lem o f  check ing  the  sequence o f ,  and
f ind ing  dup l ica te  en t r ies  fo r ,  the  f  i l e  shown in  F igure  5"33 .
Sequence is  to  be  based on  ACCT (account  number )  and
must  be  ascend ing .  Any  dup l ica te  o r  ou t -o f -sequence rec_
ords are to be f lagged.

The program must  compare  the  ACCT f ie lds  f  rom two
records :  the  record  cur ren t ly  be ing  processed and the  pre_
v ious  record .  The cur ren t  account  f ie ld  shou ld  a lways  be
h i ,gher  than the  prev ious  account  f  ie ld .  Wou ld  the  spec i f  i -
cat ions in Figure 5-34 do the iob? They would not, De-
cause in  one program cyc le  the  f  ie ld  named ACCT a lways
has the  same in fo rmat ion  in  i t .  Th is  in fo rmar ron  is  taken
f rom the  record  jus t  read.  Jus t  because Vou use the  name
t \  / i ce ,  you  won ' t  ge t  two d i f fe ren t  ACCT f  ie lds .

-  -  
l ; ; ;_ - l

L t::::"

Record out  of  seouence

Figure 5-33.  Inpur Fie ld Sequence

1  2  r 5 b 7 7 7 8
- ' r

' * L l
, . 8 n

3
l

C A L C U  L A T I O N  S P E C T  F I C A T I O N S

Figure 5-34,  Sequence Checking ( lncomplete Speci f icat ions)
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I N P U T
A R E A

t-r6t5'-tl
t l

ACCT

T

/
I

,aoarrr,*o /
A R E A

ti6tsTl F6-'--l
l l - l l

ACCT move SAVE

Account f ie ld

I  NPUT
A R E A

PROCESSING
A R E A

I N P U T
A R E A

(@-7

r*-ll

INPUT
A R E A

ta
PROCESSING

A R E A

F6.t_l
t l

ACCT

ROCESSING
A R E A

tl6.' 
-l

t l

ACCT

Figure 5-35.  Moving Data to Save l t
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Threrefore, each time a record is read, you must save the in-
fonnration {rorn the ACCT f ield so that it is not destrcyed
when another  record is  read.  This you can do by moving
ACCT into another  f ie ld.  (F igure S-35 i l lust rates th is  con_
ceut. )

Figure 5-36 shows the specifications needed to do the job.
Assume that  you move ACCT into a f ie ld cal led SAVE.
The first srep is to compare ACCT with SAVE {which con-
tains the previous ACCT data). The second step is to move
ACCT into SAVE. In the f i rs t  program cycle,  SAVE wi l l
conta in a l l  zeros s ince a l l  numer ic  f ie lds are set  up wi th
zeros before the first record is read. I n the next cycle,
and a l l  cyc les thereaf ter ,  SAVE wi l l  conta in the ACCT f ie ld
from the previous record.

Maybe you are wondering why you woulcJ ever wanr to se_
qur)nce check by calcuiat ions instead of  us ing the RpG l l
automat ic  sequence checking funct ion which is  done merely
by speci fy ing a match f ie ld.  The answer is  that ,  wi th RpG
ll arutomatic sequence checking, any out-of-sequence card
wi l l  cause a hal t .  l t  you do not  wish to hal t ,  but  merely
wish to indicate out-of-sequence or duplicate cards, then
you must  do your  own seguence checking.  you could a lso
use the look ahead feature, since both look ahead and the
use of  moves in calcLr lat ions g ive essent ia l ly  the same resul ts .

Seprarating One Field Into Two parts

A company has designed its part numbers to contain two
diflerent kinds of infornration. The basic part number is
contained in the f irst three characters. The remaining f ive
characters contain the price. For example, in the parr num-
ber 65J00498. the basic part number is 65J and the price is
$4.198.  When prepar ing invoices,  i t  is  necessary to mul t ip ly
uni : t  pr ice t imes quant i ty  to  f ind the tota l  pr ice.  you don' t

I B l l ' l  " "  " , . , .  
i  : r N n M . c h . g c a o o , o n o .

want to mul t ip ly  the whole par t  number f  ie ld t imes quan"
tity just because the part of the field contains unit price.
Somehow, you must separate price from the rest of the
f  ie ld.

To do this you again use a move operation, you cannor
move the whole f ie ld in to another  f ie lc l  as was done in the
previous example.  This merely  creates a second f  ie ld iden-
tical to the first. You want only the last f ive characrers.
Therefore,  you must  move the f ie ld in to a S-posi t ion f ie ld.
This wi l l  l imi t  the move to f  ive characters (see Figure S-37) .

RPG CALCULAT ION SPECIF ICAT IONS
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Figure 5-37,  Separat ing the pr ice f rom the part  Number
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**lfr.,P'qram t 
-i*T 

T_lTl
i d e , t l . , ! o , i l  i  I  I

P A R T  N O

6 : s : J  . O : O : 4 : e . 8

o:o :4 :e :8

CALCT '  LAT ION SPECI  F  ICAT IONS

-t-

fi-lrlhri
Figure 5-36.  Soquence Cl . , " , ! t ing {Correct  Speci f icat ior"" l

Con t ro l l i ng  Ope ra t i ons  I n  An  RPG l l  P rog ram 5 -33



In  th is  case,  the  MOVE opera l ion  was used.  Why wou ldn ' t
the  MOVEL opera t ion  work  as  we l l?  Cou ldn ' t  you  rnove
le f t  in to  a  3 -charac ter  f ie ld  to  separa te  the  pr ice  f rom the
res t  o f  the  par t  number?  Renrenrber  tha t  a  r i love  leaves  th r . i
o r ig ina l  f ie ld  as  i t  was  be fore  Ihe  move.  MOVIL  does  no t
remove the  f  i r s t  th ree  charac t r : rs  f  rom the  or ig ina l  PARTNO
f ie ld .  l t  mere ly  cop ies  them.  You s t i l l  wou ld  no t  have the
un i t  cos t  by  i t se l f  .  Bu t  you  wou ld  have the  f )a r t  number  b '7
i tse l f  (see  F igure  5-38) .

Chang ing  F ie ld  Type (A lphamer ic  o r  Numerrc i

The par t  r tu rnber  i ie l r j  c r : rq ta ins  bo t i r  r : i : r l r l l r . ;  l r j r (J  a l l r l i ; r

be t ;c  charac ters  (sce  F igure  5 '3 l i ) .  i t  \ ,ou  \ ryar l t  i i i e  l ) r ' ( ! -
g ram to  work  r , ry i th  t l re  zone po i ' t i r r [  r r l ; r . . - i i : i r l r : t r : i  { t i s  r ' i

must  to  ge t  the  Ie i te r  J ) ,  yo l i  f rave  to  r i c l r r re  t .h r ;  i i r : ld  as

a l p h a m e r i c  ( b l a r r k  i r r  c r i r l L i r n n  5 2  o f  t h e  I n ; r t r t  r i , r ) r l i "  i i c i ' v

e v e r ,  y o u  c a n n o t  u s e  a i r  a i p h a n - r e r r c  l i t , i C  r i ! i r '  r t . l i r ) r a : i ( .  j . j l .

r :u la t ions .  l "o  f  i r rc i  to t ; r l  cos t . ,  yo i r  | - r r r . r . ' t t  i r ;L r i ; i r ; l y  r ] : r , i  l : ;  i  '  :

by  quant i t y .  T 'h is  i s  an  ar i l i r r . r re t i c  opcr i l . r rn ,  i . f  ru i  thc  r r . r l { i

H tus t  be  nurner ic .

What  do  you do  r f  yor . r  neerJ  o r 'e  f ie !d  tn  l i r  Cef i : r , ; r . j  ;11 ,  l - , , : t l r
a l p h a r r : e r i c  a n c l  r u r n e r i c ?  \ ' o u  c o r . r i i l  , , i , ' : , , , r  ! i  , , ' ' i e l f l  : , : ' : ; , '

on i ;e  as  r ru r r re r ic  and o i rcc . r t  a l ; - lnan : i , r rc .  i ,  I  i l r r i r r \ c ,  yv t r

wou ld  f ra l 'e  io  use  i ' . Jvo  na tne l  fo r  t t r ( '  : r3 . i r r  { re l r j  . , r : i  '  . ' r '  }
l i e ld  de f ined J 'o r  cne  typ ,e  o f  ie r ; l t -d  n rLrs t  i t6 rvc  d  r , ' r ,qua

narne.

You may a lso  use  a  Inove opera i i< - ; r r  to  ch ; i i rge  a  ; r , r i ' r r r . r  , c

f ie ld  in tn  an  a lpharner ic  { ie ld  o r  v ice , lu ;sa .  \ ' i } r . . : i r f r  r l r . i r ) ' - l€

f i t r lds  by :

Mov ing  an  a lphamer ic  { ie i r . . j  r ran ied  in  Fac l i i '  2  in to  a

n u m e r i c  R e s u l t  F i t : l d .

Mov ing  a  r rumer ic  f  ie l , . l  r t ; r r te r . l  rn  Fac lo r  2  i r t t -c ,  iL r r

a l p h a r n e r r c  R e s u l t  F i s l r l

F iqures  5-39  ans  5-40  Qive  the  ru les  l ' i i t  and  r r ta rnp ie ' i  i . ) t

the  var ious  types  o f  rnoves  you i ;a r r  n iake  tc ,  c l tangr :  a  t l . : ld

type.  F  igure  5-39  i l l us t ra te :  the  MOVI  opsra t i i - - ] r - !  a i rd  f : i t l -

r r re  5 -40  the  MOVEL opr . r ra t ion .  l f  you  do  nor ,  u r ;ders ta i id

resu l ts  ob ta ined in  the  low or , -Jc r  pos i t i r :n r ,  se . i  ih€  chdpter

entitled Working LUith Data Structures.,
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Figure 5-38.  Separat ing the Part  f rom the Part  Number (Using MOVEL)
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Factor 2 same length as Resul t  F ie ld

Factor  2
When rnoving an alphameric
f  i e l d  i n t o  a  r , umer i c  f  i e l d ,  t he
d;gi1 f ror t ion of  a l l  characters is

nroved. Tl re zone port ion of  thn

r ightmost character  is  a lso moved

and rrsed as the s ign.

w*l i ' : r r  rn*uing a i rLrnrer ic  f ie ld into

an alpharner ic f ie i i ,  a l l  d ig i ts  are
moveci .  i  i :e zone port ion of  the
r ightmost c l raracter  is  a lso moved.

i * r r r - i _ ; l
4"_*/

74r-rr-r;(
L1'i;' ,:J

Resu l t  F i e l r J

F lesu l t  F i e l d

'  
{ zone  o f  0

beconres sigrt
o f  Resu l t  F i e l d )

Factor  2

Wl ien moving an alphameric f ie ld
i n to  a  numer i c  f  i e l d ,  t hc  d i g i t
port ions of  only the numLrer of
characters needed to f i l l  the Resul t
Fie ld are moved. The zone por

of  the r ightrnost  character  is  a lso
rnoved and used as the s ign.

When nroving a numeric f ie ld

into an alphameric f  ie ld,  only the

nunrber of  d ig i ts  needed to f i l l

the Resul t  F ie ld is  moved. The

sign of  the r ightmost character

is  a lso moved.

(zone o{ 0
beconles s ign
o i  Hesu l t  r r e l d ,

Resu l t  F ie lc l

Factor  2 shorter  than Resul t  F ie ld

Resu l t  F i e l d

Factor  2
I

8 7 3 2 1 9

P t  |  |  |  t - r , i

8 7  3 2 ' , t  6 7
l i r l l l

Resu l t  F ie ld

When moving an alphanrer ic
f ie ld into a numeric f  ie ld,  the
c! ig i t  port ion of  a l l  characters
is moved. Ai l  characters in

the Resul t  F ie ld to the r ight
of  those just  moved in remain
the sanre as they were before
the move. Thus the s ign of
f ie ld does not  change.

When  mov ing  a  numer i c  t i e l d

l n to  an  a l phame f i c  f  i e l d ,  a l l  d i g i t s

are moved. Al l  characters in

the l - lesul t  F ie ld to the raght  of

those lust  rnoved in remain as theY

were before the move.

Figure 5.39.  MOVE Operat ions Involv ing Fie lds of  Var ious

Lengths and TyPes

Figure 5-40.  MOVEL Operat ions Involv ing Fie lds of  Var ious

Lettgths and TYPes
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Factor  2

Factor  2 same length as Resul t  F ie lc l

Resul t  F ie lc l
F actor 2

When moving an alphameric
f  ie lc i  in to a numeric f  ie ld,
the dig i t  r )or t ion of  a l l  characters
is moved. The zone port ior i  of
the r ightmost ch.rracter  is  a lso
moved and used as the s ig i i .

! { l ren nroving a numeric f  ie lc l
i n t o  an  a l pha rne r i c  f i e l d  a l i
d ig i ts  are 11365f, ; r rnd.  Tha s ign
tzone port ion) of  the r iqhtrn{}st
character  is  a lso moved.

Fac to r  2  l onge r  t han  Resu l t  F i e l d

Resu l t  F i e l d

Resu l t  F i e l d

When moving an alphameric
f ie ld into a numeric f ie ld,  the
digi t  port ions r : f  only the number
of  characters needed t t :  f i l l  rne
Resul t  F ie ld are nioved.  The zone
port ion of  the r ightrnost  character
is  o lso rnoved and userJ as the s iqrr .

When rnoving a nurner ic f  ie ld
i n to  an  a l pha rne r i c  f  i e l d ,  on lV  t he
number of  d ig i ts  needed to f  i l l
the Resul t  F ie ld is  moved. The
sign of  the r ightmost character
is  a lso moved.

Factor  2 shorter  than Resul t  F ie ld

Resu l t  F i e l d
Factor 2

When moving an alphameric
f ie ld into a numeric f ie ld,  tne
digi t  port ion of  a i l  characters
is moved. The zone port ion of
the r ightmost character  is  a lso
moved and used as the s ign.
Al l  characters in the Resul t  F ie ld
to the lef t  of  those just  moved
in remain the same as they were
before the move.

When moving a numeric f ie ld into
an alphameric f ie ld,  a l l  d ig i ts  are
moved. The s ign (zone) of  the
r ightmost character  is  a lso moved.
Al l  characters in the Resul t  F ie ld
to the left of those moved in
remain the same as before the nrove.

Resu l t  F i e l d

Factor  2

A B C D E F

Factor 2

Factor  2
I

A B C D E F
I

A B C M N O

' 1  2 3 4 : j 5

F aclor  2 ionger than Resul t  F ie ld



In order for the letter in the part number ever to be read,
compared,  or  pr in ted,  the f  ie id , , tust  be def  ined as a lpha_
mer ic .  When i t  is  t ime to mul t ip ly  pr ice t imes quant i ty ,  the
price portion of the f ielcl must be numeric. Therefore, when
using the MOVE operat ton to srsparate the uni t  cost  f rom
the rest of the part number, you should, at the same time,
change the a lphamer ic  uni t  pr ice in to a numer ic  uni t  pr ice
by moving i t  in to a numer ic  f ie ld.  To def ine a numer ic
f ie ld.  you must  speci fy  decimal  posi t ion a long wi th f ie ld
length {see Figure 5-41) .

lf the S-character unir cost had preceded the part number
( for  example,  004986SJ),  you vvould then use the MOVEI_
operation to get the unit cost alone" Remember, however,
that the zone of the rightmost character is used for the sign
of  the f ie ld (see Figure S-40) .  The zone of  the character  J
is  a minus s ign.  The pr ice wi l l  appear as negat ive.  This vou
would not want.

T IONS

The part  number f ie ld
is defined as alphameric
since no entry has been
made in column 52.

: iPG CALCULATIoN spEClF lcATl  oNs rThe pr ice  sec t ion
of the part number

numeric f ie ld.  Two
decimal places were
specified to show
the cents portion

of  the f ie ld.

Frigure 541. Changing a Field by ths MOVE Operation

When us ing  move opera t ions  to  change an  a lphamer ic  to  a
numer ic  f ie ld ,  keep in  mind  the  k ind  o f  s ign  (p lus  o r  rn inus)
each charac ter  w i l l  g ive  you:  a  _  (minus  s ign) ,  o r  J  th rough
R g ives  a  minus  s ign ;  the  res t  g ive  a  pos i t i ve  s ign .  l f  you  are
aware  o f  th is ,  you  w i l l  no t  ge t  unexpected  resu l ts .  S ince  no
s ign  is  invo ivec l  in  an  a lphamer ic  f ie ld ,  you  don, t  need to
wor ry  about  the  s ign  when c f rang ing  a  nu tner ic  to  an  a lDha_
mer ic  f ie ld .

B R A N C H I N G  I N  C A L C U L A T I O N S

The deta i l  and  to ta l  opera t io r rs  wr i t ten  on  the  Ca lcu ia t !on
sheet  a re  normal ly  executed  in  the  same or .c le r  as  they  are
writ ten. For each record selected for processing, the detai l
opera t ions  are  per fo rmed sequent ia l l y  f rom beg inn ing  to
end. l f  the record selected for processing causes a cf)ntrol
trreak, the total operations are performed, in the order
specif ied, before detai l  operations.

There are many t imes, however, when i t  is necessary rnat
opera t ions  no t  be  per fo rmed sequent ia l l y .  For  example .  in
one cyc le  you may w ish  to  sk ip  some ca lcu la t ions  or  to  c to
o thers  severa l  t imes.  In  th is  sec t ion  you w i l l  learn  to  a l te r
the  sequent ia l  p rocess ing  o f  ca lcu la t ions  us ing  the  most
e f f i c ien t  cod ing .

Bypassing Calculat ions

So far you have been bypassing operations by the use of
ind ica tors .  For  each ca lcu la t ion  cond i t ioned by  ind ica tors ,
a check is made to see i f  the condit ion set by the indicators
is satisi fed. (When several sequential operations are condi-
t ioned by  the  same ind ica tor (s ) ,  the  tes t  i s  on ly  n rade on  the
f  i rs t  opera t ion . )  i f  the  cond i t ion  is  sa t is f  ied ,  the  opera t ion
is performed. Calculat ions are bypassed or omitted when
cond i t ions  are  no t  sa t is f ied .  When bypass ing  ca lcu la t inns
in  th is  way,  the  program has  to  check  the  cond i t ions  se t  fo r
the operations to determine whether or not to do them.
Th is  requ i res  t ime and s to rage space ins ide  the  computer .

Another  way to  bypass  ca lcu la t ions  is  to  b ranch arouno
them. With the latter method, the indicator sett ing for
each operation is not checked. When the branch is taken
around operations, the operations are just skipped (see
Figure 5-42, insert A).

Two operation codes are used for branching: GOTO and
TAG. GOTO is the code which causes a branch to another
spot in the calculat ions. The TAG operation gives the name
and location of the spot to which the GOTO operation
branches. GOTO causes a branch; the TAG code does
nothing but act as a nametag.

,.,"[]:],
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Figure 5-42, insert B, shows how GOTO arrd TAG are speci-
fierd. GOTO signals a branch to the spot named in Factor 2.
This name must also appear in the TAG statement, where
it is entered in Factor 1. The rules for forming a name for

GOTO and TAG are the same as those for forming any field

name.

A GOTO statement can be conditioned by an indicator, but
aTAG cannot .  When a GOTO is  not  condi t ioned,  a branch
occurs in every program cycle.

In the example shown in F igure 5-42,  the GOTO operat ion
is  done only when 01 is  on.  l f  the condi t ion is  sat is f ied,  a
branch is taken to that point in the program where the same

NEXT is  found.  NEXT is  the name of  the TAG statement .

Any operations between the GOTO statement and the TAG

statement (those specified in l ines 03-05) are skipped. TAG

does nothing, so the next operation performed is the SUB

instruct ion in  l ine 07.

lf branching were not done, the three operations skipped

by the branch would have to be conditioned by NO1 so

that  they would not  be done when 01 turned on.  And,  of

course, a check would have to be made in each program

cycle to determine if the operations should be done or not.

There are many s i tuat ions in  which branching wi l l  he lp you

write more efficient and effective programs. The following

sect ions wi l l  expla in more fu l ly  the use of  GOTO and TAG.

) sl in tnese

) operations if

!  o t  i s  on .

RPG CALCULAT ION SPECIF ICAT IONS

Figure 542. Bypassing Calculations by Branching Around Them
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Branching When Different Rec(rrd Types Require Different
Operations

When do ing  d i f fe ren t  opera t ions  f  o r  d i f fe ren t  recoro  types ,
you use the  record  ident i f y ing  ind ica tors  to  show what  opera_
tions shr:uld be done for each rr-.cord type read (see Figure
5-43) .  When you have severa l  record  types  and each type
requ i res  severa l  opera t ions ,  you  can see tha t  many cond i t ion-
ing  ind ica tors  a re  necessarv .

For  s i tua t ions  l i ke  th is ,  you  can branch d i rec t l y  to  tne  se t
o f  ca lcu la t ions  wh ich  shou ld  be  done fo r  the  record  type
jus t  read.  When those ca lcu la t ions  are  done,  you can then
branch to  the  end o f  a l l  ca lcu la t ions .  Th is  e l im ina tes  check-
ing  opera t ions  to  see i f  a  se t  o f  t ;a lcu la t ions  shou ld  be  done
for the record type being processed. In fact, record identi fy_
ing  ind ica tors  do  no t  need to  be  spec i f ied  fo r  the  ind iv idua l
opera t ions .  F igure  S-44 shows the  recommended branch ing
structure used for dif ferent recorcl types which require dif-
fe ren t  opera t ions .  Us ing  th is  s t ruc tu re  no t  on ly  makes your
programs more eff icient but also makes them easier to under-
stand and document.

Consider the use of such a branching structure in a sates
analysis program. Each day the manager of a retail store
wishes to know total cash sales, total charge sales, and total
refunds. The input f i le, arranged in ascending order by ac_
count number, contains four different record types:

1. Charge records record total charges and refunds (if
any)  for  a par t icu lar  account .

2. Payment records record any payments received. They
are inc luded in the f i le .  but  are not  needed in th is  job.

3. Refund records record any refunds made for an ac-
count. No cash and charge sales were made by this
customer.

4. Cash sales records record total cash sales and cash re_
funds ( i f  any)  for  a par t icu lar  account .

RPG CALCULAT ION SPECIF ICAT IONS
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Frigure 543. Operations performed for Different Record Types
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These operations are

on record type 01.

on record type 02.

This operat ion is  done
on record type 03.
These operations are

on record type 04.
This operation is

on record type 05.

These operations are
done on record type O6.
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Figure 544. Recommended Branching Structure
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Figure 5-45. Sales Anatysis Job



Figure 5-45.  inser t  A,  shows the input  speci f icat ions for  a l l
necord types. Notice the record identifying indicators as-
signed to each record type.

In the calculat ions,  a l l  charges,  cash sales,  and refunds are
tota led.  l f  a  refund is  g iven a long wi th the cash or  charge
:sales for an account, the amount of the refund is subtracted
from the amount of the cash or charge before the cash or
,charge is added to the total. Figure 5-45, insert B, shows
the calculat ion speci f  icat ions for  the job.  As you see,  the
recommended branching st ructure was used.  l f  a  charge
record ( type 01 )  is  read,  a branch is  taken to ROUT01 .  Cal-
culat ions speci f ied in  l ines 06-08 are per formed.  Then a
branch is  taken to END, for  there are no more operat ions to
do for that record. Branching for record types 03 and 04 is
handled in  the same way as for  record 0 ' l  .  However,  when a
payment  record is  read (02 turns on)  no calculat ions are per-
formed because th is  job is  not  concerned wi th payments.
Therefore,  a branch is  taken to END, In th is  way a l l  ca lcula-
tions are bypassed. They are not even checked to see if con-
di t ions establ ished by indicators are sat is f ied.

Eranching in a Matching Records Job

Suppose that you are doing a matching record job which re-
qui res that  a l l  ca lculat ions be done when records match"
Al l  speci f icat ions can be condi t ioned by MR (see Figure
5-46) ,  or  GOTO and TAG can be used to branch around a l l
ca lculat ions when records do not  match (see Figure 5-47) .
In th is  example,  GOTO is  condi t ioned by NMR. When rec-
ords do not  match,  a l l  ca lculat ions are sk ipped and a branch
to END occurs.

RPG CALCULAT ION

RPG CALCL 'LAT IO

Figure 5-47. Branching in a Matching Records Job

Branching When An Errar Condition Occurs

Branching is  an easy way to bypass a l l  ca lculat ions which

should not be performed when an error occurs. Figure 5'48

shows an example of  th is .

RPG CALCULAT IO
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Figure 5-48.  Branching When an Error  Occurs
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Figure 5-46. Conditioning all Specifications by MR
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Branching at Different points in the progrant

Wi th in  one program you may use any  number  o f  GOTO
and TAG operation codes. One or more GOTO statements
may have the  same name (F igure  5_45,  inser t  B ,  l ines  02 ,0g ,
and 12l, .  However, each TAG must have a dif ferent name.
l f  two TAGs had the  same name,  your  p rogram wou ld  no t
know where  to  b ranch.

Branching at Detail and Total Ti.me

You may branch f rom one de ta i l  ca lc r , r lp t ion  to  another  de_
ta i l  ca lcu la t ion  or  f rom one to ta l  ca lcu la t ion  to  anotner
l lo ta l  ca lcu la t ion .  However ,  you  cannot  b ranch f rom a  de-
t ra i l  to  a  to ta l  ca lcu la t ion  or  v ice  versa .

lSranching Backward

l io  fa r ,  you  have learned on ly  about  b ranch ing  fo rward  in
order  to  sk ip  s ta tements  tha t  yoLr  do  no t  w ish  to  per fo rm.
The GOTO s ta tement  can a lso  branch backward .  In  th is
vvay you can go back to statements that were already done
in  o rder  to  do  them aga in .

Do ing  the  same s ta tements  over  and over  aga in  in  one pro-
gram cycle is cal led looping. The statements done several
t imes in  one cyc le ,  p lus  the  branch ing  s ta temenr ,  maKe up
the loop. Figure 5-49 shows the b,asic structure of a loop.

V/hen wou ld  you want  to  b ranch backward? Suppose you
\  /an t  to  p r in t  ou t  severa l  ma i l ing  labe ls  fo r  each cus tomer
by using the EXCPT operation code (see Repeti t ive Output
(t=XCPT Operation) in the chapter, prr,tgrammed Control of
Irtput and Output for an explanation of the EXCpT opera_
t ion) .  EXCPT is  used to  wr i te  severa l  ou tpu t  records  in  one
program cyc le .  l f  you  want  to  pu t  ou t  25  mai l ing  labe ls  fo r
Joe Aaron. you would have to write the EXCPT operation
215 t imes -  one t ime fo r  each record .  However ,  ins tead o f
wr i t ing  EXCPT 25 t imes,  you cou ld  use  a  loop.  One EXCpT
code is specif ied. l t  is performed and then a bacKward
branch is  taken so  tha t  EXCPT wi l l  be  done aqa in .

Figure 549. Structure of a Loop

Look a t  F igure  5-50 .  The loop jus t  descr ibed is  coded here .
But  look  a t  what  w i l l  happen:  An EXCpT record  w i l l  be
pr in ted ;  a  backward  branch w i l l  cause the  EXCpT to  be  done
aga in ;  then another  b ranch,  and another  EXCpT.  When
would  execut ion  o f  the  s ta tements  in  the  loop end? As
coded here ,  execut ion  o f  these s ta tements  wou ld  go  on  in_
def  in  i te ly .

You want  to  s top  pr in t ing  mai l ing  labe ls  fo r  Joe  Aaron a f te r
25 have been made. Therefore, you have to keep track of
the  number  p r in ted .  Th is  i s  done th rough the  use  o f  a  soe-
c ia l  count  f  ie ld  wh ich  is  cons tan t ly  updated  to  re f  lec t  the
number  o f  t imes loop ing  has  occur red .  F igure  5_51 shows
the way th is  i s  done.  A t  the  beg inn ing  o f  each cyc le ,
COUNT,  the  f  ie ld  used to  keep t rack  o f  the  number  o f  rec_
ords  pr in ted ,  must  be  zero .  Each t ime a  record  is  pu t  ou t ,
1  i s  added to  COUNT.  COUNT is  then compared to  25 ,  the
number  o f  ma i l ing  labe ls  des i red .  When COUNT equa ls  2b ,
ca lcu la t ions  w i l l  be  comple te  fo r  tha t  p rogram cyc le ,  and
loop ing  w i l l  s top .  When COUNT is  less  than 25  ( ind ica tor
10  is  on) .  a  b ranch is  taken back  to  the  beg inn ing  o f  the  ca l -
cu la t ions  so  tha t  they  can be  done aqa in .

In  th is  example ,25  mai l ing  labe ls  a re  c rea ted  each cyc le  ( fo r
each re;ord read). l f  a dif ferent number of records are re_
qu i reC to  be  pr in ted  or  punched fo r  each cyc le ,  you  have to
comDare the COUNT f ield to another f  ield which contains
the  number  o f  records  to  be  pu t  ou t  in  tha t  cyc le  {see F igure
5.r2t.

RPG CALCULAT ION SPECIF IC

Figure 5-50.  An Uncontrol led Loop
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Figure 5-51, A Controlled Loop
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Figure 5-52. Printing a Various Number of Records in Each Cycle
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You can have as many loops in your program as you need.
You can even have one loop wi t :h in another  loop (see Fig_
ure 5-53,  inser t  A) .

Keep in mind,  however,  that  an uncontro l led loop is  an end_
less loop. Each loop you create must be controlled so that
i t  wi l l  be per formed only a l imir ted number of  t imes,  Always
set  up a condi t ion which when t ia t is f ied wi l l  cause looping
to stop (see Figure 5-53,  inser t  l l ) .

US ING SUBROUTINES IN  CALCULATIONS

A rout ine is  something done overr  and over  again"  The cal_
culat ions in  your  program can be cal led a rout ine because
the operat ions are done again ard again (on each program

cycle). A subroutine is a routine that is part of another
rout ine.  That  is ,  a  subrout ine is  a group of  operat ions that
can be used by the main rout ine several  t imes in the same
program cycle. A subroutine can also be a sequence of
operations that is coded once and included in several dif_
ferent programs.

Subroutines can be used to:

.  E l iminate dupl icate coding by per forming the same cat_
culat ions several  t imes in the same program cycle or  in
several different programs.

o Reduce the storage requi rements of  RpG l l  programs
(see Controlling Overlay by Using Subroutines in this
chapter) .

RPG CALCULATION SPE

The backward branches
wi l l  be done only when
condi t ions are sat is f  ied.F:igure 5-53. A Loop Within a Loop
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tJsing Subroutines to do the Same Calculat ions Several
. l l imes 

in One Cycle

In  many o f  your  p rograms,  the  same opera t ion(s )  may be
requ i red  severa l  t imes in  one cyc le :  When cod ing  the  job ,

\ /ou  can spec i fy  the  opera t ions  as  many t imes as  needed.
Th is  o f ten  invo lves  la rge  amounts  o f  cod ing ,  however .  l f
the  same opera t ions  are  to  be  done severa l  t imes in  succes .
s ion ,  you  can o f ten  use  loop ing  to  reduce the  amount  o f
cod ing .  Th is  was exp la ined in  the  prev ious  sec t ion .

lVhat  i f  the  same opera t ions  are  no t  done severa l  t imes in
success ion ,  bu t  a re  per fo rmed,  ins tead,  a t  manV d i f fe ren t
po in ts  in  your  p rogram? Creat ing  a  loop cou ldn ' t  work  in
th is  case.  As  an  example ,  cons ider  the  job  wh ich  c rea tes  a
week ly  sa les  commiss ion  repor t .  The repor t  des i red  (F ig -

ure  5-54)  shows two th ings :

1 .  To ta l  commiss ion  earned bv  each sa lesman.

21. .  To ta l  commiss ions  pa id  in  each d is t r i c t

lFigure 5-54. Sales Commission Report

T h e  a r e a  i n  w h i c h  a l l  s a l e s m e n  w o r k  i s  d i v i d e d  i n t o  t h r e e
d i s t r i c t s :  A ,  B ,  a n d  C .  S o m e  s a l e s m e n  w o r k  i n  o n l y  o n e
d is t r i c t .  Others  may work  in  par ts  o f  two or  more  d is t r i c ts .

F o r  e a c h  s a l e s m a n ,  t h e  i n p u t  f  i l e  c o n t a i n s  a  r e c o r d  f o r m a t -
ted  as  shown in  F igure  5-55 .  The amounts  in  the  d is t r i c t
f  ie lds  show to ta l  week ly  sa les  made by  tha t  sa lesman in
each d is t r i c t .  l f  the  sa lesman d id  no t  work  a  d is t r i c t  o r
made no sa les  in  tha t  d is t r i c t .  the  f ie ld  conta ins  a  ze to .

The repor t  must  conta in  the  commiss ion  earned in  each d is -
t r i c t  b y  e a c h  s a l e s m a n .  I n  a d d i t i o n ,  t o t a l  c o m m i s s i o n  m u s t

be  accumula ted  f  o r  each sa lesman and f  o r  each d is t r i c t .  The
percentage o f  comm iss ion  is :

.  3  percent  o f  the  gross  sa les  .01  to  1  000.00  do l la rs .

o Plus 2 percent  of  the gross sales 1000.01 to 5000.00
do l l a r s .

o P lus  1  percent  o f  the  qross  over  5000.00  do l la rs .

5-45

COMMISS ION REPORT

Salesman

Joe Arness

Bob Brown

Char les But ler

Dist A

4 1 . 9 3

26,98

Dist B

23.16

1  1 3 .  1 6

449. 1 6

Dist C

9.43

24.93

109.38

Total

74.52

138.@

585.52

SALESMAN

2  3  4  5  { i  7  A  9 r 0 r 1 r ? 1 l ' 4 r 5 1 6 , t t 1 9 2 t ? 1 2 2 2 1 2 4 1

D I S T
A

r  ? i  2 8 : ! : 0  3 t  i

DIST
B

I  l i  l :  -16  - l i  l3  l

D I S T

l l 4 1 4 ? . 3 4 1 4 i 4

\

)  4 8  4 3  5 C  5 r  5 : 5 i  5 !  5 5  5 6  5 ;  5 3  5 9  6 1

Figure 5-55. Input Record for Sales Commission Report
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Figure  5-56  shows the  ca lcu la t io ,ns  ne t r tJed  t i ;  l i i r c j  r . l re  j r i fo r -
mation required for the report.  you f irst compare uie cori_
ten ts  o f  each d is t r i c t  f ie ld  to  zero  to  f ind  ou t  i f  the  sa ies-
man so ld  any th ing  in  tha t  d is t r - i c ; t .  l f  i t  i s  r . ro t  zero ,  vou  ca i -
cu la te  the  commiss ion  (COMM) ea lned.  you then ac jd  cc ln l ,
mission earned to total commission for the salesrnan
(MANTOT) and to total cornmi:rsion paid in each distr ict
(TOTALA. TOTALB, or T0TAt_C).

The calculat ions needed to f ind r totnmiss ion earned are the
'same for  each d is t r ic t  (F igure b-116,  inser ts  A,  ts ,  C,  l ines
,3-16) .  WhV code these calculat ions t i r ree t inres? Why not
code them once and branch to thern each time thev are
needed? (See Figure F-57.)

lJs ing the branchinE you have learned about  so far ,  the
Lrra i rch ing that  uses GOTO and TAG, you could easi ly
Lrr 'arch ro the celculat ions needed to f ind commission.  But
since you co,.rld branch to them from three different places,
i t  would be d i f { icu l t  to  determine to which point  in  the
caiculat ions you should return.  You could return to the
point where totals are accumulated for district A, the point
thuy are accumulated for  d is t r ic t  B,  or  the point  they are
accumulated for  d is t r ic t  C.  lmagine the number of  ind ica-
tors and SETON and SETOF operat ions necessary to do
th is .  Wouldn ' t  i t  be n ice i f  the program woulcJ automat ica l ly
go back to the point from which it branched?

RPG l l  can do th is  through the use of  a subrout ine.  your
ent i re program is  the main rout ine.  The operat ions to be
performed several t imes in the program cycle make up a
subrout ine.  In  th ls  case,  the main program uses the sub-
rout ine to f ind commission earned.

I
I  IBM 
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Figure 5-56 (Part 1 of 2), Calculations for Sales Commission Frogram
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RPG CALCULA-
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But this:
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=\i\
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/---/ -r'
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" .ra-

Accumulate totals

Calcu late
Commission

Firgure 5-57. Branching to Similar Calculations

Figure 5-58. Structure of a Subroutine

Calling the Subroutine

When using GOTO and TAG, you use a GOTO operation
code to branch to the next operation to be performed.
When you do the operat ions in  a subrout ine,  you do not
branch to the subroutine; you cal/ it.

When you cal l  a  subrout ine,  you use the execute subrout ine
(EXSR) operat ion code.  This operat ion code can be p laced
anywhere in  the calculat ion operat ions.  Whenever the
EXSR operat ion code is  encountered,  a l l  operat ions in  the
subrout ine wi l l  be per formed.  Af ter  the subrout ine has
been executed, RPG ll branches back to the marn program
and continues execution with the next statement after the
EXSR statement  (F igure 5-5g) .

Factor 2 must contain the name of the subroutine to be
executed. This same name must appear on a BEGSR
instruct ion.

Sptecifications for Coding a Subroutine

subrout ines are speci f ied on the carcurat ion sheet  af ter  ar l
detail and total operations. Every statement in the sub_
routine must be identif ied as part of the subroutine by the
let ters SR in columns 7-g.  (Se" F igure 5_Sg.)  In  addi t ion,
two operation codes, BEGSR and ENDSR, are needed to
establ ish the beginning and end of  the subrout ine.

Every subrout ine used in the program must  have a unique
name. The ru les for  forming a subrout ine name are the
sarne as those for forming a field name. The name must
appear in Factor 1 on the same liner as the BEGSR opera-
tion code.
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Main Program Subrout ine

E X S R

Figure 5-59.  EXSR (Order in Which Calculat ions are Performed)

RPG INPUTSPECIF ICAT IONS

Figure 5-60 (Part  1 of  4) .  Sales Commission Program (Using a Subrout ine)
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By  TNL :  GN21 -5389

Fields Used in a Subroutine

The same f ie lds  can be  used by  bo th  the  subrout ine  and the

main  rou t ine .  You may de f  ine  the  f ie ld  in  e i ther  rou t ine .

However ,  the  name and charac ter is t i cs  o f  the  f ie ld  must  be

the  same in  bo th  rou t ines .

The f ie lds  you de f ine  in  a  subrout ine  shou ld  be  genera l  so
tha t  they  app ly  to  a l l  s i tua t ions  fo r  wh ich  a  subrout ine  is
used.  For  example ,  i f  D ISTA is  used as  the  f ie ld  name in  a
subrout ine  to  ca lcu la te  d is t r i c t  sa les ,  you  a lways  take  in -
fo rmat ion  f rom the  DISTA f ie ld  when ca lcu la t ing  commis-
s ion .  However ,  you  want  the  rou t ine  a lso  to  hand le  in fo r -
mat ion  f rom the  f ie lds  DISTB and DISTC.  Us ing  spec i f i c
f ie lds  l im i ts  the  cor rec t  use  o f  a  subrout ine  to  one s i tua t ion .

Ins tead,  i f  you  use a  genera l  f ie ld  name such as  SALES.  th is

one subrout ine  can be  used to  ca lcu la te  commiss ion  in  a l l

th ree  d is t r i c ts  (F igure  5-60 ,  inser t  C) .  However ,  because

there  is  no  input  f ie ld  ca l led  SALES,  you shou ld  use  the
Z ADD opera t ion  code to  p lace  in fo rmat ion  in  th is  f  ie ld
(F igure  5-60 ,  inser t  B) .  The in fo rmat ion  in  the  appropr i -

a te  d is t r i c t  f ie ld  (D lSTA,  DISTB,  o r  DISTC)  is  moved in to

the  f ie ld  ca l led  SALES before  the  subrout ine  is  executed .

When f ind ing  commiss ion  earned in  d is t r i c t  A ,  DISTA is
moved in to  SALES;  when f ind ing  commiss ion  earned fo r

d is t r i c t  B ,  DISTB is  moved in to  SALES,  e tc .  In  th is  way,
you ensure  tha t  the  subrout ine  uses  the  cor rec t  in fo rmat ion

e a c h  t i m e  i t  i s  c a l l e d .

1  2  7 5 t 6 1 7 1 8 1 9 a O
P'^.,,r r-rTfI_nPreL- f ]  ' I .  
" " . " ' * ' -L l  I  r r  r
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Figurer 5-60 lPart 2 ol 4). Sales Commissio,n program (Using a Subroutine)

Using Subroutines in the Sales Commi:sion Report Example

Now tha t  you  have learned how subror_r t ines  are  used,  de-
f ined,  and executed ,  see  how they  are  used in  the  sa les  com-
miss io r l  repor t  p rogram.  A l r  spec i f i ca t ions  are  shown in  F igure
5-60.

F i rs t  a  record  is  read.  Now commiss io r r  earned in  each d is -
t r i c t  must  be  ca lcu la ted

1.  DISTA is  compared to  zero  to  ser :  i f  the  sa tesman so ld
any th ing  in  tha t  d is t r i c t .  l f  the  f ie ld  i s  g rea ter  than
zero ,  commiss ion  must  be  ca lcu la ted .  l f  the  f  ie ld  i s
zero ,  a  b ranch is  taken to  B ,  where  another  compar i_
s ,cn  is  made.

2 .  Before  the  subrout ine  can be  ca l led ,  i t  must  be  sup_
p l ied  w i th  the  cor rec t  amount  o f  sa les .  Thus ,  the  con-
ten ts  o f  DISTA are  moved in to  Sr \LES.

The subrout ine  is  ca l led  by  the  EXSR opera t ion  cooe.

The commiss ion  is  ca lcu la ted  by  opera t ions  spec i f ied
in  the  subrout ine .

The subrout ine  is  f  in ished when ENDSR s ta tement  i s
executed .  The ins t ruc t ion  fo l low ing  EXSR is  exe_
cuted .  The commiss ion  found by  the  subrout ine  is
added to  the  to ta l  commiss ion  earned by  the  sares-
man (MANTOT)  and to  the  to ta l  commiss ion  pa id  in
the  d is t r i c t  (TOTALA) .

Now DISTB is  compared to  zero  to  see i f  commrss ion
earned shou ld  be  ca lcu la ted .  l f  so ,  in fo rmat ion  f rom
the f  ie ld  DISTB is  moved to  SALES,  and the  sub_
rout ine  is  ca l led .  The nex t  s teps  are  bas ica l l y  the  sam_.
as  those a l ready  descr ibed.  Fo l low the  res t  o f  the  pro_
gram.

4 .

5.

o .
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Figure 5-6O (Part  3 of  4) .  Sales Commission Program (Using a Subrout ine)
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Figure 5-60 (Parr 4 of 4). Sales Commission program (Using a Subroutine)

Using Valid Subroutine Operations

Any operat ion code that  can be used in caiculat ions can be
used in a subrout ine except  BEGSFI and ENDSR. This
means that  you can use a l l  ar i thmet ic ,  compare and test ing,
move look-Llp, EXSR, and branchirrg operations.

Thr : re are i i rn i ta t ions on some of  the operat ions:

1. You may only branch to another statement in the sub_
routine when using the GOTO statement (Figure b-61,
insei"t A).

2. You rnay branch to the ENDSiR statement if you put
a narne in Factor  I  o f  the ENDSR statemenr"
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5.

You may not branch to a statement outside of the
subrout ine  (F igure  5-61 ,  inser t  B) .

You cannot  b ranch to  a  TAG wi th in  the  subrout ine
f rom a  GOTO outs ide  o f  the  subrout ine  (F igure  5-61 .
inser t  C) .

You cannot  have a  subrout ine  coded w i th in  anotner
subrout ine .  However ,  one subrout ine  can ca l l  another
subrout ine .  Th is  means tha t  w i th in  one subrout ine
you rnay  have an  EXSR s ta tement  (F igure  5_62) .  A
subroutine, however, cannot cal l  i tself  and cannot cal l
the  subrout ine  wh ich  ca l led  i t .



NOT TH IS :  Use  a  GOTLT  s ta temen t

Figure 5-61.  Elranching With in a Subrout i r i r

' r o o r i r i l ,  5  5 i
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RPG CALCULAI
IISM

Conditioning Subroutine Staternents

A n y  i n d i c a t o r  w h i c h  i s  v a l i d  i n  c o l u m n s  9 - 1 7  c a n  b e  u s e d
to  cond i t ion  an  opera t ion  w i th in  the  subrout ine .  That
opera t ion  w i l l  then  be  per fo rmed on ly  when the  cond i t ions
es tab l i shed by  the  ind ica tors  a re  sa t is f led"  The BEGSR and
ENDSR opera t ion  code,  however ,  cannot  be  cond i t ioned
by any  ind ica tors .

The EXSR s ta tement  can a lso  be  cond i t ioned by  ind ica tors .
ln  th is  case,  the  en t i re  subrout ine  w i l l  be  per fo rmed on ly
when cond i t ions  fo r  the  EXSR s ta tement  a re  met .  For  ex-
ample ,  in  F igure  5-63 ,  inser t  A ,  the  subrout ine  w i l l  be  per -
f o r m e d  o n l y  i f  M R  i s  o n .

Cont ro l  leve l  ind ica tors  cannot  be  used to  cond i t ion  s ta te -
m e n t s  w i t h i n  a  s u b r o u t i n e  s i n c e  S R  m u s t  a p p e a r  i n  c o l u m n s
7-8 .  The ind ica tors  used on  the  EXSR s ta tement  de termine
whether  the  en t i re  subrout ine  is  per fo rmed a t  de ta i l  t ime
o r  a t  t o t a l  t i m e  ( F i g u r e  5 - 6 3 ,  i n s e r t  B ) .

R P G  I I  L I N K A G E  E D I T O R

T h e  o u t p u t  o f  t h e  R P G  l l  c o m p i l e r  b e c o m e s  i n p u t  t o  t h e
l i n k a g e  e d i t o r ,  w h i c h  b u i l d s  t h e  l o a d  ( o b j e c t )  m o d u l e  f o r
la te r  execut ion .  The modu le  can be  ca ta loged in to  the
l ib rary ,  punched in to  cards ,  o r  wr i t ten  to  d iske t te .

The l inkage ed i to r  comblnes  the  t rans la ted  RPG l l  source
code w i th  the  sys tem l ib ra ry  modu les  necessary  to  comple te
the  program.  The map o f  the  l inkage ed i to r ' s  ou tpu t  i s
p r i n t e d  f o l l o w i n g  t h e  c o m p i l e r  d i a g n o s t i c  m e s s a g e s  ( i f
p resent ) .  The map a lso  ind ica tes  the  amount  o f  in te rna l
s to rage used by  por t ions  o f  a  p rogram.

T h e  R P G  l l  c o m p i l e r  u s e d  o n  M o d e l s  4 ,  6 , 8 ,  1 0 ,  o r  1 2
i n c l u d e s  i t s  o w n  l i n k a g e  e d i t o r ,  c a l l e d  t h e  R P G  l l  L i n k a g e
Edi to r .  On Mode l  ' l  5 ,  the  RPG l l  compi le r  uses  the  over laV
l inkage ed i to r  tha t  i s  par t  o f  the  SCP.  The fo l low ing  re fe rs
t o  t h e  R P G  l l  L i n k a g e  E d i t o r ,  a l t h o u g h  c o n c e p i u a l l y ,  i t  i s
ident ica l  to  the  over lay  l inkage ed i to r .
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Figure 5-62.  Using EXSR Within a Subrr :ur ine
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R P G  C A L C U L A T I O N  S P E C I F I C A T I O N S
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Opera t io f Fac to t  2

Figure 5-63,  Condi t ioning Calculat ions With in a Subrout ine

L inkage Ed i to r  Map

F i g u r e  5 - 6 3 . 1  i l l u s t r a t e s  t h e  i n f o r m a t i o n  a v a i l a b t e  o n  t n e
R P G  l l  L i n k a g e  E d i t o r  m a p .

The Star t  Addr  co lumn g lves  the  phys ica l  loca t ion  rn
s torage o f  each modu le .  F igure  b-63 .1  shows the  modutes
in  ascend ing  sequence by  address  (wh ich  may r ro t  a lwaVs be
the  case) .  The roo t  sec t ion  ind ica tes  the  beg inn ing  o f  the
program jus t  a f te r  the  sys tem superv isor  (0E00,  in  th is
case) .  The roo t  sec t ion  is  1 ,000 hexadec imal  byres  rong
(see Code Length  co lumn) ; there fore ,  the  nex t  ava i lab le
loca t ion  is  1E00.  Note  tha t  the  nex t  h igher  address  in  the
e x a m p l e  i s  1  E 0 0  i o r  t h e  i n p u t  m a i n l i n e  s e c t i o n .

,"'. ii.,- :r:;r., " L-lIl-l-i1

i | 'ir-

The Code Length  co lumn g ives  the  s to rage requ i rements
in  hexadec imal .  The Name co lumn g ives  the  name o f
sys tem (and user )  modu les  and des ignates  the  compi le r -
c rea ted  segments  (wh ich  beg in  w i th  RG) .  The f  unc t ions
of  modu les  are  descr ibed,  where  prac t ica l .  in  the  t i t le
c o l u m n .

The roo t  sec t ion  conta ins  l /O bu f fe rs ,  cons tan ts ,  and
v a r i a b l e s  r e q u i r e d  t o  r u n  R P G  l l  p r o g r a m s .  S u b s e g  i s  a
sec t ion  tha t  has  func t ions  tha t  a re  no t  eas i l y  descr ibab le
b y  t h e  c o m p i l e r .  F o r  e x a m p l e ,  a  c a l c u l a t i o n  s u b r o u t i n e
is  ca l led  a  subseg.

T h e  R G M A I N  s e c t i o n s  a r e  t h e  b a s i c  R P G  l l f u n c t i o n s ,
such as  input ,  de ta i l  ca lcu la t ions ,  to ta l  ou tpu t ,  and so  on .
R G S U B S  d e s i g n a t e s  f  u n c t i o n s  w i t h i n  t h e  R G M A I N
func t ions .  The modu les  are  l i s ted  in  func t iona l  seauence:
the  subsec t ions  fo l low the  main  f  unc t ion .  In  F igure  b-63 ,
the  lokup rou t ine  fo l lows the  de ta i l  ca lcs  sec t ion  oecause
a tab le  look-up  was per fo rmed in  de ta i l  ca lcu la t rons .
S imi la r ly ,  the  cons tan ts  sec t ion ,  because i t  fo l t cws the
deta i l  ou tpu t  sec t ion ,  was  de f ined on  the  ou tpu t
s p e c i f i c a t i o n s  f o r  d e t a i l  ( o r  h e a d i n g )  l i n e s .

tr-l.. I
I  I  I  f  m ' i ; ; ; u ; ; 1

i l l L -  l

(:
C;

!:
t

Start  Name i f  Code Name
Addr Ovar lay Length

0E00
1 E00
1 F00
2000
2050
2060
2080
2100
2150
zzcu

z+5u

F igu re  5 -63 .1 .  L i nkage  Ed i t o r  Map

Ti t le

1000  RGROOT Roo r
O 1 0 0  R G M A I N  I n p u t  M a i n t i n e
0100  RGSUBS Reco rd  lD
0050  RGSUBS Inpu r  c t r t  r t n
O010  RGSUBS Subses
0020  $$CSIP  5444  consec  i nou t
0080  RGMAIN  Inpu t  f i e t ds
0050  RGMAIN  De ta i t  ca t cs
0100  $$PGLC Lokup  rou t i ne
0200  FGMAIN  De ta i t  ou tpu t
0800  RGSUBS Cons tan t s

SUBA w i l l  be  execu ted  a t  de ta i l

t ime  i f  MR i s  on .

SUBA wi l l  be executed at  tota l  t ime.

C o n t l o l l i n q  ( J p e f a l i o n s  l r r  A r  R P G  l l  i r r o g r a n r  5 - 5 5



Simple Overlays

An overlay structure begins if the load (object) module
bui l t  by the l inkage edi tor  is  larger  than the avai lable main
storage in a machine (the size is specified on the H-card or
is assuined to be that of the machine used for compilation).
The linkage editor begins with low-usage modules such as
execut ion t ime table dump and load rout ines.  f i le  open
and c lose,  LR calculat ions and output ,  and so on.  l t
allocates an overlay fetch area large enough to hold the
largest of the selected routines {or groups of routines) and
calls for an overlay fetch routine, which wil l load into that
overlay area the selected routines as they are needed. The
overlay fetch routine checks to see if a requested overlay is
already in the overlay area before going to the disk l ibrary
to load it. This action saves time by avoiding unnecessary
loads from disk.

With overlays, the root section occupies the lowest position
in storage as before. lt is followed by the overlay fetch
routin€. The overlay fetch area comes next, followed by
the secondary root routine, or root 2. Root 2 is made up
of those routines that do not have to be overlaid.

All the overlaid routines are given nu.., f n the Name tf
Overlay column. The names are $*#nnnlwhere nnn is
a three-dig i t  over lay number.

Figure 5-63.2 shows a storage map of a program and
Figure 5-63.3 shows a l ibrary map of the same program.
Figure 5-63.4 is a diagram that i l lustrates the maps shown
in Figures 5-63.1 and 5-63.2.  The l ibrary map indicates the
overlay size in the # Text Sectors column. You can see in
Figure 5-63.3 that overlay #2l$##A02l, is the largest,
occupying seven sectors; this is equivalent to 0700 bytes in
hexadecimal (all storage requirements wil l be stated in four
hexadecimal digits). The storage map shows the overlay
fetch area of 0700 bytes. lt also indicates that overlay
#2 contains the total calculations and is actually only
0630 bytes long (0600 for total calcs,0020 for constants,
and 0010 for exception output). Therefore, averlay ff i.
occupies seven sectors: six are frrl l  and the seventh has only
0030 bytes of code in it. l f the user wants to reduce the
size of the program's overlay area, he would f irst try to
reduce the size of total calculations.

Start Name if
Addr Overlay

0E00
1 E00

1 F00

2600
2700
1Foo $*#bor
2100 $*#fuor
1Foo $*4fu02
2500 $ffioz
2s2o $*ttroz

Figure 5-63.2. Storage Map

Pase of GC21-7567-2
lssued 30 June 1978
By TNL:  cN21-5616

Code Name Title
Length

1000 RGROOT Root
0100 RGSUBS Overlay fetch

routi  ne
0700 RGSUBS Overlay fetch

area
0100 RGMAIN Input  ma in t ine
0100 RGMAIN Input  f ie tds
0200 RGMAIN Derai l  calcs
0040 RGSUBS Constants
0600 RGMAIN Total catcs
0020 RGSUBS Constants
0010 RGSUBS Exceotion

#Text
Sectors

Overlay
Name

$*4fu0t
$*#ooz
$4#bos
$*tfboa

Relative
Start C/T/S

Start
Address

1 F00
1 F00
1 F00
1 F00

00
00
00
00

00 16  03
01 02  07
01 0A 06
0 1  1 1  0 4

Figure 5-63,3.  L ibrary Map

5-56
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$in002

Ove r l ay
F etch
Area

Figure 5-63.4.  Diagram ol  L inkage Edi tor  Map and Srorage Map

The Relat ive Start C/T/S column gives relat ive l ibrary
loca t ions  in  cy l inder ,  t rack ,  and sec tor  fo r  the  over lays .
Th is  in fo rmat ion  does  no t  per ta in  to  t f r i s  d iscuss ion .

Special Open

S o m e t r m e s  a  s t o r a g e  m a p  w i l i  n o t  l i s t  a n  o v e r l a y  # 1  b u t  w l l l
have o ther  over lays  s ta r t ing  w i th  $##002.  Th is  ind ica tes
tha t  the  spec ia l  open has  beer " r  imp iemented.  The user
cannot  d i rec t l y  cause th is  to  happen.  The l inkage ed i to r
prov ides  th is  fea ture  when i t  reduces  a  p rogram's  s to rage
requ i rements .  Spec ia l  open does  no t  a f fec t  th roughput .

When the  open/c lose  over lay  i s  the  la rges t  one,  spec ia l
open is  imp lemented,  ra ther  than hav ing  tha t  code increase
the  s to rage requ i red  f  o r  the  res t  o f  the  program.  Spec ia l
open causes  some o f  the  unover la id  code in  roo t  2  to
over lay  the  open rou t ine  a f te r  the  f i les  have been openeo;
i t  over lays  some o f  roo t  2  w i th  c lose  a t  end-o f  - job .

S;:o03

Overlay Start ing Addresses

As the  maps in  F igure  5-63 .5  show,  there  are  two s ta r t ing
addresses  fo r  over lays .  The main  s ta r t ing  address  fo r  the
i l lus t ra t ion  is  1F00.  The s ta r t ing  address  fo r  the  subover lay
is  a lways  h igher ;  in  th is  case,  i t  i s  2300.

R  o o t

O v e r l a y  F e t c h  R o u t i r r e

Storage Map

Start  Name i f
Addr Over lay

1 Foo $+4fu02
21oO $lifrooz
22oo  g f f i s2
2300 $##003

2400 $+Ffr003
2300 $#+tu04

Code Name

Length

Tir le

0 2 0 0  R G M A I N  D e t a i l c a l c s
0100  RGSUBS T rans fe r  vec to r
0002  RGSUBS Con ran rs
0100  $$PGRI  Rese t  Resu l t i ng

i n d r
R G S U B S  S u b s e g
RGSUBS Excep t i on

01 00
0300

Library Map

Over lay
Name

o+ffiuu I

i+FfrJV Z

$*4fu04
o+fiuu4

$*fhos
$+qb06

Relat ivo
Start C/T/S

#rext
Sectors

o l
o4
o2
03
03
o4
o2

Start
Address

1 F00
1  F 0 0
2300
2300
1 F00
2300
2300

Figure 5-63.5.  Storage and Library Maps

Con t ro l l i ng  Ope ra t i ons  I n  An  RPG l l  P rog ram 5 -56 .1
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$#+f002 is  a  ma in  over lay  w i th  subover lays .  There  are  two
i n d i c a t i o n s  o f  t h i s :  f  i r s t ,  i t  i n c l u d e s  a  m o d u l e  R G S U B S
(which  is  t i t led  t rans fer  vec tor ) ,  and second,  i t  i s  fo l lowed
on the  maps by  over lays  w i th  h igher  s ta r t ing  addresses .

The s ize  o f  the  over lay  fe tch  area  is  the  la rger  o f  (1  )  the
la rges t  over lay  w i th  subover lays  p lus  the  la rges t  subover lay ,
o r  (2 )  the  la rges t  over lay  w i thout  subover lays .  In  F igure
5-63.5 ,  the  s ize  o f  the  over lay  fe tch  area  is  equa l  to  the  sum
of the sizes of $##002 and $##006. This is not obvious
f ro rn  the  maps,  bu t  the  b lock  d iagram (F igure  5-63 .6)
drar run  f rom the  maps makes th is  c lear .  Over lay  2  i s  the
la rges t  ma in  over lay  w i th  subover lays ,  so  i t  de termines  the
s tar t ing  address  fo r  a l l  subover lays .  Over lay  6  i s  the  la rges t
sub,cver lay .  Together ,  over lays  2  and 6  requ i re  8  sec tors  o r
0800 by tes ,  wh ich  is  g rea ter  than the  7  sec tors  (o r  0700
byt r . ' s )  fo r  over lay  1 .

l f  a  user  wants  to  reduce the  s ize  o f  the  over lay  fe tch  area ,
he  cou ld  reduce the  s ize  o f  e i ther  $##0OZ or  $##006.
One sec tor ,  however ,  i s  a l l  the  user  can expec t  to  save
bec iause $##001 is  jus t  one sec tor  smal le r  than the  over lay
fe tch  area .

T'
I
I

rJvertay I
Fetch -l
,Area 

i
I
I

I

Figure 5-63.6.  Diagram of  Storage and Library Maps

R oot

O v e r l a y  F e t c h  R o u t i n e

$##001 s+#002 s##005

$jf#003 $+#004 $##oo6 $##007

R o o t  2

c - 5 0 . 2
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F it t ing Avai lable Storage

The l inkage ed i to r  removes modu les  f rom roo t  2 ,  p lac ing
them in to  the  over lay  s t ruc tu re  un t i l  the  program f i t s  in to
ava i lab le  s to rage (o r  un t i l  there  are  no  more  modu les  to
over lay ,  wh ich  means the  program is  too  la rge  to  f  i t ) .
A f te r  a  f i t  i s  ob ta ined,  there  may be  unused space tn
s to rage.  l f  there  is ,  an  a t tempt  i s  made to  f ind  smal l
modu les  tha t  can  be  removed f  rom the  over lay  s t ruc tu re
and p laced back  in to  tha t  f ree  space.

T h i s  p r o c e s s  o f  m o v i n g  o v e r l a i d  m o d u l e s  b a c k  i n t o  m a r n
storage might give you a missing overlay, that is, a
s u b o v e r l a y  w i t h o u t  a  m a i n  o v e r l a y .  I n  t h e  s t o r a g e  m a p ,
you can somet imes no t ice  unover la id  modu les  arnong
t h e  o v e r l a y s .  T h i s  i s  a  r e s u l t  o f  m o v i n g  m o d u l e s  f r o m  m a i n
s torage to  an  over lay  and back  aga in .

The l inkage ed i to r  moves code ra ther  t l ran  a l lowr r rg
ava i lab le  s to rage go  unused.  Hav ing  code moved back  to
main  s to rage can improve speed o f  execut ion .  bu t  i s  no t
under  the  cont ro l  o f  the  user .  The l inkage ed i to r  moves the
code when i t  can .

6 .

RPG l l  Log ic  and Func t ion  Sh i f t ing

T h e  b a s i c  f u n c t i o n a l  a r e a s  o f  R P G  l l  l o g i c  a r e  s u m m a r i z e d
i n  t h e  f o l l o r v i n g  s e q u e n c e :

1  .  Deta i l  Outpu t -Deta i l  and  head ing  ou tpu t  (except  fo r
o v e r f  l o w  l i n e s )  a r e  p e r f o r m e d .

2 .  Phys ica l  Input -Records  are  read f rom pr imary  ano
secondary  f i les ,  as  necessary ,  and the  lD  ind ica tor
is  se t .

3 .  T o t a l  C a l c u l a t i o n s  A l l  c a l c u l a t i o n s  w i t h  L  a n d  a
n u m b e r  i n  c o l u m n s  7  a n d  8  a r e  p e r f o r m e d .  T h i s
i n c l u d e s  a l l  e x c e p t i o n  o u t p u t  s p e c i f  i c a t i o n s  i f  E X C P T
i s  p e r f  o r m e d ,  o r  a l l  r e q u i r e d  i n p u t  s p e c i f  i c a t r o n s
f o r  R E A D s  o r  C H A I N s  p e r f o r m e d ,  o r  a n y  u s e r
s u b r o u t i n e s  c a l l e d  w i t h  E X S R .

4 .  To ta l  Outpu t -Tota l  ou tpu t  (except  fo r  over f low
l ines)  i s  per fo rmed.  You shou ld  no te  tha t  to ta l
ca lcu l ia t ions  and ou tpu t  a re  a t tempted on  every
c y c r e .

Over f  low Output -A l l  ou tpu t  l ines  w i th  over f  low
ind ica tors  cond i t ion ing  them are  per fo rmed.

Log ica l  lnpu t -Data  read in  S tep  2  i s  moved to  the
f  ie lds  named on the  input  sheet ,  and the
cor respond ing  f ie ld  ind ica tors  a re  se t .

D e t a i l  C a l c u l a t i o n s - A l l  c a l c u l a t i o n s  w i t h o u t  L  a n d
a  n u m b e r  i n  c o l u m n s  7  a n d  8  a r e  p e r f o r m e d .  S e e
Step 3  fo r  more  in fo rmat ion .

These func t iona l  a reas  can be  ident i f ied  by  the  t i t les  oJ
rou t ines  in  the  s to rage map.  A  user  can reduce the  s ize
o f  any  o f  these areas  by  one o f  th ree  methods :

Remov inq  f  unc t ion  f  rom the  prog ! 'am

U s i n g  m o r e  e f f  i c i e n t  c o d i n g

Sh i f t ing  func t ion  f rom one genera l  a rea  to  another

The remova l  o f  f  unc t ion  f  rom a  program o f ten  resu l ts  in
a  second program be ing  wr i t ten  to  per fo rm those func t ions .
Some sys tem des igns  inc lude luxur ies  tha t  a re  no t  essent iq l
to  the  job .  These func t ions  may be  removed f rom the
program.

Funct ions  tha t  cannot  be  removed can o f ten  be  moved to
another  a rea .  Some to ta l  ca lcu la t ions  can be  moved eas i l v
to  de ta i  I  ca lcu la t ions .

a
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1-he fo l low ing  rnu l t ip ly  s ta tement  cou ld  be  moved to  de ta i l
c a i c L t l a t i o n s  b y  c o n d i t i o n i n g  i t  w i t h  t h e  0 1  i n d i c a t o r ,  j u s t

l i k e  t : h e  a d d ,  a n d  d e l e t i n g  t h e  L 1  i n d i c a t o r  o n  t h e  M U L T
s t a t e m e n t .  T h e  r e s u l t s  w i l l  b e  i d e n t i r : a l .  S i m i l a r l y ,  s o m e
ca lcLr la t ions  can be  rnoved t rom deta i l  to  to ta i ;however .
a  ne \v  record  lD  ind ica tor  w i l l  be  on  so  the  user  may have
t o  u s e  a n  e x t r a  i n d i c a t o r .

S P E C I A L  U S E S  O F  C O N T R O L  L E V E L  I N D I C A T O R S

A t  t h i s  t i m e ,  y o u  s h o u l d  b e  f a n r i l i a r  w i t h  t h e  n o r m a l  u s e  o f
cont ro l  leve l  ind ica tors ,  L1-L9 .  You know tha t  by  ass iqn ,
i n g  t h e m  o n  t h e  I n p u t  s h e e t  a n d  u s i n g  t h e m  o n  t h e  C a l c u l a -
t ion  and Output  Spec i f i ca t ions  sheets  you can do  to ta l
o  pera t r  ons .

I n  t h i s  s e c t i o n ,  y o u  w i l l  l e a r n  t o  w o r k  w i t h  a  s p e c i a l  i n t e r n a !
c o n t r o l  l e v e l  i n d i c a t o r  L 0 .  Y o u  w i l l  a l s o  l e a r n  t o  u s e  L 1 - L _ 9
ind ica tors  to  cond i t ion  ca lcu la t ions  ar - rd  to  per {o rm group
p n  f r  t r n g .

In te rna l  Cont ro l  Leve l  Ind ica tor  L0

L 0  i s  a  u n i q u e  c o n t r o l  l e v e l  i n d i c a t o r  w h i c h  i s  a l w a y s  o n .
Y o u  c a n n o t  a s s i g n  i t  t o  a  { i e l c J ,  a s  y o u  d o  L 1 - L 9 ,  b y  e n t e r -
ing  i t  in  co lumns 59-60 o f  the  Input  sheet .  Br , r t ,  you  ca i r
u s e  i t  t o  c o n d i t i o n  a  c a l c u i a t i o n  o l  o u t p u t  o p e r a t i o r r .  T h e
o p e r a t i o n  s o  c o n d i t i o n e d  w i l l  b e  d o n e  a t  t o t a l t i r n e  f o r
e v e r y  p r o g r a m  c y c l e ,  s i n c e  L 0  i s  a l w a y s  o n .

' I h e  
m a i n  p u r p o s e  o i  t h e  L 0  i n d i c a t o r  i s  t o  a l l o w  V o u  t o

spec i fy  to ta l  opera t ions  when ind ica tors  L ' l  -L9  are  no t
a v a i l a b l e  o r  w h e n  t h e y  c a n n o t  a c c o m p l i s h  t h e  i o b .

TOTA L  TOTA L
R A T E  D I S C N T

P r i m a r y  a n d  s e c o n c i a r y  i n p u t  a r e  d o n e  a t  i n p u t  t t m e .
R  E A D  a n d  C l l A l N  a r e  p e r f o r m e d  d u r i n g  c a l c u l a t i o n s .  l f
c a l c u l a t i o n s  a r e  t o o  b i g ,  a  f i l e  p r o c e s s ; e d  w i t h  t h e  C H A I N
opera t ion  code might  be  f  i r s t  sor ted  and then matched as
a  s e c o n d a r y  f  i l e  a g a i i r s t  t h e  p r i m a r y .  l f  i n p u t  i s  t o o  b i g ,  a
secondary  f  i l e  cou ld  be  made a  demand f  i le  and processed
w i t h  t h e  R E A D  o p e r a t i o n  c o d e  d u r i n g  c a l c u l a t i o r r s .

Outpu t ,  l i ke  ca lcu la t io r ts ,  can  be  sh i f r led  be tween de ta i l  anr_ l
to ta l  ca lcu la t ions .  Even over f  low ou i ipu t  can  be  moved
t o  t h e  { o l l o w i l g  d e t a i l  o r  t o t a l  c a l c u l a t i o n s  b y  u s i n g  a
n u m t : r i c  i n d i c a t o r ,  w h i c h  i s  S E T O N  c o n d i t i o n e d  b y  t h e
over i lov ' r  i r rd ica tor .  EXCPT is  o t - r tpu t  per fo rmed c ju r i r - . ,g
ca lcu la t io r rs .  Some outpu t  func t ions  mav be  movec l  f rom
o u t p u t  t o  c a l c u l a t i o n s  ( e i t h e r  d e t a i l  c ) r  t o t a l ) .

Any  ca lcu la t ion  over lay  o r  subover la ,y '  tha t  does  an  EXCPT
w i l l c : o n t a i n  a l l  E  o u t p u t  s p e c i f i c a t i o n s .  l f  a  s u b o v e r l a y  h a s
E X C P T  i n  i t  a n d  i s  t o o  l a r g e ,  t h a t  o p e r a t i o n  c a n  u s u a l l y  b e
m o v r ) d  t o  a n o t h e r  s u b r o u t i n e .  l f  t h e  s u b r o u t r n e s  a r e  l a r g e ,
t h e y  c a n  u s u a l l y  b e  d i v i d e d  i n t o  s e v e r  a l  s m a l l e r  s u b r c l u t i n e s .

C a l c u l a t i o n  s e c l i o n s  c a n n o t  b e  d i v i d e d  b y  t h e  l i n k a g e  e d i t o r
t o  b e  s e p a r a t e  o v e r l a y s ; s u L r r o u t i n e s  c a n .  T h e y  w i l l  b e c o m e
s u b o u e r l a y s  t o  t h e  m a i n  d e t a i i  o r  t o t a l  c a l c u l a t i o n s  o v e r l a y .
l f  o n e  s u b r o u t r n e  c a l l s  a n o t h e r  s u b r o l t i n e ,  b o t h  w i l l a p p e a r
I n  t h e  s a m e  s u b o v e r l a y .  T o  d i v i d e  t h e n t  u p ,  t h e  f  i r s t
s u b r o u t i n e  m u s t  r e t u r n  t o  r e g u l a r  c a l r : u l a t i o n s  f r o m  w h i c h
t h e  s r : c o n d  s u b r o u t i n e  c a n  b e  c a l l e d .

Us inq  shared l i0  fo r  d isk  f i les  can sa ! ,e  a  g rea t  dea l  o f  space
r r ' r  sor re  p rogr , tms.  Wi th  the  resu l t ing  smai le r  over lay
s t rL rc tu re ,  per to rnrance may be  imprc 'ved .  A l te rna t ive ly ,
la rge  d isk  f  r le  bu f fe rs  and doub le  bu  f fe r ing  cou l tJ  be
spec i f ied .  Thesr :  two techn iques  use ex t ra  s to rage
( r e s u l t i n g  i n  r n o r e  o v e r l a y s )  b u t  m a y  s t i l l  p e r f o r m  f a s t e r
because o f  the  speed improvement  in  d isk  opera t ions  they
prov ide .  Se lec t ion  be tween la rger  d isk  l /O bu f fe rs  o r  shared
buf fe , rs  must  be  made by  t r ia l  fo r  each program.

I n f o r m a t i o n  a b o u t  t h e  o v e r l a y  l i n k a g e  e d j t o r  c a n  b e  f o u n d
in the IBM System/3 Overlay Linkaget Editor Reference
Manua l .  GC21 7561.
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Supprose you want  to  p r in t  the  repor t  shown in  F igure  b-64 .
The repor t  i s  a  l i s t inq  o f  i te rns  a  comLlany  has  so id  in  each
of  r ts  two d is tnc ts .  The repnr t  inc ludes  to ta l  sa les  fo r  eac l r
d i s t r i c t  ( D I S T O T )  a n d  a  g r a n d  t o t a i  o f  s a l e s  i n  b o t h  d i s t r i c t s
{GD fOT} .  " f  he  input  records  are  grouped by  d is r r i c t  w i th
Dis t r i c t  i  records  preced ing  D is t r i c t  2 .  Each record  con,
t a i n s  a n  i t e m  n u r r i b e r  f i e l d  ( t T E M ) ,  a r r  i t e n r  c l e s c r i p t r o n
( D b : S ; C R ) ,  a n d  a n  i t e m  c o s t  f i e i d  { C f l l l T ) ,  a s  s h o w n  i n  F i g u r e
5 6 5

A i -e r :o rd  ident i f  i ca t ion  code in  L los i t ion  
. l  

i r rd ica tes  in  wh ich
d i s t r i r ; i  t h r , ' i t c n r  w a s  s o l c l .  l l o r m a i l y ,  t h e  f i e i d  c o n t a i n i n g
thc  r :cord  ider r t i f i ca t ion  co t le  cou id  be  usec l  as  a  cont ro l
t ie l t . : i  i n  the  pr in t ing  o f  d is t r i c t  to ta ls .  Horn iever ,  each d is ,
t r i cL  l - ras  more  than one record  ident i f i ca t ion  code.  D is t r i c t

' l  
uses  e i ther  a  1  o r  an  M as  an  ident i f ie r  and D is t r i c t  2  uses

e i ther  a  2  o r  a i r  N .  S ince  the  conten ts  o f  the  record  ident i f i
ca t ion  f ie lc l  can  chanqe w i thc iu t  ac tua l l y  hav ing  a  change in
d i s t r i c t ,  t h i s  f i e l d  c a n n o t  b e  u s e d  a s  a  c o n t r o l  f i e l d .  N e i t h e r ,
o f  c o u r s e ,  c a n  t h e  I T E M ,  D E S C R ,  o r  C O S T  f i e l d s  b e  u s e d  a s
cont ro l  f ie lc ls .

Artific ial Contro I B reaks

Wht :n  i t  i s  necessary  to  dc  to ta l  opefa t jons  bu t  no  cont rc l
f  ie lds  a re  ava i lab le  tc ,  ca l tse  a  cont ro l  b reak ,  you  can use L0
t o  c a L r s e  a n  a r t i f  i c i a l  c o n t r o l  b r e a k .  F i g u r e  5 - 6 6 ,  i n s e r t  B ,
shows the  use  o f  L0  to  perm i t  to ta l  ca lcu ia t ion  c rpera t rons"

A d d i l i o n a l

i l e m s

A. r id i lona l

i t e m s

34J 26 |
46F 419
21 P006

34_t261
164300
80D61 0

r123.
930.
0 1  6 .

t
t
I

219 .

1 ,

B J ,

3 ,

'1 
.

623.21
459.95
260.00
t
?

I
I

347.16'

POSTAI - ] LE  COMPRESSOR
P O I I T A B i , . E  G E N E  R A  I O R ,  3 O K W
H Y D R A T J I - . I C  J A C K

D I S T R I C I  T O T A t .

P O R T A t s L E  C O M P R E S S O B
P O R T A B L E  S P R A Y E R
P O R T A B L . E  G E N E R A T O R .  s O K W

D I S T R I C T  T O T A L

G R A N  D  T O T A L

Figure  5-64 .  Format  o f  D is t r i c t  Sa tes  L is t ino

R e c o r d

l . D .  C o d e

2 1 8,566. 20 " '

a 1

oo
50

04.

I TEM DESCR COST

r  r . , .  r , l  , r r I j : ] l  r t  1 6  t i : , . t ; ' , : : . 1 1 : . , .  . j : _ q t i l . t  l t ; .  r i ; l : l t g t t

Figure  5-65 .  Format  o f  Sa les  Becord
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RPG INPUTSPECIFICATIONS
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l l l  P r @ r s n l l l l l l lP " s L 1  j . I _ , d " ; , , , " " , , . " 1  l l l l  l l

r1
RPG CALCULATTON SPECIF ICAT IONS

Figure 5-66 (Part  1 of  2) .  Calculat ions Using an Art i f ic ia l  Control  Break (LO Indicator l

**f-f]"_

Forn  Gx21 S93
P. nr.d i! U.S A

15 76 1l 18 79 AO

Prqram [T_fflfl
l d . n t i r c a t i o n l  I  I  |  |  |  I

lndicator  21 is  used to s ignal

a change in record tYPe. This

technique onlY works for  two

recorcl types.
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RPG OUTPUT SPECIF ICAT IONS ( ; \2 r l&  u /M05o '

I  I  I  I  I  I  ! _  ,

. ; - l  f  l - l  t l  l l  I  % " 1  l l d  : : * : r  t T T I - l 1 l
I  L l  I  t  I  l  . l  I ' L r ' -  

r r c n t r h d ' ' " 1 - t l - l - l  l  l

Figure 5€6 lPart 2 ol 2). Calculations Using an Artificiat Conrrol Break (l_0 Indicarorl

Assume that the following f ive records are read:

I  dent i fy  i  ng

5-513



The opera t ions  per fo rn ted  on  these f i ve  records  are  as  fo l -

l o w s :

Using Control Level lndicators as Calculat ion Condit ioning

lndicators

Cont ro l  leve l  ind ica tors  a re  normal ly  en tered  in  co lumns 7-8

o f  the  Ca lcu la t ion  sheet  where  they  spec i fy  wh ich  ca lcu la -

t ions  are  to  be  done a t  to ta l  t ime.  They  may,  however ,  be

used in  co lumns 9-17  a lso  where  they  ind ica te  wh ich  de ta i l

opera t ions  are  to  be  done on  the  f i rs t  record  o f  a  cont ro l

g roup.

Cont ro l  leve l  ind ica tors  a re  tu rned on  near  the  beg inn ing  o f

the program cycle i f  the contents of the control f ield on the

record just read are dif ferent from the contents of the pre'

v ious  cont ro l  f ie ld .  S ince  the  ind ica tor  i s  no t  tu rned o f f  un-

t i l  the  end o f  the  cYc le ,  i t  i s  on  dur ing  to ta land de ta i l  t ime.

Thus,  i t  i s  ava i lab le  to  use  as  a  cond i t ion ing  ind ica tor  dur ing

deta i l  t ime as  we l l  as  to ta l  t ime.

When an opera t ion  is  no t  cond i t ioned by  cont ro l  leve l  ind i -

ca tors  spec i f  ied  in  co lumns 7-8  o f  the  Ca lcu la t ion  sheet ,  the

ooera t ion  is  done a t  de ta i l  t ime.  l f  the  opera t ion  is  cond i -

t ioned by  a  cont ro l  leve l  ind ica tor  spec i f ied  in  co lumns 9 '17 ,

and no t  in  7"8  the  opera t ion  is  s t i l l  done a t  de ta i l  t ime,  bu t

on ly  when the  cont ro l  leve l  ind ica tor  i s  on .  And when is

the  cont ro l  leve l  ind ica tor  on? On ly  dur ing  the  process ing

of  the  f i rs t  record  in  a  cont ro l  g roup as  on ly  the  f i rs t  record

in  a  new group causes  a  cont ro l  b reak .

Group Print ing

In  g roup pr in t ing ,  da ta  f rom groups  o f  inpu t  records  is

summar ized and pr in ted  as  to ta ls  on  a  repor t .  Somet imes,

a  f ie ld  on  each record  in  an  input  f i l e  i s  accumula ted  and

on ly  the  f ina l  to ta l  i s  p r in ted .  A t  o ther  t imes,  subto ta ls  a re

created by adding the contents of a f ield from a certain

group o f  records  and pr in t ing  the  resu l t .

Printing Only the Final Totals

I t  i s  poss ib le  to  add the  conten ts  o f  a  f ie ld  f rom a l l  da ta

records ,  and pr in t  on ly  the  to ta l  accumula ted .  You may

want to  do  th is  when you are  no t  in te res ted  in  any  o f  the

deta i l  in fo rmat ion ,  bu t  you  do  need a  summat ion  o f  tha t

in fo rmat ion .

Figure 5-67 shows the coding for a program that f inds the

to ta ls  fo r  two f  ie lds  o f  in fo rmat ion  and pr in ts  on ly  those

to ta ls .  Not ice ,  when pr in t ing  on ly  to ta ls ,  the  Input  sheet

need on ly  conta in  those f ie lds  tha tw i l l  be  used in  the  ca lcu '

la t ions  or  in  the  pr in t ing .  The Output -Format  sheet  shows

on ly  a  to ta l  l i ne  (T  in  co lumn 15) .  That  l ine  is  no t  p r in ted

unt i l  the  las t  record  has  been processed (LR in  co lumns

24-251 . Then, one l ine is printed, containing the total

quanti ty, total cost, and a constant (see insert on Output-

Format  sheet ) .

RecorC

{ 1 )

lndicators On

LO

LO,21

LO,21

QI

Aperations Performed

01  tu rns  on .
No tota l  operat ions are per-
formed because condi t ions
in  l i nes  5 -6  (Ca l cu la t i ons

sheet) are not met.
(Remember that  operat ions
condi t ioned by contro l  level
indicators in  columns 7-8 are
performed first, but are by-
passed on the f i rs t  RPG l l
cyc le.  )
COST is  added to DISTOT.
21  i s  se t  on .
ITEM,  DESCR,  and  COST
are pr inted out .
01 is  turned of f  .
21  rema ins  on^

01  i s  t u rned  on .
No tota l  operat ions are per-
formed.
COST is  added to DISTOT.
ITEM,  DESCR,  and  COST
are pr inted out .
01 is  turned of f .
21  rema ins  on .

02 turns on.
DISTOT is  added to GDTOT.
(Conditions for the total
operat ion in  l ine 5 have been
met . )
DISTOT is  pr in ted out .
COST iS Addcd tO DISTOT.
21 is set off.
ITEM,  DESCR,  and  COST
are pr inted out .
02 is turned off.

02 is  turned on.
No total operations are Per-
formed.
coST added to DlsToT.
ITEM. DESCR, and COST
are printed out.
02 is turned off .

DISTOT added to GDTOT
(LR ind i ca to r  i s  on ) .
DISTOT and GDTOT printed

out .

(3 )

LO(4 )

L R(5 )
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Fi le Descr ipt ion Speci f  icat ion

F  l €  A d d r r  o n l U n o . d e r e d
L e n q t h  o i  K e y  F ' e 1 d  o r

o l  S e c o r d  A d d r e $  F  e  d

i ll i i
RPG INPUTSPECIFICATIONS

,"nwd,*

c x 2 t  w  u / M o 5 o ,

75 76  7 /  18  l9  80
P,q'anr [TTTT-T_]
t d m " ( a i , o n L , l  l l l l l

r l i t l l +

IBM," , . , ^ " , , , , , , ,  
" " , . .n  

M.ch ,n .  co , r , . i i o^

I 
Proe.a.nme. 

I o.tu

l 1 l
+ l t

RPG CALCULATION SPECIFTCATIONS

C ! r d  E l . c r o  N ! h h r

. o ' m  G x ? 1  $ 9 3
P r i ^ r . d  n u s A

7 5  7 6  7 t  7 8  7 9  8 0'*ldrl"' _ :rlL,."l fTT-[-i]

L i;- l_-le 1 . I ; lr4 s,pp,* I
Constant or €di t  Word

J i

o Figure 5-67.  Group pr int ing -  pr int ing Only the Finat  Totals
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tSroup Printing of Subtotals

Figure 5-68 shows group pr int ing of  subtota ls .  The input
records for  the program conta in i tem, quant i ty ,  and cost
f  ie lds;  they were previously  sor ted by l ike i tems.

Figure 5-69 shows the coding to produce the repor t .  S ince
a subtotal is to be calculated for each different type of item,
the f ie ld ITEM is  designated as a contro l  f ie ld on Input
r ;peci f  icat ions.  The calculat ions show that ,  as each input
record is  read,  the values in  the OTY and COST are
accumulated in to subtota l  f ie lds.  At  each contro l  break,
l ihe subtota l  f ie lds,  SUBOTY and SUBCOS. are accumulated
into f ina l  to ta l  f  ie lds.

- Ihe 
Output-Format sheet  in  F igure 5-69 shows coding for

three d i f ferent  types of  pr in ted l ines:

A deta i l  l i ne ,  wh ich  is  p r in ted  fo r  each input  record  read.
Note  the  use  o f  a  cont ro l  leve l  ind ica tor  on  the  ITEM
f  ie ld .  Th is  causes  the  f  ie ld  to  be  pr in ted  on ly  fo r  the
f i rs t  record  o f  each cont ro l  g roup (see F igure  5-68) ,
mak ing  the  repor t  less  c lu t te red  and eas ie r  to  read.  Th is
is known as group indication (see index entry).

A  to ta l  l i ne ,  cond i t ioned by  L1 ,  wh ich  is  p r in ted  on ly

a f te r  each comple te  g roup o f  l i ke  i tems was read,  tha t

is, after each control break.

A f ina l  to ta l  l i ne ,  cond i t ioned by  LR,  wh ich  is  p r in ted

only once, after al l  records were processed.

l f  you want the subtotals to be the sums of only the
,quanti t ies and cost in one section (for instance, only those
,quanti t ies and costs under i tem ABCD), i t  is necessary to
set those f ields back to zero after they have been printed

iand added into the f inal totals. This process is indicated

in  co lumn 39.  The B en t r ies  ind ica te  tha t  the  to ta ls ,  SUB
,OTY and SUBCOS, are to be blanked out, or zeroed out,
,a f te r  they  are  pr in ted ,  when the  cont ro l  f ie ld  ( ITEM)  chang-
,es. They are set back to zero so that they can correctly

accumulate the quanti t ies and costs for the next i tem.
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Group Printing with Two Control Level lndicators

Certain programs require two or more control levels. Nine
levels (L1-L9)  are possib le.  This program uses two of  these,
Ll and L2. to produce the report shown in Figure 5-70.

Each record in the input f i le contains the part number of
an item, the quantity of items sold, and a number to identi_
fy the salesman who sold those items. The fi le has been
previously arranged by salesman number. That is, all records
for salesman number 12 are together, all records for sales-
man number 13 are together, and so forth. Records are
also grouped by item number within each salesman group.

On the printed report, the salesman number is to be printed
once; part numbers are in the next column with the sums
of quantit ies for each part number in the rightmost column.
Subtotals are printed for each salesman and a final total
is printed at the end of the report.

Figure 5-71 shows the coding to produce the report. Since
the PARTNO field changes most frequently (there are
several part numbers for each salesman) that f ield is the
lowest level control f ield and is assigned indicator L1 on the

Input  sheet .  The next  h igher  level  contro l  f ie ld.  which does
not  change as f requent ly ,  is  SLSNUM; therefore.  SLSNUM
is assigned indicator  L2.  The calculat ion on the f  i rs t  l ine
(01 indicator specified) occurs for every record that is read.
QTY is  added to a tota l ,  OTYSUM. L ine 2 occurs only
when the contro l  f ie ld,  PARTNO, changes,  because L1
(columns 7 and 8)  contro ls  th is  calculat ion.  So.  when L1
is on.  OTYSUM is added to another  tota l ,  SUBTOT. The
th i rd l ine descr ibes the calculat ion of  a f  ina l  to ta l ,  FINOT.
This calculat ion occurs when L2 is  on (when the controt
f ie ld,  SLSNUM, changes) .

When the h igher  level  contro l  level  ind icator  (L2)  is  on,  the
lower level  ind icator  (L1)  is  a lso on.  As shown on the Out-
put-Format sheet ,  when L1 is  on,  PARTNO and OTySUM
are pr inted ( l ines 03 and 04) .  However,  the f ie ld SLSNUM
iscondi t ioned bV L2,  so i t  is  pr in ted only for  the f i rs t  record
of  each L2 contro l  group.  When L2 is  on,  SUBTOT and
the constant  SUBTOTAL are pr inted ( l ines 05-07) .  When
LR is  on,  FINTOT and the constant  FINAL are pr inted.

The two subtotals, OTYSUM and SUBTOT, are zeroed
af ter  pr in t ing by enter ing a B in column 39 ( l ines 04 and
06). Detail l ines need never be blanked after, nor does a
final total (regulated by the LR indicator).
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BINARY F IELD OPERATIONS (CO] [TROLL ING
SWITCHES}

/ y 'o fe . '  Th is  top ic  i s  in tended fo r  IBM Sys tem/3  Mode l  6 ,
Mode l  10 ,  Mode l  12 ,  and Mode l  15  programmers .

RPG l l  p rov ides  cer ta in  opera t ion  codes  wh ich  ser  and tes t
ind iv idua l  b i ts  in  s to rage.  These ind iv idua l  b i ts  can be  se t
and tes ted  to  a l low you fu r ther  cont ro l  over  p rocess ing .
When th is  i s  done,  the  b i ts  a re  ca l led  s ,w i tches  and the i r
func t ions  are  s imi la r  to  tha t  o f  RpG l l  ind ica tors .  The
opera t ion  codes  wh ich  se t  and tes t  the  b i ts  a re  known as
binary f ield operations. A binary f ielcl  is a one-byte f ield
conta in ing  8  b i ts  iden t i f ied  le f t  to  r igh t  by  the  d ig i ts  0 -7 .
The bits can be set on, set oi ' f ,  and tested. Since each bit
can  be  u t i l i zed ,  there  are  e igh t  ind ica tors  in  every  by te .

When us ing  b inary  f ie ld  opera t ions ,  re lnember  how data
f  ie lds  a re  in i t ia l j zed  by  the  sys tem:

o  A lphamer ic  f  ie lds  a re  in i t ia l i zed  to  Hexadec im a l  '4O '  .

o  Numer ic  f  ie lds  a re  in i t ia l i zed  to  He;<adec imal  ,F0 , .

You shou ld  in i t ia l i ze  the  b inary  f ie ld  conta in ing  the  b i ts  to
be se t  and tes ted  to  b inary  zero  (HexarJec ima i  ,00 , )  

a t  the
beg inn ing  o f  the  program.

Page of GC21 -7561-2

l ssued  24  May  1976

Bv  TNL :  GN21 -5389

BITON Operation Code

Figure  5-72  shows a  Ca lcu la t ion  sheet  conta in ing  the  B ITON
opera t ion  code.  Th is  opera t ion  code causes  spec i f ied  b i ts  in
Fac tor  2  to  tu rn  on  (se t  to  1 )  in  the  f ie ld  named in  the  Re-
su l t  F ie ld .  The f ie ld  named in  the  Resu l t  F ie ld  must  oe  a
one-pos i t ion  a lphamer ic  f  ie ld .  S ince  i t  i s  one pos i t ion  in
length ,  a  1  must  be  en tered  in  co lumn 51 o f  F ie ld  Length .
One or  more  o f  the  e igh t  b i ts  can be  tu rned on .  To  tu rn  on
the  f i rs t  b i t  in  a  f ie ld ,  en ter  0  in  Fac tor  2 .  These b i t  num-
bers must be enclosed by apostrophes.

You can cond i t ion  the  opera t ion  w i th  ind ica tors  in  co lumns
7 - 1 7 .  Y o u  m a y  a l s o  t u r n  o n  a  b i t  i n  a n  a r r a y  e l e m e n t ,  b u t
tha t  a r ray  e lement  must  be  one pos i t ion  in  length .

ln  F igure  5-72 ,b i ts  0 ,  1 .  and 7  are  se t  to  1  in  the  b inarv
f ie ld  labe led  CODE.

BITOF Operation Code

Figure  5-73  is  a  sample  Ca lcu la t ion  sheet  conta in ing  the
BITOF opera t ion  code.  Th is  opera t ion  code causes  specr -
f ied  b i ts  iden t i f ied  in  Facror  2  ro  tu rn  o f f  (se t  to  0 )  in  a
f i e l d  n a m e d  i n  t h e  R e s u l t  F i e l d .  I n  F i g u r e  5 - 7 3 ,  b i t s  0 , 3 ,
and 4  are  tu rned o f f  (se t  to  0 )  in  the  b inarv  f ie ld  labe led
C O D E .

A l l  o ther  spec i f  i ca t ions  are  the  same as  those spec i f  ied  under
BITON Operation Code.

r RPG CALCI . JLAT ION SPECIF ICAT IONS Form CX21 909:
P , r r e d  i l  J s a

15 76  71  1A 19 8A
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Figure 5-72.  The BITON Operar ion Code
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TEISTB Operation Code

Figure  5-74  is  a  sample  Ca lcu la t ion  sheet  w i th  the  TESTB
oper ra t io r . r  code.  Th is  opera t ion  code causes  spec i f  ied  b i ts
ider r t i f  ied  in  Fac tor  2 to  be  tes ted  fo r  an  o f f  o r  on  cond i_
t ion .  Resu l t ing  ind ica tors  in  co lumns 54-59 are  se t  depend_
ing  upon the  cond i t ions .  A t  leas t  one resu  l t ing  ind ica tor
must  be  used w i th  the  TESTB opera t ion ,  and as  many as
three  can be  r - ramed fo r  one opera t ic ln .  Two ind ica tors  may
be the  same fo r  one TESTB opera t ion .  bu t  no t  th ree .  Re-
su l t ing  ind ica tors  in  these co lumns have the  fo l lowrng mean
i n q s :

Co lumns 54-55:  An ind ica tor  in  these co lumns is  tu rned
c ,n  i f  a l l  the  b i ts  in  Fac tor  2  a re  o t |  (se t  to  0 ) .

C lo lumns 56-57:  An ind ica tor  in  these co lumns is  tu rned
on i f  two or  more  b i ts  were  tes ted  and found to  be  o f
n r ixed  s ta tus ,  some b i ts  on  and o ther  b i ts  o f f  .

Co lumns 58-59:  An ind ica tor  in  these co lumns is  tu rned
on i f  a l l  the  b i ts  in  Fac tor  2  a re  on  (se t  to  1 ) .

F ac\or 2

Figurr :  5-73.  The BITOF Operat ion Code
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FigureS-74.  The TFSTB Operat ion Code
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R P G  C A L C U L A T  I O N  S P E C I F I C A T I O N S

In  F igure  5-74 ,  b i ts  4 ,8 ,  and 6  in  the  b inary  f ie ld  named
CODE are  tes ted .  Resu l t ing  ind ica tor  66  is  tu rned on  i f
b i ts  4 ,5 ,  and 6  are  o f f .  l f  some are  on  and o thers  o f f ,  re -
su l t ing  ind ica tor  77  is  tu rned on .  l f  they  are  a l l  on .  resu l t -
ing  ind ica tor  88  is  tu rned on .

A l l  o ther  spec i f  i ca t ions  are  the  same as  those spec i f  ied
under BITON Operation Code. However, you need not
de f ine  the  Resu l t  F ie ld  as  one pos i t ion  in  length ,  s ince  th is
is  done when the  f ie ld  i s  used in  a  B ITON or  B ITOF opera
tion code.

CALCU LAT I  ON SPECI  F ICAT IONS

Note: The shaded colurrtns
are not  us€d.  Leave them
b lank .



Example

Fields are sometimes present in customer m,aster f i les to in-
di,cate particular types of customers. When such a masrer
f  i le  is  created,  each of  the condi t ions indicat ing a par t icu lar
customer type is represented in a record by a one-position
field. Since each position occupies one byt(! of storage, four
posi t ions indicat ing customer types wi l l  be stored in  four
b),tes of storage. You can use binary field operations to
convert each one-byte record position to one bit of informa_
tion on disk. Therefore. four bvtes of inforrnation can be
re,Cuced to four bits of information on disk.

For  example,  assume you have a customer nraster  f i le  on
cards.  You have four  columns conta in ing t l - re fo l lowing in-
format ion:

o Whether  the customer is  a wholesaler  or  reta i ler .

o l f  the customer is  ent i t led to a d iscount .

o l f  orders should be checked by the credi t  department .

r  l f  due to a bad payment  h is tory,  the shipment  should be
sent  cash on del ivery.

Now you want  to p lace the card f  i le  on d isk,  and the in-
format ion f rom the four  columns in four  b i ts  in  a b inary
f ie ld labeled CHECK. The four  columns wi l l  be labeled
WHLSE, DSCT, CREDIT,  and COD respect ive ly .  The fo l -
ow'ing operations should be performed:

1 .  l f  WH LSE is  equal  to  1,  turn on b i t  0  in  CH ECK.

2 .  l f  DSCT i sequa l  t o  1 ,  t u rn  on  b i t  1  i n  CHECK.

3 .  l f  CREDIT  i s  equa l  t o  1 ,  t u rn  on  b i t  2  i n  CHECK.

4.  l f  COD is  equal  to  1,  turn on b i t  3  in  CHECK.

Figure 5-75 shows correct coding for this problem. Re-
member that before sett ing up data in a binary f ield. the
binary f ield should be set to binary zero. This can be done
by the  BITOF ins t ruc t ion  (L ine  1 .  F igure  5- ,75) .

INCREASING THE SPEED OF OPERATIONS (DUAL

I /O  AREAS)

Dur ing the normal  RPG l l  cyc le,  a record is  read,  ca lcula-
t ions are per formed,  and output  is  produced.  The cyc le is
repeated for each record.

The speed at  which the cyc le is  done depends upon the
speed at  which records are read and output  produced.  Cal .
cu lat ions take less t ime than reading,  pr in t ing,  wr i t ing to
disk,  or  punching.  The speed of  doing output  can be in-
creased by using dual input/output areas.

Dual Input Areas

When dual  input  areas are used,  the program cycle is
changed.  F i rs t  a record is  read.  At  the same t ime,  calcula-
tions are being performed on this record, another record is
being read. Thus, the contents of two records are in the
computer at the same time. Figure 5-76 shows how the
records are processed when two input areas are used.

Dual  input  areas can be speci f ied for  sequent ia l  d isk f i les or
d i rect  d isk f i les processed sequent ia l ly ,  for  card f  i les desig-
nated as input  f i les.  or  for  tape input  f i les.  No stacker
selection can be specified for card fi les. Dual input area:
cannot be specified for combined or update fi les, table, or
demand f i les.  When shared input /output  is  speci f ied in  the
header card, all devices which can use shared input/output
are automat ica l ly  exc luded f rom use of  dual  input  areas.
(Note to Model 6 Programmers.' Dual input areas can be
used for  data recorder  input  f i les.  Dual  input  areas cannot
oe assigned to disk, data recorder, or ledger card device fi les
using a shared input /output  area,  speci f ied in  column 48
of  the Contro l  sheet . )
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CALCU LAT ION SPECI  F  ICAT IONS

Figure 5-75. Example of Binary Field Operations

Frigure 5-76. Dual lnput Areas

5i-70

Dual input areas require more computer storage space than
one input area, because two records are in storage during
each cyc le.  l f  you have a large program, you might  not
have enough storage space to accommodate two input areas.
The effect of dual input areas can be determined only if you
have knowledge of a program's processing requirements and
exper ience in RPG l l  programming.  In some cases,  you can
only make a f ina l  determinat ion by actual  exper imentat ion.
(Note to Disk Programmers: ll your program plus two input
areas requi re more space than is  avai lable,  cer ta in RPG l l
ob ject  cyc le rout ines remain on d isk dur ing execut ion and
are called into storage as needed. lf too many routines re-
main on disk, the performance of your program may be de-
creased by the use of dual input areas rather than increased.)

Specif ications

One entry on the File Description sheet is required to speci-
fy  dual  input  areas:  any d ig i t  (1-9)  in  column 32 assigns dual
input  areas for  the speci f  ied f  i le .  F igure 5-77 shows the f  i le
MASTER has been assigned dual  input  areas.

Input  area 1

Input  area 2

Records A and B
ini t ia l ly  read into
srorage.

Record B

Input  area 1

I  nput  area 2

Input  area 1

Input  area 2

Record C After Record A is
processed, Record C
is read while Record
B is processed,

t ;J'C,""i'1 After Record B is
processed, Record D
is read whi le Record
C is processed.

Record D

/Vofe.' The shaded areas represent records being processed,



File Description Specif ication

Figure 5-77. Specifying a Dual Input Area

Dual Output Areas

When dua l  ou tpu t  a reas  are  used,  the  program cyc le  i s

changed.  A  record  is  wr i t ten  or  punched ou t  a t  the  same
t ime ca lcu la t ion  and ou tpu t  opera t ions  are  be ing  done in -

te rna l l y  to  p roduce the  nex t  record .  (Ca lcu la t ion  opera-
t ions  are  no t  done a t  the  same t ime as  wr i t ing  or  punch ing

when on ly  one ou tpu t  a rea  is  used. )  F igur r - '  5 -78  shows
l]ow output records are produced using dual output areas.

Dua l  ou tpu t  a reas ,  l i ke  dua l  inpu t  a reas ,  re r lu i re  more  com-
puter  s to rage.  Consequent ly ,  the  same space cons idera t ions
tha t  app ly  to  dua l  inpu t  a reas  a lso  app ly  tc ,  dua l  ou tpu t

areas .  Dua l  ou tpu t  a reas  can be  used fo r  serquent ia l  and
c l i rec t  d isk  ou tpu t  f i l es ,  Mode l  10  pr in te r  f  les  (5203 pr in te r ) ,

tape f i les ,  and card  ou tpu t  f i l es .  Dua l  ou t t ru t  a reas  cannot

t re  spec i f ied  fo r  combined or  update  f  i l es .  A lso ,  dua l  ou t -
pu t  a reas  cannot  be  ass igned to  Mode l  6  da ta  recorder ,  d isk
or  ledger  card  dev ice  f i les  and Mode l  10  or  Mode l  15  d isk
f i les  tha t  use  a  shared input /ou tpu t  a rea .

Sipecif ications

One ent ry  i s  requ i red  on  the  F i le  Descr ip t i , cn  sheet  to  spec i -
fy  dua l  ou tpu t  a reas :  any  d ig i t  ( l -9 )  can  be  en tered  in  co l -

umn 32 fo r  an  ou tpu t  f  i l e .  F igure  5-79  shows the  f i le

t tR lNT has  been ass igned dua l  ou tpu t  a rear ; .

Fn. Addi! onlurDr&red

tor  Cv l ,n&r  O,ed low

LsgS ol Key Field d

ot Rhrd 4&16r tield

Speci f icat ion of  dual  input  areas
for  card f  i les is  a lso done wi th
a  d i g i t  i n  co l umn  32 .
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output area 1 [ffit--'m 
\ lecord A is in output area L[.::::::i::ir:::::::::::::ii 
I Whtte record A is being written

Output area 2

Output area 1

Output Area 2

Output area 1

Output area 2

| ..""-r I

t *""".. I
ffiffi.,qffi

Fffi*lffifi|

r# . " l
Note: the shaded blocks represent records being written,
punched, or  pr inted.

\

1

I

or punched calculat ions are
performed on record B, and it
is mored to output area 2.

When record A is finished. record
B is ready to be written or punched.
While record B is being writ ten or
punched from area 2, record C is
calculated and moved into area 1.

Record D is calculated and
moved into area 2,  whi le
record C is being wr i t ten or
pu nched.

Figure 5-78. Dual Output Areas

Figure 5-79. Spec ifying Dual Output Areas

Description Specif ication

F

Filename
D*ice

Symbolic
Odice

Name o f

Labe l  Ex i r

Exlent Exi t
lor DAM

Core I ndet

" l l lul-l'lFBl@k

ung6

l:11 optaon Entry il I lil

oa

F I

o a  6 l  a t  t t  9 l
€ c r t * 6
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2.

3.

4.

5.

Addit ional Uses of Indicators

' l  .  What effect do halt indicators have on System/3 operations? How can you use halt
indicators to handle error si tuations?

Descr ibe a method to e l iminate an output  f i le  for  one program run wi thout  havingr to
rewrite specifications and recompile the program.

When condi t ion ing a calculat ion speci f icat ion wi th an indicator ,  what  happens when
the indicator is on? What happens when it is off?

Describe what the TESTZ operation does.

Using this TESTZ specification, tell what the status of indicators 93, 94, and 95 wil l
when the f ie ld TEST conta ins:
a .  ABC
b. &/*
c.  JOH
d. 789

Review 5

be

6.
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Using td"r is  COMP speci f icat ion,  te l l  what  the status of  ind icators 96,  97,  and 98 wi l l
be whenr the f ie lds FIRST and SECOND conta in:

First Second
a. 16942 17942
b.  16000 15000
c.  19645 19645
d .  18921  18931

Controll ing Operations on the Basis of the Next Record in a File

7.  Basical ly ,  what  does the look ahead fac i l i ty  a l low you to do? What  l imi tat ions apply
to its u$e?

8'  To the input  speci f icat ions g iven add those which wi l l  a l low you to look ahead in
order  to read the next  par t  number (pARTNo) and next  code in column 96.

RPG INPUTSPECIFICATIONS

**ffl" 75 76  77  78  79  80
Prderam aT_rT-fl_l
! e n , i c a , , o n l  I  I  I  I  I  I

1+1"f+ r 1
I I
T ' - -  -  f  '  1  1

I i

I i
] - - l  ' f i I l r
r l

Moving Data

9. With MOVE, which position of Factor 2 is moved f irst and where is it positioned in
the Resul t  F ie ld?

10.  what  happens in a MOVE operat ion i f  Factor  2 is  larger  than the Resul t  F ie ld?
What happens i f  i t  is  smal ler?

with MOVEL, which position of Factor 2 is moved first and where is it positioned
in the Resul t  F ie ld?

What sign does a numeric Result Field have after a MOVEL operation?

1 1 .

12.
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13.  F lELDl ,  a 4-posi t ion posi t ive numer ic  f ie ld,  conta ins 3456;  F|ELD2,an g-posi t ion
negat ive numer ic  f ie ld,  conta ins 87654321.  What  wi l l  the contents of  the Resul t  F ie ld
be af ter  each of  the fo l lowing inst ruct ions is  executed,  i f  FIELDl  and FIELD2 conta in
the above values before each instruction is executed?

RPG CALCULAT ION SPECIF ICAT IONS

75 76  7?  78  79  80

R e n r l r  F i e l d

Branching in Calculat ions

What  i s  the  purpose o f  b ranch inq?

How is  b ranch ing  spec i f ied  in  RpG l l?

By using branching, how can you structure a program, which has several record
types  each o f  wh ich  requ i res  d i f fe ren t  ca lcu la t ion  opera t ions ,  so  tha t  i t  i s  easy  ro
wr i te  and e f f  i c ien t  to  run?

what  must  you a lways  inc lude in  a  p rogram tha t  has  a  loop? what  w i l l  happen i l
you  do  no t  inc lude th is?

Using Subroutines in Calculations

When shou ld  a  subrout ine  be  used?

what are the operations used to def ine and execute a subroutine? what enrry musr
be made in  each ca lcu la t ion  l ine  o f  a  subrout ine  tha t  i s  d i f fe ren t  f rom a l l  o ther
ca lcu  la t ions?

2Q. what  l i rn i ta t ions in  the use of  Goro and rAG apply to subrout ines?

21 .  Where must  subrout ines be coded?

1 4 .

1 5 .

1 6 .

""* fll "- iff iil., ". [ll[f]

1 7 .

1 8 .

1 9 .
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Special Uses of Control Level Indicators

22.  When would you use the L0 indicator?

23' How can you specify calculations to be performed only on the f irst card of a qrouo?

24.  When should you speci fy  b lank af ter  (g in  column 39 of  the Output-Format sheet)
for  an output  f ie ld?

Binary Field Operations

25. What are bit switches used for?

26. Code the calculation specif ication to:
a.  Set  on b i ts  4 and 7 in  a f ie ld cal led TESTER.
b. Set off bits ' l  , 2, and 3 in TESTER.
c.  Test  to  see whether  b i ts  1,  2,  ancl3 in  TESTER are a l l  on or  a l l  o f f .  Set  on indi -

cator  01 i f  they are a l l  on and set  on indicator  o2i f  thev are a l r  o t f .

Dual Input/Output Areas

27'  For  which device and f i re  types can you speci fy  duar  input /output  areas on vour
system ?

5-76



2.

Hal t  ind ica tors  may be  tu rned on  as  record  ident i f y ing  ind ica tors ,  as  a  resr . r l t  o f  a
tes t  on  a  f ie ld ,  o r  as  a  resu l t  o f  ca lcu la t ions .  when they  are  on ,  they  cause the
sys tem to  ha l t  a f te r  a l l  ca lcu la t ions  and ou tpu t  opera t ions  have been per fo rmed fo r
tha t  p rogram cyc le .

Because a  program cyc le  i s  comple ted  be fore  the  sys tem ha l ts ,  opera t ions  may be
per fo rmed on er roneous da ta .  Ha l t  ind ica tors ,  when used as  cond i t ion ing  ind ica tors ,
a l lo \ / /  you  to  bypass  ca lcu la t ions  and ou tpu t  opera t ions  wh ich  wou ld  usua l ly  be  done.
They 'a lso  a l low you to  p r in t  e r ro r  messages and s tacker  se lec t  any  cards  w i th  e r rone-
ous  in fo rmat ion .

Use ien  ex terna l  ind ica tor  (U l -U8)  to  cond i t ion  the  ou tpu t  f  i l e  and opera t ions  spec i -
f i e d  f o r  t h a t  f i l e .  w h e n  t h e  i n d i c a t o r  i s  o n  t h e  f i l e  i s  u s e d ; w h e n  i t  i s  o f f ,  t h e  f i l e  i s
no t  used.  The f i le  i s  cond i t ioned by  an  ex terna l  ind ica tor  spec i f ied  in  co lumns 71-72
of  the  F i le  Descr ip t io r r  sheet .  The ou tpu t  spec i f i ca t ions  shou ld  be  cond i t ioned by  tha t
sam€ ex terna l  ind ica tor  en tered  in  co lumns 23-31 o f  the  Outout  Soec i f i ca t ions  Sheet .

l f  th ,e  ind ica tor  i s  on ,  the  s tep  w i l l  be  executed .  l f  the  ind ica tor  i s  o f f ,  the  s tep  w i l l
no t  be  executed .

TES- I -Z  examines  the  zone por t ion  o f  the  le f tmost  charac ter  in  an  a lphamer ic  f ie ld .
l f  t h i a t  p o s i t i o n  c o n t a i n s  &  o r  A - 1 ,  t h e  p l u s  i n d i c a t o r  w i l l  t u r n  o n .  l f  t h a t  p o s i t i o n

I
c o n t ; l i n s  - ,  

i  , o r  J - R ,  t h e  m i n u s  i n d i c a t o r  t u r n s  o n .  F o r  a l l  o t h e r  c h a r a c t e r s ,  t h e
zero  Ind tca tor  tu rns  on .

o'>

a .  o r l

D .  On

c .  o f f

d .  o j f

97
o n

ofi

o f f

o n

Page  o f  GC21 -7567 -2
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95

off

off

o f f

o n

98
off

o f f

o n

of f

94

of f

o f f

o n

off

9C;
of f
orl

off

off

tr

6 .
a .

D .

d .

tt.

Look ahead a l lows you to  use  da ta  on  the  nex t  record  to  be  processed.  Normal lv
on ly  the  da ta  on  the  record  cur ren t ly  be ing  processed is  ava i lab le  to  the  RpG l l  p ro -
gram.  Look  ahead is  most  o f ten  used w i th  input  f i l es .  l f  i t  i s  used w i th  combined
or  update  f i les ,  in fo rmat ion  in  the  look  ahead f ie ld  wh i le  the  combined or  upoare
f i le  i s  be ing  processed w i l l  be  f rom the  record  cur ren t ly  be ing  processed,  no t  f rom
the nex t  record  in  the  f i le .

* *  
must  be  spec i f ied  in  co lumns 19-20 to  ind ica te  tha t  the  f ie lds  l i s ted  are  to  be

lookerd  a t  in  the  nex t  card  ava i lab le  fo r  p rocess ing .  Look  ahead f ie lds  must  be  g iven
d i f fe ren t  f ie ld  names than those used when descr ib ing  the  f i le .  Any  a lphabet ic
charac ters  may be  used in  co lumns 15 , i6 .
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I

IBM
l , r  ,  ,

r

RPG INPUT SPECI  F ICAT IONS

9.  Thc  r igh thand,  low orc le r  pos i t io r r  o f  Fac tc r  2  i s  moved f  i rs t ,  to  the  r iqh thant l ,  l c - . r i
o r d e r  p o s i t i o n  o f  t h r :  R e s u l t  F i e l d .

l f  Fac tor  2  i s  la rger ,  the  nunrber  o f  po-s i t ions  n toved w i l l  l te  e r lua l  to  the  s iz i :  o f  t i re
R e s u l t  i r i e l d .  l f  F a c t o r  2  i s  s m a l l e r ,  t h c  w h o l e  f i e i d  w i l l  L r e  r r o v e d  a n d  t h e  l e f t h a r r r i
pos i t io r rs  o f  the  Resu l t  F ie ld  w i l l  be  unchangec l .

W i t h  M l ) V E L ,  t h e  l e f t m o s t  p o s i t i o n  o f  F a c t o r  2  i s  m o v e c J  t i r s t  t o  r h e  l e f t n r o s i  p o : r

t i o n  ( ' f  t h e  R c s u l t  F r e l d .

The s ign  o f  th r . ,  Resu l t  F ie ld  a t te r  a  MOVEL o l re ra t ion  is  l re r f  o i  rned w i i l  bc  the  sa i r r t :
a s  t h a t  r t f  t h e  i o w ' o r d e r  c h a r a c t e r  o f  F a c t o r  2  L r n l e s s  F a c t o r  2  i s  s r n a l l e r  t h a n  t h e  R c

s u i t  F i c l d  i n  w h i c h  c a s e  t h e  s i - c 1 n  i s  u r i c h a n g e r l .

i
a . 8 7 6 i i 3 4 5 6
b. B76a;
c. 4321
d . 3 4 5 6 4 3 2 i

1 4 .  B r a n c h i n g  a l t e r s  t h e  s e c l u € l n c e  i r r  w h r c h  c a l c u i a t i o r r s  a r e  e x e c u t e d .  l t  a l l o w s  V O u  t o
a .  S k i I  c i r l c u l a t i o n  o l ) e r a t i ( ) n \ .
b .  Execute  opera t ions  in  an  order  o ther  than the  r - ro rmai  scqL le r t ia t  o rd€r ' -
c .  P e r f o r m  t h e  s a m e  c a l c u l a t i o n s  s e v e r a l  t i m e s  i n  o n e  c v c l e .

1 5 .  B r a n c h i n g  i n  R P G  l l  i s  s p e c i f i e d  b y  t h e  o p r e r a t i o n s  G O T O  a n d  T A G .  G O T O  t e l l s  t h c .

computer  to  b ranch to  a  loca t ic ln  ind ica ted  in  Fac tor  2  o f  the  i r rs t ruc t io r r .  The 
- tAC

sta tement  i s  p laced a t  the  po in t  in  your  p rogram to  \ ,vh ich  you want  to  b ranc f r .  The
n a m e  i r r  F a c t o r ' i  o f  t h e  T A G  s t a t e r n e n t  i s  t i r e  s a m c  a s  t h e  n a m e  i n  F a c t o r  2  o f  t h e

a p p r o p r i a t e  G O T O .  E v , e r y  G O T O  r e c l u i r e s  a  T A G  o r  t h e  p r o o r a m  w i l l  n o t  k n o w
where  to  b ranch t r . ) .  Severa l  GOTO s ta tements  may branch to  the  sam.r  TAG,  bu t  t l - ie
na f f re  on  each TAG s ta tement  must  be  Untuue.

.  
L , r r t  I  i j t . , l L l r j L

l

i , r f  l , r

; . 1
i

!i
',1) 3

331 3
I

rl
9,6i 9

x0.

1 1

1 2

I J

l

l , r
i , .
_1I , f_
o] iennz,ul
2+ lDr sc I?ffrroH I
6i lNExrNq
bl lNxIcD I
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condit ion severar Goro statements with the various record type indicators. write
the  se t  o f  spec i f i ca t ions  fo r  each record  type  separa te ly  and incrude them in  the  pro_
grarn .  The se t  o f  spec i f  i ca t ions  fo r  each record  type  w i l l  beg in  w i th  a  TAG s ta tement
and end w i th  a  GOTO s ta tement  wh ich  branches to  the  end o f  a l l  ca lcu la t ions .  Theprogram wil l  test the record type and branch to the correct set of specif icat ions. At
the  end o f  the  se t  o f  spec i f i ca t ions ,  i t  w i l l  b ranch around a l l  o ther  spec i f i ca t ions  to
the  end o f  the  ca lcu la t ion  sec t ion .

l f  a  p rogram has  a  roop,  there  must  be  some way to  s top  the  roop ing .  The branch
back instruct ion must be condit ioned so that when certain condit ions have oeen met,
the  s ta tement  w i i l  no t  be  executed .  r f  th is  cond i t ion  is  no t  spec i f  ied  or  cannot  be
met ,  the  program wi l l  go  in to  an  end less  loop.

A subrout ine  can be  used whenever  the  same ca lcu la t ions  must  be  executed  a t  severa l
d i f fe l ren t  p laces  in  a  p rogram.

The f i rs t  l i ne  o f  a  subrout ine  must  have the  BEGSR opera t ion  code in  corumns 29_32
wi th  the  subrout ine  name in  Fac tor  1 .  The ras t  r ine  in  a  subrout ine  must  have
ENDSR opera t ion  code in  co lumns 2g-32.  Th is  l ine  can have a  name in  Fac tor  1 ,  and
th is  name can then be  re fe renced by  a  Goro  s ta tement .  Every  subrout ine  r ine  must
have SR in  co lumns 7-8 .

No branches can be  made f rom a  Goro  s ta tement  w i th in  a  subrout ine  to  a  TAG
sta tement  ou ts ide  tha t  subrout ine .  No branches can be  made f rom outs ide  the  sub_
rout ine  to  a  TAG s ta tement  w i th in  the  subrout ine .

A l l  subrout ines  must  appear  on  the  carcura t ion  sheet  a f te r  a i l  de ta i r  and to ta l
ca  lcu  la t ions .

L0  wou ld  be  used i f  you  need to  per fo rm some ca lcu la t ion  s teps  a t  to ta l  ca lcu la t ion
t ime and there  is  no  normal  cont ro l  leve l  ind ica tor  (L1-L9)  ava i lab le .  A  common use
of  th is  i s  to  se t  on  the  o ther  cont ro r  rever  ind ica tors  when cont ro r  f ie rds  are  no t
ava  i lab le .

23 '  Deta i l  ca lcu la t ions  are  d is t ingu ished f rom to ta l  ca lcu la t ions  by  the  fac t  tha t  co lumns
7-8  o f  the  Ca lcu la t ion  sheet  a re  le f t  b lank  fo r  de ta i l  ca lcu la t ions .  S ince  the  cont ro l
leve l  ind ica tor  s tays  on  th rough de ta i l  ca lcu la t ions  i t  can  be  used l i ke  any  o ther  ind i -
ca tor  in  co lumns 9-17  to  cont ro l  de ta i l  ca lcu la t ions .  The cont ro l  leve l  ind ica tor  w i l l
be  on  fo r  on ly  the  f i rs t  card  o f  a  new cont ro l  g roup.

B lank  a f te r  shou ld  be  used to  rese t  a  f ie rd  to  zero  tha t  i s  used to  accumura te  and
pr in t  a  to ta l  fo r  each cont ro r  g roup.  Th is  a i lows the  f ie rd  to  s ta r t  w i th  a  zero
va lue  fo r  the  new cont ro t  g roup.

25 '  B i t  sw i tches  are  used to  code and tes t  fo r  spec i f ied  s i tua t ions .  Wi th  Sys tem/3  Mode l
10  D isk  Sys tem and Mode l  6 ,  they  are  s to red  in  one-by te  a lphamer ic  f ie lds  in  s to rage
and on  d isk .  One example  is  c red i t  in fo rmat ion  in  an  accounts  rece ivab le  f i le .  The
f i r s t  b i t  m i g h t  m e a n  a  C O D  o n l y ; t h e  s e c o n d ,  p a y m e n t  d u e  i n  3 0  d a y s ; t h e t h i r d ,
c red i t  l im i t  $1000;e tc .  when these cond i t ions  are  coded as  b i t  sw i tches  they  take
up less  d isk  space than s ing le  charac ter  codes  tha t  migh t  be  used in  tne  same way.

26 .  See cod ing  sheet .

1 6 .

1 7 .

t at_

1 9 .

20.

21 .

22.

24.
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Model l0 Citrd System.

o  MFCU input  f i l es  (no  s tacker  se lec t ;  no  tab le  o r  demand f i les )

.  MFCU outpu t  f  i l es  (no  s tacker  se lec t )

o  P R I N T E I l  o u r p u t  f i l e s

o  P R  l N T R i 2  o u t p u t  f  i l e s

.  T A P E  i n p u t  f i l e

.  T A P E  o u t p u t  f i l e

Model l0 Disk System and Model l2:

r  MFCU or  1442 input  f i res  (no  s tacker  serec t ;  no  tabre  or  demand f i res )

.  MFCU or  1442 ou tpu t  f i l es  (no  s tacker  se lec t )

o  P R  I N T E F t  o u t p u t  f  i l e s

o  P R I N T R 2 I  o u t p u t  f i l e s

o  D I S K  i n p u t  f  i l e s  ( s e q u e n t i a l  a n d  d i r e c t  o n l y )

.  D I S K  o u t p u t  f i l e s  ( s e q u e n t i a l  a n d  d i r e c t  o n l y )

o  TAPE input  f i l es

o  TAPE outpu t  f  i l es

t i l I
T  I  I - T

1r+1

27.

T



Model 6:

.  DISK i r rput  f  i les (sequent ia l  and d i rect  orr ly ;  no shared l /O)

o  D ISK  ou tpu t  f i l es  ( sequen t i a l  and  d i rec t  on l y ;  no  sha red  l /O )

o DATA96 input  f i les

Model  15:  Same as Model  10 Disk System, p lus

.  2501 input  f  i les

o MFCM input  f i les (no stacker  select ;  no table or  demand f i les)

o MFCM output  f  i les (no stacker  select )
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Chapter 6. Match Fields and Mult i f  i le Processing

CHAPTER 6  DESCRIBES:

How to  ass ign  match  f  ie lds  t r r  one or  rnore  f  i l es .

Use o f  n ra tch  f ie lds  to  seqLrence check  records  in  a  f i lq .

Us ing  nra l .ch ing  records  to  cont ro l  the .  p rocess ing  o f  mu l t ip le  input  f i l es .

B E F O R E  R E I \ D I N G  T H I S  C I . I A P T E R  Y O U  S H O U L D  B E  A B L E  T O  D E S C R I B E :

Hovv-  to  ider r t i f y  i r rpu t  record  types  on  the  lnput  sheet .

How to  use  f  ie ld - record  re la t ion"

How to  spec i fy  s tacker  se lec t ion  on  the  MFCU.

RPG l l  ob lec t  J : rogram cyc le"

A F T E R  R E A D I N G  T H I S  C H A P T E R  Y O U  S H O U L D  B E  A B L E  T O  D E S C R I B E :

Check ing  the  sequence o f  records  w i th in  a  f i le  us ing  match  f ie lds .

Us ing  match  f ie lds  w i th  f ie ld - record  re la t ion  fo r  more  than one record  type  in  a  f i le .

Match ing  records  wf ren  there  is  on ly  c . rne  record  type  in  a  f  i l e .

RPG |  |  og ic  fo r  p rocess ing  f i les  by  nra tch ing  records .

Match ing  records  when there  are  more  than one record  type  in  a  f i le .

Match ing  records  when a i l  c f  the  records  in  one o f  the  f l les  have been processed.

Us ing  match  f ie lds  and cont ro l  f ie lds  in  the  same f i le .

How to  de termine whether  a  f i le  shou ld  be  pr imary  o r  secor rdary .

y'y 'ote. '  \ /ou can use the review questions contained in Review 6 at the end of this

chapter  to  tes t  your  comprehens ion  o f  the  top ics  in  the  chapter .  Answers  fo l low

the review questions.
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I N T R O D U C T I O N

Match f ields are data f ields on separate records that are
compared to  es tab l i s l i  a  re la t ionsh ip  be tween the  records .
Match  f  ie lds  have two func t ions ,  OepenOing on  whether  there ta ted  records  are  the  same input  type  f i le  o r  in  separa te
input  typre  f i les .  (An inp . t t  t ype  f i le  can be  an  input ,  update ,
or  c r :mb ined f i le . i

Within a f i le, match f ielrJr; are used to check the sequence
of records on which t irey 3ppg6p. The sequence checking isaccompl rshed by  compar ing  match  f  ie lds  in  one record  w i th
the match f ielcls in thc next record of the same f i le. Whentwo or  rnore  input  type  f i les  a fe  usec i  by  a  p rogram.  the  se-quence o f  each f i le  can be  checked jus t  as  sequence was
checked f  o r  a  s ing le  f  i l e .  ,A l l  f  i l es  tha t  a re  sequence checked
by match  f ie lds  must  be  in  the  same sequence,  e t ther  as .
cer rd i r ig  o r  Cescend ing .

In  add i t ion  to  sequence c f reck ing  recor t j s  w i th in  a  f  i re ,  matchf  ie lds  can a lso  be  used to  e rs tab l i sh  a  re la t ionsh ip  be tween
records  tha t  a re  in  separa t r :  f i res .  That  i s ,  match  f  ie rds  can
be used to match records l,rarn two ar more inpLtt type tiles
to  de ter rn ine  wh ich  record  is  to  be  processed on  tne  cur ren t
cyc le .  l f  two f i les  a re  usec  in  the  same job  ano you do  no t
spec i fy  the  order  o f  p rocess ing ,  the  pr imary  f  i l e  i s  comple te-
ly processed f irst.  Only then are records from secondary
f i les processed. By specifying that the order of processing
ir;  to be determined by conrparing the contents ot match
fields, however, you can cause recorcls from secondary f i les
t lhat are related to a record in the primary f i le to be proc_
essed be fore  the  nex t  p r imary  record .

The process ing  o f  more  thar r  one input  type  f  i l e ,  w i th  o r
without match fields, is terrred multifile processmg. Selec-
t ion of records from more than one f i le based on the con-
te rn ts  o f  match  f ie lds  i s  kno ,wn as  mul t i f i l e  p rocess ing  by
m'atching rccords.

Mul t i f i l e  p rocess ing  is  comnron ly  used in  app l i ca t ions  where
data  f i les  a re  se t  L lp  to  conta in  on ly  a  cer ta in  type  o f  in fo r -
mat ion .  For  example ,  a  master  payro l l  f i l e  migh t  con ta in
derta which dces not change often, such as an #ployee,s
pay rate. Another payroi l  f i i re, which wourd consist of new
rercords every week, might contain data suctr as tne number
of hours an employee workerd in the week" To produce apaycheck or other report,  information from both f i les
must be used. Furthermore, the records from the two f i les
mList be processed in a part ir :ular order. Matching records
can be used both to determine which record to process on
eacn program cycle and to sequence check the records with_
in  each f i le .

Note to Disk programnters; For ease of depict ing input rec-
ords  and f i les .  card- l i ke  records  are  shown in  i l l us t ra t ions
throughout  th is  chapter .  Th is  does  no t  imp ly  tha t  the  proc-
ess ing  rnus t  be  done us ing  carc i  f i l es .  The f i les  can be  reac l
f rom any  Sys tem/3  dev ice  tha t  can  be  usecJ  as  an  rnput  de ,
v ice .  A lso ,  th rouqhout  the  chapter .  two input - type  f  i l es
are  used in  examples  to  i l i us t ra te  RpG l l  log ic  to r  match ing
records .  RPG i l  rog ic  and the  ru res  fo r  record  serec t ion  r jo
not  change when more  thar r  two f i les  a re  used.  See the
RPG l l  re fe rence manua i  fo r  your  sys tern  fo r  examples
us ing  more  than two f  i les .

C H E C K I N G  S E O U E N C E  O F  R E C f } ! ? D $  W I T H I N  A  F I L E

File Containing Onty One Record Type

As you know,  an  A or  D en t rv  made in  co lu rnn  1g  o f  a  f i le
descr ip t ion  spec i f i ca t ion  ind ica tes  tha t  the  records  in  the
f i le  c jescr ibed are  to  be  in  sequence.  l f  you  spec i ty  tha t  the
f i le  EMPLOYEE is  ro  be  in  ascend ing  (A)  sequence,  wh ich
emptoyee records  in  F igure  6_1 are  in  the  cor rec t  o rc . le r?
Actua l l y  a l l  th ree  ar rangements  show the  f  i l e  in  ascend ing
order :  the  f  i r s t  i s  sequenced by  depar tment  number ,  the
second by  name,  and the  th i rd  g roup by  employee number .

As you can see then, before the program can check the se_
quence o f  records  in  a  f i le ,  you  must  spec i fy  the  f ie ld  o r
l ie lds  wh ich  are  to  de termine the  order .  The f ie lds  on  wh ich
the  sequence is  to  be  checked (ca l led  match  f ie lds)  a re  iden_
t i f ied  on  the  Input  sheet  by  cod ing  one o f  the  en t r ies  M1-
M9 in  co lu rnns  61-62 (see F igure  6_2) .

Records  w i th in  a  f i le  may be  sequenced on  the  bas is  o f  one
or  more  da ta  f  ie lds .  Up to  n ine  f ie lds  may be  used by  ass ign-
ing  one o f  the  en t r ies  Ml -Mg to  each match  f ie ld .  Enter ing
M1 on the  same l ine  as  you descr ibe  the  DEpT f ie ld  (F igure
6-2) causes the records to be sequence checked according to
oepar tment  number .  Thus ,  th is  f  i l e  shou ld  be  in  ascend ing
order  as  shown in  the  f  i r s t  g roup o f  F igure  6_1.

When you specify more than one match f ield to check se_
quence,  the  p t  ogram cons iders  a l i  the  match  f ie lds  to  be  one
cont inuous  f  ie ld ,  even though the  f  ie lds  may no t  be  ad jacent
in  a  record .  For  th is  reason,  a l l  match  f ie lds  ass igned to  a
part icular record type are considered to have the same type
of  da ta  (a lphamer ic  o r  numer ic ) .  The ind iv idua l  f  ie lds  a re
checked in  o rder  accord ing  to  the  leve l  o f  the  match  f  ie ld
ent ry  ass igned to  the  f ie ld .  M1 is  the  lowest  leve l ;  M9 is
cons idered the  most  impor tan t .
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Figure 6-4 shows three records from the EMpLOyEE f i le.
The three match f ields shown would be considered one
field. lf the fi le is specif ied to be in ascending order (on
the File Description sheet), the records are in order since
03037372 is lower than 0305121g, which is lower than
05029425. However. if the fi le is to be in descending se-quence, record 1 and record 3 must be switched.

Figure 6-2. Assigning a Matr:h Field for Sequence Checking

The input  speci f icat ions shown in F igure 6-3 show that
three f ie lds on an EMpLOyEE record are to be used for
sequence checking. Sinc,s all records in a particutar region
are to be together ,  the RiEGION f ie ld is  ass igned the h igh-
est (M3) match field entry and, thus, is checked first.
DSTRCT is  the next  mat ,ch f ie ld (M2),  anO DEpT is  thel a s t  ( M 1 ) .

RPG INPUT SPECI FICATIONS GX2t  m!  u /M o5o.
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Field Locat ion
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l 1

t i +
I f r
l f l

Figure 6-3. Assigning More than One Match Field for Sequence Checking
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Figure 64. Match Fields Checked According to Level Assigned

Processing halts when the f irst record out of sequence is
read. You can then correct the order of the records to con-
t inue process ing .  Note ,  however ,  tha t  on ly  an  er ro r  in  the
direct ion of the sequence is det{rcted. When sequence check-
ing  a  f i le  w i th  match  f ie lds ,  RPG l l  does  no t  cause the  proc-
ess ing  to  s top  when a  dup l ica te  match  f ie ld  i s  read.  Th is
can be accomplished, however, by coding the sequence check
us ing  ca lcu la t ion  spec i f  i ca t ions .

M3 M2 M 1

+  R e c o r d 3  +

Record 1 +

R E G I O N

DSTRCT

In  the  las t  example ,  a l l  records  in  the  EMPLOYEE f i le  were
the  same record  type ;  tha t  i s ,  they  conta ined the  same type
of  in fo rmat ion  in  the  same loca t ion  on  each record .  There-
fo re ,  a  par t i cu la r  match  f ie ld  cou ld  a lways  be  found in  cer -
ta in  pos i t ions  fo r  every  record  in  the  f i le .

Fl--rl;l

DEPT
( M 1 )

Region DSTRCT
(M3)  (M2 )

Match Fie lds And Mul t i f  i le  Processing 6-5



File Containing More than One Record Type

rfVhen sonre or all of the fields on a record are in different
posi t ions than the f ie lds on other  records in  the same f i le ,
\/ou have different record ;types, Suppose your EMpLOyEE
f i le is made up of two diffr:rent record types, one type for
sralesmen and one type for all other employees. An S inposi t ion 96 ident i f ies records of  sa lesmen;  an O ident i f  ies

the other employee records. Two different recorq types
are necessary because salesmen receive a percent commis_
sion on sales, while other employees receive a set weekly
salary.  Al though commission and salary f  ie lds appear on
only cer ta in records.  a l l  EMpLOyEE records conta in an
employee number, department, and district, as shown in
Figure 6-5. However, these common fields appear in dif-
ferent locations on different record types.

RPG INPUT SPECI FICATIONS ( i r2 l  1& ! /M 60,

15  16  1 /  7A 79  aO

-  
l -  I  T  l
I  e u n . n , n e  / c ' " d (  I  |  |  |  |  I  l o , o r - , . " u - * l
I '^"-'- F."* | r-r-il -1 -t -t I'  - r  I  |  - J  I  I  L  I  _  l

o

**il"- P'q'dm [-T_TT-T-T--]
to-',r-r,-l t_L I | | I

Record for  Other Employee

Figure 6-5, File Containing Two Record Types

Record for  Salesman
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[ :or  th is  par t icu lar  program, you want  a l is t  o f  a l l  employ_
eres, in ascending sequence accoroing to district. Further_
rnore, the records within a district are to be in sequence
according to department and employee numbers. To ensure
the sequence of the fi le, three fields on each record must be
checked,  as shown in F igure 6-6.  DISTRCT is  the most  im-
portant category and, therefore, is assigned the highest
nnatch field entry.

Since there are two different record types, a particular
match f ie ld may not  a lways be in  the same record posi t ions.
For  instance,  DSTRCT is  in  posi t ions 15-16 on salesmen
records, and in positions 2Q-21 on records for otner em-
ployees.  You must  te l l  the program where to locate the
match fields for each record type (Figure 6-7). Once the
program determines the record type by checking the code
in posi t ion 96,  i t  then looks at  the appropr iate match f  ie ld
positions for that record type.

Record Type "O" for  Other Employee

Record Type "S" for  Salesman

M 1M2M3

t;
L '

DSTiICT DEPT E M P N U M

3

M3

425  07

Figune 6-6. Match Fields in Different Locations on Two Records
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Fiigure 6-7, Assigning Match Fields to Different Record Ttrrpes
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Fie lds  f rom d i f fe ren t  record  types  wh ich  have r reen ass igned
the  same match  va lue  may have the  same name.  As  shown
in  F igure  6 .7  ,  M2 has  beer r  ass ig r . red  bo th  to  the  DEp- f  f  ie ld
on sa lesman records  and to  the  DEpT f ie ld  on  o ther  em_
ployee records.

l f  match  f ie lds  a re  ass igned to  more  than one recorc l  t ype  in
a  program,  a l lo f  the  records  (w i th  match  f ie lds)  rnus t  be
ass igned the  same number  o f  match  f  ie lds .  Fur ther rnore ,  a l l
match  f ie lds  (on  d i f fe ren t  record  types)  wh ich  are  g iven the
s a m e  v a l u e  ( M 1  M 9 )  m u s t  b e  t h e  s a m e  l e n g t h .  T h u s ,  a l l  M 1
f ie lds  must  be  the  same le r rg th ,  a l l  M2 f ie lds  rn , - l s r  t re  the  same
length ,  and so  on .  Th is ,  o f  course ,  mear rs  tha t  tne  ro ta l
leng th  o f  the  match  f ie lds  must  l le  the  sarne  fo r  each o f  the
recoros .

I n  t h i s  e x a m p l e ,  t h e  E M p L  O y E E :  f  i l e  c o n t a i n s  o n l y  t w o
types  o f  records  and bo th  a re  ass igned match  f  ie ld  en t r ies .
l lowever ,  match  f  ie lds  need no t  l te  spec i f iec l  fo r  a l l  recorc . l
t ypes  in  a  f i le .  Record  typ 's5  wh ich  do  no t  con tagr  matc i . l
l ' i e lds  a re  p rocessed in  the  ,c rder  they  are  reac l .  The sequence
check ,  then app l ies  on ly  to  the  r r :cord  rVpes to  wh ich
rna tch  f ie ld  en t r ies  have been ass iqned.

T J S I N G  M A T C H  F I E L D S  W I T H  F I E L D . R E C O R D
I I E L A T I O N  F O R  M O R E ' I ' H A N  O N E  R E C O R D  T Y P E
I N  A  F I L E

In  the  las t  example ,  each o f  the  record  types  in  the  E lV l ,
PLOYEE f i le  i s  descr ibed rn r i th  a  separa te  se t  o f  inpu t  spec i -
f  i ca t ions .  S ince  a l l  o f  the  f ie lds  to  be  used fo r  match tng  are
in  d i f fe ren t  co lunrns  on  the  d i f fe ren t  record  types ,  the  same
match  f ie ld  en t r ies  a re  ass igned once fo r  each record  tvoe .

Match  F ie lds  the  Same fo r  A l l  Record  Types

Of ten ,  however ,  you  may f  ind  r .ha t  a l though t l re re  a re  d i f ,
fe ren t  record  types  in  a  { i le ,  rnany  o f  the  f  ie lds  a re  the  same
on a l l  record  types .  That  i s ,  rnany  f ie lc ls  have the  same
n a m e ,  c o n t a ! n  t h e  s a m e  t y p e  o f  d a t a ,  a n d  a r e  a l w a y s  f o u n d
i n  p a r t i c u l a r  p o s i t i o n s  o f  a n y  r e c o r d  t y p e  i n  t h e  f i l e .  F o r
example ,  sa lesmen records  and o ther  employee recoros
rn igh t  be  organ ized as  shown i r r  F igure  6_g.  For  r ,o th  rec_
o r d  t y p e s ,  a l l  f i e l d s  a r e  t h e  s a m e  e x c e p t  t h e  C O M M  a n d
S A L A R Y  f  i e l d s  a n d  t h e  r e c o r d  i d e n t i f y i n g  c c d e  i n  p o s i t i o n
9 6 .

When on ly  a  fe r ,ny  f ie lds  d i f fe r ,  rec , . . r rd  tVpes  can be  descr ibed
o n  t h e  I n p u t  s h e e t  i n  a n  O R  r e l a t i o n s h i p .  l n s t e a c l  o f  u s i n g
separa te  se ts  o f  i r rpu t  spec i f i ca t ions ,  common f ie lds  need
to  be  cJescr ibed on ly  oncr : .  As  showrr  i r r  F igure  6_9,  en t r ies
under  F ie ld  Recorc l  Re la t ion  (co lumns 63_64)  can then
ident i f y  the  f  ie lds  wh ich  are  un ique to  a  par t i cu ta r  record
t y p e .  N o t i c e  t h a l  f i e l d s  w h i c h  a r e  t h e  s a n r e  f o r  a l l  r e c o r d
types  are  descr ibed f  i r s t .  A l l  f  ie lds  re la ted  to  a  par t i cu la r
record  type  are  then descr ibed be tore  spec i f , r , ing  the  f ie lds
re la ted  to  one o{  the  o t l re r  record  types .

D S T R C T ,  D E P T ,  a n d  E M P N [ J M  a r e  t h e  t h r e e  m a t c h  f i e l d s
t o  b e  u s e d  i n  s e q u e n c e  c h e c k i n q  t h e  E M p L O y E E  f  i l e .

S i n c e  t h e y  a r e  r l e s c r i b e d  o n l y  o n c e  o n  t h e  I n p u t  s h e e t  w i t h _
out  any  f  ie lc l  record  re la t ion  en t r ies ,  the  matc i r  f ie ld  en t r ies
a iso  need be  ass igned on ly  once (F igure  6-g) .  When record
types  are  descr ibed in  an  OR re la t ionsh ip  anc l  a  match  f ie ld
ent ry  i s  ass igned to  a  f ie id  w i thout  any  f ie ld  r .ecord  re la t ion
ent ry ,  the  match  f  ie ld  w i l l  be  used fo r  a l l  record  rypes .

DEPT DSTRCT COIVIM
( 1 - 3 )  ( 8 - 9 )  ( 1 4 _ t 5 l

E M P N U M

125-27]' Sa lesman  Reco rd

DEPT
( 1 - 3 )

DSTRCT
(8-9)

S A L A R Y
( 1 3 - 1  7 )

S

O t h e r  E m p l o y e e  R e c o r d

Figure 6-8.  Same Match Fie lds for  Both Record Types
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Figure 6-9.  Assigning Match Fie lds Once for  Two Record Types
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Match Fields Differ Between Record Types

In  the  las t  example ,  a l though some f  ie lds  d i f fe reo  be tween
record  types ,  a l l  the  f ie lds  to  be  used in  match ing  were  tne
same (same name,  fo rmat ,  anr j  record  pos i t ions) .  Suppose,
nowever ,  tha t  one o f  the  mat t ;h  f ie lds ,  DEpT,  i s  in  d i f fe ren t
record  pos i t ions  fo r  each record  type .  The two recorc l  t ypes
n  t h e  E M P L O Y E E  f i l e  a r e  s h o w n  i n  F i g u r e  6 - 1 0 .

E M P N U M
(  1 - 3 )

S A L A R Y
( 1 0 - 1 4 )

3 8 7  2 9 3  0 7 5 6 4

Iutrr  |  |  D: iTRCT
(5-7) 

I Qo_211

+-l--_-l__
o

Figure 6-10.  Match Fie lds Di f fer  Between Record Types
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Accord ing  to  what  you have learned so  fa r ,  you  migh t  as_
s ign  match  f  ie ld  en t r ies  as  shown i r r  F igure  6-1  1 .

Ho 'wever ,  the  spec i f i ca t ions  shown in  F igure  6_1 1  w i l l  no t
work .  There  is  an  add i t iona l  ru le  to  remember  tn  assrgn ing
match  f  ie ld  en t r ies  when f ie ld_record  re la t ion  is  used and
ther  match  f  ie lds  d i f fe r  be tween record  types .  l f  one  (o r
more)  o f  the  match  f ie lds  in  e i ther  f i le  i s  ass igned w i thout
a  f ie ld - record  re la t ion ,  the  res t  o f  the  match  f ie lds  must  be
ass igned in  the  same way,  w i ; thout  en t r ies  in  co lumns 63-64.
Of  course ,  the  spec i f  i ca t ions  wh ich  ass ign  some o t  these
match  f ie lds  w i th  f ie ld - recorc l  re la t ion  are  s t i l l  necessary .
N o t i c e  i n  F i g u r e  6 - 1 1  t h a r  t n , o  o f  t h e  m a t c h  f i e t d s  ( M 1  a n d
M3)  a re  assoc ia ted  w i th  a l l  record  types  (w i thout  f  ie ld_
rec ,ord  re la t ion  en t r ies ) .  There fore ,  an  add i t iona l  en t ry
( d u m m y  e n t r y )  s h o u l d  b e  m a d e  ( s e e  l i n e  0 5  o f  F i g u r e  6 _ 1 2 )
to  ass ign  the  M2 match  f ie ld  (DEpT)  to  a l l  record  types  a tso

Actua l l y  the  M2 match  f  ie ld  i sn , t  the  same fo r  a t i  record
types ,  s ince  the  loca t ion  o f  the  f  ie ld  var ies .  There fore ,  how
do 'you know wh ich  en t r ies  to  make in  the  F ie lc t  Locat ion
c o l u m n s  o f  t h i s  d u m m y  m a t c h  f  i e l d  e n t r y ?  y o u  k n o w  t h a t
any  one match  f ie ld  i s  a lways  the  same length ,  regard less  o f
record  type  or  loca t ion  in  the  recor tJ .  In  th is  case,  DEpT is
th ree  pos i t ions  long.  Any  numbers  wh ich  g ive  the  cor rec t
length  o f  the  match  f ie ld  can be  spec i f ied  as  F ie ld  Locat ion .

As  shown in  F igure  6-12 ,  pos i t ion  s  12-14  are  spec i f  ied  fo r
the  dummy match  f ie ld .  When th is  spec i f  i ca t ion  t ine  is  oer_
for rned,  the  program looks  a t  the  th ree  pos i t ions  o t  da ta

(pos i t ions  12-14] r  on  wh ichever  record  type  was read.  Of
course ,  the  M2 match  f ie ld  i s  no t  in  pos i t ions  12_14 on
e i ther  record  type  so  you don, t  want  th is  incor rec t  da ta  to
be used in  sequence check ing .  l t  won, t  be ,  because a l l  o f
the match field entries are checked before the sequence
checking is performed. l f  the record read is record type 01,
l ine  07  is  per fo rmed.  Th is  en t ry  te l l s  the  program tha t  the
d a t a  i n  p o s i t i o n s  1 0 - 1 2  s h o u l d  b e  u s e d  f o r  t h e  M 2  f  i e l d .  O n
the  o ther  hand,  i f  record  type  02  is  read.  l ine  0g  is  per -
fo rmed and the  da ta  in  pos i t ions  5-7  is  used ins tead o f  tha t
in  pos i t ions  12-14.  Ac tua l l y ,  then,  when e i ther  o f  the  spec-
i f  i ca t ions  in  l ines  07  or  08  is  per fo rmed (depend ing  on  rec_
ord  type) ,  the  da ta  used as  the  match  f ie ld  i s  changed,  as  i f
the  dummy ent ry  had never  been spec i f  ied .

A l though the  spec i f  i ca t ions  in  F igure  6-  1  2  w i l l  cause the
EMPLOYEE f i le  to  be  sequence checked cor rec t ly ,  there  is
a  way to  reduce the  number  o f  spec i f i ca t ions  requ i red .  As
ment ioned,  fo r  a  dummy ent ry  you car r  spec i fy  any  record
pos i t ions  wh ich  g ive  the  cor rec t  leng th  fo r  the  match  f  ie ld .
However .  i f  you  spec i fy  the  ac tua l  pos i t ions  assoc ia ted  w i th
tha t  match  f ie ld  on  one o f  the  record  types ,  there  rs  no
need fo r  the  spec i f  i ca t ion  wh ich  re la tes  those pos i t ions  to
the  match  f ie ld  fo r  tha t  recdrd  type  (F igure  6_13) .  Thus ,
b y  e n t e r i n g  1 0  t o  i 2  ( l i n e  0 5 ,  F i g u r e  6 - 1 3 )  a s  t h e  p o s i t i o n s
f o r  t h e  M 2  f i e l d ,  y o u  c a n  e l i m i n a t e  t h e  m a t c h  f i e l d  e n t r y
( l ine  07)  in  wh ich  the  M2 f ie ld  i s  descr ibed fo r  record  tvoe
0 1 .
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Af te r  per fo rming  the  dummy ent ry  ( l ine  0b) ,  tne  program
knows the  M2 match  f ie ld  i s  to  be  found in  posr t ions  10- i2
l f  record  type  01  is  read, ,  the  M2 f ie ld  ac tua l l y  i s  in  pos i -
t ions  10-12.  Thus ,  l ine  07  doesn, t  have to  be  per to rmed,
s ince  i t  does  no t  change,any th ing .  Of  course ,  i f  record  type
02 is  read,  the  spec i f i ca t ion  in  l ine  0g  is  per fo rmed.  Th is
says ,  fo r  record  type  02 ,  use  pos i t ions  5-7  to r  the  M2 f ie ld
instead of posit ions . l  0_ 1 2.

The f ie ld  name spec i f ied  fo r  the  dummy ent ry  can be  any
name,  s ince  f ie ld  names are  ignored in  se lec t ing  match
f  ie lds .  In  th is  case,  DEp l -  was  spec i f  iec l  s ince  i i  happens
tha t  the  M2 f ie lds  on  bo th  record  types  have the  same
n a m e .  l f  t h e  n a m e s  t o  b € , u s e d  d i f f e r ,  i t  i s  s t i l l a  g o o d  p r a c -
t i ce  to  use  a  name g iven to  the  match  f  ie ld  on  one o t  the
record types.

M A T C H I N G  R E C O R D S :  O N E  R E C O R D  T y p E  t N  E A C H
F I  L E

One o f  the  most  common fo rms o f  mu l t i f  i l e  p rocess i r . rg  in_
votves  us ing  one f  i le  to  ob ta in  da ta  f  rom another  f  i l e .  F ig -
ure  6-14  shows a  week ly  sa tes  repor t  to  be  pr in ted  wh ich  is
used to  de termine wh ich  i tems are  se l l ing  bes t  a t  wh ich
loca t ion .  A  SALES f  i le  con ta ins  recorcJs  o f  ind iv idua l  i tems
so ld ,  g iv ing  the  quant i t y  and loca t ion .  The descr ip t ion  o f
r - 'ach  i tem,  however ,  must  be  ob ta ined f rom an ITEM mas-
te r  f i l e .  The ITEM master  f i le  cons is ts  o f  one ITEM record
1[or  each i tem in  s tock .

For  th is  p rogram,  le t ,s  assume tha t  each f  i l e  con ta ins  on ly
one record  type .  A l l  ITEM records  are  in  one fo rmat  and are
ident i f ied  by  the  charac ter  I  in  pos i t ion  1 .  A l l  records  in
the  SALES f i le  a re  ident i f ied  by  an  S in  pos i t ron  1  and are
a lso  in  one fo rmat  (cer ta in  type  o f  in fo rmat ion  in  same
locat ion  on  every  record) .  The SALES records  fo r  a  par t i c_
u la r  i tem can be  assoc ia ted  w i th  the  re la ted  ITEM master
record  by  a  common match  f ie ld  conta in ing  the  i tem num_
ber  (see F  igure  6-  14) .

Processing Order: More Than One Matching Record in a
Secondary Fi le

In  the  ITEM master  f i le ,  there  is  on ly  one record  fo r  each
r tem,  bu t  in  a  p rogram run  there  may be  severa l  SALES rec-
ords  f  o r  tha t  par t i cu la r  i tem.  Le t  us  suppose there  is  a lways
at  leas t  one SALES record  fo r  each ITEM record .  There_
fore ,  there  shou ld  be  no  records  in  e i ther  f i le  wh ich  do  no t
have a  match ing  record  in  the  o ther  f i re .  Both  f i res  a re  soec i -
f ied  w i th  match  f  ie lds  in  ascend ing  sequence.

To produce the  repor t  in  F igure  6-14 ,  in  what  o rder  shou ld
records  f rom the  two f  i les  be  processed? F i rs t  an  ITEM
master  record  shou ld  be  processed;  tha t  i s ,  the  i tem number
and descr ip t ion  pr in ted .  Then,  a l l  the  SALES records  wh ich
are  f  o r  the  same i tem (match  f  ie lds  the  same)  shou ld  be
processed.  The quant i t y  and loca t ion  o f  each sa le  shou ld
be pr in ted  under  descr ip t ion .  Thus ,  a f te r  every  ITEM rec_
ord  processed,  one or  more  SALES records  must  De proc_
essed be fore  the  nex t  record  f rom the  ITEM master  f i le  i s
processed.

How does RPG l l  know when to  s top  pr in t ing  SALES rec-
ords  and to  p rocess  the  nex t  ITEM? As we sa id ,  the  SALES
records  fo r  a  par t i cu la r  i tem are  read one a t  a  t ime and
pr in ted ,  When the  match  f ie ld  on  a  SALES record  is  fo r  a
d i f fe ren t  i tem,  tha t  SALES record  is  no t  p rocessed immedi_
a te ly .  lns tead,  the  nex t  ITEM master  record  is  p rocessed to
pr in t  the  descr ip t ion  fo r  the  new i tem.  Then the  SALES
records  fo r  tha t  i tem are  pr in ted .  As  you can see,  to  de ter -
mine  the  cor rec t  o rder  o f  p rocess ing ,  bo th  f  i l es  must  be  in
the  same sequence accord ing  to  the  match  f ie ld ;  in  th is  case,
rn  ascend ing  sequence by  i tem number .

o - l z
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How RpG lt Logic Detemines From Which File to process
a Record

Us ing  the  same example ,  le t ,s  see how the  RpG l l  log ic  de_termines  f rom wh ich  f i le  a  record  is  to  be  processed.  TheITEM master  records  are  the  pr imary  f i f  .  , "0  the  SALESrecords  are  the  secondary  f  i l e .  When two input  f  i l es  a reused in  a  p rogram,  the  program cyc le  i s  s t ig f , t t y  d i f fe ren t  fo rthe  f i rs t  record  read.  you can fo l low the  lJg ic  f low shown inF igure  6-15  as  we d iscuss  the  f i rs t  p rogram cyc le  and sub-sequent  cycres  fo r  th is  job .  pay  spec ia r  a t tenr ton  to  whenthe  record  ident i f y ing  ind ica tor  i s  on .  iden t i t y ing  the  rec_ord  to  be  processed,  and when the  MR ind icaror  ts  tu rnedon and off.

,A t  the  beg inn ing  o f  the  f i rs t  p rogram cyc le  (F igure  6-  j  5 ,par t  A) ,  a  record  is  read f rom each f i le .  The t i rs t  s tep  is  todetermine wh ich  reccrn i n es i f m ut" r, r i e r a, 
)jle 

ll,iJl"_T';"1 [ i#:::l tH;.In  th is  case,  bo th  the  ITEN4 record  and the  SRLES recordconta in  an  M1 f ie ld .  The rna tch  f ie lds  f rom each f i le  a rethen compared to  see wh ich  is  lower  in  sequence.  ( l f  thefi le had been in descending sequence, tro Jiogrurn *ourocheck  fo r  the  h ighes t  match  f ie ld . )  In  th is  case,  ne t therf  ie ld  i s  lower  as  the  match  f ie lds  on  the  pr imary  and sec-ondary  records  are  bo th  101.  When maic f ,  t ie tOs f rom thet rvo  f i les  a re  the  same,  the  record  f rom the  pr imary  f i le  i sa lways  se lec ted  fo r  p rocess ing

Now the  appropr ia te  recoro l  iden t i f y ing  ind ica tor  i s  tu rnedon to identi fy the type of record selected for processing.- f tus ,01  
wou ld  be  tu rned on  fo r  the  ITEM recorc l  f rom thepr imary  f i le .

Orrce a record is selected for processing and the record
ic r - 'n t i f y ing  ind ica tor  i s  tu rned on ,  the  program determines
vyhether  the  MR ind icaor the record. s ince ;:T:iff i.,ff,T..il;: ilffi 

,ili,,
a rna tch ing  record  cond i t ion  ex is ts .  The MR ind ica tor  i snot turned on yet, however, because the selecteo record isnot ready to be processed yet.

F i rs t ,  the  program checks  to  see i f  any  to ta r  opera t ions  aret. be performed for previousry processed records. Total
ca lcu la t ions  and to ta l  ou tpu t  a re  per fo rmed on ly  i f  con t ro lf i , : lds change or i f  the last rec;ord in the f i le has already beenprocessed (LR on) .  S ince  ther re  a re  no  cont ro l  f ie lds  ine i ther  f i le ,  con t ro l  leve l  ind ica tors  w i l l  never  be  tu rned ondur ing  th is  p rogram.  Fur thermore ,  th is  i s  no t  the  tas t  record .Ne i ther  cond i t ion  has  occur rerd ;  there fore ,  to ta l_ t ime opera_tions are bypassed.

At  th is  po in t ,  the  MR ind ica tor  i s  tu rned on  to  inc i i ca te  tha tthe  match ing  record  conc l i ton  ex is ts .  Now the  program isreaoy  to  per fo r rn  i i te  de ta i l  opera t ions  fo r  the  record  wh ich
was se iec ted  fo r  p rocess ing .  Thus ,  the  i tem number  anddescr ip t ion  f rom the  pr imary  f  i l e  record  are  pnnted .  Theprogram knows which operations are to be performed be_cause the  opera t ions  are  e i ther  cond i t ioned to  be  per fo rmed
on ly  when record  ident i f y ing  ind ica tor  01  and the  MR in_d ica tor  a re  on  or  they  are  no t  cond i t ioned by  ind ica tors .

Once the  process ing  o f  th is  record  is  comple ted ,  the  recordident i f y ing  ind ica tor  i s  tu rned o f f  (Q. l  o t t j .  f f r i s  comple tes
the  f i rs t  p rogram cycre ;  tha t  i s ,  one record  has  oeen proc_
essed.

For  the  process ing  o f  a i l  subsequent  records ,  rook  a t  theprogram cyc le  in  F igure  6-15 ,  par t  B .  The en t i re  cyc le  w i l l
be repeated for each record processed.

At  the  beg inn ing  o f  the  f i rs t  cyc le .  a  record  was read f rom
both  the  pr imary  f  i l e  and the  5e6end6;y  f  i l e .  However ,
s ince  on ly  one record  is  se lec ted  fo r  p rocess ing  a t  a  t ime,
one record  ( in  th is  case,  a  SALES record)  s t i l t  remains  inthe  input  read area .  There fore ,  a  record  t - ,  onrV one f i leis  read a t  the  beg inn ing  o f  the  second cycre  and fo r  a i l  fo r_lowing  program cyc les .  The record  read w i l l  be  f  rom the
same f  i le  as  the  las t  record  processed.  Thus ,  fo r  the  secondcyc le ,  the  second record  f rom the  ITEM f i le  wou ld  be  read
in to  the  pr imary  f i le  read area .

Now tha t  a  record  f rom each f i le  i s  in  the  reao area  aga in ,
tne second record can be selected for processing. Once
aga in  the  f i rs t  s tep  in  the  rog ic  i s  to  de termine i f  match
f ie lds  a re  spec i f ied  fo r  the  records  f rom both  f i les .  In  th isprogram,  there  is  on ly  one record  type  per  f i le  and bo th  a reass igned match  f  ie lds .  There fore ,  the  answer  to  th is  ques-
t ion is yes for every program cycle of this program.

The match  f  ie lds  f rom both  records  are  then compared.  Inth is  case,  the  secondary  f  i re  sALEs record  is  fo r  the  f i rs t
i t e m  n u m b e r  ( i 0 1 ) .  S i n c e  t h e  I T E M  r e c o r d  f o r  t h e  f i r s t
i tem (101 )  has  a l ready  been processed,  the  pr imary  f i le  rec_
ord  in  the  read area  is  fo r  the  second i tem number  ( .1  17) .
The match  f ie ld  on  the  SALES record  is  lower  in  sequence
than the  match  f ie ld  on  the  ITEM record ;  there fore ,  the
SALES record is selected to be processed. Oncu again, arecord  ident i f y ing  ind ica tor  (02  f  o r  a  SALES record)  i s
turned on to identi fy the type of record selecteo.

At  th is  po in t ,  the  MR ind ica tor  i s  s t i l l on  because rne  ore_
v ious  compar ison ( i tem . l  01)  d id  g ive  a  match .  The se t t ing
o f  MR has  no th ing  to  do  w i th  the  record  wh ich  was jus t
selected for processing. The indicator wi l l  not be set to re-f lec t  the  cur ren t  cond i t ion  un t i l  jus t  be fore  the  record
setec ted  fo r  p rocess inS (SALES record  fo r  i tem 101)  i sprocessed.
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Sirrce the next record to be prooessed has been selected, the
RPG l l  p rogranr  now determine: ;  how the  MR ind ica tor  i s
to be set for processing this carcl.  ls there a matching rec-
ord  cond i t ion?  You are  probab ly  th ink ing  tha t  there  is  no t ,
because the  match  f ie lds  a re  no t  the  same (secondary  f  i l e ,
101 ;  p r imary  f  i l e ,  1  17) .  Howev, : r ,  when the  match  f  ie lds
are not equal and a secondary f i le record has been selected,
the  match  f ie ld  on  the  secondary  f i le  record  (SALES)  is  then
compared with the match f ield of the last primary f i le rec-
ord processed. The last ITEM record processed has a match
f ie ld  o f  101,  the  same as  the  match  f ie ld  o f  the  SALES rec-
ord to be processed. Therefore, there is another matching
record  cond i t ion .

The MR ind ica tor  i s  no t  se t  aga in  and the  record  se lec ted
(SALES 101)  i s  no t  p rocessed (de ta i l  opera t ions  nor  per -

formed) unti l  after any total oprlrat ions to be done for pre-

vious records are completed. Sirrce there are no control
f ie lds  and th is  i s  no t  the  las t  rec , f , rd  in  the  f i le ,  to ta l  opera-
t ions  can be  sk ipped in  th is  p ro l l ram cyc le .

At this point, immediately beforre processing the selected
record, the MR indicator is set. Although MR is already on
for the previous record processed, i t  is set on again for the
process ing  o f  th is  record  (SALES record  fo r  i tem 101) .  A l l
de ta i l  opera t ions  cond i t ioned fo r  record  type  02  (o r  fo r  bo th
02 and MR ind ica tors  on)  a re  then per fo rmed.  Thus .  the
quant i t y  and loca t ion  f ie lds  on  the  SALES record  are  pr in ted .

Af te r  p r in t ing  the  SALES recor r l ,  p rc lcess ing  fo r  th is  record
is  comple te  and record  ident i f y ing  ind ica tor  02  is  tu rned o f f  .
In  the  nex t  p rogram cyc le ,  another  SALES record  is  read
from the secondary f i le to repla,ce the SALES record just

processed.

Fi le Descr ipt ion Speci f  icat ion

For the rest of the SALES records related to the first item
number (101) ,  the compar ison of  match f  ie lds would indi -
cate that t lre secondary fi le records are lower in sequence
than the i tem number (117)  on the ITEM record of  the pr i -
mary f  i le .  Thus,  a l l  sa les records for  i tem 101 are processed.
Furthermore.  the MR indicator  wi l l  be on dur ing processing
of  a l l  the records,  s ince the match f ie lds (101)  wi l l  a lways
be the same as the match field on the last primary record
processed.

At the beginning of the next program cycle. a SALES rec-
ord for  the next  i tem number {117)  would be read.  On
comparing the SALES record match f ield with the match
field on the ITEM record in the read area, there is a match
again.  The ITEM for  i tem 117 Would then be processed be-
fore the SALES records for  that  same i tem.

Specifications for a Matching Records Program

Figure 6-16 shows the three speci f icat ion sheets -  F i le  De-
scr ipt ion,  Input ,  and Output  -  to  be used for  th is  program.
Since the data f rom the two input  f i les is  only  to be pr inted,
calculat ion speci f icat ions are not  necessary.

The Fi le  Descr ipt ion sheet  def  ines the two input  f  i les to be
used in matching,  as wel l  as the pr inter  f i le ,  on which the
report is to be printed. Notice that the two input f i les must
both be speci f ied as being in  the same sequence (A in col -
umn 18) .  The P and S entr ies in  column 16 indicate to the
system whether an input type f i le is to be considered as a
pr imary or  secondary f  i le"
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Fi le descr ipt ion speci f  icat ions a lso associate each input  f  i le
wi th a par t icu lar  device.  On the MFCU, the pr imary f i le  is
usual ly  entered through the pr imary hopper (device entry
MFCUl ) ;  the secondary f i le  is  usual ly  read f rom the sec-
ondary hopper (device entry  MFCU2).  However,  in  mul t i -
f i le  processing us ing the MFCU, e i ther  f  i le  may be associ -
ated with either of the two hoppers.

The contents of  the two input  f i les are descr ibed on the
Input  sheet ,  wi th a separate set  of  speci f icat ions for  each
f i le .  Entr ies in  columns l9-27 ident i fy  the two record types
Record ident i fy ing indicator  01 wi l l  turn on i f  an ITEM rec-
ord is selected for processing; irrdicator 02 wil l turn on if a
SALES record is  se lected.  The s ingle match f ie ld in  each
f i le  is  speci f ied by assigning the M 1 entry  in  columns 61-62.
as you learned previously .

L ines 01-04 of  the Output  sheet  speci fy  that  headings are
to be printed at the top of every page of the report.

As you recal l  in  the d iscussion of  matching record logic ,  the
01 record ident i fy ing indicator  is  on whenever an ITEM rec-
ord is  being processed.  Fur thermore,  ITEM records are
processed only i f  a  matching record condi t ion ex is ts  (MR

on).  Therefore.  condi t ion ing the pr int ing of  the i tem num-
ber and descr ipt ion by MR and 0 i  ensures that  the in forma'
t ion is  coming f  rom the ITEM record.

The quant i ty  and locat ion are to be pr inted only when a
SALES record is  being processed.  Because the MR indica-
tor  is  on dur ing the processing of  both ITEM records and
SALES records.  i t  isn ' t  suf f ic ient  to  condi t ion th is  output
l ine only on the basis  of  MR. Therefore,  the pr int ing of
quant i ty  and locat ion is  condi t ioned by both the MR in-
d icator  and the 02 record ident i fy ing indicator .

In  th is  case,  ca lculat ion speci f icat ions are not  requi red.
However,  i f  ca lculat ions are requi red and are to be per-

formed only i f  a  matching (or  not  matching)  record con-
di t ion ex is ts ,  ca lculat ions must  a lso be condi t ioned by the
MR (o r  NMR)  i nd i ca to r .
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Processing Order: More Than One Matching Record in thePrimary File

For the example just prersented, there was more than onerecord in the secondary f ire with the same match fierd.
That is, a single ITEM record was related to'a numoer ofSALES records. In such a case, the orOer of pro"essing wasthe first primary fi le record, followed by its related sec-ondary fi le records, then the next primary fi le record, fol_lowed by its related secondary fi le records, anct so on.

Let's take a look at another set of f i les, in which each rec-ord has a matching record in the other fi le. Figure 6_17,part A, shows that there nrtay be more than one primary fi lerecord which matches the same secondary records. In whatorder  do you th ink th iri rs t pr i m a ry r i r.,..o,T'p l:HX,:H.,lrT jT:::::fi Ji:folrowed by its rerated secondary tite recoros. Instead, arlpr imary f i le  records wi th the same match f ie tO qR woutOoe processed; then all secondary fi le records for AA (see
lFigure 6-17,  par t  B) .

r \c tual ly ,  the RpG l l  log ic  used to determine the order  inlvhich such fi les are processed is the same as that discussed
5rreviously. Remember that whenever the match fields onthe two records in the read area are tne samu, ine primary
fi le record is always selected for processing. Thus, duringthe f irst program cycle, the first primary fi le record (AA)
ir; compared to the first secondary fi le record (AA). Thematch fields are the same. so the f irst primary fi le record isprocessed. Then the second primary fi le record (again AA)is read and compared to ther first secondary fi le record (AA),
sti l l  in the read area. Since there is a match again, this sec_ond primary fi le record is processed.

Frcr both of the last two examples presented. every record
in the secondary fi le had at least one or more related rec_
ords in the primary fire. sirrce a matching record condition
al'rvays exists, the MR indicator was on during the process_
inrg of every record in both l i les.

Matching Records: Records Which Have No Match in theOther File

ln the multif i le programs presented, there was at least oneSALES record for every ITEM master record. Therefore. allrecords had a related record in the other fi le. Of course, inmul t i f i le  processing.  i t  is  possib le to have pr imary f  i le  rec-
ords with no related records in the secondary fi le, as well assecondary f i le records with no related primary f i le records.
In either case, the record with no related record in the otherfi le is called an unmatched record. For instance, if only
cer ta in i tems are sold,  there would be an ITEM master  rec-
ord for every item and SALES records for only some of
those items. The ITEM records for which no sates were
macle would be unmatched records.

Unmatched records can be in  e i ther  or  both f i les,  but  they
are usual ly  found in the pr imary f i le .  In  th is  example,  i t  isqui te probable that  for  any one i tem. no sales have takenplace.  However,  i t  is  not  as l ike ly  that  sa les have occurred
for  an i tem for  which there is  no record in  the ITEM masterr  t l e .
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Processing Order: lJnmarched Records

Let 's  assume that  theth e reco rds,n o*n, n' J[l],: ;:,?j J:J: [Ti:il;: lTff T'f i l e  con ta in ing  two unmatched records .  The RpG l l  log ic  re -lated to rnatching records would determine tfre order inwh ich  to  p rocess  thep I a i ned e ar ti e r,r,,.r, J:'ff :'r( :llH ?.'.?,:1'i,il; f ; ;;,,processed,  fo l lowed by  a i l  SALES records  fo r  i tem 101.  Re_member ,  i f  a  record  is  se l r :c ted ,  fo r  p rocess ing  dur ing  a  p ro-gram cycle, the next record from that same f- i te is read atthe  beg inn ing  o f  the  nex t  cyc le .  There fore ,  wnen the  f  i r s tSALES record  fo r  i tem 1 l7  i s  read,  another  match ing  rec-ord  cond i t ion  ex is ts .  Thus ,  the  pr imary  f i le  record  ( ITEM
record  fo r  i tem 1  17)  i s  p rocessec l  f  i r s t .  The nexr  pnmary
f i le  record  fo r  i tem 124 is  then read to  r .up tu .u  the  ITEMrecord  processed.  S ince  S,ALES records  w i th  match  f ie ldso f  117 are  lower  in  sequence than 124,  the  two SALESrecords  fo r  i tem 117 are  p , rocessed.  Fur thermore ,  a l thoughL h e  m a t c h  f i e l d s  ( 1 1 7 )  o n  t h e  S A L E S  r e c o r d s  a r e  n o t  t h e  s a m e€ls  tha t  o f  the  ITEM record  in  the  read area  (1  241,  they  arethe  same as  the  match  f ie lc l  o f  the  las t  ITEM recoro  proc-

essed.  There fore ,  the  MR ind ica tor  i s  on  when each SALESrecord  fo r  1  17  is  p rocessed.

v /hen the  nex t  sALEs record  ( i tem 239)  i s  read.  there  s t i r lis in' t  a match with the lTEt\ l  record f or 124. 
-rn. 

rnu,.n
f ie ld  on  the  ITEM record  is  lower  than tha t  on  the  SALESrecord ;  there fore ,  the  pr imary  f i le  record  fo r  i tem 124,  anunmatched record ,  i s  p roce : ;sed  f i rs t  (F igure  6_1g,  par t  B) .S ince  the  f i les  a re  in  ascend ing  ruqr "n"u l  th is  means tha tt f re re  i s  no  record  in  the  secondary  f i le  w i th  a  match  f ie ldo1 '124.  T l re re fo re ,  MR wi l l  be  tu rned o f f  jus t  be fore  thel l"EM record for 124 is pror:essed.

I  n ts  p rogram cyc le  shows tha t  even i f  there  is  no  match ing
record  cond i t ion ,  the  pr imary  f  i l e  may be  se lec ted  fo r  p roc_
ess ing .  Th is  i s  because RpG l l  log ic  looks  fo r  the  record
wi th  the  lowest  match  f  ie ld ,  regard less  o f  whether  the
record  is  f rom the  pr imary  f  i l e  o r  the  secondarv  f  i l e .

Now the  nex t  p r imary  f i le  ITEM record  (239)  i s  read.  S incei t  matches  the  SALES record  in  the  read area ,  the  pr imary
f i le  record  is  au tomat ica l l y  se lec ted  fo r  p rocess ing .  A l thougha match ing  record  cond i t ion  ex is ts  fo r  the  ITEM record
se lec ted ,  a t  th is  po in t  the  MR ind ica tor  i s  s t i l l  o f f  because o fthe  las t  record  processed (unmatched ITEM record tor  124) .The s ta tus  o f  MR is  no t  changed un t i l  r igh t  be fore  de ta i l
opera t ions  fo r  the  se lec ted  record  are  per fo rmed.

Fo l low ing  the  ITEM record  fo r  239,  the  SALES record  fo ri tem 239 is  p rocessed.  Then,  as  be fore ,  the  unmatched
ITEM record  fo r  i tem 2g6 is  p rocesr .O,  r inc"  l t  i s  lower  insequence than i tem 32.1  on  the  nex t  SALES record .  To
compre te  the  process ing ,  the  pr imary  f  i re  r rEM record  fo r
i tem 321 is  p rocessed,  fo l lowed by  the  two sa les  records  fo ri t e m  3 2 1 .

I n  s u m m a r y ,  t h e n ,  R p G  l l  s e t s  t h e  M R  i n d i c a t o r  t o  o f f  i m -
med ia te ly  be fore  process ing  any  unmatched records .  MR istu rned on  be f  o re  p rocess ing  a  record  tha t  has  a  match ing
record  in  the  o ther  f i le .  A f te r  a  record  has  been processed,
the  ind ica tor  remains  as  i t  was  un t i l  i t  i s  se t  aga in  immedi_
a te ly  be fore  the  nex t  record  is  p rocessed.

Regard less  o f  the  records  in  a  f i le ,  there  is  an  easy  way todetermine i f  a  match ing  recor< i  cond i t ion  ex is ts  and i f  the
M R  i n d i c a t o r  w i l l  b e  t u r n e d  o n :

1 .  When a  pr imary  f  i l e  record  is  se lec ted  fo r  p rocess ing ,
MR wi l l  be  tu rned on  i f  there  is  a  secondary  f i le  rec_
ord  in  the  read area  w i th  the  same match  f  ie ld .

2. When a  secondary  f  i l e  record  is  se lec ted  fo r  p rocess_
ing ,  MR wi l l  be  tu rned on  i f  the  las t  p r imary  f i le  rec-
oro  processed had the  same match  f  ie ld .
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I Stacker Selection of lJnnatched Card Recorrls

When records  f rom two f i les  a re  ass igned match  f ie lds ,  arecord from one f ire may be prccessed, then a record fromthe o ther  f i le ,  and then er  record  f rom the  f i rs t  t i l e  aga in .However, regardless of the order in which tho-ru.orO, ur.p rocessed,  a l l  cards  wh ich  en ter  th rough the  pr rmary  hop_per  o f  the  MFCU or  MFCM are  au tom-at ica l l f  s tacked ins tacker  1 .  A l l  cards  en ter ing  th rough the  secondary  hopperend up  in  s tacker  4  (s tacker  5  on  tne  MFClWMooet  A l  ) .

l f  there  are  unmatched. re rcords  in  e i ther  f i le ,  you  can sep-arate such cards from the others in that f i le by stacker
selecting the unmatched r:ards into a dif ferent , , . .*"r.  R,you learned in the chapter Card Output Operations, cardsf rom an input  f i l e  can  be  se lec ted  in to  a  d i f fe ren t  s tackerby  en ter ing  the  number  o f  the  s tacker  on  the  Inpur  sneet .However ,  th is  can be  done on ly  when input  cards  are  to  bestacker selected on the basis of record type.

Any record ,  cond i t ioned fo r  s tacker  se lec t ion  by  the  MRind ica tor ,  shou ld  be  spec i f ied  as  a  de ta i l_ t ime record  (see
F igure  6-19 ,  par t  A ,  co lumn 15) .  Otherw ise ,  rne  nex t  rec-
ord to be processed would be stacker selected instead of therecord  you want "  Th is  i s  because the  de ta i l_ t ime process ing
of  a  card  is  done w i th in  one program cyc le  and the  proc_
esse<l record automatical ly passes into the normal output
s tacker ,  i f  no t  s tacker  se lec ted .  The to ta l_ t ime opera t ions
for that same record are not performed unti l  tne next pro_
gram cycle, after another record has been selected for proc_
ess ing .  Dur ing  to ta l - t ime opera t ions ,  a l though rne  s ta tus  o fthe  MR ind ica tor  i s  s t i l l  se t  fo r  the  prev ious l -y  p rocessed rec-ord ,  the  on ly  record  ava i lab le  to  be  s tacker  se lec ted  is  thecard  jus t  se lec ted  fo r  p rocess ino .

Whenever  you w ish  to  have a  cer ta in  type  o f  ou tpu t  based
on a  match ing  or  no t  match ing  record  cond i t ion .  r t  can  beimpor tan t  tha t  a  record  ident i f y ing  ind ica tor  be  used w i th
MR or  NMR to  cor rd i t ion  the  ou tpu t .  The record  ident i f y_
ing  ind ica tor  de termines  f rom wh ich  record  type  the  in fo r -
mat ion  w i i l  be  punched,  s tacker  se lec ted ,  o r  p r in ted .  For
the  pr in te r  ou tpu t  f i l e ,  ou tpu t  can  corne  f rom e i ther  the
S A L E S  f i l e  o r  t h e  I T E M  f i l e  ( F i g u r e  6 - 1 9 ,  p a r t  A ) .  T h e r e _
fore ,  record  ident i f y ing  ind ica tor  01  or  02  is  spec i f ied  to
rnd ica te  wh ich  record  tyoe  is  to  be  pr in ted  ( l ines  Ob and
08) '  Record  ident i f y inE ind ica tor  01  is  en tered  on  r ine  11
in  add i t ion  to  NMR so tha t  s tacker  se lec t ion  w i l l  occur  fo r
the  ITEM f i le  on ly  when an  lTE l \ i1  record  has  been processed.

iStacker selection of a caro because i t  has no matching rec_r ) rd  in  the  re la ted  f i le  rnus t  be  spec i f ied  in  co lumn l6  o f  the(Ju tpu t  sheet  (F igure  6-19 ,  par t  A) "  Howuuer ,  an  input  f i l ecannot be specif iecl on the Output sheet. Therefore, theinput  f i l e  con ta in ing  the  card  to  be  s tacker  se lec ted  ( the
card  w i th  no  re la ted  recor r l )  must  be  de f ined as  a  combinedf  i le  on  the  F i le  Descr ip t io r r  sheer  (F igure  O_ in , '0 . *  B) .  Thecombined f i le  name can th ,en  be  used on  the  Output  sheetfor stacker selection.

A lo t i ce  on  the  Output  sheet  tha t  s tacker  se lec t ion  is  spec i_f  i e d  f o r  t h e  c o m b i n e d  f i l e  I T E M  ( l i n e  1 1 ) ,  , i n " .  o n l y  t h e
l ' l -EM f i le  conta ins  unmatc l red  records .  The f i lename inc j i_ca tes  f rom wh ich  f i le  the  car rds  w i l l  be  ou tpu t .  S ince  amatch ing  record  cond i t ion  cannot  poss ib ly  ex is t  fo r  any  un-rnatched records. MR must be off.  Therefore, the stacker
se lec t ion  o f  records  is  cond i t ioned by  NMR (o f f ) .
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M A T C H T N G  R E C O R D S :  M O R E  T H A N  O N E  R E C O R DT Y P E  I N  A  F I L E

Match Fields in Different Locations in the Same Fi lel,

Le t ' s  cons ider  aga in  the  spec i f i ca t ions  necessary  in  ass ign ingmatch f ields for the wer:kly ,ut. ,  , .port.- inlr ' , ,rn.,  however,suppose the  SALES f i l

:T ::ij *,.-;,;; :;il J H:T: T: ::: J::ff J: [..rrgure 6-20). Both reco,rd types contain tr,. i t", number,quant i ty ,  and locat ion.  
. In  

addi t ion,  .hurg;  , r .orOs conta inan account number, which cash records d;";; have. Thecash sales records are iderntif ied b, ; ;;; ." , ," positions1 and 2. Charge sales rtno c in positio-n i. ;;"-,j..::111ffi",ffi,.:?:3 il:ferent locations on the r\ruo types of SALES recoros.

Reca l l  the  d iscuss ion  o f  e rss ign ing  the  match  f ie lds  fo r  se-quence checking within a f i le (see Cnecf ing ieq)u"n"" ofRecords within a Fitel. tvhen match ,;.1;;;""r.d in morethan one record  type  in  a  f i le ,  t te  matc i i l i o .n , r ,u , rn r r ,

e t ther  be  spec i f ied  one fo r  each record  type  or  rn  a  f ie ld_record  re la t ion .  The rth e match i i. r 0,,,u rJ,iJJf Hil:I#:ffi:il :,:1",n.,record type. l f  match f ieids are in Oitterent r"ecord locations,they  may be  coded e i ther  way.  However ,  the  ease o f  cod ingseparate specif icat ions for each record type may oe moreimpor tan t  to  yo l r  than the  spec i f  i ca t ions  lnO , to r .gu  o t t .nsaved by  us ing  f  ie ld - record  re la t ion .

In  ass ign ing  en t r ies  fo r  match  f ie lds  wh ich  are  to  be  usedfor matching records from two f i les, the same considera-t ions  must  be  made.  The onry  o i t te runce is , i .a ,  ro ,  match-ing records, you are colone you know that,Jil::"11;:[,ffij:::i1,ffli:::
sneet must be assigned separately for each file. Then, if oneof  the  f i les  has  more  than one record  type  conta in ing  thematch f ields, the record types rn that f i te can be describedsepara te ty  o r  w i th  f  ie ld -record re|atio", i,,, ;;,'i,."""lt liiliill; ;:l"Tfft1"Jil

ent ry  app l ies  to  a l l  o f  th
the  f i le .  

re  appropr ia te  record  types  w i th in

Match f ie ld in d i f ferent
locat ion on di f ferent
record types
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Figure 6-20. More than One Record Type in File Used for Matching
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As shown in  F igure  6-21 .  f i r s t  the  ITEM f i le  i s  descr ibed as

i t  was  be fore  (see F igure  6-16 ,  par t  B) .  The M1 ent ry  i s  as-

s iEned on ly  once s ince  there  is  on ly  one record  type  in  th is

f i le. The two record types in the ISALES f i le have been de-

scrr ibed in an OR relat ionship, because most of the f ields

are in the same location on both types of SALES record.

Note that al l  f ields which are the same for both record types

of  the  SALES f i le  a re  spec i f ied  f i rs t  w i th  no  f ie ld - record  re -

la t ion  en t ry .  Then a l l  the  f  ie lds  a$soc ia ted  w i th  the  f  i r s t  t ype

of SALES record only (02 for charrge records) are specif ied,

fol lowed by those forthe next record type (03 for cash rec-

ords) .  The M1 ent ry  must  be  ass i r ;ned tw ice  fo r  the  SALES

f i le  s ince  the  match  f ie ld  ITNUM is  in  d i f fe ren t  loca t ions  on

the two record types.

For al l  records of the same record type, the match f ields (as

we l l  as  a l l  o ther  f ie lds)  must  neces ;sar i l y  be  in  the  same loca-

t ion for every record of that type. However, match f ields

may be  in  d i f fe ren t  loca t ions  w i t f r in  the  same f i le ,  p rov id ing

tlrere is more than onp record type.

,Although there is more than one record type in the SALES

fi le, the order in which the records are selected for process-

ing  wou ld  be  the  same as  exp la inerd  prev ious ly  fo r  on ly  one

rr. 'cord type in each f i le. Before a comparison of match

fi ields can be made between f i les. RPG l l  must f i rst deter-

nrine what type of record was read so i t  knows where the

nratch f ield is located on that record.

RPG INPUT SPECI  F ICAT IONS
I B l t  . , " ,  

" , . , "  B u 5 , e s v r . h . € . . , D . , a , . .

R e c o r d  l d e n l t i c a t r o n  C o d e s

There  are  some impor tan t  res t r i c t ions  on  the  use  o f  match

f ie lds  fo r  match ing  records  be tween f  i les .  A l l  records  fo r

wh ich  match  f  ie lds  a re  spec i f  ied  must  conta in  the  same

number  o f  match  f  ie lds .  Th is  app l ies  to  bo th  f i les ,  regard '

less  o f  how many record  types  are  in  e i ther  f i le .  In  the  sa les

repor t  p rogram,  on ly  one match  f  ie ld  ( i tem number )  was  used.

However ,  jus t  as  fo r  sequence check ing ,  up  to  n ine  match

fields may be used to match records between f i les.

In  ass ign ing  match  f ie lds  to  records ,  remember  tha t  fo r

match ing  purposes ,  RPG l l  cons iders  a l l  match  f  ie lds  o f  the

same va lue  (Ml  M9)  to  be  in  the  same fo rmat ,  numer ic  o r

a lphamer ic .  Thus ,  i f  any  o f  the  match  f ie lds  a re  de f ined as

be ing  numer ic ,  RPG l l  looks  a t  on ly  the  d ig i t  por t ion  o f  a l l

the  o ther  match  f  ie lds  w i th  the  same M1-M9 va lue ,  even

though some may be  a lphamer ic  f  ie lds .

l f  more  than one match  f ie ld  i s  ass igned,  a l l  the  match  f ie lds

in  a  record  f rom one f  i le  must  be  equa l  to  a l l  the  match

f ie lds  in  the  record  f rom the  o ther  f i le  be fore  a  match ing

record  cond i t ion  ex is ts .  For  example ,  assume tha t  M1,  M2,

and M3 are  match  f  ie lds  ass igned to  records  in  two f  i les .  In

compar ing  records  f rom each f i le ,  i f  the  M1 and M2 f ie lds

are  the  same,  bu t  the  M3 f  ie lds  d i f fe r ,  the  records  do  no t

match .  l f  the  f  i l es  were  spec i f  ied  to  be  in  ascend ing  sequence,

the  record  w i th  the  lower  va lue  match  f  ie ld  (M3,  M2,  M 1

combined)  wou ld  be  se lec ted  fo r  p rocess ing .

78 79  80
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Figure 6-21 . Describing Record Types and Assigning Match Fields for Two Files
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Processing Records Which Do Nort Have Match Fields

Up to now, all records in a f i le ha've been assigned match
fields to be used in matching records from one fi le with
those in the other fi le. Some fi lesi, however, may contain
some records which are not to be matched; thus, such rec-
ord types would not contain match f ields.

As you recall, the ITEM fi le was organized in ascending se-
quence according to item number. ltem numbers are as-
signed such that items can be grouped according to a gen-
eral category. All i tems assigned numbers from 100-199
are automotive supplies, those from 200-299 are lawn and
garden equipment, 300-399 are srnall household appliances,
and so on. In addition to the ITEM records for each item.
then, the ITEM master f i le contains a record preceding each
group, identifying the general category to which the items
belong (Figure 6-22). These category records are distin-
guished by an *  in  posi t ion 1.

The SALES fi le also contains a record type which does not
have a match field. In addition to the two types of sales
records, one for cash sales and one for charge sales, there is
a DATE record at the beginning of the SALES f i le, identi-
f ied by 5 in position 96 (see Figune 6-22).

RPG INPUTSPECIFICATIONS

The two record types in  the ITEM master  f i le  and the three
record types in the SALES f i le would be described as shown
in Figure 6-23. On the basis of the record identifying codes,
one of the record identifying indicators which are assigned
to the record types (positions 19-20) wil l turn on to indicate
which record type was read.

Not ice that  the input  speci f  icat ions (F igure 6-23)  ass ign a
match field to only some of the record types present in the
two fi les. The category records from the ITEM fi le and the
date record from the SALES fi le are not to be matched
with records from the other fi le.

Since match f ields are used to determine the order in which
records are processed, when wil l the category and date rec-
ords be processed? Records for which no match fields are
specif ied are processed immediately as they are read. To
understand the order  of  processing and when the MR indi -
cator  is  on,  then,  le t 's  d iscuss how RPG l l  log ic  operates
dur ing the program cycles for  th is  program.
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At the beginning of the first program cycle, the first recordis read from each fite. RpG ll tf,en O..iJes'if match fieldsare specified for both records. As mentioneo, a record forwhich no match fields are assigned i, .utorn.tiarl ly selectedfor processing before tlre record in at,. orhrr ritr.

In  th is  case,  nei ther  record in  the read area has match f ie lds,Therefore, which should be processed? Wit.,ort ,.t.nfields, the two records rlannot be compared to see which islower in sequence. When both records J";;; have matchf ields, the record from the primary fi le has priority and,thus, is selected for pro,cessing

Since match fields are not assigned to this record type, therecan be no matching record in the other fi le. Therefore, im_mediately before a record without match f ields is processed,
the MR indicator  is  turned of f .

For the next program cy,cle, the ITEM record for item 101is read to replace the category record processed. The daterecord from the secondary fire is sti i l  in the read area. sincethe secondary fi le recorcl has no match fields, no comparisonis made, and the date record is automatically processed.
Once again, the MR indicator is turned oti , igl, before proc_essing a record without nratch fields.

The remaining records w'urd be processed in the ordershown in Figure 6-24. When records witfr marcn fields arein the read area, the record with the lowest match f ield isselected for processing. lf both match fields .r. ,n" ,urnu,the record from the primary fi le is always selected. Ofcourse, if one of the records has no match field, it is proc_
essed immediately after the record it follows, regardless ofwhich fi le it is in. As sho,nrn in Figure 6-24,thereare match-ing SALES fi le records for the tf iU tite recoJ witn amatch field value of 2g6. Since a record without matchf ie lds ( the category recorc l  for  SMALL AppLIANCES) fo l_lows this ITEM record in the primary fi le, the record with_out match fields is processed before the SALES records
which match ITEM record 2g6. you should be aware thatthis processing order may be undesirable in your program.

MATCH|NG RECoRDS:  WHEN ALL  RECORDS tN  ONEFILE  HAVE BEEN PROCESSED

When you are us ing two or  more input- type data f  i les in  aprogram, end of  f i le  is  a lways reached in one f i le  before a l lthe cards in the other fi le have been processed. This is be-cause the matching record function can only select one cardat a time for processing. Furthermore, each f i le often con_tains a different number of records.

Usual ly ,  in  mul t i f  i le  processing,  you want  the program tocont inue unt i l  a l l  records f rom al l  f i les have been processed.
RPG l l  log ic  wi l l  do th is .  The last  record indicator  (LR) isnot  turned on unt i l  the last  record in  the last  f i le  is  read.

Let's go over the last few program cycles in the example
tast presented. At a particular point in the program. there
will be two records left in the primary f i le (item 321 and a /*record) and three records in the secondary f i le which havenot been processed (two for item 321 and a /* record).

At the beginning of a program cycre. the rrEM record for
321 and the f  i rs t  SALES record for  i tem 321 woutd be in
the read area. Since both match f ields are the same, theprimary fi le record is processed, with the MR indicator
turned on before processino.

The next primary fi le record, an end of f i le l/*l record, isthen read.  In  a s ingle f i le  program. reading a /*  record te l lsthe program there are no more data records to process. Thelast  record (LR) indicator  is  then turned on causing tota l
t ime operations to be performed, and then the program
ends.

In multif i le processing, however, reading a /* record from
one f i re  does not  necessar i ry  mean that  arr  records f rom ar lf i les have been processed. Thus, the program must deter-
mine i f  ehd of  f i le  has previously  been reached in the other
f i le(s) .  In  th is  case,  the SALES f i le  s t i l l  conta ins tnree un-processed records. Therefore, reading the /* record from
the primary fi le merely indicates that there are no more
records from that f i le to process. The remaining data rec-
ords in  the SALES f i le  are processed,  one at  a t ime,  in  the
order  in  which they are read.

When the end of f i le record from the secondary fi le is read,
the program determines if end of f i le has been reached in
the other  f i le .  S ince i t  has,  the LR indicator  is  then turned
on. In this program, there are not total calculations or total
output to be performed; thus, the program is ended.
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In  other  murt i f i re  programs.  you may want  the program endedwhen a certain fi le has been completely processed, although
there are records left in another fi le. As you know, by enter-
ing an E in column 17 of  the Fi le  Descr ipt ion sheer you can
specify which fi le is to end the program. For example, say
the ITEM and SALES fi i les contain the records shown in
Figure 6-25. Since botlr f i les are in ascending r.Orrn... on".
all SALES records have been processed, there wouldn.t be
much point in processing the remaining ITEM master rec_
ords for which no sales were made. Thus, an E (end of f i lel
entry could be specified for the SALES fi le.

You should be aware. however, that in a matching records
program, speci fy ing the end of  f i le  entry  for  a par t icu lar  f i le
wi l l  not  a lways cause processing to end immediate ly  when the
last record of that f ire is processed. rf the fire which has not
been completely processed contains records which match
the last record processed from the completed f i le, tne match_
ing records wilt be processed before the program is ended.
Furthermore, processing wil l continue tor any records with-
out match fields, unti l the next record with a match field is
read.
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Assume the  secondary  SALESi  f i le  con ta ins  the  records
shown in  F igure  6-26 .  Fo l low ing  each group o f  sa tes  rec_
ords  fo r  a  par t i cu la r  i tem is  a  record  wh ich  g ives  the  to ta l
sales for that i tem. The total records do not have match
t ie lds  and thus  are  se lec ted  fo r  p rocess ing  as  soon as  thev
are read-

An end o f  f i l e  en t ry  i s  ass ignec l  to  the  pr imary  ITEM f i le .
S ince  bo th  f i les  a re  in  the  same sequence,  once a l l  ITEM
master records are processed, erny sales records which st i l l
remaln  in  the  SALES f i le  must  be  e i ther  records  wh ich
match the rast primary record processed. records for which
there  is  no  va l id  i tem number ,  o r  to ta l  records  wh ich  are  no t
to be r-rratched.

I T E M  F i t e

Figure 6-26.  Processing a Matching Records Job Af ter  End of  Fi re

paqe o f  GC21-7567-2
lssued 21  December  1979
B y  T N L :  c N 2 . l _ S 7 0 9

When the  / *  record  in  the  pr imary  f i le  i s  read,  the  program
checks  the  o ther  f i le .  The two SALES records  fo r  i tem 321
match  the  las t  p r imary  f i le  ITEM record  processed.  Thus ,
tney  are  au tomat ica l l y  p rocessed.  The nex t  record  in  the
SALES f  i le ,  a  to ta l  record  w i thout  match  f ie lds .  w i l l  cause
the  LR ind ica tor  to  be  tu rned on ,  and the  program wi l l
end .  However ,  i f  an  end o f  f i l e  en t ry  was no t  ass igned to
the  pr imary  ITEM f i le ,  o r  i f  the  end o f  f i l e  en t ry  was ass igned
to  the  secondary  SALES f i le ,  a l l  records  in  the  SALES
f i le  w i l l  be  read and processeo.
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TOTAL +

Becords Processed
After  End-of-Fi le
Reached in ITEM
F i l e

TOTAL

M a t c h  F i e l d s  A n d  M u l t i f  i l e  P r o c e s s i n q  6 - 3 3



I J S E  O F  M A T C H  F I E L D S  A N D  C O N T R O L  F I E L D S  I N. ]THE 
SAME FILE

In  the  prev ious  example ,  the  ITEM and SALES f  i les  were
rna tched accord ing  to  an  i tem number  f  ie ld  so  tha t  ind iv id -
ua l  sa les  cou ld  be  pr in ted  under  the  i tem descr ip t ion .  Suo-
prose you a lso  w ish  to  have the  sa les  fo r  each i tem to ta led
and pr in ted ,  as  shown in  F igure  6_27.

T'o perforrn total operations on a group of records. i t  is
necessary  tha t  con t ro l  f ie lds  be  ass igned to  d is t ingu ish  one
group f  rom the  nex t .  For  th is  p rogram,  the  same i tem num_
ber  f ie ld  used fo r  match ing  the  records  wou ld  be  spec i f  ied  as
a  cont ro l  f ie ld  on  the  Input  sheet  (F igure  6_2g) .  A l though
your  f  i l es  may conta in  bo th  match  f  ie rds  ancr  cont ro r  f  ie rds ,
there  is  no  re la t ionsh ip  be t rveen the  two func t ions  per_
formed.  Even i f  the  same { ie lds  on  a  record  are  used as  bo th
match  and cont ro l  f ie lds ,  t t re  on ly  s imi la r i t y  i s  tha t  the  same
d,a ta  w i l l  be  used in  per fo rn t ing  each func t ion .

Match  f  ie lds  a re  checked f i rs t  to  de termine f rom wh ich  f  i l e
the  nex t  record  is  to  be  processed (see F igure  6-29) .  In  e f -
fe 'c t ,  the  match ing  record  f  unc t ion  is  c rea t ing  one f  i le  fo r
processing by merging the data from two f i les. (Of course,
a{ te r  p rocess ing ,  the  two f i l ,es  a re  au tomat ica l l y  separa ted
a l la in  in to  the  appropr ia te  s tackers . )

In  add i t ion ,  compar ison  o f  the  match  f  ie lds  de termines
whether  the  MR ind ica tor  v r r i l l  be  tu rned on  or  o f f  fo r  p roc-
ess ing  o f  t f re  se lec ted  record .  As  d iscussed prev ious ly ,  the
MR ind ica tor  i s  to  be  on  fo r  p rocess ing  o f  a  p r imarv  f i le

Figwe 6-27, Printing Totals for Matching Records
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Figure 6-29. RPG lt  Logic of Obtainirrg Totals for Matching Records

record  on ly  i f  there  is  a  match ing  record  in  the  seconoary
f  i le .  L ikewise ,  i f  a  secondary  f i le  record  is  se lec ted ,  MR is
t,c be on for i ts processing only i f  a matching record from
the pr imary  f i le  has  a l ready  been processed.  l f  an  unmatched
rL"cord is selected, MR is set off ,  of course. At this point.
however, the matching record function onlV determines how
the MR ind ica tor  i s  to  be  se t ;  the  s ta tus  o f  MR is  no t  ac tua t -
l v  changed ye t .

Determine i f  MR
should be set  on or
for selected record

off

l s  Con t ro l  F i e l d  on
selected record different?
lf same, go to process

selected record
l f  d i f ferent ,  turn on
control lsr'el indicator

Control
Level
Func t i on

l f  contro l  level  indicator  on,
do tota l  calculat ions and
output  for  prar ious contro l
grou p

Total-Time Operat ions
Perf  ormed

Once the  match ing  record  f  unc t ion  has  se lec ted  the  nex t
record  to  be  processed,  the  cont ro l  leve l  func t ion  then con-
s iders  the  records  as  one f i le  in  de termin ing  i f  a  cont ro l
break has occurred. This check is made before the selected
record  is  p rocessed and,  thus ,  be fore  the  MR ind ica tor  i s
se t  fo r  the  record  jus t  se lec ted  (see F igure  6-29) .  The con-
t ro l  f ie ld  ( i tem number )  on  the  se lec ted  record  is  checked
to  see i f  i t  i s  d i f fe ren t  f rom tha t  on  the  prev ious ly  p roc-
essed record .  l f  i t  i s  the  same,  no  to ta ls  a re  to  be  pr in ted ;

Select record to
process in th is cycle
and turn on record
ident i fy ing indicator

Match ing
Record
F u nct ion

a

o

o

o

o

o
o
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sJ  the  MR ind ica tor  i s  ser t ,  the  OTy accumula ted  in to
TOTAL,  and the  ind iv idua l  record  is  p r in ted .  However ,  i f
the  i tem number  i s  d i f fe ren t  f rom tha t  on  the  prev ious ly
processed record ,  th is  means tha t  a l l  ind iv idua l  sa les  fo r
the  las t  i tem number  har re  been pr in ted .  The change in  the
cont ro l  f  ie ld  causes  a  cont ro l  leve l  ind ica tor  (L1  was as_
s igned)  to  be  tu rned on .  Any  to ta l  ca lcu la t ions  and to ta l
ou tpu t  (opera t ions  cond i t ionec l  by  the  cont ro l  leve l  ind ica_
tor )  a re  then per fo rmed fo r  the  prev ious  cont ro l  g roup.  In
th is  case,  the  to ta l  o f  a l l  sa les  fo r  the  prev ious  i tem are
pr i  n ted .

When to ta l  opera t ions  are  per f  o rmed,  the  se lec ted  record
has  no t  been processed ye t .  There fore ,  dur ing  to ta l  t ime,
MR is  s t i l l  se t  fo r  the  prev ious ly  p rocessed record .  Once
to ta l  opera t ions  are  comple ted ,  MR is  then se t  fo r  tne
selected record (the f irst record in the next control group)
so i t  can be processed.

Whenever  a  cont ro l  f ie ld  changes (cont ro l  b reak) .  a  cont ro l
leve l  ind ica tor  i s  au tomat ica l l y  tu rned on .  Fur tnermore ,
wnenever  a  cont ro l  leve l  ind ica tor  i s  on ,  to ta l  opera t ions
wi l l  be  per fo rmed.  In  a  match ing  records  program,  however ,
there  may be  t imes when a  cont ro l  b reak  occurs  and you
don ' t  want  to ta l  opera t ions  to  be  done.  Thus ,  you  must
spec i fy  tha t  to ta l  opera t ions  are  to  be  per fo rmed on lv  under
cer ta in  cond i t ions .

For  th is  p rogram,  sa les  are  to  be  added and the  to ta l  p r in ted
on ly  i ' f  there  is  an  ITEM master  record  w i th  match ing  SALES
records  fo r  tha t  i tem.  In  such a  case,  MR wou ld  have been
set  on  fo r  the  las t  SALES record  o f  the  group.  MR wou ld
s t i l l  be  on ,  then.  when the  cont ro l  b reak  occurs .  Thus ,  de ta i l
opera t ions  to  accumula te  sa les  shou ld  be  per fo rmed when_
ever  MR is  on  and the  to ta l  opera t ions  to  p r in t  the  TOTAL
shou ld  be  cond i t ioned to  be  per fo rmed on ly  w i th  L l  and
MR on (F igure  6-30) .
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l j i nce  there  can be  unmatched records  in  e i ther  f i le ,  Vou can
have an  ITEM record  w i th  no  match ing  SATES records  or
inva l id  SALES records  fo r  wh ich  there  are  no  match ing  ITEM
master  (see  F igure  6-31) .  ,A l though a  cont ro l  b reak  wou ld
occur  fo l low ing  the  process ing  o f  the  unmatched records ,
you don ' t  want  to ta l  opera t ions  to  be  per fo rmed.  The MR
ind ica tor  wou ld  be  o f f  fo r  the  unmatched records .  There_
fore ,  i f  you  cond i t ion  to ta l  t ime ou tpu t  spec i f  i ca t rons  w i th
L-"1 and MR on, total t ime rryould be bypassed for such cases.

D E T E R M I N I N G  W H E T H E R  F I L E S  S H O U L D  B E
P R I M A R Y  O R  S E C O N D A R Y

h bas ic  ques t ion  ar ises  in  a r ry  mu l t i f  i l e  p rocess ing  app l ica t ion :
V/h ich  f i le  shou ld  be  des ignated  the  pr imary  f  i l e  and wh ich
rs  to  be  the  secondary  f i le?  S ince  a lmost  a l l  mu l t i f i l e  p ro-
grams invo lve  the  use  o f  match  f ie lds  to  de termine process ing
order ,  an  unders tand ing  o f  match ing  record  log ic  i s  genera l l y
essent ia l  fo r  de termin ing  w l r i ch  f  i l e  shou ld  be  the  pr imary
f  i l e .

S ince  f i les  vary  among app l ica t ions ,  we can, t  s ta te  abso lu te ly
tha t  a  cer ta in  f i le  i s  a lways  to  be  pr imary  o r  secondary .
However ,  now tha t  you  unc le rs tand the  bas ic  match ing  rec-
ords  concepts ,  the  fo l low in , l  po in ts  may he lp  you to  make
t h e  b e s t  f i l e  d e s i g n a t i o n .

l f  the  match  f ie lds  on  recor ,Cs  f rom two or  more  f i les  a re
cc lmpared and found to  be  r :he  same,  the  pr imary  f i le  rec_
ord  is  a lways  se lec ted .  Fur thermore ,  the  pr imary  f  i l e  wou ld
be g iven pr io r i t y  i f  none o f  the  ava i lab le  records  conta ined
match  f  ie lds .  In  genera l ,  then,  i f  a l l  match  cond i t ions  are
the  same,  the  pr imary  f  i l e  re rcord  is  the  f  i r s t  p rocessed.

Wi th  th is  idea in  mind ,  we can say  tha t  i f  da ta  f rom f i le  A
must  be  ava i lab le  to  the  program before  f i le  B  can be  proc_
essed,  the  f i le  conta in ing  the  necessary  da ta  (A)  shou ld  be
des ignated  as  the  pr imary  f i le .  For  example ,  say  you have
t l r r ro  f i les  to  p rocess  to  do  a  cus tomer  b i l l i ng  app l rca t ion .  The
cus tomers '  names and addresses  are  recorded in  one f  i l e  wh i le

t h e  c u s t o m e r s ' t r a n s a c t i o n s  a r e  i n  a n o t h e r  f  i l e .  A  n a m e  a n d
ac ld ress  is  to  be  pr in ted  on  a  b i l l  be fore  a  cus tomer ,s  charges
and c red i ts .  The name and address  record  must  be  ava i iab le
fo r  ou tpu t  and,  thus ,  must  be  processed be fore  the  re la ted
t ransac t ion  cards .  In  th is  case,  the  name and address  f  i l e
shou ld  be  spec i f  ied  as  the  pr imary  f  i l e .

Le t ' s  cons ider  another  case in  wh ich  one f  i le  i s  to  be  usec l
o n l y  a s  i n p u t  w h i l e  t h e  o t h e r f  i l e  i s  t o  b e  u s e d  f o r  b o t h  i n -
pu t  and ou tpu t .  I  n  o ther  words ,  the  program requ i res  one
input  f i le  to  be  read and one combined or  update  f  i l e  to  be
both  read and wr i t ten  or  punched.  Usua l ly ,  in fo rmat jon
f rom the  input  f i l e  wou ld  be  necessary  to  ca lcu la te  the  da ta
to  be  ou tpu t  to  the  combined or  update  f  i l e .  Or ,  perhaps
the  ac tua l  inpu t  f i l e  da ta  i s  to  be  ou tpu t  to  the  combined or
update  f  i l e .  E i ther  way,  the  combinec l  o r  upc la te  f  i l e  shou ld
be spec i f ied  as  the  secondary  f i le ,  so  the  da ta  f rom the  pr i_
m a r y  i n p u t  f  i l e  i s  a v a i l a b l e  b e f o r e  t h e  o u t p u t  i s  o o n e .

In  genera l ,  the  type  o f  da ta  wh ich  must  be  ava i lab le  be fore
process ing  another  f i le  i s  permanent  record  in fo r rna t ion ,
such as  wou ld  be  found in  a  master  f i le .  For  ins rance,  an
employee 's  hour ly  wage f  rom a  master  f  i l e  i s  necessary  oe-
fo re  the  computer  can use the  number  o f  hours  worked
f rom an employee de ta i l  f  i l e  to  ca lcu la te  ne t  pay .  There .
fo re ,  a  master  f i le  i s  o f ten  the  pr imary  f  i l e ,  wh i le  a  de ta i l
o r  t ransac t ion  f i le  i s  the  secondary  f i le  Of  course ,  th is  i s
o n l y  a  g u i d e l i n e  a n d  s h o u l d  n o t  b e  c o n s i d e r e d  t h e  r u l e  f o r
a l l  s i tua t ions .

As  a  f ina l  po in t ,  i f  the  f  i r s t  record  in  one o f  the  f  i l es  must
be  the  f i rs t  record  processed in  the  program,  you must  make
sure  tha t  th is  record  wou ld  be  se lec ted .  To  do  th is ,  f  i r s t
d e c i d e  w h i c h  f  i l e  y o u  t h i n k  s h o u l d  b e  p r i m a r y  a n d  w h i c h
secondary ,  accord ing  to  the  suggest ions  presented .  Then,
de termine wh ich  record  wou ld  be  se lec tecJ  f  i r s t  rn  the  pro_
gram by  the  RPG l l  log ic  o f  match ing  records .  l f  the  record
which  wou ld  be  se lec ted  is  no t  the  record  wh ich  must  be
processed f i rs t ,  the  pr imary  and secondary  f i le  desrgr ra t ron
shou ld  be  swi tched.
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LR turned on" MR on f rom previous record
so tota l  operat ions done for  previous contro l  group.
(SALES for  156 tota led and pr inted) Job is  then
ended.

|  101

Ll  turned on.  MR of f  f rom previous
record so tota l  operat ions skipped"
MR then  t u rned  on  f o r  t h i s  ma tch ing
recoro"

Ll  turned t - rn.  MR on t ronr previous
record so SALES for  1 24 are tota led
and pr inted.  MR then set  of f  for
th is unmatched record,

L1 turned on,  MR of f  f rom prevtous
record so tota l  operat ions skipped. Then
MR turned on for  th is matching record.

L l  t u rned  on ,  MR s t i l l  on  f o r
previous record so SALES for  101
are tota led and pr inted.  MR then
set  of f  for  th is unmatched recoro.

Ll  turned on automat ical ly  for
first record, Total operations are
skipped in f i rs t  program cycre,
however.  MR then set  on for
th is matching record,

SALES F i l e

(Secondary Fi te)

ITEM F i t e

(Pr imary Fi le)

to Determine Whether Total  Operat ions are to be performed

UNMATCHED

UNMATCHED

Figure 6-31.  Use of  t l tR Indicator
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Review 6

1 .

2.

3.

What are match f ields used for when assigned to a single f i le?

lf  a record type has two match f ields, which match f ield is assigned M1 and which is
assigned M2?

Referr ing to the fol lowing Input sheet, indicate the errors in assigning match f ields
and the reasons the specif icat ions are in error.

RPG INPUTSPECIF ICAT IONS

C a r d  E  e c r r o  N ! m b e ,

IB i l  . , "  
"  

, " " .  Bu ! ,esMach. .co .oom,o .

GX21 9094 U/M 050 '

t5  16  J7  18  19  80

I

__i
,","ii'_Proedm lT-ffTr_l

J e n r i i c d r o n l  I  I  i  I  I

4.

5.

Must match fields be assigned to all record types in.a fi le?

Given the fo l lowing data about  a f i le  named EMpLoyEE, code the input  speci f ica-
tions which describe the record types in an OR relationship:

Record t,ype 01 identif ied by the character A in position g6.
Record t 'ype 02 identif ied by the character B in position 96.

Record  ldent i f i ca t ion  Codes

Field t\ame

NAMT:
DEPT
CODE
ADDFIES
EMPNUM (match f ie td)

Record Positions

What are match fields used for when assigned
f i les?

Record Type

record type 02 only
both record types
record type 01 only
record type 02 only
both record types

to multiple input, update, or combined

5-1 5
1-4
8-9

16-30
42-45

6.

I
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"/*l ' 
'

a

Detai l  Calculat ions
and Output

7.

Total Calculations

o and Output
a a

PROGRAM CYCLE 1

Refer to the following program cycles to answer questions 7 and g:

Record 1 selected

a

I
I

t

Record 2 selected

a

I
t

J
Total  Calculat ions
and Output

a
a a

PROGRAM CYCLE 2

8.

L

10.

1 1 .

12.

when is the MR indicator set on and off for the first record selected for processing?

when is the record identifying indicator for record 1 set on and off?

Define an unmatched record.

lf a primary fi le record is serected for processing, what condition must be met for theMl? indicator to be set on for that record?

lf a secondary fi le record is serected for processing, what condition must be met for
thr"' MR indicator to be set on for that record?

Assume an lrEM f ire read from the MFCU or MFCM contains two record types. which
spercification l ine on the following output sheet is correct in order to stacker select
unmatched records of record type 01 into stacker 3? What are the other two stacker
sel,ection specif ications i ncorrect?

?

0 3

0 1 4 o

o; l i
o  l 6 l

i +

cv2r .@0 u /M o5o.

75 76 71 7A 79 aO**ffi"-r r q . 3 m t t t l l t l
,d"" , r , . " , , " "1 t__l_ l  l_ |  |

o

o

+jj
T l r

fl
L.i
rl

I

I
I

I

- t -

T
I

L

/,.+l 
' .

o

Detai l  Calculat ions
and Output

Constanr or Edi l  \ for d

E n d
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13' An item number field is assigned as a match field for processing the two fi les shown.
ldentify th,e rnr,"n'nn records (recordsforwhich MR is on), the unmatched records,
and the records with no match field assigned.

*D/\TE

105 |

I  tem
Number

1 0 1  |
I

I

I
I

I

Pr imary Fi le

14.  Referr ing to the f i les shown in
would be processed.

Secondary File

question 13, specify the order in which the records

1 5 .

1 6 .

what does an E in column 17 of the Fire Description sheet indicate? what does an
A or  D in column 18 indicate?

What do the following input specifications cause to happen?

RPG INPUTSPECIFICATIONS

** ffl"- ff:;L",..fiii:rt*

HAUS ST 051309

DOE JA 050669
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Review Problem

The data processing department is to prepare a weekly labor distr ibution report showing
the  to ta l  number  o f  hours  worked by  each employee,  as  we l l  as  the  to ta l  number  o f  hours
workerd  by  a l lemproyees  w i th in  a  depar tment .  There fore ,  the  repor t  must  be  organ ized
by  depar tment  number  and by  man number  w i th in  a  depar tment .

Two input f i les are necessary to provide data for the report:
a .  PMSTER is  a  master  payro l l  f i l e  con ta in ing  th ree  types  o f  records :

Date  record  -  f i r s t  record  in  f i le .

lDepartment name records.

l [mp loyee master  records .

Ther employee records are in ascending sequence by department number and by man
nurnber  w i th in  a  depar tment .  A  depar tment  name record  appears  w i th in  the  f i le  immedi .
ately before the group of employee records for that part icular departmenr.

b '  LABOR is  a  f i le  o f  da i l y  records  conta in ing  the  number  o f  hours  an  employee worked.
Sinr:e each employee's dai ly hours are recorded on a separate record, there wil l  be more
than one LABOR record  fo r  each employee.

The LABOR f i le  i s  a lso  in  ascend ing  sequence by  depar tment  number  and by  man num-
ber  w i th in  a  depar tment .

PMSTER Fi le -  3 Record Types

Date Record Layout

DI  DATE
' 1 " r . "  u r l r . r ! . . 2 , 2 . r r _ l r z n s . r r

Department Name Record Layour

F I R S T I  S E C N D I

Employee Master Record Layout

I . D .  D E P T  M A N N o

Rate (2 decimal

positions)

CODE

Yl NAME
e l u r r t . r t n r r a r t

RATE
a t t r t o a r a t . r

Man Employee Name Hour ly

644

Number



LABOR FiIe - 1

DEIPT

Record Type

M A N N O  H

In  processing the two f i les,  there should be an employee master  record re lated to a l l  LABoRrecords' In fact, more than one LABoR record wil l match the same emproyee master recordfrom the PMSTER f i le .  However,  i t  is  possib le that  the LABoR f i le  conta ins the fo l lowingunmatched records:

Hou rs
Worked

Records with errors in match fields.

Records for new emproyees for whom emproyee master records have not yet been
created.

l f  you read the LABoR f i re f rom the MFcu or  MFCM, unmatched LABOR records shourdbe stacker selected into stacker 3. Processing should end when the last record from theLABOR fi le has been processed.

For th is  prograrn.  see i f  you can code the fo l lowing:

1 '  F i le  descr i ip t ion speci f icat ions ( read the f i res f rom MFCU. MFcM. or  DrsK).

2. Input  speci f  icat ions.

output'format specifications necessary to stacker select unmatched LABoR cards
using the l / IFCU or  MFCM.
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Answers To Review 6

2.

3 .

1.  Match  f ie lds  a re  used to  sequence check  cards  w i th in  a  f i le .

The h igher  en t ry ,  M2,  i s  ass igned to  the  more  impor tan t  f ie ld .

Reasons fo r  spec i f i ca t ion  er ro rs :

L ine  07  -  Match  f ie lds  o f  the  same leve l  must  be  the  same length .  A lso ,  f ie lds
hav ing  the  same name must  be  the  same length ,  regard less  i f  they  are
ass igned as  match  f  ie lds  o r  no t .

L ine  08  - -  Match  f ie lds  o f  the  same leve l  must  be  in  the  same fo rmat  (a lphamer ic
or numeric) i f  the f ields have the same name. Also. f  ields with the
same name must  be  in  the  same fo rmat  (a lphamer ic  o r  numer ic ) ,  re -
gard less  i f  they  are  ass igned as  match  f  ie lds  o r  no t .

L ine  10  -  Every  record  type  ass igned match  f ie lds  must  conta in  the  same number
o f  match  f  ie lds .

No. Bemember that record types without match f ields are selected before record
types  w i th  match  f  ie lds .

A l l  f ie lds  wh ich  are  common to  a l l  record  types  must  be  descr ibed f i rs t .  A l l  f ie lds  re -
la ted  to  a  par t i cu la r  record  type  are  then descr ibed together  as  a  g roup.  Fo l low ing
the  common f  ie lds ,  f ie lds  re la ted  to  e i ther  record  type  0 ' l  o r  those re la ted  to  record
type 02  may be  descr ibed nex t ,  as  fo l lows:

4 .

q

RPG INPUTSPECIFICATIONS

. , ; "  r  i -  t  a l  T k i l ; ; N a ; -j - ; I i i , l  i - = ]  i

0 8
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7 .

Page o( GC21_7567-2
tssued 21 December 1g7g
By TN L :  cN21-5709

Match  f ie lds  a re  used fo r  rwo purposes :
a .  Sequence check ing  the  cards  in  each f i le
b .  Mat .ch ing  records  be tween the  two f i les  to  de termine the  order  o f  p rocess ing

MR se;f on between totar t ime and detair t ime operationsduring program cycte r.
MR ser: off  between totar t ime and detair t ime operationsduring program cycre 2.

Becord  ident i f y ing  ind ica tor  se t  on  immedia tery  a f te r  record  is  serec ted  dur ing  pro-
gram cyc le  1 .
Recorc l  iden t i f y ing  ind ica tor  se t  o f f  fo i low ing  de ta i r  t ime opera t ions  durng program
c y c l e  1 .

An unrnatched record  is  a  recorc l  in  e i ther  input  f i l e  wh ich  does  no t  have a  match ino
record  (same match  f  ie ld )  in  the  o ther  input  f  i l e .

There  rnus t  be  a  record  in  the  secondary  f i re  w i th  the  same match  f ie ld (s )  as  the
record  in  the  pr imary  f i re .

The mer tch  f ie ld (s )  on  the  secondary  f i le  record  must  be  the  same as  the  match  f ie ld (s )
or r  the  las t  p r imary  f i le  record  processed.

L ine  03 i  i s  a  cor rec t  spec i f i ca t ion  fo r  s tacker  serec t ion  o f  unmatched recoros .
L ine  01  is  incor rec t  because there  is  no  record  ident i f y ing  ind ica tor  spec i ty ing  the
type o f  record  to  be  s tacker  se lec ted .
L ine  05  is  incor rec t  because s tacker  se lec t ion  o f  a  record  on  the  bas is  o f  a  match ing
or  no t  rna tch inq  record  cond i t ion  shou ld  be  done a t  de ta i l  t ime,  no t  a t  to ta l  t ime.

Match ing  records  are  records  f rom both  f i res  conta in ing  i tem numbers  101,  107,
212, and 298.

The th r , :e  unmatched records  f rom the  pr imary  f i le  conta in  i tem numbers  105,  105,
and 261 ' '  The one unmatched record  in  the  secondary  f i le  conta ins  i tem number  1g7.

The *D,ATE 
record  f rom the  pr imary  f i le  and the  two name records  f rom tne  secondary

f  i le  a re  records  w i th  no  match  f  ie lds  ass iqned.

The records  wou ld  be  processed in  the  fo l low inq  order :

9.

1 0 .

1 1 .

1 2

t J .

1 4 .

P r i m a r y  F i l e Secondary  F i le
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1 5 . An E means the  program shourd  check  tha t  f i re  fo r  end o f  f i re .  r f  end o f  f  i re  i s
reached (a  l *  record  read) ,  usua l ly  p rocess ing  o f  records  is  s topped.  However ,  i t
end  o f  l i l e  i s  reached in  a  match ing  records  program,  the  match ing  records  andrecords  w i th  no  match  f ie rds  f rom the  o ther  f i re  a re  p rocessed be fore  the  pro ,
gram is  ended.

An A or  D en t ry  ind ica tes  tha t  an  input  f  i re  i s  in  ascend ing  or  descend ing  sequence
accord ing  to  the  match  f  ie ld (s )  on  the  records .

F i rs t ,  the  REGIoN match  f ie rds  are  compared to  derermine i f  there  is  a  match ing
record  cond i t ion  and,  thus ,  wh ich  record  to  p rocess .  Nex t ,  the  conten ts  o t  the
REGIoN f ie ld  a re  checked on  the  record  serec ted  to  de termine i f  a  cont ro r  b reakhas  occur red  and,  thus ,  i f  L1  shou ld  be  se t  on .

1 6 .

6-48
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Chapter 7. Programmed Control  of  Input and Output

C H A P T E R  7  D E S C R I B E S :

How to  a l te r  the  order  o f  p rocess ing  input  f i l es  us ing  FORCE.

How to  read one or  more  records  per  cyc le  f rom a  demand f i le .

How to  do  repet i t i ve  o r  except ion  ou tpu t  dur ing  ca lcu la t ions .

B E F O R E  R E A D I N G  T H I S  C H A P T E R  Y O U  S H O U L D  B E  A B L E  T O  D E S C R I B E :

Mul t i f i l e  p rocess ing .

Loo l : -ahead.

End-o f - f i  le  cond i t ion .

* P L I \ C E .

R P G  l l  p r o g r a m  l o g i c  ( C h a p t e r  1 ) .

A F T E R  R E A D I N G  T H I S  C H A P T E R  Y O U  S H O U L D  B E  A B L E  T O  D E S C R I B E :

R P G  l l  F O R C E  o p e r a t i o n  c o d e .

Us ing  FORCE wi th  the  look-ahead fea ture .

Us in ,3  the  RPG l l  READ opera t ion  code to  p rocess  demand f  i les .

RPG l l  EXCPT opera t ion  code.

Note: You can use the review questions contained in Review 7 at.the er.rd of this
chapter  to  tes t  your  comprehens ion  o f  each top ic  in  the  chapter .  Ouest ions  are
grou,ped accord ing  to  the  top ic  to  wh ich  they  app ly .  Answers  fo l low the  rev iew
q ues t i  ons .

Programmed Control  of  Input  and Output  1-1



I N T R O D I J C T I O N

Normai ly ,  records  are  read,  iden t i f ied ,  se lec ted  fo r  p rocess_
r n g ,  a n d  o u t p u t  a c c o r d i n g  t o  t h e  f i x e d  l o g i c  o f  t h e  R p G  l l
ob jec t  p rograrn .  Somet imes,  however ,  you  neec l  to  have
d i rec t  con t ro i  over  the  input  a r rd  ou tpu t  o f  your  p rogram.
RPG i l  p rov ides  severa i  opera t io r r  codes  wh ich  g ive  you th is
i :on t ro l .  By  us i r rg  t l re  FORCE opera t ion  code in  your  own
, : a l c u l a t i o r r  r o u t i n e ,  V O u  c a n  o v e r r i d e  n o r m a l  R p G  l l  m u l t i _
f i le  log ic  fo r  se iec t ing  input  recor .c ls  fo r  p rocess ing .  you
r :an  a ls ;o  c lo  cer ta in  l< inds  o f  inpu t  and ou tpu t  dur ing  ca lcu-
a t ion  t in re  bv  us ! r rg  the  READ ar . rd  EXCITT opera t ion  codes .

lVate :  fhe  CFiAIN opera t ion  coc . ie  a lso  a l lows programnred
r :on t ro l  o f  inpu t  an i l  ou tpu t  opera t ions .  The CFIAIN opera-
1:ion is explained in iBM System/3 RpG i l  Disk Fi le pro_
ctessi ng' Pragra sn rner "s G u i de, GC2it -7 566.

t \ L T E R I N G  T H E  O R D E R  O F  P R O C E S S T N G  F i l - E S
I F O R C E  , 0 P E  R A T T O N  l

l lPG l l  uses  two rne thods  to  de termine the  order  in  wh ich
records  are  processec i  in  a  n ru i t i f i l e  p rograrn .

. r  l f  rna tch  f ie ic js  a re  no t  spec i f iec i  t i t r  e i ther  f i le ,  a l l  records
an t l ' l e  ! t r r imary  f  i l e  a re  p rocessed,  fo l iowed by  those in
the  secondar i /  f i i es  in  th* "  o r r . le r  de f inecJ  on  the  F i le  De,
scr ip t ion  sheets .

o  When rna tch  f ie lc ls  a re  ass ignec i ,  the  RpG l l  log ic  o f
match inq  records  de termines  f ronr  i ryh ich  f i le  the  nex t
record  is  to  be  processed.

l -he  or r le r  o f  p rocess ; r r rg  de ternr ined by  RpG l l  log ic  i s  ap_
pr ropr ia te  fo r  most  o f  your  mu l t i { i l e  p rograms.  However ,
fo r  cer ta i r r  p rogran ls "  i t  may be  necessary  to  have some o f
the  records  i r )  the  tu /o  f i les  p rocessed in  an  order  o ther  than
tha t  in  whrch  RPG iN log ic  wou ld  se lec t  the  recorc is .

I t  record  c ian  be  processec j  ou t  o f  o rder  on ly  i f  you  ind ica te
t , r  the  prograrn  tha t  the  f i ie  conta in ing  tha t  recorc l  i s  to  be
f r f , rcec j .  Tc ,  do  th is ,  you  must  code adc l i t iona l  spec i f i ca t ions
t , )  over r ide  nornra l  RPG i i  rnu l t i f  i l e  log ic .

Regard less  o f  how your  f  i l es  a re  o rgan ized,  the  fo l low ing
s i tua t ions  requ i re  tha t  you  a l te r  the  order  o f  p rocess ing :

1 .  M a t c h  f  i e l d s  c a n n o t  b e  a s s i g n e d  t o  t h e  f  i l e s  a n d  y o u
w r s h  t o :

a .  A l te rna te  p rocess ing  be tween two f i les .
b .  Process  a  p r imary  f  i l e  record  fo l lowed by  a  par -

t i cu la r  number  o f  secondarv  f  i l e  records .
c .  Process  a  secondary  f i le  record  on ly  when i t

matches  a  p r imary  f  i l e  record .

2 .  Match  f  ie lds  a re  ass igned to  bo th  input  f  i l es .  you

wish  to  p rocess  one pr imary  f  i l e  record ,  fo l lowed by
match ing  secondary  f i le  records ,  then the  res t  o f  the
match ing  pr imary  records .

To a l te r  the  order  o f  p rocess ing ,  you  must  f  i r s t  de termine
which  f  i l e  i s  to  be  processed-when and under  wh ich  con-
d i t ions .  Once you know the  order ,  the  nex t  s tep  is  to  de ter -
rn ine ,  fo r  a  par t i cu la r  p rogramming cyc le ,  whether  the  RpG
l l  log ic  w i l l  se lec t  the  appropr ia te  record  or  i f  you  must
fo rce  the  process ing  o f  tha t  record .

The f i rs t  record  to  be  processed in  any  program can on ly  be
se lec ted  by  RPG l l  log ic  in  the  usua l  way .  Thereaf te r ,  to
a l te r  the  order  o f  p rocess ing ,  you  te l l  the  program to  fo rce
a record  f rom a  f i le  wh ich  wou ld  no t  o rd inar i l y  be  processed
next .  Once the  fo rced record  is  p rocessed,  and prov id ing  an-
o ther  record  is  no t  fo rced,  the  RPG I  I  log ic  se lec ts  the  nex t
record  in  the  usua l  way .  Th is  i s  the  record  wh ich  wou ld
have ord inar i l y  been processed i f  the  o ther  f i le  had no t  been
forced.

Specifying the Next Fi le to Process

To process  a  record  ou t  o f  i t s  normal  sequence,  you spec i fy
on  the  Ca lcu la t ion  sheet  the  FORCE opera t ion  code and
the  name o f  the  f i le  wh ich  is  to  be  fo rced in  the  nex f  o ro-
g r a m  c y c l e  ( F i g u r e  7 - 1 ) .
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A,ssuming a record type 01 from the primary f i le is being
processed.  the  ca lcu la t ion  on  l ine  01  is  per fo rmed.  The nex t
de ta i l - t ime ca lcu la t ion  spec i f i ca t ion  fo r  record  type  01  ind i -
ciates that the secondary f ihl  (SECOND) is to be forced. The
FORCE does no t  occur  imrned ia te ly ,  however .  Th is  spec i -
f i ca t ion  on ly  te l l s  the  program to  remember  tha t  a  record
f rom the  f i le  SECOND is  tc r  be  processed nex t .  Any  add i -
t iona l  ca lcu la t ions  and/or  ou tpu t  fo r  the  record  be ing  proc-

essed are performed f irst to complete the present program

cyc le .

l r t  the  beg inn ing  o f  a  normal  p rogram cyc le ,  RPG l l  log ic
looks at the two records av.ai lable in order to select the one
to process during that cycler. However, i f  the record from

the f i le  wh ich  wou ld  no t  normal ly  be  se lec ted  is  to  be  proc-

essed, this must be indicated to the program before the be-
g inn ing  o f  the  cyc le .  l f  a  f i le  i s  to  be  fo rced,  there  is  no
need fo r  RPG l l  log ic  to  compare  the  records  and make a
se lec t ion .  Th is  i s  the  reasor r  tha t ,  i f  a  f i le  i s  to  be  fo rced,

t l re  FORCE must  be  ind ica ted  dur ing  the  program cyc le
immedia te ly  be fore  the  cyc le  in  wh ich  the  FORCE is  to
occur.

Depend ing  on  your  p rogram,  you may no t  have to  fo rce  a

record  in  every  p rogram cyc le .  For  such s i tua t ions ,  you

must  ind ica te  when the  FORCE is  to  be  done by  spec i -

fy ing  cond i t ion ing  ind ica tors  in  co lumns 9-17  o f  the  Ca lcu-

la t ion  sheet  (F igure  7-1) .  Whether  the  FORCE is  to  be  per -

formed in the next cycle or not may depend on any of sev-

era l  cond i t ions :

o The type of f i le or record type being processed at the

t ime.

r The number of records which have been processed.

o The result of a calculat ion performed.

o The contents of a f ield on the record being processed.

o The contents of a f  ield on a record which has not been
processed yet.

Wi th  these po in ts  in  mind ,  le t ' s  d iscuss  a  job  in  wh ich  you

can determine i f  the order of processing must be altered on

the basis of the type of record being processed.

15 76  11  18  7g  AO

l l l  P ' t u ' . m l l l l  l lt u€L l  l d  r " . , n " ' . " |  I  |  |  I  |  |

RPG CALCULAT ION SPECIF ICAT IONS

G,aph ic  I--t
C a , d  E l e c t o  N ! m E r

lFigure 7-1. Specifying the Fil,e to be Processed in the Next Program Cycle

Addi t ional  calculat ions.
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Arlternating Processing Between Two Fi les

The tw, r  f i i es  in  F igure  7-2  each conta in  one record  fo r  every
sa lesman in  a  company.  The MASTER records  are  ar ranged
i n  a l p h a b e t i c a l  o r d e r  b y  s a l e s m a n  n a m e ;  t h e  M O N T H  f  i l e  i s
ar ranged in  ascend ing  sequence by  sa lesman number .  A l_
though there  is  no  common match  f ie ld ,  the  records  in  the
t rvo  f i  les  a re ,  never the less ,  in  a  one, to .one cor respondence.
Sa lesmen numbers  have been ass igned such tha t  they  cor res_
p lnd  to  the  order  o f  the  sa lesmen names.  Thus ,  the  f  i r s t
r t : cord  in  each f i le  i s  fo r  Baker  (sa lesman #1 0) ; tne  second
rercord  in  each f i le  i s  fo r  Cos te l lo  (sa lesman #20) ,  and so  on .

NELSOI\C KEIf

HABT.I{ESS DAVE 4 1

COST€LLO .TOM

MASTER F i l e

Figure 7-2, Files to be Alternately processed

The two f i les  a re  t rc  be  processed to  de termine the  amounr
o f  commiss ion  ear r red  by  each sa lesman.  To  do  th is ,  a  sa les-
man 's  commiss ion  ra te  f rom h is  MASTER record  must  be
m u l t i p l i e d  b y  t h e  a m o u n t  o f  h i s  s a l e s  c o n t a i n e d  o n  h i s
M O N T H  r e c o r d  ( F i g u r e T - 2 ) .  T h e  c a l c u l a t e d  c o m m i s s i o n  i s
then recorded in  the  sa lesman 's  MONTH record .

1 59085

27684a

., lO.i i l i i . . i . 
34s6e5

f t
l l
t l
t l
t l

sa$ryan sates
NUrnbdi

MONTH F i l e

RIME .RO85ffT 25 41 0568 '5o 137896

0566 ,,,!|e:: r 367560

0568 , :35': 089760

BAKER FRANK 23 30  -

t t tt t l
.;, ;, $91g$05h, . ,, Elranch Commission
, '  , , , , , ,Nbiae, ,  . , , , , , , :  , i , , , ,  , , , : '  : , ,  , : , :  Rate

HAGUE JOHN
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The two f i les are defined and the records described with
t l re  spec i f i ca t ions  shown in  F igure  7-3 .  MASTER,  the  pr i -
n ta ry  f i ie ,  i s  ass igned recorc l  iden t i f y ing  ind ica tor  01 .  lnd i -
ca tor  02  is  ass igned to  the  secondary  f i le ,  MONTH.  S ince
I I IONTH isa  card  f i le  to  be  used fo r  bo th  input  and ou tpu t ,
i l .  i s  de f ined as  a  combined f i le .  (MONTH cou ld  a lso  be  de-
f ined as  an  update  f i le .  on  another  dev ice . )

Th is  p rogram must  p rocess  the  two f  i les  a l te rna te ly ;  tha t  i s ,
every primary f i le record processed must be fol lowed by a
secondary  f i le  record .  L ikewise ,  every  secondary  f i le  record
processed must be fol lowed by anotlrer primary f i le record.
In this case, the MASTER record for a salesrnan is read to
make the  commiss ion  ra te  ava i lab le .  H is  MONTH record  is
then processed, to caiculate the commission and record the
amount  in  the  MONI-F I  record .  Then,  the  nex t  MASTER
and the next MON-N-H record are processed In the same way
for the second salesrnan

SVmbol ic

Dev iee
Labe l  Ex i l

File Description Specif ication

Leng$ of Key Field q

ot REo.d tud.est Field lor Cylindc. Ove.llow

Other devices can
be used, depending

on the system and
cclnf igu rat io n

RPG INPUTSPECIFICATIONS

Figure 7-3. Specifications to Define and Describe Files to be Processed Alternately

'.," Lll",_ l;::n.,""l=f-Tlll

GX71 9094 UrM 050-

7a t6  7 /  1A t9  AO

6 1 ,
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l i i nce  no  match  f ie lds  a re  ass igned,  RpG l l  log ic  wou ld  nor_
rna l l y  p rocess  a l l  records  in  the  pr imary  MASTER f  i le  be fore
any  o f  the  secondary  MONTH records .  To  a l te rna te  the  f i les .
)/ou must tel l  the program to force a secondary f i le record
every  t ime a  pr imary  f i le  record  is  be ing  processed.  When a
I/IASTER record is being processed. record iclenti fying in_
c l i ca to r  01  is  on .  Thus ,  you  shou ld  cond i t ion  the  FORCE
clpera t ion  to  be  per fo rmed on ly  i t  01  is  on  {Ca lcu la t ion
sheet  in  F igure  7-4) .

l \ t  the  beg inn ing  o f  the  program,  RpG l l  log ic  au tomat i_
ca l l y  se lec ts  the  f i rs t  record ,  wh ich  is  a  p r imary  f i le  record .
S i ince  01  is  on ,  the  FORCE opera t ion  is  per fo r "med;  tha t  i s .
the program notes that a MONTH recorcl is to be forced at
the  beg inn ing  o f  the  nex t  cyc le .

R P G  C A L . C U L A T I O N  S P E C I F I C A T I O N S

I  i t  l ' - l - ; i ' ; i J r i l ; ; l

i i i l l i - i  l

tl l l

During processing of the forced record (02 on), the com-
miss ion  is  ca lcu la ted  and recorded in  the  MONTH record
(F igure  7-4) .  On lv  the  spec i f i ca t ions  fo r  record  type  02  are
done.  There fore ,  the  FORCE opera t ion  is  no t  per fo rmed.

S i n c e  n o  F O R C E  w a s  i n d i c a t e d  i n  t h i s  c y c l e  ( 0 2  o n ) ,  R p G  l l
log ic  aga in  takes  over  to  se lec t  a  record ,  a t  the  beg inn ing  o f
the  nex t  cyc le .  Thus ,  the  second pr imary  f i le  MASTER rec-
ord  is  p rocessed (01  on) .  Process ing  o f  the  f i les  cont inues
wi th  the  nex t  MONI-H record  be ing  fo rced and then another
MASTER record  be inE se lec ted  by  RPG l l  log ic  un t i l  a l l  rec -
ords have been processec.

T

SPECIF ICAT IONS

I  i  1  fc . , , , r i . - " , r , , , , . ' , , , ' :
l l i _ ] 1

"*l 1_1.'

I

+

I j
r  i t
l i i

OUTPUT

TT

t t

Frigure 7-4, Conditioning Operations on Basis of Record Type
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Forcing a Number of Records from a Fi le

In  the  las t  example .  the  F t f  RCE opera t ion  was per fo rmed
on ly  i f  a  par t i cu la r  record  ident i f y ing  ind ica tor  was  on .
Now le t ' s  cons ider  a  case in  wh ich  you cond i t ion  the
FORCE opera t ion  on  the  bas is  o f  whether  a  resu l t ing  in -
d ica tor  i s  on  or  o f f  .

Suppose you have a  number  o f  cus tomers  who per iod ica l l y
order  i tems to  be  de l i vered  f rom a  cent ra l  warehouse.  One
record  is  kep t  fo r  each un i t  in  s tock  in  the  warehouse,  and
another record for each cLrstomer's order of a part icular
u n  r t .

Orders are processed according to the type of unit  ordered.
T h e r e f o r e ,  f o r  a  p a r t i c u l a r  r u n ,  t h e  p r i m a r y  f i l e  ( O R D E R )
, ;on ta ins  a l l  o rder  records  fo r  on ly  one type o f  un i t ,  and the
:secondary  f  i l e  (STOCK)  conta ins  a l l  in -s tock  records  fo r
tha t  type  o f  un i t .

O R D E R  f i l e

Page ot  GC21-7567-2
lssued 21 December 1979

By  TNL :  GN21 -5709

For  th is  run ,  the  ORDER f i le  (F igure  7-5 .  inser t  A)  conta ins
the  week 's  o rder  records  fo r  te lev is ion  se ts ,  un i t  number
4607. The records show which customer placed the order,
and the quanti ty of television sets wanted. The STOCK fi le
consists of a separate record for each television set (unit

4607)  in  s tock  (F igure  7-5 ,  inser t  B) .  Each record  prov ides

the  un i t  number ,  l i s t  p r ice ,  and ser ia l  number  o f  the  i tem.

There are two purposes for processing the f i les. First.  you
want  an  ind ica t ion  o f  wh ich  orders  can be  f i l l ed  and wh ich
orders  cannot  be  f i l l ed .  Second ly ,  the  STOCK f i le  i s  to  be
kept up-to-date so i t  only contains as many records as there
are  te lev is ion  se ts  ava i lab le .

STOCK f i le

rVote. '  System/3 wil l  al locate two decimal places in the l ist
price, although a decimal does rrot appear in the f ield.
The l ist price in the stock f i le is logical ly represented as

$359.05.

4628 460-1 12

2637 4607 @

2012 4607 05

1938 4607 09

4607 35905 WS6177O

4607 35905 4224320

4607 35905 D21Ax32

4607 35905 126AJ41

t r l
t t l
t t l
t t l

Un i t  L ist  Ser ia l
Number Pr ice Number

K l 2 4 1 1 0

lFigure 7-5. Files for Processing Customer Orders
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The program shou ld  p roduce a  pr in ted  repor t  showing wh ich
orders  can be  f i l l ed ,  and the  amount  each cus tomer  owes
( F i g u r e  7 " 6 ) .  T h u s ,  y o u  m u s t  d e t e r m i n e  t h e  a m o u n t  d u e
for each i tern and the total amount for each orcier. A rec-
or< l  f rom each f i le  must  be  ava i lab le  be fore  Vou can ca lcu-
la t r :  the  in fo rmat ion .

F i les  fo r  th is  p rogram must  be  processed in  a  spec i f i c  o rder .
The quant i t y  o rdered (OTY)  f rom an ORDER recoro  must
be  ava i lab le  f  i r s t .  Th is  quant i t y  i s  used to  de termine how
many STOCK records  are  to  be  processed.  When enough
STOCK records  fo r  an  order  have been processed,  the  nex t
OFiDER record  is  se lec ted  to  repeat  the  process ,

Lo ,ck ing  a t  the  two f i les ,  you  can see tha t  every  record  has
a c ,ommon f  ie ld  conta in ing  the  un i t  number .  l t  does  no
good to  ass ign  a  match  f  ie ld  to  cont ro l  p rocess ing  oroer ,
becrause the  un i t  number  i s  a lways  the  same fo r  every  rec-
orc .  A l l  records  in  the  pr imary  f i le  wou ld  be  processed
before  any  secondary  f i le  records .

Remember ,  there  is  no  way you can cont ro l  se lec t ion  o f
the  f i rs t  record  to  be  processed in  a  p rogram.  RpG l l  log ic
a lways  se lec ts  a  p r imary  f  i l e  record  f i rs t  when match  f  ie lds
are  no t  spec i f ied .  S ince  an  ORDER record  must  be  ava i l_
ab l r , .  f i r s t  fo r  th is  p rogram,  the  ORDER f i le  shou ld  be  des-
ign ,a ted  as  the  pr imary  f i le .

Controlling the Number of Times FORCE is performed

Af te r  RPG l l  se lec ts  and processes  an  ORDER record ,  you
must  FORCE the  process ing  o f  a  number  o f  STOCK rec-
ords .  The quanr i ty  o rdered (QTY)  f rom the  ORDER rec-
ord  is  used to  cont ro l  the  number  o f  t imes you fo rce  second.
ary  f i le  records .  The quant i t y  i s  s to red  in  a  f ie ld ,  ca l led
COUNT,  to  keep t rack  o f  how many records  are  le f t  to  be
forced for an order. Each t ime a STOCK record is forced,
the  number  in  COUNT is  reduced by  one.  When COUNT
reaches zero, enough STOCK records have been processed
for  tha t  par t i cu la r  o rder .  Then RPG |  |  log ic  can aga in  take
over  to  p rocess  the  nex t  ORDER record  (F igure  7-7) .

The ca lcu la t ion  spec i f i ca t ions  shown fo r  th is  p rogram (F ig -
ure  7-8)  on ly  de termine i f  a  record  is  to  be  fo rced in  the
nex t  cvc le .

Assume the  f i rs t  ORDER record  ( record  type  01  )  has  been
se lec ted ,  mak ing  the  quant i t y  o rdered (OTY)  ava i lab le .  The
f i rs t  ca lcu la t ion  spec i f  i ca t ion  ( l ine  01)  fo r  th is  record  type
s tores  the  quant i t y  in  the  COUNT f ie ld .  Then the  program
determines  i f  any  STOCK records  are  to  be  processed fo r
th is  o rder  ( l ine  0b) .  l f  COUNT is  g rea ter  than zero ,  ind ica-
to r  27  tu rns  on .  Wi th  27  on , l ine  06  is  per fo rmed,  ind ica-
t ing  a  STOCK record  must  be  fo rced in  the  nex t  p rogram
cvc le .

CUSTOMER

1 938

I T E M

4607

OTY S E R I A L N O

126AJ41
DZ1AX32
4324320
s1 5206H
K124110
4 3 6 r G 1 1
M32OCEW
TS91 870
ws61 770

COST

359.05
359.05
359.05
359.05
359.05
359.05
359.O5
359.05
359.05

359.05
359.05
359.05
359.05
359.05

?oa o6

398.95
398.95
398"95

JO / .UJ

367.03
367.03
367.03

TOTAL

359.05
7 1 8 . 1 0

1077.15
1436.2A
1795.25
2 1 U . 3 0
25r  3 .35
2872.40
3231 .45

359.05
7 1 8 . 1 0

1 0 7 7 . 1 5
1436.20
1795.25

398.95
7( )7  0n

' I  196.85
1595.80

367.03
734.06

1  1 0 1 . 0 9
1468.12

o9

2012 4607 05

2637 4607 04

3425 4607 07

Figure 7-6. Printed Report Showing Customer Orders processed
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/q t  the beginning of  the second cycle then,  the f i rs t  STOCK
record (record type 02) is selected (by being forced). Line
03 is performed to reduce the COUNT by one for this rec-
ord being processed. The COUNT is then comparect to zero
again ( l ine 05)  to determine i f  any rnore STOCK records are
to be processed for  th is  order .  l f  COUNT is  s t i l l  greater  than
tero (27 set  on again) ,  l ine 06 is  per formed again,  ind icat ing
another  STOCK record is  to  be forced at  the beginning of
the next  cyc ie.

Dur ing processing of  the second STOCK record,  COUNT is
again reduced by one ( l ine 03) .  Assuming COUNT is  now
at  zero,  the COMPARE operat ion on l ine 0S sets indicator
117 of f  "  Wi th 27 of f .  the FORCE operat ion on l ine 06 is  not
per formed dur ing th is  cyc le.  At  the beginning of  the next
program cycle then,  RPG |  |  se lects the next  ORDER record
from the pr imary f i le  in  the usual  way.

Figure 7-7. Determining When Stock Records Must be Forced to
Fi l l  an Order

L""1

l
I

I

R P G  C A L C U L A T I O N  S P E C I F I C A T I O N S

,,," LTi',- :;:ilil",." L-Iffil

t1
ii

I
l
-
l
T

I

t
T

START

RPG l l se l ec t s

ORDER record

records been
processed for

th is
order?

F O R C E  a

STOCK record

Subtract  I

f rom quant i ty

1i
lr
ll

Figure 7€.  Control l ing the Number of  Times a Fi le is  Forced
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Parle of  GC21-7567-2
lssued 21 December 1979
B y  T N L :  G N 2 1 - 5 7 0 9

A t  t h i s  po in t ,  add  t he  spec i f  i ca t i ons  f o r  ca l cu l a t i ng  t he

arnount  due and for  pr in t ing the repor t  (F igure 7-9) .  An
ORDER record is  se lected f  i rs t ,  making the OTy avai lable.
Calculat ion l ines 01 ,02,  and 06 in  F igure 7-g are per formed
for  th is  record ( record type 01) .  F i rs t ,  a  TOTAL f ie ld,  to
be pr inted for  each group of  customers.  is  set  to  zero ( l ine
01 ) .  Next ,  the quant i ty  ordered is  moved into the COUNT

f ie ld ( l ine 02) .  l f  COUNT is  greater  than zero.  ind icator  27
is  turned on ( l ine 06) .  and l ine 07 is  per formed;  the pro-
gram is instructed to force a STOCK record at the beginning
of the next cycle. Before forcing, however, the output speci
f icat ions (F igure 7-9,  l ines 08-1 1)  are per formed to pr in t
data f rom the ORDER record.

--++_

RPG CALCULAT ION SPECIF ICAT IONS

Factor  2

."..iI1",-

ilfirl
lillhi

,.,.ffi,,,_
RPG OUTPUT SPECIF ICAT IONS GX?r 9@O U/M 0S'

15  16  77  18  19  80

D ]

) 2

l 3

l i
l 5
- + +

l 6

1 i
) 1

t 8

J 9

1 0

l r
t l

ii-i+ir

Proe,am -T-TTIT_l
n . , ' , r , - ' . . f l l l i l l

5E.RIh]LNO'

' -  I  |  l t

I.IIE|'| ' ' CfrLr
' . i  I 1 ' _  l

t T n r n t  I
I  i u r . n J - ,  I  I

i . .

i l  t : '
- 1 ,  ' l r
i l . i 1
D , ^ . , i t l
t #1-r1 l{

r l

l i
l l
T I -

I

Fillure 7.9, Specifications to Process Customer Orders
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Fo'l lowing output. the next cycle begins with a forced
STOCK record (record type 02) being processed. The cost
is  added to a TOTAL- f ie ld ( l ine 03)  to accumulate the tota l
amount  due on the order .

Tl'ren, COUNT is reduced by one for the record being proc-

essed ( l ine 04) .  Onc,e again COUNT is  compared to zero
( l ine 06)  to determine i f  l ine 07 should be per formed;  that
is, to determine if another STOCK record is to be forced
for the next cycle. l ihe COST and TOTAL calculated for
th,e STOCK record are then printed, by performing the out-
put  speci f icat ions on l ines 12-15.

Tlre record selected rlt the beginning of the next program

cycle depends on wfrether a FORCE operation was indicated
in the previous cyc le.  l f  ca lculat ion l ine 07 had been per-

formed, another STOCK record would be processed (by be-
in,g forced) .  l f  not ,  RPG l l  would select  the next  ORDER
record f rom the pr inrary f i le .

Controlling Processing After Reaching End of File

In a mul t i f i le  program, end of  f i le  entr ies can be speci f ied
for  any,  a l l ,  or  none of  the input  f i les.  l f  an end of  f i le  entry
is specif ied for only one fi le, processing stops after all
records from that f i le have been processed. (Remember,

however, if match fields are assigned to the fi les, the pro-

gram continues to process the records which match the last
record processed or which have no match fields.) lf end of
f i le  entr ies are speci f ied for  a l l  or  for  none of  the input  f i les,
processing cont inue,C unt i l  a l l  records in  a l l  f i les have been
processed.

For  th is  p rogram,  suppose ORDER and STOCK are  card

f i les ,  anc l  p rocess ing  n lus t  con t inue un t i l  bo th  reach end o f

f i le .  F lowever ,  i f  one  f  i l e  r t rns  ou t  be fore  the  o ther ,  you

don't want to perform the usual calculat ions apd output for

the  remain ing  f i le .  The remain ing  cards  must  be  processed

in  another  way;  tha t  i s ,  by  se lec t ing  them to  a  spec ia l  s tack-

er .  l f  a l l  o rders  a re  f i l l ed ,  any  remain ing  STOCK cards

shou ld  be  se lec ted  to  s tacker  3 .  l f  there  aren ' t  enough i tems

in  s tock  to  f i l l  a l l  o rders .  any  remain ing  ORDER cards

should be selected to stacker 2.

To cont inue the  program unt i l  bo th  f i les  have been com-

p le te ly  p rocessed,  spec i fy  end o f  f i l e  en t r ies  on  the  F i le  Des '

c r ip t ion  sheet ,  e i ther  fo r  bo th  o f  o r  fo r  ne i ther  o f  the  two

i n p u t  f  i l e s  ( F i g u r e  7 - 1 0 ) .  B y  d o i n g  t h i s ,  t h e  L R  i n d i c a t o r

won't be set on to end the program unti l  the last record of

the  las t  f i l e  has  been Processed.

Wi th  end o f  f i l e  spec i f ied  fo r  bo th  f i les ,  le t ' s  cons ider  what

w i l l  happen when on ly  one o f  the  f i les  reaches  end o f  f i l e

(see F igure  7-9) .  F i rs t ,  suppose the  STOCK f i le  reaches  end

of  f  i l e  be fore  a l l  ORDER cards  are  processed.  S ince  bo th

f i les  a re  no t  a t  end o f  f i l e ,  p rocess ing  w i l l  no t  s top '  Ins tead,

a f te r  p rocess ing  the  nex t  ORDER card ,  the  program wi l l  t ry

to  fo rce  the  appropr ia te  number  o f  records  f rom the  STOCK

f i le .  Wi th  no  more  STOCK cards  to  fo rce ,  another  ORDER

recorc l  w i l lbe  se lec ted .  Once aga in ,  the  program wi l l  t ry  to

force STOCK records for that order'  The process continues

unt i l  a l l  p r imary  f i le  ORDER records  have been processed.

Fur thermore ,  every  t ime a  new ORDER record  is  p rocessed,

i t  i s  p r in ted  on  the  repor t  and the  card  goes  in to  s tacker  1 '

as  i f  the  order  were  be ing  f i l l ed .

A s imi la r  p rob lem ar ises  i f  the  ORDER f i le  reaches  end o f

f  i l e  f  i r s t .  Suppose the  las t  o rder  has  jus t  been f  i l l ed .

File Description Specif ication

Other devices can

be used, depending

on the system and

conf igurat ion

Figure 7-10. Continuing Processing Until Both Files Reach End-of'File
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After processing the last STOCK card for that order, no
more STOCK cards are to be forced.  so RpG l l  log ic  t r ies I
to  select  the next  pr imary f i le  ORDER record.  In  doing so,
the /*  card f rom the ORDER f i le  is  read.  Since the program
is to cont inue unt i l  both f i les are processed.  RpG l l  log ic
automatically processes the remaining records in the other
fi le (STOCK). As each remaining STOCK record is processed,
the calculations and output for that record type are per-
formed and the card goes into stacker 4, as if the record
were being used to f i l l  an order .

Al though processing is  to  cont inue unt i l  both f i tes reach
end of  f i le ,  you must  have a way of  determin ing when the
f i rs t  f i le  runs out  and which f i le  i t  is .  This  is  necessary so
that  normal  ca lculat ions and output  for  the remain ing cards
can be bypassed and stacker selection specificatrons per_

fo rmed ins tead.  Read ing  a  l *  card  f rom a  f  i l e  w i l l  no t  neces-
sar i l y  ind ica te  tha t  end o f  f i l e  has  been reached in  a l l  f i l es .
The LR ind ica tor  i s  tu rned on  on ly  when the  / *  card  o f  the
las t  f i l e  has  been read.  There fore ,  a  t ra i le r  card  shou ld  be
p laced a t  the  end o f  each f i le  (F igure  7-1  1  ) ,  be fore  the  / *
card ,  to  ind ica te  when a l l  cards  o f  the  f i le  have been proc-
essed.  When a  t ra i le r  card  is  read,  the  record  ident i f y ing  in -
d ica tor  assoc ia ted  w i th  tha t  card  tu rns  on  to  ind ica te  wh ich
fi le has been completely processed. For this program. tne
t ra i le r  card  in  the  ORDER f i le  w i l l  tu rn  on  ind ica tor  03 ,
wh i le  the  t ra i le r  card  in  the  STOCK f i le  w i l l  tu rn  on  ind i -
cator 04.

Le t ' s  look  a t  the  comple ted  ca lcu la t ion  and ou tpu t  spec i f i -
ca t ions  fo r  th is  p rogram (F igure  7-12}  to  unders tand how
the trai ler cards are used to control processing.

caro
type 04

STOCK cards
record type 02

.J'

STOCK f i te

/ . - -  l - 't
g'

O R D E R  f i t e

frigure 7-11. Use of Trailer Cards to Control End-of-File processing

Trai ler  card
record type 03

ORDE R cards
record type 01
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Assume the  t ra i le r  card  f ro r r r  the  ORDER f i le  ( record  type

03 i )  i s  read,  ind ica t ing  a l l  ORDER cards  have been processed.

When recorc l  iden t i f y ing  ind ica tor  03  is  se t  on ,  you  know

that any remairr ing STOCK cards are to be selected to

s tacker  3 .  However ,  ind ica tor  03  cannot  be  used to  cond i '

t i c ln  the  s tacker  se lec t ion .  hs  soon as  the  t ra i le r  card  has

been processed and the  f i rs t  o f  the  remain ing  STOCK cards

re ,ad ,  ind ica tor  03  is  se t  o f f  and record  ident i f y ing  ind ica tor

021 ( fo r  the  STOCK card)  i s  se t  on .  There fore ,  wh i le  the

t ra i le r  card  is  s t i l l  be ing  pro t ;essed,  you must  se t  on  an  ind i -

ca torwh ich  w i l l  s tay  on  un t i l  the  las t  STOCK card  has  been

st i l cker  se lec ted .  As  ca lcu la t ion  l ine  01  shows,  record  iden-

t i f y ing  ind ica tor  03  is  used to  SETON ind ica tor  33 .  (The

use o f  N34 on  l ine  01  w i l l  become c lear  as  the  program is

e>, rp la ined. )

Now when a STOCK card is selected for processing, the pro-

gram must  de termine i f  nornna l  ca lcu la t ions  and ou tpu t

s l^ rou ld  be  per fo rmed fo r  the  record  ( record  type  02) .  S ince

ind ica tor  33  is  on ,  normal  ca lcu la t ions  and ou tpu t  shou ld

be bypassed and the STOC!( record stacker selected instead.

To do  th is ,  a l l  o f  the  spec i f i ca t ions  fo r  record  type  02  cou ld

br - ' cond i t ioned to  be  per fo rmed on ly  i f  ind ica tor  33  is  o f f

( l r l33) .  However ,  to  e l im ina te  the  ex t ra  cod ing  and ind ica tor

tes t ing ,  ca lcu la t ion  l ine  02  ins t ruc ts  the  program to  sk ip  the

ca lcu la t ions  when 33  is  on ,  mere ly  by  b ranch i r rg  to  the  end

of  ca lcu la t ions .  Normal  ou tpu t  fo r  STOCK records  is  then

cond i t ioned so  i t  i sn ' t  per fo rmed i f  ind ica tor  33  is  on  (ou t -

pu t  l ines  10-13) .  Outpu t  l ine  19  then Ins t ruc ts  the  program

to  s tacker  se lec t  the  STOCK card  i f  33  is  on .

Now,  le t ' s  assume the  STOCK f  i le  runs  ou t  be fore  the

ORDER f i le .  When the  t ra i le r  card  f rom the  STOCK f i le

( record  type  04)  i s  read,  you know tha t  the  remain ing

ORDER cards  must  be  se lec ted  to  s tacker  2 .  For  the  same

reason as  prev ious ly  exp la ined,  the  record  ident i f y ing  ind i -

cator of the trai ler card cannot be used to condit ion the

s tacker  se lec t ion .  There fore ,  record  ident i f y ing  ind ica tor

04  is  used to  SETON ind ica tor  34  (F igure  7- ' l  2 ,  ca lcu la t ion

l i n e  0 4 ) .

In  add i t ion ,  wh i le  the  t ra i le r  card  is  be ing  processed,  you

must  de termine i f  the  las t  o rder  was comple te l t '  f  i l l ed  l f

there  had been enough STOCK records  to  f i l l  the  order ,  the

quant i t y  in  the  COUNT f  ie ld  wou ld  have been reduced to

zero .  There fore ,  when record  ident i f y ing  ind ica tor  04  is  on ,

COUNT f  ie ld  shou ld  be  checked (ca lcu la t ion  l ine  05) '  l f

COUNT is  g rea ter  than zero ,  ind ica tor  36  is  se t  on .  Wr i th  36

on,  a  message w i l l  be  pr in ted  ind ica t ing  how miany  i tems o f

the  las t  o rder  cou ld  no t  be  f i l l ed  (ou tpu t  l ines  l4 -17) '

RPG CALCULAT ION SPECIF ICAT IONS

[;;
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FigureT-12 (Part  1 of  21.  Control l ing Operat ions at  End-of"Fi le
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At th is  point ,  the f i rs t  o f  the remain ing ORDER cards is
read.  Since indicator  34 is  s t i l l  on,  a l l  ca lculat ions for  the
ORDER card are bypassed (see calculat ion l ine 06) .  The
normal  output  for  the ORDER record is  to  be per formed
only i f  ind icator  34 is  of f .  Thus,  the pr inter  output  for  rec-
ord type 01 (output  l ines 06-0g)  is  sk ipped and the record
is  selected in to stacker  2 instead (output  l ine 20) .

,As you have seen, the trailer cards from each fi le are used
to set  on par t icu lar  ind icators.  When the ORDER f i le
t ra i ler  card ( record type 03)  is  read,  ind icator  33 is  set  on.
L ikewise.  ind icator  34 is  set  on when the STOCK f i le  t ra i ler
r:ard (record type 04) is read. The indicator which is set on
1 33 or 34) is used to prevent certain operations from being
performed and to cause remain ing records in  the other  f i le
to be stacker selected.

(Jf course, reading a trailer card does not mean tnere are
always cards remain ing in  the other  f i le .  For  insrance,  as-
sume al l  ORDER cards have been processed.  but  not  a l l
{ ]TOCK cards.  When the ORDER f i le  t ra i ler  card is  read.  i t

s ignals that  the remain ing STOCK cards should be stacker
selected. As the STOCK cards are stacker selected, one-by-
one,  eventual ly  you reach the end of  STOCK by reading
the t ra i ler  card f rom the STOCK f i le .  At  th is  point ,  both
f i les have reached end of  f i le .  the LR indicator  is  automat-
ica l ly  set  on,  and the program is  ended.

When the ORDER f i le  t ra i ler  card is  read (03 set  on) ,  then
you want  to know i f  the STOCK f i le  has been complete ly
processed. lf i t has. the STOCK f i le trailer card (record
type 04)  has a l ready been read,  and the indicator  set  on by
04 ( indicator  34)  would st i l l  be on.  Wi th 34 on,  there,s no
point in having record type 03 set on indicator 33. Like-
wise.  i f  ind icator  33 is  on (ORDER at  end of  f i le)  when the
STOCK fi le trailer card (record type 04) is read, there,s no
point in having record type 04 set on indicator 34. For this
reason,  the calculat ions on l ines 01 and 04 oI  F igure 7-12
have been conditioned by N34 and N33. respectively.

As you know, the setting of an assigned indicator can de_
termine whether  a FORCE is  to be per formed or  not  in  the

OUTPUT SPECIF ICAT IONS GX2t 9@O U/M 050.

1  2  ? 5 7 6 7 7 7 8 ? 9 8 0

"*l I l"_ il::til",""fTTTTT-l
G,aph,c  I C a i d  E l e c t i o  N u m b r

FieureT-12 (Part 2 of 21. Controlling Operations at End_of-File
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fo l low ing  program cyc le .  E i ther  a  record  type ,  da ta  on  a

record ,  o r  the  resu l t  o f  ca lcu la t ions  per fo rmed dur ing  proc-

ess ing  o f  a  record  can se t  the  par t i cu la r  cond i t ion ing  ind i -

cator on or off .

In  the  examples  presented  thus  fa r ,  someth ing  about  a  rec-

ond wh ich  was cur ren t ly  be ing  processed de termined whether

the  cond i t ion ing  ind ica tor  was  se t  on  and urhe ther  an  un-

processed record was forced. In the last example, the OTY

f ie ld  on  the  ORDER card  de termined how many STOCK

records were to be forced.

L,ook-Ahead to Determine Whether a Fi le is to be Forced

For  some programs,  you cannot  de termine whether  a  record

i : ;  to  be  fo rced in  the  nex t  cyc le  un t i l  you  know someth ing

about the records which have not been processed yet. Thus,

you must  look  ahead in  one or  bo th  f i les  a t  the  nex t  record

vrh ich  is  no t  ye t  ava i lab le  fo r  p rocess i r rg .  In  look ing  ahead,

y 'ou  may be  check ing  to  de termine what  record  type  is  nex t ,

to  see what  da ta  i s  on  the  nex t  record ,  o r  to  de termine i f

the next record has the same match f ield as the record be-

i rng  processed.  What  you f ind  in  look ing  ahead can de ter -

rn ine  wh ich  f i le  i s  to  be  processed nex t  and,  a lso ,  whether

the f i le must be forced or not.

t le fo re  cons ider ing  the  use  o f  FORCE wi th  l c lok -ahead,  how-

ever ,  you  shou ld  eva lua te  your  sys tem des ign .  l f  a t  a l l  pos-

s ib le ,  vou  shou ld  o rgan ize  your  f i les  in  such a  way tha t  the

normal  RPG l l  log ic  can de termine the  appropr ia te  o rder  o f

f i le  p rocess ing .  In  th rs  way,  you  do  no t  have to  code add i '

t iona l  spec i f i ca t ions  to  cont ro l  the  order .  Of  course ,  f rom

t ime to  t ime you may have iobs  in  wh ich  you must  use

F O R C E  a n d  l o o k - a h e a d .

Doing Matching Records Without Match Fields

l f  two f i les  a re  o rgan ized such tha t  the  same match  f ie lds

cannot  be  ass igned to  the  two f i les ,  you  can s t i l l  p rocess  the

match ing  records  together  by  us ing  look-ahead f ie lds  and

the  FORCE opera t ion .  (Th is  cannot  be  done,  however ,  i f

the  look-ahead f  i le  i s  de f  ined  as  a  combined or  update  f  i l e ' )

Look-ahead can be  used to  de termine i f  cer ta in  f  ie lds  (no t

ass igned as  match  f ie lds)  on  an  unprocessed record  match

those on  the  record  be ing  processed '  l f  they  match ,  FORCE

is performed to cause the matching unprocessed record to

be se lec ted  nex t .

As  an  example ,  assume a  repor t  i s  to  be  prepared showing

the  amount  o f  each sa lesman 's  sa les  and h is  quota '  The re -

por t  shou ld  a lso  compare  the  to ta l  o f  d is t r i c t  sa les  w i th  the

d is t r i c t  quota .

The two f  i les  ava i lab le  fo r  th is  p rogram are  descr ibed in

F igure  7-13 .  The pr imary  f i le  (MASTER)  conta ins  a  d is t r i c t

record  ( record  type  01) ,  fo l lowed by  a l l  sa lesmen 's  MASTER

RPG INPUTSPECIF ICAT IONS

IBIt

R . c o r d  l d e n t l f  i c a l i o n  C ( r ( l e s-T---;-

ffi:
i  l : l
I  l :  I  F  e r ( r  Name

I  ,  ' i l 4 . l r  1 4 1 4  '  d r

F l 4 i ,lf,liliillil l l  * " i
l t l  1

f  l i  3 i
i l i  6 l
l l l . r E
i i i i " l

l l : I

Figure 7-13. Describing Files to be Matched Without Match Fields
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records  ( type  02)  assoc ia ted  w i th  the  d is t r i c t .  These are  in
tu rn  fo l lowed by  the  nex t  d is t r i c t  record  (01)  and r ts  re ia ted
r ;a lesmen iv ]ASTER records  (02)  and so  on .  A l though the
fecoros  are  grouped by  d ts t r i c t ,  a l l  sa lesman MASTER rec_
ords  in  the  f i le  a re  s t i l l  i r r  ascenotng  sequence l :V  sa lesman
number .  - [he  

seconCary  f  i l e  (SAt -ES)  conta i r i s  on ly  one rec-
ord  type  (03) ,  3  p6sor .6  fo r .  each ind iv idua l  sa le .  The SAI_FS
l i l e  i s  a l s o  i n  a s c e n d i n g  s e q u e n c e  b y  s a l e s m a n  n u m b e r .  W h i l e
the  Ml \STER f i le  conta ins  a  record  fo r  every  sa lesman (as-
sume there  are  nc  [ \ lASTEi i  records  r r . r i ss ing) ,  the  SALES
f i le  may cor r ta ln  on ly  one,  severa l ,  o r  even no  records  fo r  a
6 r a r t i c u l a r  s a l e s m a n .

1 'o  p roduce the  repor t ,  the  records  shou ld  be  processed in
t h e  f o i l o w i n g  o r d e r ;

I  "  D is t r i c t  recorc i  ( record  type  t l1 ) .

Sa lesman MASTER record  ( record  type  02) .

A l l  SALES records  fo r  tha t  sa lesmarr  { record  type  03) .

6

Next  sa lesman MASTER record .

S A L E S  r e c o r d s  f o r  t h a t  s a i e s m a n .

Next  d is t r i c t  recorc l  (a f te r  a l l  sa lesman MASTER rec-
ords  assoc ia ted  w i th  the  f  i r s t  d is t r i c t  haver  been proc_
essed ) .

There  is  no  common f  ie ld  on  a l l  th ree  record  ty ,pes  wh ich
can be  ass igned as  a  match  f ie ld  to  cause the  records  to  be
processerJ  in  th is  o rder  To ta ls  a re  to  be  accumula ted  by
s a l e s m a n  n u m b e r ;  b u t  t h e  M A N N U M  f  i e l d  i s  c o n t a r n e d  o n l V
on the  sa le : iman MASTER and SALES records .  The d is t r i c t
r e c o r d s  d o  r r o t  c o n t a i n  t h i s  i n f o r r n a t i o n .

l f  the  MAI ' INUM f ie lds  a re  assrgned as  M1 nra tch  t ie lds  fo r
or r l y  two o f  the  record  types ,  the  records  w i l l  be  processed
I n  a n  I n c o r n l c t  o r d e r .  F o i l o w i n g  t h e  l a s t  s a l e s m a n  M A S T E R
rer :o rd  (02  record  type)  fo r  a  par t i cu la r  d is t r i c t ,  the  nex t
re r :o rd  in  the  same f i le  i s  another  c l i s t r i c t  card .  S ince  d is -
tnc t  recorCs have no  lM 1  rna tch  f  ie ld  en t ry  ass igned (no
M/ \NNUM f  ie ld ) ,  the  d is t r i c t  record  is  p rocessec t  in rmed i -
a t t : l y  be fore  the  SALES records  fo r  the  las t  sa lesman.

A l though th is  p rogranr  cannot  be  done us ing  match  f ie lds ,
you can match  the  records  yourse l f  by  us ing  the  look_ahead
ca l rab i l i t y  to  compare  f ie lds  (F igure  l_14}  .  The ob jec t  i s  to
metch  a  sa lesman 's  SALES record  w i th  th is  sa lesrnan
Ml \S- fER recorcJ .  Thus ,  the  MANNUM f ie ld  on  a  SALES
record  is  de f ined as  a  look-ahead f ie ld .  Whi le  p rocessrng  a
sa l i r5 l -113n MASTER record ,  you  then look  ahead ( in  ca lcu-
la t rons)  e r t  the  unproccssed SALES record  t t l  de te i .m i r re  i f

/ -  |  o

(select  next
p r ima ry  f i l e
reco rd)

FigureT-14. Using Look Ahead to Determine i f  Records Match

the  sa lesman number  i s  the  same as  on  the  record  be ing  proc .
essed.  l f  they  match ,  the  FORCE opera t ion  code is  used to
process  the  SALES record  as  i f  RpG l l  log ic  were  per fo rm-
ing  a  match ing  records  job .  you  then cont inue to  fo rce  the
res t  o f  the  SALES records  wh ich  conta in  the  same sa lesman
number. For each record, look-ahead is used to check the
MANNUM f ie ld  to  de termine i f  the  SALES record  shou ld
be fo rced.  When look-ahead ind ica tes  tha t  the  nex t  SALES
record  is  fo r  a  d i f fe ren t  sa lesman number ,  the  SALES rec-
ord  is  no t  fo rced.  Ins tead,  RpG l l  takes  over  to  se lec t  the
nex t  p r imary  f i le  record  wh ich  rs  e i ther  a r ro ther  sa lesman
MASTER record  or  the  nex t  d is t r i c t  record .

RPG l l  se l ec t s
record f rom
pri  mary f  i le

l s
i t  a sales man

master record? ( l t  i s  a  d i s t r i c t
record so sel  ec
next  pr imary
fi I e record)

Look-Ahead

l s  m a n  n u m b e r  o n

SALES record same as
that  on salesman (setect  next

pr imary f i ie
record)

FORCE rhe
SALES record
to be processed

l s  man  number  on  nex l
SALES record same as that

SALES reco rd  be ing



Nlow that you understand the steps involved in this program,

look  a t  the  spec i f i ca t ions  in  F igure  7-15 .  The Input  sheet

describes the records in each f i le and defines the look-ahead

f  ie ld  fo r  the  SALES records '  On ly  the  ca lcu la t ions  neces-

sarv to determine which record is to be processed next are

shown.  To  ac tua l l y  p repare  the  repor t ,  you  wou ld  need f i le

descr ip t ion  spec i f i ca t ions  to  de f ine  the  f i les  and add i t iona l

ca lcu la t ion  and ou tpu t  spec i f  i ca t ions  to  accumula te  to ta ls

and print the data.

;.tu;N*l

Record  ldent i f  i ca r ion  Codes

RPG INPUTSPECTFICATIONS

RPG CALCULAT ION SPECIF ICAT IONS

l r i
i t T

L ,
i i

I
I
I t -

i

75 16  71  1A 19 AO

R e s u l t  F i e l d

Fac tor  2

l f  salesman numbers are the same (23 on) '

force the next  SAL.ES record '

Figure 7-15. Using Look Ahead to Match Records

"*fI]"-
Proerad fT-fTTTl
r d e n n t . a r . . I  I  I _ L _ l - - L l

l f  salesman master record (02) or  SALES

record (03) being processed, check salesman

number on the next  SALES record
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l,rocessing a Primary. Then Matching Secondary Records
tlefore Matching primary Records

l \no ther  reason fo r  look ing  ahead to  de termine wh ich  rec_
oro  to  p rocess  nex t  i s  when you want  to  p rocess  the  f i les  in
an order  o ther  than the  usua l  o rder  o f  match ing  recoro
log ic .  In  such cases ,  a l l  f i l es  must  have match  f  ie lds .  The
nra tch  f  ie lds  on  the  nex t  records  ava i lab le  fo r  p rocessrng
are  looked a t  to  de termine wh ich  record  w i l l  o rd inar i l y  be
se lec ted  and,  thus ,  i f  i t  i s  necessary  to  fo rce  a  record  in -
stead.

To i l lus t ra te  a l te r ing  the  order  o f  match ing  record  log ic ,
le t ' s  cons ider  a  sample  b i l l i ng  p rogram in  wh ich  the  records
are  to  be  processed in  a  par t i cu la r  o rder .  However ,  no te  tha t
the  example  is  p resented  on ly  to  show you why and how
look-ahead f  ie lds  a re  used to  de termine whether  a  par t tcu tar
f i le  shou ld  be  processed.  Ac tua i l y ,  the  des i red  resur ts  courd
a l : ;o  be  ob ta ined by  process ing  the  records  in  a  d i f fe ren t

order  us ing  the  normal  RpG l l  log ic .  We are  no t  necessar i l y
suggest ing  tha t  your  f i les  be  organ ized in  the  same way fo r
your  b i l l i ng  purposes .  ln  fac t ,  i t  i s  poss ib re  tha t  the  f i res  fo r
the  sample  program cou ld  be  organ ized in  a  d i f fe ren t  way
such tha t  look-ahead w i th  FOBCE wou ld  no t  be  necessarv
to  p rocess  the  records  in  the  des i red  order .

Organization of the Fi les: The two f i les for the bi l l ing ap_
p l i c a t i o n  ( F i g u r e  7 - 1 6 )  c a n  e a c h  c o n t a i n  t w o  r e c o r d  t y p e s .
The pr imary  f i le  (F IRST)  conta ins  a  name and address  rec-
ord  fo r  every  cus tomer  ( record  type  01)  fo l lowed by  the
cus tomer 's  charge record  ( record  type  02)  i f  any  purchases
w e r e  m a d e  d u r i n g  t h e  m o n t h .  T h e  s e c o n d a r y  f  i l e  ( S E C O N D )
conta ins  one record  fo r  every  cus tomer  showing h is  p rev ious
ba lance ( record  type  03) .  l f  the  cus tomer  i s  en t i t led  to  a
d iscount ,  a  record  conta in ing  h is  d iscount  ra te  fo l lows the
ba lance card .  As  you can see,  bo th  f i les  a re  in  ascend ing  se_
quence accord ing  to  a  common match  f  ie ld  conta in inq  the
cus tomer  number .

c 735 4C 0 1

N 735  GEST  BRUCE 4856
N I N T H  S T R E E T  M P L S  M N

631 5E 02 396

c  631

c 402 3A 02 Record Type 02
(Charge Record)

Record Type Ol
(Name and Address)

Record Type 03
(Previous Balance)

F T R S T  f i t e

Figure 7-16.  Fi tes With More rhan One Matching Record

7 -18

c 631 3D 01 450

631 DEAN THOMAS 986 OAK
G L E N  D R I V E  S T  P A U L  M N

N 563 CARLSON V 46 F IRST
A V E N U E  H O P K I N S  M N

C 4O2 48 03 2g7

N  4 0 2  A K R E J  3 1 1  H A W K
INS DRIVE BRAINERO MN

B 563 754

B 402 2986

Record Type 04
(D i scoun t  Reco rd )

S E C O N D  f i t e



Pase of  GC21-7567-2
lssued 21 December 1979
By  TNL :  cN21 -5709

' f he  
spec i f  i ca t ions  in  F igure  7-17  de f  ine  the  f i les  fo r  th is  ap .

p l i ca t ion .  As  en t r ies  in  co lumn 18 o f  the  Input  sheet  show,
record type 02 (charge records) in the primary f i le ancl rec-
ord  type  04  (d iscount  record)  in  the  secondary  f i le  may or
may no t  be  present  fo r  a  par t i cu la r  cus tomer .  The use o f
the  look-ahead f ie lds  de f ined on  l ines  i1 -12  and 1g-20 w i l l
become c lear  as  we exp la in  the  program.

Exten l  Exh

{fr DAM

RPG INPUTSPECIFICATIONS

Other devices can
be used, depending
on the system and

conf igurat ion

l f i gu r "T -17 .  Fo rceWi thLookAhea< l :  P rocessPr ima ry ,ThenMa tch ingseconda r i esBe f r : r eMa tch ingPr ima r i es

,'."|.i].,- ",ir;il",,."1

File Description Specif ication

LFgb ot Key Field d

ot BMrd Addrer F€td td Cyli*r &dlow
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De'termining the Order of processing: To produce a bi l l ,
a  ous torner 's  name and address  are  to  be  pr in ted ,  fo l lowed
b y  h i s  p r e v i o u s  b a l a n c e  ( F i g u r e  7 - 1 8 ) .  A n y  a d d i t i o n a l
charges  fo r  the  month  are  to  be  adr jed  to  the  prev ious  ba l -
ance to  o i l ta in  a  new ba lance.  Some cus tomers  are  en t i t led
to  a  d iscor . rn t ,  wh ich  must  f )e  de ter rn ined be fore  add inq  the
m o n t h l y  c h a i g e s  t o  t h e  p r e v i o u s  b a l a n c e .

l f  the  two f i les  a rc  p r r i cessed by  RpG l l  log ic  accorc j lng  to
match inq  re r :o rds ,  a l l  rna tch ing  pnmary  f i le  recoros  are  oroc-
essed be1 'o re  any  match ing  secondary  f i le  records .  In  o ther
wc ' rds ,  f  i r s t  the  name and address  record  is  se lec ted .  f  o l_
lowed by  ar ry  charge recorcJs .  On ly  a f te r  p rocess ing  a l l  the
pnmary  fecords  to r  a  par t i cu la r  cus tomer  a re  h is  ba lance
anr j  d iscount  records  processed.

Prov id inq  a  cus tomer  has  no  char .ge  records ,  t f re  o rder  o f
p rc )cessrng  de termined by  RpG l l  i s  cor rec t .  That  i s ,  a f te r
the  name and address  record  ( the  on ly  p r imary  record  w i th
th€  same match  f  ie ld ) ,  the  ba lance record  f  rom the  second-
ary  f i le  i s  p rocessed.  l f  there  is  a  d iscour r t  record  w i th  the
sanre  rna tch  f ie ld ,  i t  i s  then read,  even though the  d iscount
da la  i s  no t  r recessary  when ihere  are  no  charqes .

Or r  the  o ther  hand,  fo r  cus tomers  who have incur reo  cnarges ,
the  order  o f  p rocess inq  the  r r ra tch ing  records  must  be  a l te red .
Ins tead o f  p rocess ing  a l l  rna tch inq  pr imar ies  be tore  the  match_
rng seconr la r ies ,  on ly  the  f i rs t  p r imary  record  is  p rocesseo.- [h r :  

matchrng seconc la ry  records  are  then processed,  fo l_
lo r , r 'ed  by  the  r .emain ing  rna tch i r rg  p r i rnary  recorc ls .

Determining When to Forc:e A File: The calculatron and
outpu t  spec i f i ca t ions  to  p rocess  the  records  and pr in t  the
b i l l s  a r e  s h o w n  i n  F i g u r e  7 - 1 g .  F o r  e v e r y  c u s t o n r e r  g r o u p ,
the  name and address  record  ( recor t l  t ype  01)  f rom the  pr i -
mary  f i le  i s  read f i rs t  and pr in ted  a t  the  to l r  o f  the  b i l l i ng
f o r r n .  R P G  l l  l o g i c  a u r o m a t i c a l l y  s e l e c t s  t h i s  p r i m a r y  r e c _
orrl  as the, f  i rst to be pr ocessecJ.

You wan l  cus tomer 's  ba lance fecorc j  ( record  type  03)  f ro rn
the  seconc ia ry  f i le  to  b r :  p rocessed immedia te lv  a f te r  the
nanre  and adc l ress  record .  What  you must  de termine then.
wh i lc  the  name record  ( record  type  01)  i s  s t i l l  berng  proc ,
essed,  i s  whether  the  ba lance record  can be  se lec ted  normal -
l y  o r  i f  i t  must  be  fo rcerd .  You know tha t  i f  there  is  a  charge
record  fo r  th is  cus tomer  in  the  pr imary  f i le ,  i t  has  the  same
match  f ie ld  as  the  r ramr- 'and adc l ress  record .  Fur tnermore ,
i t  t l " re re  i s  a  charge record  w i th  the  same match  f ie ld ,  th is
recorc l  w i l l  be  se lec ted  fo r  p rocess inq  ra ther  than t l re  sec_
ondary  f i le  ba lance recr t rd .  Thus .  wh i le  p rocess ing  tne  narne
record ,  Vou rnus t  look-ahead a t  the  nex t  ava i lab le  p r imary
record  to  de ter rn ine  i f  i t s  n ra tch  f ie ld  i s  the  same as  the
match  f ie ld  o f  the  record  be ing  processed.  To  do  th is ,  l ine
0 i  o f  the  ca lc r . r la t io r r  spec i f i ca t ions  (F igure  7-19)  cornpares

7 -2O

the look-ahead match  f  ie ld  (NXTNUM) on  the  pr imary  f i le
record  no t  ye t  ava i lab le  to  the  match  f ie ld  (CUSNUM) on
the  name record  be ing  processed.  l f  the  f ie lds  a re  equa l  ( in -
d ica tor  21  se t  on) ,  you  must  fo rce  the  ba lance record  ( l ine
0 2  o f  C a l c u l a t i o n  s h e e t )

Whi le  the  ba lance record  is  be ing  processed,  you must  de-
te rmine  f rom wh ich  f i le  the  nex t  record  is  to  be  processed.
To do  th is ,  ca lcu la t ion  l ine  05  is  per fo rmed.  l f  there  is  a
d iscount  record  in  the  secondary  f i le  fo r  th is  cus tomer ,  tne
match  f ie ld  on  the  nex t  ava i lab le  secondary  f i le  record  w i l l
be  equa l  to  the  match  f  ie ld  on  the  ba lance record  be ing
processed.  - fhus ,  

the  look-ahead match  f ie ld  (NXTCST)  fo r
the  secondary  f  i l e  i s  compared to  the  ba lance record  match
f i e l d .  l f  e q u a l ,  i n d i c a t o r  2 2  i s  s e t  o n ,  r n d i c a t i n g  t h e  n e x t
ava i lab le  secondary  record  (a  d iscount  record)  shou ld  be
processed.  Whether  to  fo rce  the  d iscount  record  depends on
whether  there  are  s t i l l  p r imary  f i le  records  wh ich  match .  l f
there  were  charge records  in  the  pr imary  f  i l e ,  the  ba lance
record  be ing  processed was fo rced and,  thus .  ind ica tor  2 .1  i s
s t i l l  o n .

A B C  C O M P A N Y  D A T E  1 , 0 - 2 5 _ 6 8

A K R E  J
3 L 1 ,  H A W K I N S  D R I V E
B R A I N E R D  M N

I T E M  O T Y  C H A R G E  P R E V .  B A L A N C E  S  2 9 .  B 6

34 02 8.46

48 03 2.67

B A L A N C E  D U E  $  4 0 . 9 9

ABC COMPANY DATE Lo_25_68

C A R L S O N  V
4 6  F I R S T  A V E N U E
H O P K I N S  M N

I T E M  O T Y  C H A R G E  P R E V .  B A L A N C E  $  7 .  5 4

Figure 7-18.  Bi t l  Showing Order in Which Data Must be pr inted
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The FORCE o f  a  d iscount  record  on  ca lcu la t ion  l ine  06  is
conr l i t ionr :d ,  then,  by  two resu l t ing  ind ica tors :  22  on  means
there  is  a  d iscount  record  to  be  processed and 21on means
tha t  the  r_ i rscount  record  must  be  fo rcec i  s ince  the  ha lance
record  was fc r rced.

Af te r  de ternr i , r ing  wh ich  f i le  i s  to  be  processec l  ncx l  and,
then,  whether  tha t  f  i l e  i s  to  be  fo rced,  ou tpu t  p rocess ing
cont inues  fo r  the  record  be ing  processed.  That  rs .  the  ba l_
ance is  p r in tec l  on  the  b i l l .

P rov id ing  a  d iscount  record  is  p resent ,  th is  record  is  p roc-
esser l  nex t ,  No ca lcu la t ions  and ou tpu t  a re  per f  o r  med fo r
t h i s  r e c o r d ,  h o w e v e r .  T h e  d i s c o u n t  r a t e  ( D S R A T E )  i s  m e r e l y
stor '€rd so that data can be used to calculate cJiscounts wher_t
char r ;e  records  are  processed.

I n  t h e  n e x t  p f  o g r a m  c y c l e ,  R p G  l l  l o g i c  c J e t e r m r n e s  w h i c h
recorO to  p rocess  nex t .  l f  there  is  a  charge record  i r . r  the
pr imary  f i le ,  th is  record  is  se lec ted  s ince  i t s  match  t ie lc l  i s
the  same a : ;  the  match  f ie ld  on  the  prev ious ly  p rocessec l
record .

When a  charger  record  ( record  type  02)  i s  se lec ted ,  the  f i rs t
s tep  s  to  de tern t ine  i f  th re  charge is  to  be  d iscounted .  l f  a
d iscount  record  was processed fo r  th is  cus tomer ,  i r - rd ica tor
2 2  i s  s t i l l  o n .  

- [ h u s ,  
t h e  c a l c u l a t i o n s  o n  I i n e s  1 0 _ i  1  a r e  o e r _

form:d  on ly  i f  22  is  on .  The charge,  whether  d iscounted  or
no t ,  i s  then added to  the  prev ious  ba lance to  accumula te  a
n e w  l t a l a n c e  ( l , n e  1 3 ) .  T h e  i n d i v i d u a l  c h a r g e  i s  t h e n  p r i n t e c l
and any  re rna i r r ing  charge records  are  processed in  lhe  same
way.

When a l l  charge records  fo r  th is  match  group are  processec l .
a  nar l re  and adc l ress  record  fo r  the  nex t  cus tomer  i s  ava i lab le
in  ther  p r im i : ry  f i le ,  wh i le  h is  ba lance record  is  in  ihe  sec ,
ondary  f  i l e .  As  be fore ,  s ince  bo th  records  match ,  RpG l l
log ic  se lec ts  the  pr imary  f i le  name record  to  p rocess  f i rs t .

Refer r ing  to  the  input  spec i f i ca t ions  fo r  th is  p rogram,  the
cus to :ner  n r rmber  f ie ld  on  the  name record  was ass igned as  a
cont r l r l  f  ie l<J ,  as  we l l  as  a  match  f ie ld  (see F igure  7-171.
S ince  the  cL ls tomer  number  on  the  name record  jus t  se lec ted
d i f  fe rs  f  rom tha t  on  the  prev ious  name record ,  a  cont ro i
b reak  occurs .  Before  process ing  the  name recorc l  fo r  the  sec_
ond c rs tomer ,  then,  to ta l  opera t ions  fo r  the  prevrous  group
are  per fo rnred .  Thus ,  the  ou tpu t  spec i f i ca t ions  in  F igure
7 - i 9 ,  l i n e  1 l l ,  c a u s e  t h e  n e w  b a l a n c e  ( w h i c h  h a s  b e e n  a c _
cumula t ing  fo r  every  charge record  processed)  to  be  pr in tec l
o n  t h e  c u s t o m e r ' s  b i l l .

Effect of Forcing on the MR lndicator

ln  th is  las t  example ,  we assumed tha t  fo r  every  cus tomer ,
there  is  a t  leas t  one record  in  the  pr imary  f i le  (name record)
and cne record  in  the  secondary  f i le  (ba lance record) .  For
every  record  processed then.  there  ex is ts  a  matchrnq record
r n  t h c :  o t h e r  f  i l e .

A l though a  match ing  record  conc l i t ion  ac tua l l y  ex is ts  fo r  a l l
records ,  the  MR ind ica tor  i s  no t  necessar i l y  tu rned on  fo r
every  record .  When RPG l l  log ic  se lec ts  records  in  the  usua l
order ,  the  MR ind ica tor  i s  on  dur ing  the  process ing  o f  these
tecords .  However .  MR is  never  tu rned on  fo r  a  record  wh ich
is  fo rced.  l f  a  f i le  i s  to  be  fo rced,  the  RpG l l  log ic  doesn ' t
even compare  the  two f i les  and,  thus ,  doesn, t  de termine  i f  a
match ing  record  cond i t ion  ex is ts .  A  fo rced record  is  p roc-
essed,  then,  as  i f  i t  con ta ined no  match  f ie lds .

The las t  example  d id  no t  requ i re  tha t  any  ca lcu la t ions  or
ou tpu t  be  cond i t ioned on  the  bas is  o f  match ing  records .
Never the less ,  you  must  be  aware  o f  the  e f f  ec t  fo rc ing  has
o n  t h e  M R  i n d i c a t o r  s o  y o u  w o n , t  i n c o r r e c t l v  t h i n k  M R  i s
o n  w h e n  i l  i s  a c t u a l l y  o f f .

P R O C E S S I N G  D E M A N D  F I L E S  ( R E A D  O P E R A T I O N }

Us ing  the  FORCE opera t ion ,  you  can over r ide  normal  RpG
l l  log ic  fo r  se lec t ing  records  on  the  rex f  p roEram cyc te .
Suppose,  however ,  you  want  to  se lec t  records  to  be  proc_
essed dur ing  the  cur ren t  p rogram cyc le .  For  exarnpte .  a
c o m p a n y  m a i n t a i n s  a  f i l e  o f  e m p l o y e e  n u m b e r s ,  N U M B R F L E
Each number  i s  on  a  separa te  record  (F igure  7-20) .  Those
recorc js  conta in ing  numbers  tha t  a re  a l ready  ass iqned to  em-
l l loyees  are  ident i f ied  by  a  f lag  (charac ter  X  in  pos i t ion  g  o f
the  record) .  l f  the  number  has  no t  been ass igned to  an  em_
ployee,  the  record  does  no t  have a  f laq .

For  each record  tha t  i s  read f rom the  f i le  o f  new emptoVee
records ,  N EWNAM E (F igure  7  -2A)  ,  one or  more  records
m u s t  b e  r e a d  f r o m  N U M B R F L E  t o  f i n d  a  n u m b e r  t h a t  c a n
be ass igned to  the  new employee.  The new number  must
be  found dur ing  the  cur ren t  cyc le ,  s ince  the  new employee
r e c o r d  i s  a d d e d  t o  t h e  e m p l o y e e  m a s t e r  f i l e .  N A M E F I L E
(F igure  7-20 ] r  ,  a f te r  a  number  i s  ass iqned.
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Read f rom the demand

f i l e  un t i l  an  unused

number is  found

NEWNAME inpu t  f  i l e
(New employee records on disk)

R E A D

N U M B R F  L E
(Demand f i le of al l
ernployee numbers)

NAMEFILE  ou tpu t  f  i l e
(Employee master f  i le  on disk l

F:igure 7-20. Using the READ Operation and a Demand File to Assagn Man Numbers to New Employees
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By designating NUMBRFLE as a demand fi le lFigure 7 _21,
inser t  A)  you can request  input  f rom the f i le  as many t imes
as necessary dur ing a s ingle program cycle.  ln  order  to re-
quest input, you must use the READ operation code in the
calculat ion por t ion of  your  program (Figure 7_21,  inser t  C) .
Each time a READ operation is done, a record is read from
NUMB R  F  LE .

I t  is  possib le that  end of  f i le  for  the demand f i le  could be
reached during a program cycle. Two options are available
to handle th is  s i tuat ion.  In  the example (F igure 7-21,  inser t
C),  an indicator  has been entered in  columns 5g-b9.  An in_
dicator  speci f ied in  columns 58-59 of  the speci f icat ion l ine

conta in ing the READ operat ion wi l l  turn on af ter  each
READ operat ion i f  an end of  f i le  condi t ion is  reached.  ln
the example, new employee records are l isted on the printer
as they are added to NAMEFILE. l f  end of  f i le  is  reached
on NUMBRFLE before numbers have been assigned to a l l
new employees,  ind icator  77 is  turned on and the new em.
ployee records to which numbers have not been assioned
are l isted with an appropriate identif ication.

l f  an end of  f i le  ind icator  is  not  entered in  columns 5g-59,
the program wi l l  ha l t  when end of  f i le  is  reached on the de-
mand fi le and each time READ is executed thereafter.

* * l  LJ -  ' " - ' " " " ' "  1  t l l  i  I  j
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l i f
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The indicator  in columns 58-59 of  a READ

speci f icat ion wi l l  turn on each t ime READ

encounters an end-of- f i le  condi t ion in the

demand f i le .  l f  no indicator  is  used,  the

program hal ts each t ime end-of- f  i le  is

encountered.
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Considerations for Using READ and Demand Files

The fo l lowing f i les can appear as Factor  2 in  a READ opera-
t ion (a l l  must  be designated demand f i leswi th a D in col -
umn ' l  6  of  the Fi le  Descr ipt ion sheet) :

1.  Sequent ia l  d isk f i les processed consecut ive ly  and
speci f  ied as input  or  update f  i les.

:2.  Indexed d isk f i les processed sequent ia l ly  by key and
speci f ied as input  or  update f i les.

3.  lndexed d isk f i les processed sequent ia l ly  wi th in
l imi ts  and speci f ied as input  or  update f i les.

t l .  Di rect  d isk f  i les processed consecut ive ly  as input  or  up_
date f i les.

t t .  Console and CRT f i les speci f ied as input  f i les.

0.  Card f i les speci f  ied as input  or  combined f i les.

i ' .  Ledger card f i les speci f ied as input  or  combined f i les.

Data recorder  f  i les speci f  ied as input  f  i les.

Tape input  f i les.

SIOC input  and update f i les (SpECIAL device) .

Teleprocessing input  and combined f i les (BSCA device) .

Device independent  input  f i les.

V/hen us ing  the  READ opera t ion  fo r  demand f i les  remem-
b e r :

1 .  Demand f i les  (except  those ass igned to  the  Mode l  6
KEYBORD) can on ly  be  processed by  the  READ
opera t ion .

2 .  Cont ro l  leve ls ,  match ing  f ie lds ,  and look-ahead f ie lds
are  no t  a l lowed w i th  demand f i les .

3 .  Numer ic  sequence tes t ing  on  the  Input  sheet  i s  no t
a l lowed fo r  demand f i les .

4 ,  The MR ind ica tor  may no t  be  en tered  in  co lumns
63-64 (F ie ld  Record  Re la t ion)  on  the  lnput  sheet .

5  When a  demand f i le  i s  cond i t ioned by  a  U1-Ug ind i_
ca tor  wh ich  is  no t  on ,  no  records  w i l l  be  read f rom
that  f i l e  and the  end-o f - f i le  ind ica tor  in  co lumns
58-59 w i l l  no t  tu rn  on .

6.  When reading f rom several  demand f  i les dur ing the
same RPG l l  cyc le,  record ident i fy ing indicators as.
s igned to the demand f  i les wi l l  remain on throughout
the cyc le i f  the previous READ operat ions were
executed successf ul lv.

REPETITIVE OUTPUT (EXCPT OPE RATION )

RPG l l  has a specia l  operat ion code cal led EXCpT which
al lows you to wr i te  or  punch as many records as are re-
qui red dur ing one program cycle.

Normal ly  a record is  wr i t ten or  punched at  e i ther  deta i l  or
total output t ime. Using EXCPT, records can be put out
during detail or total calculation time. Each time you use
the operat ion code EXCPT. speci f  ied records are wr i t ten
immediate ly .  For  example,  i f  you use e ight  EXCpT opera-
t ion codes in succession,  you can get  an except ion output
cyc le e ight  t imes.  The records are ident ica l  i f  the data f  ie lds
in the exception records are not altered between the EXCPT
operation codes on the Calculation sheet.

When you use the EXCPT operat ion code,  you atso must
speci fy  which records are to be put  out  dur ing calculat ion
t ime.  These records are ident i f ied by an E in column 1b of
the Output-Format sheet .  Only those output  l ines ident i -
f ied by an F wi l l  be put  out  dur ing an except ion ourput
cyc le.

Using EXCPT and *PLACE

The reserved word *PLACE dupl icates f  ie lds and p laces
them on the same l ine.  In  the d iscussion of  *pLACE in
Chapter  3,  an example is  used in which three mai l ing labels
were pr inted for  each customer us ing *pLACE. 

l f  you
wanted to print 15 labels for each customer, however, you
could not  use only the reserved word *pLACE. 

The only
way would be to pr in t  the same three mai l ing labels f ive
t imes in succession.

In the RPG l l  program cycle,  each record speci f ied is  wr i t ten
or punched only once per cycle. For each record read by
the program shown in F igure 7-22,  the deta i l  l ine speci f ied in
l ines 01-04 is  wr i t ten only once.  Remember that  the *PLACE

entry causes the f ie ld to be dupl icated.  Using *pLACE

one l ine is  pr in ted wi th three ident ica l  names.  The same is
true for each of the other records specified. lf you want to
pr int  15 ident ica l  mai l ing labels,  you need a l l  records pr inted
f ive t imes each.

El.

Er.

'10.

I  t .

12.
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Figure  7-23  shows the  spec i f i ca t ions  necessary  to  p r in t  15

mai l ing  labe ls  per  cus tomer .  The *PLACE spec i f i ca t ions  on

the  Output -Format  sheet  w i l l  cause th ree  mai l ing  labe ls  to  be
printed side by side on the paper. Each EXCPT code used

orn the Calculat ion sheet causes al l  records identi f  ied by an
E in  co lumn 15 o f  the  Output -Format  sheet  to  be  pr in ted

one t ime in  the  order  shown on the  sheet .  Because a l l  four

l ines  are  to  be  pr in ted  on  the  mai l ing  labe l ,  a l l  a re  ident i f ied

b'y an 6. The f ive EXCPT codes wil l  cause f ive rows of three

nra i l ing  labe ls  each to  be  pr in ted .

A,no ther  se t  w i l l  no t  be  pr in ted  a t  de ta i l  ou tpu t  t ime,  be-

cause a l l  records  hav ing  an  E in  co lumn 15 can be  pr in ted

on ly  a t  ca lcu la t ion  t ime when the  EXCPT opera t ion  code

is encountered.

EXCPT can be used with punched cards or disk as well  as
pr in ted  ou tpu t .  l t  opera tes  in  the  same way in  a l l  cases .

Each t ime the  EXCPT code is  encountered ,  ou tpu t  l ines

ident i f ied  by  an  F  in  co lumn 15 are  executed .

On ly  ou tpu t  f i l es  may have EXCPT records  spec i f  ied ;

ETXCPT cannot be used for combined f i les.

Condit ioning the Use of EXCPT Operation

There are two ways you can condit ion an EXCPT opera-

t ion :  (1 )on  the  Ca lcu la t ion  sheet ;  and (2 )  on  the  Output -

Format sheet.

The EXCPT opera t ion  can be  cond i t ioned on  the  Ca lcu la -

t ion sheet in the same way as any other operation. As

shown in  F igureT-24,  the  EXCPT records  are  pu t  ou t  on ly

w h e n  M R  i s  o n .

An indicator used on the Calculat ion sheet controls the

pr in t ing  or  punch ing  o f  a l l  EXCPT records .  Ind iv idua l

EXCPT records are control led by indicators specif ied in

columns 23-3' l  of the Output-Format sheet. These indica-

tors are used in the same way for EXCPT records as they

are  fo r  a l l  o ther  records .

Restict ion: Overf low indicators cannot be used to condi '

t ion  an  EXCPT l ine .  Th is  means tha t  an  EXCPT record

cannot be a record that is printed only when the end of the

page has been reached.

Remember ,  these l ines  are  except ions .  They  pr in t  on ly  a t

ca lcu la t ion  t ime,  no t  a t  ou tpu t  t ime.  There fore ,  they  cou ld

not possibly be printed when other overf low l ines are.

An EXCPT l ine may be, however, printed on the overf low

l ine .  l f  i t  i s ,  the  over f low ind ica tor  w i l l  be  tu rned on  as

usual. EXCPT l ines can even fetch overf low. You may

p lace  an  F  in  co lumn 16 o f  any  except ion  l ine .  l f  the  over '

f low ind ica tor  i s  on  when the  EXCPT l ine  hav ing  an  F  in

co lumn 16 is  reached,  a l l  l i nes  cond i t ioned by  the  over f low

ind ica tor  w i l l  be  pr in ted  be fore  the  except ion  l ine  is  p r in ted .

RPG CALCULAT ION SPECIF ICAT IONS
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2.

F O R C E

1.  What  p rocess ing  s i tua t ions  wou ld  requ i re  you to  a l te r  normal  RPG l l  mu l t i f i l e  log ic
by  us ing  the  FORCE opera t ion?

What two considerations are necessary to determine how the order of processing
must be altered in a program?

Describe what occurs when a FORCE operation is performed.

A commiss ion  repor t  i s  to  be  prepared l i s t ing  each sa lesman and h is  commiss ion
amount .  For  each sa lesman record  (MASTER f i le ) ,  there  are  seven commiss ion
records  (COMMIS f i le ) .  The records  are  descr ibed as  fo l lows:

RPG INPUT SPECI  F ICAT IONS

I
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Parte of GC21-7567-2
lssued 21 December 1979
By TNL:  cN21-5709

IIBII .,"

a.  Are the fo l lowing calculat ion speci f icat ions correcr
processi ng?

fo r  the  requ i red  order  o f  f  i l e

RPG CALCULATION SPECIFICATIONS

Besu l t  F ie id

/5  76  71  18  79  80
P'q'am t-fT-fT-n
i d e n i r i c a ' , o n l  |  |  I  t  | l

Fc$or  I Fac tor  2

b.  On what  condi t ion wi l l  a  record f rom MASTER be processed?
c.  On what  condi t ion wi l l  a  record f rom COMMIS be processed?
d. what specification changes must be made to process seven coMMls records

fo l lowing each MASTER record?
e. ls FORCE necessary to process the records? Why?

5.  Consider  again the MASTER and COMMIS f i les as descr ibed in quest ion 4,  wi thout
match fields. However, assume that. for every MASTER record, there may be any
number of related COMM lS records.

Using look-ahead f ie lds and FORCE, code the necessary input  and calculat ion
speci f icat ions for  determin ing the proper order  of  f i le  processing.  compare the
number of  speci f icat ions to the number requi red i f  the f i les were processed by
matching record logic.

READ

6.  L is t  fourways  in  wh ich  a  demand f i le  d i f fe rs  f rom an ord inary  secondary  f i le .

7-3'.2



EXCPT

7. What occurs when the EXCPT operation code is executed?

8. In a program, you need to punch a specified number of cards for each item. This
number wi l l  be punched in each input  card.  Refer  to the coded Input  sheet  for
record layouts and code the Calculation and Output-Format sheets for the program.
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l\nswers To Review 7

1 . a.  Match  f ie lds  cannot  be  ass igned to  the  f i les  and you need to :

Alternate processing between two fi les.

Process a pr imary f i le  record fo l lowed by a number of  secondary f i le  records.

o Process  a  secondary  f i le  record  on ly  when i t  matches  a  p r imary  f i le  record .

b .  Match  f ie lds  a re  ass igned to  bo th  f i les  and you need to  a l te r  the  order  o f  match-
ing  record  log ic  to  p rocess  a  p r imary  f i le  record .  then match ing  secondary  f i le
records  be fore  match ing  pr imary  f i le  records .

a .  When each f i le  must  be  processed and under  wh ich  cond i t ions .
b .  Whether  RPG l l  log ic  wou ld  se lec t  the  appropr ia te  record  or  i f  the  f i le  must  be

forced.

No ac t ion  occurs  a t  the  t ime the  spec i f i ca t ion  is  per fo rmed.  A t  the  beg inn ing  o f  the
next program cycle, the next record from the f i le specif ied as Factor 2 of the
FORCE opera t ion  is  se lec ted  (by  be ing  fo rced)  fo r  p rocess ing .

a .  No,  the  spec i f i ca t ions  are  incor rec t .
b .  A  MASTER record  w i l l  be  processed in  every  p rogram cyc le  un t i l  end  o f  f i l e  i s

reached.

c .  A  COMMIS record  w i l l  no t  be  processed un t i l  a l l  records  in  the  MASTER f i le
have been processed.

d .  L ines  05  and 06  shou ld  no t  be  cond i t ioned by  record  ident i f y ing  ind ica tor  07 .
The COMP operation should be performed for every record type to determine i f
the  FORCE is  to  be  per fo rmed.  l t  may be  necessary  to  fo rce  a  COMMIS record
fo l low ing  e i ther  a  MASTER record  or  another  COMMIS record .  For  th is  reason,
you must  be  ab le  to  per fo rm the  FORCE opera t ion  wh i le  p rocess ing  e i ther  o f
the record types.

e .  The FORCE opera t ion  is  no t  necessary .  The RPG l l  log ic  o f  match ing  records
can de termine the  proper  o rder  o f  p rocess ing  i f  the  SLSNBR f ie lds  on  each
record  type  are  ass igned as  match  f ie lds  on  the  lnput  sheet .

3.

4 .



IB l l  . , " , ^ , , . " ,  au ,^€s  Mach ne  co ,oo ,a ,  on

5. Input  speci f icat ions to def ine look-ahead f ie ld:

RPG INPUTSPECIFICATIONS

Calculation specifications to determine order of f i le processing:

RPG CALCULAT ION SPECIF ICAT IONS
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l f  match field entries had been assigned to the SLSNBR fields on the Input sheet,
input specification l ines 10 and 11 would not be necessary to define the took-ahead
f ie ld '  No calculat ion speci f icat ions would be requi red to determine the order  of
processing.

6. a .

o .

c .

d .

A demand fi le is processed only by the READ operation code during calculations.
Demand f i le  records are never  selected by normal  RpG l l  mul t i f i le  log ic .
Match fields cannot be assigned to a demand fi le.
Look-ahead fields cannot be defined for a demand f i le.
Reading an end of  f i le  record ( / * )  f rom a demand f i le  does not  set  the LR
indicator  on.  Instead,  an end of  f i le  ind icator  can be entered in  columns 5g-59
of  the READ speci f icat ion l ine.  This indicator  wi l l  turn on each t ime a READ
is executed which encounters an end of  f i le  condi t ion in  the demand f i le .

lmmediate output for specified records occurs. These records are coded as excep-
t ion records by an F in  column 15 of  the Output .Format sheet .

See Specification sheets.

7 .
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CHAPTER 8  DESCRIBES:

Uses for tables.

RPG l l  coding used to search tables.

Designing table input  records.

LOKUP operat ion code.

Use of  table data in  calculat ions and output  operat ions.

BEFORE READING THIS  CHAPTER YOU SHOULD BE ABLE TO DESCRIBE:

RPG l l  ob ject  cyc le.

Matching records processing.

Use of indicators to condition operations.

AFTER READING THIS  CHAPTER YOU SHOULD BE ABLE TO:

State uses for tables.

Def ine a table on the Extension sheet .

Code problems using a s ingle table.

Code problems using related tables.

Def  ine and code the LOKUP operat ion code wi th tables.

Describe data and store it in a table.

Note: You can use the review questions contained in Review 8 at the end of this
chapter to test your comprehension of the chapter. Answers follow the review
quest ions.

Chapter 8. Tables
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I INTRODUCTION

l l f  you  w ish  to  make a  te lephone ca l l to  a  person,  you must
l i i r s t  de termine  h is  te lephone number .  lmag ine  t ry ing  to  ob-
ta in  the  number  i f  no  te lephone d i rec to r ies  were  ava i lab le !
For  such reasons ,  s im i la r  i tems o f  in fo rmat ion  are  grouped
and organ ized so  they  can be  re fe renced eas i l y  and qu ick ly .

A table is a col lect ion of related data organized in such a
way that each i tem of information can be referenced by i ts
pos i t ion  w i th in  the  tab le .  A  te lephone d i rec to rV cons is tc  o f
two tab les  o f  in fo rmat ion :  a  nan^e l i s t  a r ranged a lphabet i -
ca l l y  and a  number  l i s t  a r ranged in  no  apparent  o rder .  Each
Le lephone number ,  however ,  occup ies  a  pos i t ion  in  the  num-
ber  l i s t  cor respond ing  to  the  pos i t ion  o f  a  par t i cu la r  name in
lhe  name l i s t .

l iach i tem within a table is cal led a table element. Thus.
erach name wou ld  be  an  e lement  o f  the  name tab le ,  wh i le
erach number  wou ld  be  an  e lement  o f  the  te lephone numDer
tab le .

l f  you  w ished to  de termine Ken Adams ' te lephone number ,
you would look through the l ist of names to locate K6y'U
tlDAMS. This procedure of checking the elements of a
table one at a t ime to f  ind a part icular entrv is cal led search-
i ,ng a table. Before looking through the name l ist,  you must
know what information you wish to f  ind. the name KEIV
llDAMS. This data is referred to as the search word.

l \ s  shown in  F igure  8-1 ,  the  name l i s t  i s  searched to  f ind
an en t ry  wh ich  is  equa l  to  the  search  word .  The match ing
entry, KEN ADAMS, is found in the third element of the
r rame tab le .  H is  cor respond ing  te lephone number ,  then,  i s
found by  se lec t ing  the  th i rd  e lement  in  the  number  tab le .

When two re la ted  tab les  are  used,  as  in  a  te lephone d i rec-
to ry ,  ac tua l l y  on ly  one tab le  i s  searched (name tab le ) .  When
the search  cond i t ion  ( in  th is  case.  an  equa l  match)  has  been
sat is f  ied ,  the  da ta  in  the  cor respond ing  e lement  o f  the  sec-
o ,nd  tab le  becomes ava i lab le .  Thus ,  the  f  i r s t  tab le  i s  used as
a means of locating data in the second table.

A  te lephone d i rec to ry  i s  an  example  o f  tab les  wh ich  organ-
i:ze information that we must reference over and over again
in  our  every  day  l i ves .  L ikewise ,  tab les  can be  used to  o r -
gan ize  da ta  wh ich  must  be  re fe renced repeated lV  in  vour
data processing jobs.

Search Word

Figure 8-1. Searching a Table

Let ' s  assume tha t  cus tomers  have purchased var ious  i tems
f rom a  company sa les  ca ta log .  The sa les  f i le  (F igure  8-2)
wou ld  conta in  records  showing the  cus tomer 's  account  num-
b e r  ( C U S T M R ) ,  t h e  i t e m  o r d e r e d  ( I T M O R D ) ,  i d e n t i f  i e d  b y
a  code,  and how many were  ordered by  tha t  cus tomer
( O T Y O R D ) .

Fur thermore ,  the  company keeps  an  inventory  f  i l e  (F igure

8-2)  to  conta in  da ta  about  each i tem wh ich  is  car r ied  in
stock. A separate record is kept for each i tem showing the
i t e m  c o d e  ( I T E M ) .  t h e  q u a n t i t y  o n  h a n d  ( O T Y S T K ) ,  a n d
the  un i t  cos t  o f  each i tem (COST) .

Before  you can sh ip  the  cus tomer 's  o rders ,  you  must  f  i r s t
de termine i f  the  i tem ordered is  s t i l l  car r ied  in  s tock .  To  do
th is ,  a  c le rk  cou ld  spend t ime look ing  up  each i tem ordered
to  see i f  tha t  i tem is  recorded in  the  inventory  f  i l e .  How-
ever ,  the  same i tem wi l l  p robab ly  be  ordered by  many cus-
tomers .  Thus ,  the  same inventory  f i le  records  wou ld  have
to  be  re fe renced over  and over  aqa in .

NUMBER Tab le

ADAMS KEN ' .

A B R A M S  J O H N

A C K E R M A N  G A I L

A N D E R S O N  T H O M A S  E  .

B A B I T T  R O B E R T A

B A R S N E S S  R I C H A R D .

I

)
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W I K  G A I L

286-6424

289-2933

938-75 1 5

93s-8381

2aa-7547
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288-4663
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Siearclr ing a Single Table

RPG l l  can  search  fo r  the  da ta  in  much less  t ime by  per -
{o rming  a  tab le  lookup func t ion .  As  shown in  F igure  8-3 ,
a  tab le  (TABITM)  wou ld  be  se t  up  in  s to rage to  conta in  a l l
crf  the i tems avai lable (see Loading Tables in this chapter
fo r  methods  o f  load ing  tab le  da ta  in to  s to rage) .

' l -he  
second f  ie ld  o f  each sa les  record  te l l s  the  program

vvhich i tem to look up. For every sales record read into the
computer ,  TABITM is  checked to  see i f  the  search  word
( i tem code on  the  sa les  record)  matches  an  en t ry  in  the
ta  b le .

In  add i t ion  to  search ing  fo r  da ta  qu ick ly ,  use  o f  the  tab le
lcokup can o f ten  reduce the  number  o f  RPG l l  spec i f i ca-
t ions  needed in  a  p rc lg ram.  A l l  you  must  do  is  se t  up  and
def ine  the  tab le ,  and spec i fy  tha t  the  lookup opera t ion  is
tc  be  per fo rmed.

TABITM

Search

Word

I )USTMH ITMORD OTYORD

SALES record

Figure 8-3. Searching a Table for a Particular Data ltem

Et-4

Designing Table lnput Records

Data  used to  c rea te  a  tab le  must  be  ob ta ined f rom tab le  in -
pu t  records .  These records  can be  taken f rom the  keyboard
or  CRT,  punched cards ,  magnet ic  tape,  o r  d isk .  The records

are  read by  the  computer  and en t r ies  a re  p laced s ide  by  s ide
in  s to rage to  fo rm the  tab le .

The inventory  f  i l e  f  o r  th is  cornpany ind ica tes  tha t  98  types
of  i tems are  car r ied  in  s tock .  There fore ,  the  98  i tem codes
must  be  conta ined in  tab le  input  records  to  p rov ide  the  en-

t r ies  fo r  TABITM.

Number of Table lnput Records Required for a Table

How many records  wou ld  be  necessary  to  punch the  98

i tem codes? That  i s  en t i re ly  up  to  you.  The nunrber  o f

records  requ i red  to  conta in  the  tab le  da ta  depends on  the
number  o f  en t r ies  vou want  on  each record .

Number of Entries on a Table lnput Record

Tab le  input  records  may e i ther  conta in  one en t ry  o r  a  num-

ber  o f  en t r ies .  The po in t  to  remember  i s  tha t  a l l  tab le  input
records  fo r  a  s ing le  tab le  must  conta in  the  same number  o f
en t r ies ,  except  fo r  the  las t  record .

The use o f  one en t ry  per  record  is  very  conven ien t  i f  i t  i s

necessary  tha t  the  en t r ies  be  in  a  par t i cu la r  o rder .  Then to

add or  de le te  en t r ies ,  you  mere ly  add or  remove a  record .

Otherw ise ,  Vou wou ld  have to  recrea te  a l l  o f  the  records

f rom the  po in t  o f  change to  the  end o f  the  tab le .  However ,

in  theTABlTM tab le ,  i tem code en t r ies  need no t  be  in  o rder ,

so  inc lud ing  a  number  o f  en t r ies  in  each record  reduces  the

number  o f  records  requ i red .

For  TABITM,  98  en t r ies  must  be  recorded on  tab le  input

records .  l f  96-co lumn cards  are  used,  32  en t r ies  f  i t  on  each

record ,  s ince  each i tem code is  th ree  charac ters  long.  There-

fo re ,  to  save card  space,  Vou cou ld  punch th ree  tab le  input

records  conta in ing  32  en t r ies  each and a  four th  tab le  input

record  fo r  the  remain ing  two en t r ies .  (See F igure  8-4 . )  In

th is  way,  a l l  records  conta in  the  same number  o f  en t r ies

exceot the last record.

Of  course ,  you  do  no t  have to  f i l l  the  en t i re  record  w i th  en-

t r ies ,  as  we have done.  For  ins tance,  you may want  rhe  las t

36  co lumns o f  a  card  to  conta in  no  punches.  In  tha t  case,
you cou ld  punch 20  en t r ies  (card  co lumns 1-60)  in to  each

of  four  tab le  input  records .  The remain ing  18  en t r ies  cou ld

then be punched into a f i f th record.

A23
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8 8 3

c 4 6

c 8 9
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Rrcord 4

Contains

2 Table

E ntries

Y 3 3 l Y s 8 Notice in Figure 8-4 that the two entries in the fourth table
input record are placed side by side. Since there are unused
card columns on the record, why not space the entries?
You cannot, because all entries must be continuous on the
record, with no blank columns betvven entries. Further-
more, the first entry on each record must begin in position
one.

Describing Table Input Records with Extension Specifica-
tions

Once the table input records have been designed, you then
descr ibe them to the RPG l l  Compi ler  program. Ordinar i ly ,
the data on input records is described by entering specifica-
tions on the Input sheet. However, you describe the data
on table input  records by coding extension speci f icat ions
on the upper hal f  o f  the Extension and L ine Counter  sheet .
(Hereafter, we wil l refer to the upper portion of the form
as the Extension sheet and the lower portion as the Line
Counter sheet. )

Figure 8-5 shows the extension specif ications needed to de-
scribe the table containing item codes. As you can see, a
s ingle table can be descr ibed using only columns 27-45.  Of
course,  remember that  the page and l ine number (columns

1-5)  and form type (E in  column 6)  are a lso par t  of  the en-
t i re  speci f  icat ion l ine.

Records

1,2  and 3

Each Contain

32 Table

Entries

Figure 84. Four Table-lnput Records for TABITM Entries
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Figure 86. Describing Table-lnput Records
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The ex tens ion  spec i f i ca t ions  prov ide  the  fo l low ing  in fo rma-
t ion  about  each tab le  to  be  used:

1 .  Name o f  each tab le  (co lumns 27-32)  .

2 .  Number  o f  tab le  en t r ies  per  tab le  input  record  (co l -

u m n s  3 3 - 3 5 ) .

3 .  Number  o f  tab le  en t r ies  per  tab le  (co lumns 36-39) .

4 .  Length  o f  each en t ry  (co lumns 40-42\ .

5 .  Whether  packed or  b inary  da ta  l s  con ta ined in  the
t a b l e  ( c o l u m n  4 3 ) .

6 .  Number  o f  dec ima l  pos i t ions  in  each numer ic  en t ry
( c o l u m n  4 4 ) .

7 .  Sequence o f  tab le  en t r ies ,  i f  any  (co lumn 45) .

Each type o f  en t ry  w i l l  be  d iscussed in  tu rn .  From F i le -
n a m e  ( c o l u m n s  1 1 , 1 8 ) ,  T o  F i l e n a m e  ( c o l u r n n s  1 9 - 2 6 ) ,  a n d
the  en t r ies  in  co lu rnns  46-57 are  descr ibed la te r  in  th is  chap-
ter.

Assigning Table Names

Every  tab le  used i r r  a  p rogram nrus t  be  ass igned a  name
f rom th ree  to  s ix  charac ters  long.  The tab le  name may con-
ta in  any  combina t ion  o f  a lphabet ic  charac ters  and numbers .
However ,  the  f i rs t  th ree  charac ters  o f  the  name must  be
T A B .

Wi th  these po in ts  in  mind ,  wh ich  o f  the  fo l low ing  tab le
names are  no t  acceptab le  and why?

TABA 1 5 A B C D

TAB C TABSTATE

TB123  *TAB

TAB$2

TAB C and *TAB are not  acceptable,  as table names cannot
conta in b lanks or  specia l  characters,  such as the * .  TAB$2,
on the other  hand,  is  an acceptable table name, s ince $ is
one of  the three specia l  characters which can be considered
an a lphabet ic  character .  (The other  two are #and @.)

The names 15ABCD and TB123 are inval id  because they
do not  begin wi th the a lphabet ic  characters TAB. Since
TABSTATE conta ins more than s ix  characters,  i t  cannot
be an acceptable table name. TABA and TAB$2 are the
only two val id  table names shown.
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l f  poss ib le ,  i t  i s  he lp fu l  to  ass ign  tab le  names wh ich  are
m e a n i n g f u l .  F o r  t h i s  e x a m p l e ,  t h e  n a m e  T A B I T M  h a s
been ass igned.  Such a  name g ives  an  ind ica t ion  o f  what
k ind  o f  da ta  i s  con ta ined in  the  tab le  ( in  th is  case,  i tem
cod es  ) .

When a  s ing le  tab le  i s  be ing  used,  as  in  th is  case.  the  tab le
name is  en tered  in  pos i t ions  27-32 o f  the  Ex tens ion  sheet
( s e e  F i g u r e  8 - 5 ) .

Number of Table Entries per Table lnput Record

The number  o f  en t r ies  in  each tab le  input  record  is  spec i -
f  ied  in  co lumns 33-35.  F igure  8-5  shows 32 en t r ies  per  rec-
ord  fo r  TABITM.  In  th is  way,  the  compi le r  p rogram wi l l
expec t  a l l  tab le  input  records  to  conta in  32  en t r ies ,  except
the  las t  record  wh ich  may have fewer  en t r ies .  Not ice  tha t
the  number  en tered  in  these co lumns shou ld  end in  co lumn

Number of Table Entries Per Table

The number  o f  en t r ies  wh ich  can be  conta ined in  the  en t i re
tab le  i s  en tered  in  co lumns 36-39 o f  the  Ex tens ion  sheet .
As  shown in  F igure  8-5 ,  the  number  (98  fo r  TABITM)  shou ld
e n d  i n  c o l u m n  3 9 .

Length of an Entry

The length  o f  each tab le  en t ry  i s  ind ica ted  in  co lumns 40-42,
w i th  the  number  end ing  in  co lumn 42.  Numer ic  tab le  en-
t r ies  may be  up  to  15  d ig i ts  long ,  wh i le  a lphamer ic  en t r ies
can be  as  long as  the  max imum record  length  fo r  the  dev ice
( 2 5 6  m a x i m u m ) .

For  TABITM,  the  length  3  has  been en tered .  l t  i s  poss ib le

to  spec i fy  on ly  one length .  There fore ,  th is  necessar i l y  means

tha t  a l l  en t r ies  in  a  tab le  must  be  the  same length .

At  th is  po in t ,  you  may be  wonder ing  what  to  do  i f  a l l  en-
t r ies  a re  no t  the  same length .  For  ins tance,  you migh t  w ish
to  make a  tab le  conta in ing  the  months  o f  the  year .  The
so lu t ion  is  s imp le  -  a l l  en t r ies  a re  made to  be  the  length  o f
the  longes t  en t ry .  The word  SEPTEMBER conta ins  the
most characters. Therefore. each entry should be 9 charac-
te rs  long.  To  make JUNE an en t ry  w i th  length  o f  9 ,  you

wou ld  p lace  5  b lanks  a f te r  the  le t te r  E  (see F igure  8-6) .  ln -

sert ing extra blanks to lengthen the data entry is referred to
as  padd ing  w i th  b lanks .  l f  your  tab le  en t r ies  were  numbers ,

instead of letters, you would pad the short entr ies with

zeros  or  b lanks .  (For  numer ic  en t r ies ,  the  zeros  or  b lanks

wou ld  p robab ly  be  p laced in  f ron t  o f  the  number . )



J  A N U A R Y b b

F E B R U A R Y b

M A R C H b b b b

A P R I L b b b b

r v t  A Y b b b b b b

. J  U N E b b b b b

J U L Y b b b b b

, C U G U S T b b b

I ] E P T E M B E R

( ) C T O B E R b b

I ! O V E M B E R b

D E C E M B E R b

+ Longest  Table Entry

Table Of Months

Figruvs 9-6. Making Table Entr ies the Same Length

Pa< ld ing  a  tab le  en t ry  w i th  b lanks  s f iou ld  no t  be  confused
wi th  spac ing  en t r ies  on  a  record .  As  ment ioned,  no  b lanks
can occur between entr ies. However, blanks can be part of
an  en t ry  in  o rder  to  make a l l  en t r ies  the  same lenqth .

Packed or Binary Table Data (systems with Disk Storage)

An en t ry  must  be  made in  co lumn 43 i f  the  da ta  fo r  a  o re-
execut ion  t ime tab le  i s  in  packed dec ima l  (P)  o r  b inary  (B)
fo rmat  on  d isk  o r  tape or  in  packed fo rmat  on  80-co lumn
cards  (no t  a l lowed on  96-co lumn cards) .  Th is  en t ry  app l ies
on ly  to  numer ic  tab les .  For  numer ic  tab les  in  packed dec i -
ma l  fo rmat ,  the  unpacked dec ima l  leng th  o f  the  en t r ies
mLrs t  be  en tered  in  co lumns 40-42 (Length  o f  Ent ry ) .  For
nurner ic  tab les  in  b inary  fo rmat ,  en ter  the  number  o f  by tes
requ i red  in  s to rage fo r  the  b inary  f ie ld .  For  a  two-pos i t ion
b inary  f  ie ld ,  the  en t ry  in  co lumns 40-42 is  4 ;  fo r  a  four -
pos i t ion  b inary  f ie ld ,  the  en t ry  i s  9 .

Entries with Decimal Positions

When the  en t r ies  o f  a  tab le  a re  numer ic ,  i t  i s  necessary  to

spec i fy  in  co lumn 44 the  number  o f  dec ima l  pos i t ions  (0 -9)

in  each en t ry .  Even i f  a  numer ic  en t ry  conta ins  no  dec ima l
pos i t ions ,  a  0  must  s t i l l  be  en tered  to  ind ica te  numer ic  da ta .

When dec ima l  pos i t ions  are  no t  spec i f  ied  (co lumn 44 le f t
b l a n k ,  a s  i n  F i g u r e  8 - 5 ) ,  R P G  l l  c o n s i d e r s  t h e  t a b l e  e n t r i e s
to  be  a lphamer ic .

Sequence of Table Entries

For  TABITM,  the  i tem codes need no t  be  in  any  par t i cu la r

order .  Thus .  co lumn 45 is  le f t  b lank  in  F igure  8-5 .  How-
ever ,  i f  the  tab le  en t r ies  a re  in  ascend ing  or  descend ing
order .  an  A or  a  D is  en tered  under  Tab le  Sequence (co lumn

45) .  Note  tha t  i f  a  tab le  i s  to  be  in  sequence the  en t ry  i s
made on the  Ex tens ion  sheet .  For  input  f  i l es ,  o ther  than
tab le  f  i l es ,  the  sequence en t ry  i s  a lways  made on the  F i le
Descript ion sheet.

Coding the Table Lookup Operation (LOKUP)

Once the  tab le  input  records  have been descr ibed,  Vou te l l
RPG l l  to  search  the  tab le  by  cod ing  the  LOKUP opera t ion
on the  Ca lcu la t ions  sheet .  Th is  invo lves  spec i fy ing :

1 .  The LOKUP opera t ion  code.

2 .  The name o f  the  tab le  to  be  searched.

The data which is being searched for.

Cond i t ions  wh ich  must  be  sa t is f ied  fo r  a  success fu l

search.

3.

4 .
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As shown in  F igurer  8 -7 ,  the  opera t ion  code LOKUP is  en-

te red  in  co lumns 28-32 o f  the  Ca lcu la t ions  sheet .  Th is

opera t ion  code causes  a  search  to  be  made fo r  a  par t i cu la r

i tem in  the  tab le  named in  Fac tor  2 .  Thus  the  name o f  the

tab le  be ing  searched,  TABITM,  is  en tered  under  Fac tor  2

{co lumns 33-421 ,  beg inn ing  in  co lumn 33.  Remember  tha t

the  tab le  be ing  searched must  have been prev ious ly  de-

scr ibed on  the  Ex tens ion  sheet .

Fac tor  1  (co lumns 18-27)  conta ins  the  f  ie ld  name o f  the

data  wh ich  is  used fo r  compar ison  dur ing  the  tab le  search .

In  th is  case,  the  ser ;ond f ie ld  o f  the  sa les  record  (ca l led

ITMORD) conta ins  the  code fo r  the  i tem ordered ( the

searc l r  da ta) .  Thus ,  ITMORD is  en tered ,  beg inn ing  in  co l -

u m n  1 8 .

The f ie lds  on  each SALES record  have been descr ibed on

t h e  I n p u t  s h e e t .  T h e  f i e l d  ( I T M O R D )  w h i c h  c o n t a i n s  t h e

search  da ta  must  l rave  been descr ibed so  tha t  i t  agrees  w i th

the  way the  tab le  en t r ies  have been descr ibed.  That  i s ,  the

search  da ta  and the  tab le  en t r ies  must  have the  same length ,

the  same number  o f  dec ima l  pos i t ions ,  and the  same fo rmat
(a lphamer ic  o r  nurner ic )  .  As  shown in  F igure  8-8 ,  bo th

ITMORD and the  tab le  en t r ies  a re  de f ined as  th ree  charac-

te rs  long and as  a lphamer ic  (no  dec ima l  pos i t ions  spec i f  ied) .

In  th is  case,  the  i te rn  wh ich  is  be ing  searched fo r  must  be

an exac t  match  o f  the  search  da ta .  Th is  i s  re fe r red  to  as

search ing  to r  an  equa l  cond i t ion  on ly .  The lookup pro-

cedure  wou ld  beg in  a t  the  f  i r s t  e lement  o f  TABITM and

cont inue,  one e lenren t  a t  a  t ime,  un t i l  an  equa l  en t ry  i s

found.  For  th is  reason,  i t  i sn ' t  necessary  tha t  the  tab le

e lements  be  in  any '  par t i cu la r  o rder  when search ing  fo r  a r r

eoua l  cond i t ion .

Of  course ,  i f  the  i tem searched fo r  i s  no t  found a f te r  check-

ing  a l l  e lements  o f  TABITM,  the  company does  no t  car ry

tha t  l tem in  s tock .  Thus .  the  equa l  cond i t ion  must  be  sa t is -

f ied  i f  th is  search  is  to  be  success fu l .

But ,  how wi l l  you  know i f  the  search  was success fu l?  To

determine th is ,  you  must  know i f  an  equa l  match  was found

or  no t .  Thus ,  you  shou ld  ass ign  a  resu l t ing  ind ica tor  fo r  the

lookup wh ich  w i l l  tu rn  on  i f  (and when)  the  equa l  cond i t ion

is  sa t is i fed .

As  shown in  F igure  8-7 ,  the  ind ica tor  05  is  ass igned by  en-

te r ing  05  on  the  Ca lcu la t ion  sheet  under  Lookup Equa l

(co lumns 58-59) .  l f  an  en t ry  cannot  be  found in  the  tab le

to  cor respond to  the  search  da tp ,  the  05  ind ica tor  w i l l  tu rn

off.

TWO TABLE SEARCH

As you have seen,  a  s ing le  tab le  can be  searched mere ly  to

see i f  cer ta in  in fo rmat ion  (an  i tem code)  i s  in  the  tab le '

However ,  usua l ly  you  w i l l  want  to  do  more  than th is .  For

example ,  when the  orders  a re  sh ipped,  you w i l l  a lso  want

to  send b i l l s  to  each cL ts tomer  fo r  the  amount  o f  the  order .

Before  RPG l l  can  pr in t  the  b i l l s ,  i t  must  ca lcu la te  the

amount  each cus tomer  owes.  To  do  th is ,  the  un i t  cos t  o f

each i tem must  be  de termined.  The un i t  cos t  o f  an  i tem is

then mul t ip l ied  by  the  number  o rdered to  g ive  the  to ta l

amount  due f rom a  cus tomer  fo r  tha t  type  o f  i tem.
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Figure 8-7. Specilying a Single-Table Search

RPG CALCULAT ION SPECIF ICAT IONS
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Figure 8-8. Specifying the Same Length for Search Word and Table Entry
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At th is  point ,  you have a l ready created a table (TABITM)
l is t ing the codes of  a l l  i tems the company sel ls .  The uni t
cost for each item (a 5-digit f ield on each inventory fi le
record) can be stored in a second table, called TABCST.
This table should be organized such that  the posi t ion of  a
cost within TABCST corresponds to the position of its re-
la ted i tem code in TABITM {Figure 8-9) .

Let 's  take a look at  one of  the records in  the SALES f i le
(Figure 8-10)  and see how the two tables can be used in
determin ing the appropr iate cost  for  the i tem ordered.
The procedure is  much the same as the way you located
Ken Adams' te lephone number in  the te lephone d i rectory.

SALES record

Search Word

I T M O R D

TABITM

Figure 8-1O. Performing a Two-Table Search

+3 Characters+

TABITM

+$  t r i g i 1s+

TABCST

Figure 8-9. Creating Two Related Tabl6
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Fi rs t .  TABITM is  searched to  f ind  the  tab le  e lement  wh ich

conta ins  the  same i tem code as  the  search  word  (883)  on
thre  SALES record .  l f  no  match  is  found,  tha t  SALES rec-
ord can be selected irrto a special stacker so the customers

cern  be  no t i f  ied  o f  the  orders  wh ich  can ' t  be  f  i l l ed .  Hc lw-
e l 'e r ,  in  th is  case,  the  equa l  en t ry  i s  founc l  in  t i re  four th

e lement  o f  TABITM.  The en t r ies  in  TABCST were  organ-

ized  to  cor respond w i th  e r r t r ies  in  TABITM.  There fore .  the
four th  e lement  o f  TABCST conta ins  the  un i t  cos t  fo r  the
search  word .  The program can then use the  in fo r rna t ion

re ferenced (un i t  cos t )  to  ca lcu la te  the  amount  to  be  b i l led .

When two re la ted  tab les  are  used,  as  in  th rs  example ,  ac tu -

a l l y  on ly  one tab te  i s  sear r :hed.  When the  search  cond i t io t r
( in  th is  case,  an  equa l  match)  has  been sa t is f ied ,  the  da ta  in
t l ' re  cor respond ing  pos i t ion  or  e lement  o f  the  second tab le
( re la ted  tab le )  beconres  ava i lab le .  Thus ,  the  f i rs t  tab le  i s
used as  a  means o f  loca t ing  da ta  in  the  second tab le .  In  a
te lephone d i rec to ry ,  a  person 's  name is  used as  a  means o f
loca t ing  h is  te lephone number .

Designing Table Input Records for Two Tables

Records With Entries For Onlv One Table

l r r  des ign ing  the  tab le  input  records  fo r  TABITM,  you were

concerned on ly  w i th  en t r ies  fo r  a  s ing le  tab le .  Thus ,  four

tab le  input  records  were  c rea ted  to  conta in  on ly  i tem codes.

Another  se t  o f  tab le  input  records  cou ld  t re  c rea ted  to  con-

ta in  the  98  un i t  cos t  en t r ies  fo r  TABCST.  Each un i t  cos t

en t ry  ( f rom the  inventory  records)  requ i res  f i ve  co lumns
( th ree  d ig i ts  fo r  do l la rs ,  two d ig i ts  fo r  cen ts l .  Aga in ,  i t  i s

u l l  to  you to  de termine how nrany  records  you w ish  to  r - rse

and the  number  o f  en t r ies  to  be  conta inerd  in  each record .

For  example ,  le t ' s  say  tha t ' l  8  en t r ies  (co lumns 1-90)  a re
pr . rnched in to  each o f  f i ve  tab le  input  carc ls  and the  remain-

in 'g  e igh t  en t r ies  a re  punched in to  co lumns 1-2O o f  a  s ix th

card .

As  shown in  F igure  8-11 ,  you  wou ld  then have two separa te

tab le  input  f  i l es :  records  fo r  TABITM conta in ing  on ly  i tem

codes and TABCST records  conta in ing  on ly  un i t  cos t

amounts .

Tab le - l npu t  F i l e

f o r  TAB ITM

(4 records)

Tab le - l npu t  F i l e

for  TABCST

(6 records)

Figure 8-1 1.  Separate Records for  Each Table

2 l tem Code Entr ies

32 l tem Code Entr ies

32 l tem Code Entr ies

32 l tem Code Entr ies

8 LJni t  Cost  Entr ies

18  Un i t  Cos t  En t r i es

18 Uni t  Cost  Entr ies

i8 Uni t  Cost  Entr ies

18 Uni t  Cost  Entr ies

18  Un i t  Cos t  En t r i es
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Records With Entries For Two Tables

Ar ro ther  rne thod o f  des ign ing  tab le  input  records  a l lows you
to  use  on ly  one tab le  i r rp i . r t  f i l e  fo r  bo th  tab les .  Th is  may
save Input  record  space and w i l l  usua l l y  reduce the  number
o f  RPG l l  spec i f  i ca t ions  neec jed  to  descr ibe  the  tab le  input
records .  Ent r ies  f ro rn  the  f  i r s t  tab le  a re  a l te rna ted  w i th
ent r ies  f rom the  second tab le  (F igure  g_12) .  The records
are  then re fe r red  to  as  a l te rna t ing  fo rmat  tab le  input  records .

As  you can see,  a  tab le  i r rpu t  record  c :n  beg in  (pos i t ion  1)
w i th  an  er r t ry  f rom e i ther  the  f i rs t  tab le  o r  the  second tab le .
I ' i owe ' , ,e r ,  i f  you  dec ide  to  use  the  a l te rna t rng  fo r rnar .  everv
record  in  the  tab le  input  f i l e  must  beg in  w i th  the  same rype
r ) t  tab le  en t ry  ( tab le  1  o r  tab le  2 ) .

' l -he  
nr rmber  o f  en t r ies  tha t  you  pu t  on  an  a l te rna t tng  fo r_

mat ,  tab le  input  record  is  s t i l l  up  to  you.  l f  you  w ish ,  a
r ; ing lc '  recorc i  can  conta in  one code fo r  TABITM and one
r . rn i i  cos t  f  rom TABCST.  Or ,  the  record  rnay  contarn  as
m a n y  p a i r s  o f  r e l a t e d  e n t r i e s  a s  p o s s i b l e .  I n  t h i s  c a s e .  a l l
records ,  except  the  las t ,  must  conta in  the  sanre  number  o t
o ntr i  es.

Every record in f i le
begins wi th entry
for  the same table

For  TABITM and TABCST,  each pa i r  o f  re la ted  en t r ies  w i l l
requ i re  e igh t  card  co lumns.  By  punch ing  1  2  pa i rs  c f  en t r ies
in  a  record ,  an  en t i re  card  can be  f i l l ed .  Thus  a  tab le  input
f i le  to  conta in  a l l  en t r ies  (9g  pa i rs )  f rom both  tab tes  can
cons is t  o f  n ine  a l te rna t ing  fo rmat ,  tab le  inpr . r t  cards .  The
f  i rs t  e igh t  records  migh t  each conta in  j  2  pa i rs  o f  en t r ies
and the  ias t  record  miqh t  cor r ta in  two pa i rs  o f  en t r ies .

As  ment ioned be fore ,  en t r ies  fo r  TABITM are  each 3_char -
ac ter  a lphamer ic  da ta .  For  TABCST,  5 -d ig i t  numer ic  en-
t r ies  a re  needed.  A l l  o f  the  en t r ies  fo r  a  s ing le  tab le  must
b e  a l i k e ;  t h a t  i s ,  a l l  a l p h a m e r i c  o r  a l l  n u m e r i c .  h o w e v e r ,
t h e  e n t r i e s  f o r  a n  a l p h a m e r i c  t a b l e  a n d  t h e  e n t r i e s  f o r  a
numer ic  tab le  can bo th  be  on  the  same tab le  input  record
w h e n  a n  a l t e r n a t i n g  f o r m a t  i s  u s e d _

Al though each tab le  input  record  conta ins  en t r ies  f rom both
tab les ,  ac tua l l y  two separa te  tab les  are  c rea ted  in  s to rage
f rom these records .  The RPG l l  Compi le r  knows tha t  two
tab les  are  to  be  se t  up ,  ra ther  than a  s ing le  tab le ,  because o f
the  way the  records  are  descr ibed on  the  Ex tens ion  sheet .

Last  record contains
two pairs of  entr ies

f->
\ (

S ing le  Tab le  l npu t  F i t e .
Entr ies for  

'LABITM 
and

TABCST i n  A l t e rna t rng
Format.

Fi igure 8-12.  Al ternat ing-Format Table_lnput  Flecords
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Describing Two Tables with Extension Specifications

\ffhen two related tables are used in a program, you have the
choice of designing two table input f i les (one for each table)
or  only  one table input  f i le  consist ing of  a l ternat ing format
ttable input records.

rlf you decided to set up TABITM and TABCST using sep-
arate fi les, as discused earlier, the two tables would be de-
scribed as shown in Figure 8-13. Since each table has its
()wn set of input records, a separate l ine of extension speci-
fications is needed for each table.

Now take a look at  F igure 8-14 which descr ibes the same
two tables.  Not ice that  only  one extension l ine is  coded
'when alternating format, table input records are used.
lSince one line is coded for each set of input records, the
second table of the alternating format record must be en-
tered on the same extension l ine as the first table.

Remember that two separate tables are created. even if you

use alternating format records. Therefore, both tables must
have unique names, which are specified on the Extension

sheet. The table whose entry appears first on a table input
record is named in columns 27-32. The name of the alter-
nating table (in this case, TABCST) is entered in columns
46-51 of the same line. The alternating table is always the
table whose entry is the second one in a pair of related en-
t r ies.

Notice that Number of Entries Per Record (columns 33-35)
and Number of Entries Per Table or Array (columns 36-39)
do not have corresponding specification columns for alter-
nating tables. Since the number of entries per record and

RPG EXTENSION AND LINE COUNTER SPECIFICATIOI\

Q.d E lec to  Num&.

Figure 8-13, Decribing Separate Table'lnput Records

number of entries per table must be the same for each of

the alternating tables, separate specifications are not needed
for the second table.

However, the Length of Table Entry (columns 52-54) must

be indicated since it may be different for the two tables.
f n Figure 8-14, a 3 has been entered in columns 4O'42 as
the table entry  length for  TABITM. whi le  a 5 has been en '

tered in columns 52-54 specifying the length of the unit

cost entries for TABCST.

The unit cost entries for TABCST are in the form of 12467,

which would represent $124.67. Therefore, a 2 has been

entered for the number of decimal positions (column 56).

This specification indicates that the entry is numeric and

contains two decimal positions.

RPG EXTENSION AND LINE COUNTER SPECIFICATIONS

**fl"_
7 5 7 6 1 1 1 8 7 9 n

Prq'.m [fiT fT-l
ro".tr""r 'o.l | | | | | |

Extension Specif ications

IBItt .",.","." 
".".es 

MdilE co,F.a,on

Extension Specif ications

E Sequence ol rhe Chaini.g Fi c

To Fi lename Table or

Arrav Name

Ent i6

Entry

i
j

t

Table or
Array Name

.""""1|u
d  I  1 3u"' ' lcl i

|:I:
C-mment5

i l  5 9  6 0 6 1  6 2  A  g  6 5  S  6 7  I  6 9  1 0  1 1  ) 2  1 3  7 4

N u n h r  o l  t h e  C h a r n i n q  F i e l d

ftf l t ff+u

Figure 8-14. Describing Alternating-Format Table-lnput Records
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The table entr ies for  TABCST are not  in  any specia l  a lpha_
b'et ic  or  numer ic  order  which the RpG l l  Compi ler  program
could check for accuracy. Thus, no table sequence is speci_
f ied for  TABCST (column 57 is  le f t  b lank) .  L ikewise,  te le_
plrone numbers in a directory are not in sequence. However,
just as phone numbers are arranged to correspond with re-
lated names, the TABCST entries have been arranged so a
particular unit cost corresponds with its related item code.

Coding the Table Loor<up Operation (LOKUp)

Now that both tables have been set up, TABITM is to be
searched to f ind the table e lement  which conta ins the same
item code as the code (search word) on the SALES record.
This s imple lookup procedure is  coded wi th the same cal -
culat ion speci f icat ions as you used before (F igure g_1S).
The field name or l i teral constant which contains the search
code is  entered under Factor  1 ( ITMORD),  the LOKUp
ofreration is specified in columns 2g-32, and the name of
the table being searched (TABITM) is entered under Factor
2.  l f  an equal  match is  found in searching the table,  resul t_
ing indicator  05 wi l l  be turned on,  as speci f ied in  columns
58r-59.

However, you want to do more than just see if the item
orrlered is carried in stock. lf the search is successful, you
also want to determine the appropriate unit cost for the
orrlered item.

To reference the second table (TABCST), additional speci_
f icat ions must  be entered on the same l ine of  the Calcula_
tion sheet. As Figure 8-.l5 shows, the name of the table
(T,ABCST) from which you wish data to be made available
is  entered as the Resul t  F ie ld (columns 43_4g).  l f  (and
wl"ren) the equal search is satisfied, the corresponding data
loctked-up in TABCST will be made available.

RPG CALCULATION SPECIFICATIONS

Figure 8-15.  Speci fy ing a Two-Table Search

Field length and decimal positions have not been entered in
columns 49-52. These specif ications are not required since
the table named under Result Field (TABCST) was previous-
ly described on the Extension sheet. However. if you want
to enter these specif ications again on the Calculation sheet,
the numbers must agree with those in the extension specifi_
cat ions.  For  TABCST, f ie ld length must  be f  ( in  column 51 ) ,
the length defined for a TABCST entry, and the number of
decimal positions must be 2 to agree with the Extension
sneet.

USING TABLE DATA IN CALCULATIONS AND OUTPUT

You perform a table lookup because you want the informa_
tion referenced to be used in some way. In some programs,
you may wish to use the data in a calculation. At other
times, you merely want the data to be used for output.

Conditioning Operations on the Basis of a Table Lookup

In the sales job. the specif ications for a LOKUp operation
instructed the program to search TABITM for an entry equal
to an item in a SALES record and then make available the
appropriate unit cost entry from a second table. lf the
search was successful, resulting indicator 05 would have
been turned on.

Providing the item code is carried in stock (successful
search), you want to use its unit cost to determine the
amount the customer owes for the number of items or-
dered. In other words, the calculation specif ication in l ine
02 of  F igure 8-16 should be per formed.

** ff]"_',Jffli[,.""fi-fl-f-l_-]Record  ident i f y ing  ind ica tor
fo r  SALES f i le .

o
z
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RPG CALCULAT ION SPECIF ICAT IONS

OUTPUT SPECIF ICAT IONS

Figure 8-16. Performing C.alculations Only After a Successful Search

l- lowever, if the item code was not found, indicator 05
vrould have been turned off and no cost entry would be
available for the item ordered. For the example given, you
could have the SALES record for the current lookup selec-
ted into a separate stacker. In this way, you can identify
vrhich customers must be notif ied that their orders cannot
bre fi l led.

Alote: ln order to select a stacker for input records on the
bnsis of a calculation operation (for example, LOKUP), the
fif e must be defined as a combined f i le on the File Descrip-
tion sheet and the stacker must be specified on the Output-
F:ormat sheet. See the chapter entitled Card Output Opera-
t,ions'lor a discussion of stacker selection.

Ordinarily. all calculation specifications are performed be-
fore any output is done. But if the search for an item was
unsuccessful, you would be unable to calculate a bil l  for
the customer correctly.

Therefore, there must be a way to bypass the calculations
if the lookup is unsuccessful. This is done by entering 05
as a condi t ion ing indicator  in  columns 1G11 (see Figure
8-16) .  The calculat ion operat ions wi l l  be done only when
05 is on. In this way, the same resulting indicator used to
determine the results of the lookup becomes a conditioning
indicator to determine if a calculation operation should be
perf ormed.

lf the item is not carried in stock (05 off ), any calculations
conditioned by 05 are not performed. The program then
performs the output specifications since there are no more
calculations to be done. (See Figure 8-17.) For this ex-
ample, a card is selected into a different stacker only when
the search is unsuccessful, not for every item ordered. Thus,
the output specification is conditioned by entering flO5
(O5 not on) and the record identifying indicator in columns
23-28.

7 5 1 6 1 1 1 8 7 5 8 / )
-T-l P,d,.r [-f-f-f--T--]

Pas 
L-f l  

or_,o".r ,rcar ion 
f f_l_l_l__l_J

GX?r-@ U/MO&'

F
F

tput I  ndrcator5

t 2
rT-l

- t  t l ldentilication i"nffiIn order to speci fy stacker select ion

based on the resul ts of  a calculat ion

operat ion (NOs),  SALES must be

def ined as a combined f i le .

Conslant or Edit  Word

No Sisn C R
Plus Si9.

F i . rd  Ed i t
z  -  Ze to

l

2
3

a
c
D

Card  E lec to  Number

Figure 8-17. Performing Output Only if Search Was Unsuccesful
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l \ t this point, then, you know that you may or may nor
vvant certain calculations and output specif ications per_
formed,  depending on the resul ts  of  a table lookup.  This
i rs  accompl ished by us ing condi t ion ing indicators.

Fleferencing Data Following a Successful Search

According to the RPG l l  program cycle,  input  speci f icat ions
are performed f irst, followed by calculations and then out-
put. Thus. after reading a data record, all calculations for
that record and then all output operations for that record are
performed, before the next data record is read and processed.

M/ i th  th is  log ic  in  mir rd,  le t 's  take a look at  the output  wanted
from the table lookup program just  d iscussed.  TABITM con_
tains the codes of all i tems carried in stock. The related table,
TABCST, contains the unit cost for each item. A SALES
f i le contains the records of customer orders. providing thc
cr.rstomer number, code for the item ordered, and the quan-
tity ordered.

The purpose of the program is to calculate the amount each
crjstomer owes and print the information on a report. The
rerport is to contain more than just the total amount due.
hrlwever. As shown in Figure 8-18, each order should have
a l ine pr inted wi th data f rom the SALES record.( i tem or_
dered, quantity ordered), data looked up from TABCST
(r- rn i t  cost) ,  and data f rom calculat ions ( tota l  amount  duel .

After the first SALES record is read into the computer,
F igure 8-19 shows that  TABITM is  searched to f ind an entry
er ;ual  to  the i tem code on that  SALES record ( lTMORDl.
l f  a  successfu l  search is  made,  ind icator  05 is  turned on and
the table entry  looked up is  avai lable for  use in  fur ther  cal_
culat ions or  output  operat ions.  In  th is  program, you want  to
multiplv the looked-up cost by the number of items the
cLrstomer ordered ( f ie ld OTYORD on the SALES record) .

R E P O R T

OUANTITY I T E M UNIT COST TOTAL

Figure 8-18. Output from a Table Lookup

What  i s  the  name o f  the  f  ie ld  conta in ing  the  cos t?  The
spec i f i ca t ions  in  l ine  02  o f  F igure  8-1g  shows th is  ins t ruc t ion .
The name of the table (TABCST) which provided the cost
has been entered under Factor 1. Whenever a table name
is  used as  a  fac to r  in  any  opera t ion  o ther  than a  LOKUp ( in
this case, the operation MULT), the name refers to the data
i tem made ava i lab le  by  a  LOKUP.  Thus ,  TABCST in  l ine
02 refers to the unit cost of the i tem just looked uo.

S ince  the  tab le  name,  TABCST,  i s  used on ly  as  a  fac to r  and
not  as  the  resu l t  f ie ld  o f  the  MULT opera t ion  ( l ine  02) ,  the
contents of the TABCST data i tem are not changed. l t  st i l l
con ta ins  the  un i t  cos t  fo r  the  i tem on the  sa les  record .

Once a l l  ca lcu la t ions  have been per fo rmed,  the  RPG l l  p ro -
gram performs the output specif icat ions (Figure 8-20) for
th is  same SALES record .  The spec i f  i ca t ions  in  l ine  01  are
not performed, since the SALES record is selected into
s tacker  3  on ly  i f  the  search  is  unsuccess fu l  ( ind ica tor  0b
off).  However, the rest of the output specif icat ions are per-
fo rmed.  Suppose the  REPORT f i le  i s  de f ined on  the  F i le

1 ?

'"0"fi l"-',iH:[.,."T[Tf[f]

CALCULAT iON SPECI  F ICAT IONS

Filyure 8-19. Referencing Looked-up Table Data
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Figure 8-20. Output of Data Looked-up in a Table Search

Description sheet as a printer output f i le. Lines 02-05 cause
the data from the SALES record to be printed on the report.
By referencing the name of  the table looked up (TABCST)

in l ine 06,  the program pr ints  the data conta ined in the table
element ,  the uni t  cost  for  th is  f i rs t  SALES record.  L ine 07
then te l ls  the program to pr in t  the amount  due,  which was
prev iousl y calculated.

Once all output has been performed for the first record, the
RPG ll cycle causes the input specif ications to be performed

again. Thus, the next SALES record is read in, and a table

. ." . , .  I
I

t i .

LOKUP is performed for the second record. On a successful

search, the unit cost for the second SALES record is made

available. The cost for the second i tem can then be used in

ca lcu la t ions  and ou tpu t  spec i f i ca t ions  by  re fe r r ing  to  the

name o f  the  tab le  looked up .

Each tab le  LOKUP opera t ion  per fo rmed searches  fo r  on ly

one en t rv  f rom a  tab le .  Th is  da ta  i s  then ava i lab le  to  be

used in  ca lcu la t ions  and ou tpu t  spec i f i ca t ions  fo r  tha t  rec '

o rd .  The da ta  ava i lab le  does  no t  change un t i l  th ,e  nex t  tab le

lookup is  per fo rmed fo r  tha t  tab le .
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TABAMT TABTAX TABAMT TAETAX TABAMT TABTAX TABAMT TABTAX TABAMT TABTAX TABAMT TABTAX

. 1 6

.49

.83
1 . 1 6
1.49
1 . 8 3
2 . 1 6
2.49
2.83
3 . 1 6
3.49
3.83
4 . 1 6
4.49
4.83

5 . 1 6
5.49
5.83
6 . 1 6
6.49
6.83
7 . 1 6
7.49
7.83
8 . 1 6
8.49
8.83
9 . 1  6
9.49
9.83

1 0 . 1 6
10.49
10.83
1  1 . 1 6
1 1 . 4 9
1 1 . 8 3
12.16
12.49
12.83
1 3 . 1 6
13.49
13.83
1 4 . 1 6
14.49
14.83

1 5 . 1 6
15.49
15.83
1 6 . 1  6
16.49

.00

.01

.02

.03

.04

.05

.06

.07

.08

.09

. 1 0

. I  t

. 1 2

.  t J

. 1 4

. 1 5

. 1 6

. 1 8

. 1 9

. 2 1

.22

.23

.24
- 2 5

. z b

.24

.29

.30

.31

. 5 t

? ?

.34

.35

.36

.38

.39

.40

.41

.42

.43

.44

.45

.46

.47

.48

.49

Figure 8-21.  Two Related Tables for  Determining Sales Tax

16.83
1 7 . 1 6
17.49
1 7 . 8 3
1 8 . 1  6
18.49
18.83
1 9 . 1 6
19.49
19.83
20.1  6
2A.49
20.83
2 ' , t .16
21 .49

21 .83
2 2 . 1 6
22.49
22.83
23.16
23.49
23.83
24.16
24.49
24.83
2 5 . 1  6
25.49
25.83
26.16
26.49

26.83
2 7 . 1 6
27.49
27.83
28.16
28.49
28.83
29.16
29.49
29.83
30.1  6
30.49
30.83
3 1 . 1 6
3 1 . 4 9

3 1 . 8 3
32.16
32.49
J Z . 6 J

33.1  6

6r)

. c  I

.54

.56

.57

.58

.59

.60

. o l

. o z

.64

. o c

.bu

.67

. oaJ

.69

. 7 0

. 7 1

. / J

.74

- t o

.17

.78

.79

.80

. 8 1

.82
a 2

.84

, 6 0

.87

.88

.89

.90

. 9 1

.92

. V J

.94

otr

qA

q 7

oa
qq

33.49
J J . d J

3 4 . 1 6
34.49
34.83
3 5 . 1 6
35.49
35.83
3 6 . 1 6
36.49
36.83
3 7 . 1 6
37.49
37.83
38.1  6

38.49
38.83
3 9 . 1 6
39.49
39.83
4 0 . 1  6
40.49
40.83
4 1 . 1 6
41.49
4 1 . 8 3
4 2 . 1 6
42.49
42.83
4 3 . 1  6

43.49
43.83
44.16
44.49
44.83
45.1  6
45.49
45.83
46.1  6
46.49
46.83
4 7 . 1 6
47.49
47.83
4 8 . 1 6

48.49
48.83
49.1  6
49.49
49.83

1.00
1 . O 1
1 . O 2
1 . 0 3
1.04
1 . 0 5
1 . 0 6
1 . O 7
1.08
1.09
1 . 1 0
1 . 1 1
1 . 1 2
1 . 1 3
1 . 1 4

t .  t 3

1 . 1 6
1 . 1 7
1 . 1 8
1 . 1 9
1 . 2 0
1 . 2 1
1 . 2 2
| , 2 5

1 . 2 4
t . l 5

| , z o

1 . 2 7

1 . 2 8
1 . 2 9

1 . 3 0
1 . 3 1
1 . 3 2
1 . 3 3
t . J +

1 . 3 5
1 . 3 6
1 . 3 7
1 . 3 8
1 . 3 9
1 . 4 0
1 . 4 1
1  A a

1 . 4 3
1 . 4 4

1 . 4 5
1 . 4 6
1 . 4 7
1 .48
1 .49

5 0 . 1  6
50.49
50.83
5 1 . 1 6
51 .49
51 .83
52.16
52.49
c z . 6 J

53.1  6
53.49
C J . 6 J

5 4 . 1 6
54.49
54.83

5 5 . 1  6
55.49
q q  a ?

56.1  6
56.49
56.83
5 7 . 1  6
57.49
57.83
58.1  6
58.49
58.83
5 9 . 1  6
59.49
59.83

6 0 . 1 6
60.49
60.83
6 1 . 1 6
61 .49
O  I , 6 J

6 2 . 1 6
62.49
62.83
6 3 . 1  6
63.49
63.83
6 4 . 1  6
64.49
64.83

65.1  6
b 5 . 4 V

65.83
bO. I  f )

66.49

1 . 5 0
1  . 5 1
1 . 5 2
1 . 5 3
1 . 5 4
1 . 5 5
1 .56
1 . 5 7

t . 3 v

1 . 6 0
t . o  I

| , o t

1 . 6 3
1 .64

1 . 6 5
r . o o
t . o  /

t . b 6

t . o Y

1 . 7 0
1  . 7 1
1 . 7 2
1 . 7 3
1 . 7 4
1 . 1 5
1 . 7 6
1 . 7 7
1 . 7 8
1 . 7 9

1 . 8 0
1  . 8 1
1 . 8 2
1 . 8 3
1 . 8 4
1 . 8 5
1 . 8 6
1 . 4 7
1 . 8 8
1 . 8 9
1 . 9 0
1 . 9 1
1 . 9 2
1 . 9 3
1 . 9 4

1 . 9 5
1 . 9 6
1 . 9 7
1 . 9 8
1 . 9 9

o o . 6 J

6 7 . 1  6
67.49
67.83
o d .  t o

68.49
68.83
69. '16
69.49
69.83
7 0 . 1  6
70.49
70.83
7 1  . 1 6
71 .49

71 .83
r z . t o

72.49
I 2 . 6 5

7 3 . 1  6
73.49
73.83
7 4 . 1 6
74.49
74.83
7 5 . 1 6
75.49
75.83
7 6 . 1 6
76.49

76.83
7 7 . 1 6
77.49
77.43
7 8 . 1  6
78.49
78.83
7 9 . 1  6
79.49
7 q  q ?

8 0 . 1  6
80.49
80.83
o t . t o

81 .49

81 .83
42.16
42.49
6 2 . 6 3

83.1  6

2.OO
2.O1
2.O2

-2 .O4

2.O5
2.06
2.O7
2.08
2.09
2 . 1 0
2 . 1 1

2 . 1 3
2. '14

2 . 1 5
z ,  t o

2 . 1 7
2 . 1 8
2 . 1 9
2.20
2 . 2 1
2.22
2.23
2.24
2.25
2.26
2.27
2.28
2.29

z , J v

2.31
2.32
t a 1

2.34

2.36
2.31
2.38
2.39

a  A a

2.43
2.44

2.45
2 . 1 0

2.47
2.48
2.49

83.49
83.83
8 4 . 1  6
84.49
84.83
8 5 . 1 6
85.49
86.83
8 7 . 1  6
87.49
87.83
88.1  6
88.49
88.83
89.1  6

89.49
89.83
90.1  6
90.49
90.83
9 1 . 1 6
9't .49
9 1 . 8 3
92.16
92.49
92.43
9 3 . 1 6
93.49
93.83
9 4 . 1 6

94.49
94.83
9 5 . 1  6
95.49
94.83
9 5 . i 6
95.49
95.83
9 6 . 1  6
96.49
96.83
9 7 . 1  6
97.49
97.83
9 8 . 1  6

98.49
98.93
9 9 . 1 6
99.49
qq a"

1 0 0 . 1 6

2.50
z . a  I

2.52
2.53
2.54
2.55
2.5r ,

2.57
2.58
2.59
2.60
2.61
2.62
z . o J

2.64

2.65
z . o o

z . o  I

2.68
2.69
2.70
2 . 7 1
2.72
z ,  t  5

2 .74
2 .  I 5

z .  t 6

2.77
2.78
2.79

2.80
2.81
z . 6  t

z , 6 s

2.84
2 , 6 3

2.86
2.87
2.88
2.85
2.90
2 . 9 1
2.92
2.93
2.94

2.95
2.96
2.97
2.98
2.99
3.00
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Searching For Low, High, or Equal Conditions

Upr to this point, table lookup operations have involved
seerrching for only an equal condition. However, in some
calies, you may have a search word which is less than or
greater than an entry in the table being searched.

Assume that a 3 percent sales tax is charged in the state in
wll ich you do business. Since the tax rate (3 percent) is the
sarne for all amounts, it is a simple data processing opera-
tion to calculate the amount of tax for every customer's
orrjer. However, merely to show you how a low or high
seerrch works, let's use a table lookup to determine the tax
due on an order.

The tax due on cer ta in amounts is  ca lculated,  and the in-
formation is organized into two tables (see Figure 8-21 ).
TABAMT is  a l is t  o f  var ious amounts of  purchases whi le
TABTAX contains the sales tax due on the amounts.

Assume you had to lookup the sales tax for a customer
orr ler  to ta l ing $9.16.  By p lac ing a resul t ing indicator
(01-99)  in  columns 58-59 of  the Calculat ion sheet  (F igure
8-11.21 , Vou specify that an equal condition is to be satisf ied.
The computer then searches TABAMT, starting at the be-
ginning of  the table.  unt i l  the table entry  9/6 ( represent ing
$9.16)  is  located.  At  that  t ime,  the resul t ing indicator  ( in
this case. 23) is turned on and the sales tax of 27d, is made
avai lable.

On the other hand, what if a customer ordered items which
tota l  $5.76? TABAMT conta ins no such entry .  Thus,  ind i -
cator 23 is turned off, indicating an equal condition cannot
be satisfied. What the calculation specif ications shown in
Figure 8-22, a correct tax amount wil l never be made availa-
ble for this purchase.

However,  s ince TABTAX conta ins a l l  possib le tax amounts.
a sales tax entry must be present for a purchase of $5.76.
Looking at  the two tables in  F igure 8-21,  you can see that
a sale of  $5.49 requi res a tax of  16C .  But  the sale was
greater  than $5.49;  therefore,  the tax wi l l  be more than 16C.
Take a look at  the next  entry .  For  a sale of  $5.83,  the tax
is  17f .  Fur thermore,  any sale which is  less than $5.83,  but
greater  than $5.49 ( the previous entry) ,  wi l l  a lso requi re a
tax of 17(, .

In  th is  case,  TABAMT is  organized in ascending sequence.
Therefore,  the TABAMT entry (5.83)  which wi l l  g ive the
appropr iate tax for  $5.76 is  the f  i rs t  TABAMT entry h igher
(greater) than the actual search word.

As you learned previously .  a resul t ing indicator  must  be
used to indicate what condition is to be satisfied for a suc-
cessf ul search. To specif y that a LOKUP is to retrieve a
table e lement  h igher  (greater)  than the search word,  a re-
sul t ing indicator  must  be entered in  columns 54-55 (Look-
up High)  of  the calculat ion speci f  icat ion.
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Since cus tomer  o rders  can be  any  amount ,  the  tab le  lookup
must  be  coded to  hand le  a l l  poss ib i l i t i es .  For  some orders ,
an  equa l  match  can be  found in  TABAMT;  fo r  o thers .  the
tab le  en t ry  w i l l  be  h igher  than the  search  word .  There fore ,
the  same resu l t ing  ind ica tor  (23)  shou ld  be  ass igned to  tu rn
on i f  e i ther  a  h igh  or  equa l  cond i t ion  is  sa t is f ied  (see co lumns
54-55 and 58-59 o f  F igure  8-23) .

A  tab le  can a lso  be  searched to  loca te  an  en t ry  wh ich  is
lower  in  va lue  thar r  the  search  word .  In  such a  case,  the
tab le  i s  searched fo r  the  en t ry  wh ich  is  lower  ( less)  than,
ye t  c loses t  in  va lue  to ,  the  search  word .  Search ing  fo r  a
low cond i t ion  is  spec i f ied  the  same way as  search ing  fo r  a
h igh  cond i t ion ,  except  the  resu l t ing  ind ica tor  i s  en tered  in
co lumns 56-57,  ra ther  than 54-55.

In  cod ing  a  tab le  lookup,  e i ther  one or  two cond i t ions  may
be specif ied. A part icular search may be successful by sat-
isfy ing :

1 .  Ar r  equa l  cond i t ion  on lv .

2 .  A  h igh  cond i t ion  on ly .

3 .  A  low cond i t ion  on ly .

4 .  E i ther  a  h igh  or  equa l  cond i t ion .

5 .  E i ther  a  low or  equa l  cond i t ion .

Search ing  fo r  e i ther  a  low or  h igh  cond i t ion  ( fo r  tne  same
LOKUP opera t ion)  wou ld  no t  be  spec i f ied ,  s ince  a  maior i t y
o f  i tems in  the  tab le  w i l l  sa t i s fy  one o f  the  two cond i t ions .
The cond i t ion(s )  wh ich  must  be  sa t is f ied  can depend on  the
type of data in the table, the data used as the search word,
and the  sequence o f  the  da ta  w i th in  the  tab le .

Seguence of Tables

To per fo rm a  tab le  search  fo r  an  equa l  cond i t ion  on ly ,  i t
i sn ' t  necessary  tha t  tab le  en t r ies  be  in  any  par t i cu la r  o rder .
S tar t ing  a t  the  beg inn ing  o f  the  tab le ,  the  tab le  e lements
are  checked.  one a t  a  t ime,  un t i l  an  equa l  en t ry  i s  found or
the  end o f  the  tab le  i s  reached.  wh ichever  occurs  f  i r s t .

However ,  when search ing  fo r  h igh  or  low cond i t ions ,  tab le
ent r ies  must  be  in  e i ther  ascend ing  or  descend ing  sequence.
Th is  i s  because the  program must  se lec t  the  en t ry  wh ich  is
h igher  o r  lower  than.  ye t  c loses t  in  va lue  to ,  the  search
word .  Wi th  the  tab le  en t r ies  in  sequence,  the  program can
determine where  in  the  sequence the  search  word  va lue
wou ld  appear  i f  i t  were  in  the  tab le .  For  example ,  i f  tab le
e lements  2 -4-6-9-11  are  in  ascend ing  sequence,  a  searcn
word  o f  7  wou ld  na tura l l y  come between e lements  6  and
9.  Thus ,  e lement  6  wou ld  sa t is fy  the  low cond i t ion ,  wh i le
e lement  9  wou ld  sa t is fy  the  h igh  cond i t ion  (c loses t  in  va lue
and ye t  h igher  than the  search  word) .

L ikewise ,  i f  the  tab le  i s  in  descend ing  sequence 11r -9-6-4-2 ,
the  search  word  (7 )  wou ld  come between 9  and the  6 .
Regard less  o f  the  sequence (A  or  D) ,9  wou ld  sa t is fy  the
h igh  cond i t ion ,  wh i le  6  wou ld  sa t is fy  the  low cond i t ion .

l f  the  tab le  e lements  a re  no t  in  sequence,  as  2 -4-11-9-6 ,  the
LOKUP might  re t r ieve  the  wrong e lenren t .  The e lements
are  checked one a t  a  t ime f rom the  beg inn ing  o f  the  tab le .
There fore ,  the  computer  wou ld  de termine tha t  a  searcn
word  o f  7  wou ld  come between the  4  and the  1  1 .  A  search
for  a  low cond i t ion  wou ld  incor rec t ly  re t r ieve  e lement  4 ,
because the  nex t  e lement  (  1  1  )  i s  g rea ter  than the  search
word  (7 ) .  Whi le  the  las t  e lement  (6 )  i s  ac tua l l v  c loser  in
va lue  to  the  search  word ,  i t  wou ld  no t  be  made ava i lab le .
L ikewise ,  a  search  fo r  a  h igh  cond i t ion  wou ld  re t r ieve
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element 1 1, because it is the first entry encountered after
element 4, which is greater than the search word. Element
9.  which is  c loser  in  value,  yet  h igher  than the search word,
would not be retrieved since the table is not in sequence.

The sequence of  a table is  speci f ied by enter ing an A or  D
under Table Sequence (columns 45 and 57)  on the Exten-
s ion sheet  (see Figure 8-24) .  When an entry  is  made in a
sequence column, the RPG l l  program wi l l  check the table
erntries to ensure they are in the appropriate order (ascend-
ing or descending) when loaded.

Cienerally, table entries are arranged in ascending order, if
a sequence is necessary. For certain applications, however,
you may find descending sequence more suitable. For ex-
ample,  you may f ind that  the entr ies wi th h igher  values
are to be referenced more often. By placing such entries at
tlre beginning of the table (highest to lowest), you may de-
crease the amount of t ime reouired to search a table.
T'able entries to be in descending order are designated by
enter ing a D in the columns 45 and 57,  rather  than an 4.

The fact that a table should be in sequence can affect the
design of the table input record. In general, when using cards,
t; lble input records containing one entry per record
(,cr pair of entries if alternating format is used) are more
desirable for sequenced tables. In this way, when a se-
quenced table is to be updated with additions or deletions
the change cards can simply be inserted or removed.

l\loving Data in a Table EntrY

Siuppose you wish to use a table TABCOD to LOKUP data
from a re lated table,  TAB123.  TABCOD conta ins codes
for  a l l  i tems carr ied in  s tock.  TAB123 conta ins in forma-
tion about each of the items.

Up tc'r now, we have discussed table entries containing
single i tems of  data.  However,  a table entry  may conta in
more than one f  ie ld of  in format ion.  For  example,  each
entry in  TAB123 conta ins a 15-character  i te tn descr ipt ion,
followed by a 4-digit unit cost with two decimal positions

and a 3-digit quantity in stock. A pair of related entries
f rom TABCOD and TAB 123 might  appear as in  F igure 8-25.

TABCOD

ffi;I
Def ined as Numeric

Table Entry

TAB 1 23

10 tN BAND SAW 0950107

1t? ,- -'- =t

15-Character  4-D ig i t  
-  

3-D ig i t

Descr iot ion Cost  Ouant i ty

Def ined as Alphameric

Table EntrY

Figure8-25.  Table Entr ies of  More Than One Data Fie ld
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,As you know, following a successful search, you can use the
ent i re looked-up entry  in  calculat ions and output  merely  bV
speci fy ing the table name. l f  thre table name TAB123 was
r;pecified on the Output sheet, the description, cost, and
rquant i ty  would a l l  be pr inted or  punched,  as fo l lows:  10
lN BAND SAW0950107.  The c lata i tems would be run to-
gether, just as they appear in thL. table entry.

lf a table entry contains several f ields of data, often you
may wish to use only part of thr-, table entry in a particular
program. For  example,  to  do your  b i l l ing,  you need only the
i tem descr ipt ion and cost  f rom' IA8123.  To reference only
l)art of an entry, the data in the TABl23 entrv must t le
separated after the successful seiarch. This is done by mov-
ing the data from TABl23 into smaller separate fields, which
can then be used in calculations and output.

l\s shown in l ine 02 of Figure 8-26, f irst the contents of
IIAB 123 are moved to the left into a I S-character alpha_
rneric f ield. This isolates the description, which can then be
grr in ted by referr ing to the DESCRp f ie ld name on ourput
specifications. To isolate cost, which is in the middle of
the table entry. you must f irst move it. along with one of
the outer f ields (quantity or desrcription), into a remporary
vuork field. Thus, l ine 03 moves the rightmost seven char-
acters (cost  and quant i ty)  in to an a lphamer ic  f  ie ld,  WORK.
Siince the cost is now in the left part of the WORK field,
nnoving the field to the left oniy four places wil l isolate cost
from quantity. In tlr is way. the field COST can be used to
reference only the cost information. Furthermore, COST
ir; specified as a numeric field so that cost data is in the
proper format for use in calculations.
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The data from the table entry is now separated into new
fields which can be used in calculations or to output the
single i tems of  data.

Modifying the Contents of a Table

At some point, you may wish to make changes to the data
contained in a table. These changes can be temporary, for
a particular run; or they can be permanent, such that every
time a job is run which references that table, the program
uses the changed table data.

Making Temporary Changes to Table Data

Temporary changes to the entries in a table can be made by
calculat ion speci f  icat ions which are actual ly  a par t  of  your
RPG ll program. For example, two tables provide the item
code (TABITM) and uni t  pr ice (TABCST) for  each par t .  l f
you change the pr ice of  a par t  for  a par t icu lar  run,  you musr
necessarily change the entry in TABCST for that part.

As Figure 8-27 shows, TABITM is searched to locare a cer-
tain part code. On a successful search. the unit price for
that part is made available from the corresponding entry of
TABCST. This in format ion is  avai lable for  the table named
under  Resu l t  F ie ld  ( l i ne  01 ) .

By using the name of the table referenced (TABCST) in any
operat ion other  than the LOKUP (see l ine 02) ,  you are ac-
tually referring to the table entry last looked-up. Thus. by
moving the f  ie ld to TABCST, you are actual ly  s tor ing the
new uni t  pr ice for  that  i tem in the table.
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Figure 8-27. Modifying a Table Temporarily

f\s you can see, the use of a table name as the result f ield

c,f a calculation operation is one means of modifying the

contents of that table. Since the changes are indicated by

specification entries, the changes must be planned for while

!'ou are sti l l  writ ing the RPG ll program' Otherwise, the

instructions could not become a part of the obiect program.

It is very important to note that any changes made to a

table during execution of the program exist for that run

clnly unless additional specifications are made that indicate

a permanent change. Thus, the next t ime the program is

run, the original table data is used.

lWaking Permanent Changes to Table Data

\A/hether the contents of a table must be permanently

r;hanged generally depends on the type of data contained

in the table. For example, a table used to keep inventory

records wil l undoubtedly change quite often. Assume a

company uses a table to hold the quantity on hand for each

;cart manufactured, Every time the company manufactures

more of a particular part or sells (and delivers) a part, the
rluantity on hand for that part must be increased or de-

creased, accordingly.

The only way to make a permanent change to the data in a

table is to change the table input records. lf the data is

changed as a result of calculation specifications performed

during a run, the changed data can be punched into cards

or written to another output device during the run. In this

way, the output can be used as table input records for the

next run.

Short Tabtes for Adding New Table Entries

Rather than changing data already stored in a table, there

may be cases in which you want to add additional data to

an a l ready ex is t ing table.  For  example,  assume your com-

pany wants to keep a l ist of employee numbers and hourly

wages in two tables, TABEMP and TABWAG. At the pres-

ent, there are 46 employees on the company payroll; thus.

there should be 46 entries in each table. However. you know

that the number of employees may increase to about 9G100

Therefore, you wil l want to add entries to the table as new

employees are h i red.

At the time the table input records are set up, you must de-

scribe them on tbe Extension sheet. This means that you

specify the number of entries per table. lf you were to spec-

ify only 46 entries per table, it would be necessary to code

new extension specifications every time the number of table

entries changes. Since the extension specif ications are com'

piled and become part of the object program, it would be

necessary to recompile the program to make such a change'

T-f T;mi;rum; l
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l f  you  know beforehand tha t  the  s ize  o f  your  tab le  w i l l  in_
crease.  you can in i t ia l l y  bu i ld  a  shor t  tab le .  In  a  shor t  tab le
on ly  some o f  the  tab le  en t r ies  conta in  ac tua l  tab le  da ta .
The program f i l l s  the  unused en t r ies  w i th  b lanks .  Thus ,
TABEMP and TABWAG can ber  de f ined as  . |00  

en t r ies  each;
a l though fo r  now,  you p lan  to  use  on ly  46  en t r ies  in  each
tab le  (see F igure  8-28) .  Of  course ,  be  aware  tha t  enouoh
storage w i l l  be  reserved fo r  100 en t r ies .  The s to rage re l
qu i red  fo r  the  unused tab le  en t r ies  w i l l  no t  be  ava i lab le  to
ho ld  any  o ther  da ta .

As  new employees  are  h i red ,  the  new tab le  en t r res  can be
added by  inser t ing  add i t iona l  tab le  input  records .  The
or ig ina l  ex tens ion  spec i f i ca t ions  s t i l l  cor rec t ly  descr ibe  the
tab le ,  as  they  mere ly  ind ica te  the  max imum number  o f  en-
t r ies  a l lowed fo r  each tab le .

Whether  the  RPG l l source  program and the  tab le  input  rec-
ords  must  be  recompi led  depends on  wh ich  method was
se lec ted  or ig ina l l y  fo r  load ing  the  tab le .  The methods  o f
load ing  tab les  and the i r  e f fec t  on  shor t  tab les  is  d iscussed in
a  fo l low ing  sec t ion .

IB l l  
"  " , , " , . . " , . , , ,es  Mach, rcc . , rc (a , .n
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LOATDING TABLES

Tab le  da ta  can be  loaded in to  the  computer  a t  two d i f fe ren t

po in ts :  a t  the  t ime your  RPG l l  source  program is  compi led

(conrp i le  t ime tab les)  o r  a t  the  beg inn ing  o f  your  RPG l l

ob iec t  p rogram execut ion  (p re-execut ion  t ime tab les .  How

of ten  you w ish  to  make permanent  changes to  the  da ta  con-

ta in ,ed  in  the  tab le  usua l ly  d ic ta tes  the  t ime a t  wh ich  you

chor :se  to  load tha t  tab le .  The cho ice  shou ld  be  made as  you

p lar  your  app l i ca t ion ,  s ince  your  dec is ion  may a f fec t  the

des ign  o f  your  tab le  input  records  and the  spec i f i ca t ion  en t r ies

requ i red .  Fur thermore ,  load ing  o f  the  tab le  input  records

d i f f ,e rs ,  accord ing  to  the  type  o f  tab le  used.

Connpile Time Tables

Tab les  loaded a t  the  same t ime as  your  RPG l l  source  pro-

grarn  are  re f  e r red  to  as  compi le  t ime tab les .  In  o ther  words ,

the  tab le  f i le  i s  compi led  (o r  t rans la ted  in to  the  mach ine  or

ob j , :c t  language)  a long w i th  the  RPG l l  source  program.  In

th i r ;  way ,  the  tab le  da ta  i s  ac tua l l y  a  par t  o f  the  ob iec t  p ro '

g rarn .  Every  t ime you run  the  par t i cu la r  ob lec t  p rogram,

then,  the  tab le (s )  a re  b rought  in to  s to rage a t  the  same t ime

as the  program.  As  you can see,  one de f in i te  advantage in

cre i i t ing  cornp i le  t ime tab les  is  tha t  you  avo id  the  necess i ty

o f  load ing  sepa la te  tab le  f i les  in to  the  computer  every  t ime

you w ish  to  run  tha t  ob iec t  p rogram.

Changing Compile Time Tables

Temporary  changes to  da ta  in  a  compi le  t ime tab le  ex is t

on  V fo r  a  par t i cu la r  run  and are  made as  eas i l y  as  fo r  any

ta t r le .  Ca lcu la t ion  spec i f i ca t ions  r ,vh ich  have been prev ious-

ly  coded in  t t re  p rogram can mod i fy  any  o f  the  tab le

B lements .

Merk ing  per tnanent  changes to  a  compi le  t ime tab le  o r  add-

in11 new ent r ies  to  a  shor t  compi le  t ime tab le  requ i res  re -

compi l ing  the  en t i re  RPG l l  source  program a long w i th  the

new or  changed tab le  input  records .  The ob iec t  p rogram

pr , rduced then conta ins  the  cur ren t  tab le  da ta '  Of  course ,

th is  p rocess  o f  recompi la t ion  requ i res  ex t ra  t ime.

Lctading Compile Time Tabla

A tab le  to  be  compi led  w i th  your  p rogram shou ld  fo l low

the RPG l l  source  program (F igure  8-29) .  There  shou ld  be

a record  imrned ia te ly  be fore  the  tab le  conta in ing  
* *  in  pos i '

t ions  1  and 2 .  Pos i t ion  3  mt ts t  be  b lank  bu t  remain ing  pos i -

i i r :ns mav be used for comments, such as the table name'

l f  more  tha t r  one tab le  i s  to  be  compi led ,  an  
* *  record  shou ld

be p laced be fore  each tab le '  Fur thermore ,  the  compi le  t ime

tab les  must  be  loaded in  the  same order  as  they  are  descr ibed

on the  Ex tens ion  sheet '  The end o f  f i l e  record  ( / " ' i n  pos i -

t ions  1-2)  wh ich  usua l ly  comes a t  the  end o f  the  source  pro-

gram is  then p laced a f te r  the  las t  compi le  t ime tab le '

Mode l  10  D isk  Sys tem,  Mode l  6 ,  and Mode l  15  users  may

p lace  compi le  t ime tab les  in  the  source  l ib ra ry  fo l low ing

the  source  program.  The same record  sequence as  shown

in  F igure  8-29  is  used.  See the  app l icab le  re fe rence man-

ua ls  fo r  Vour  sys tem fo r  spec i f i c  p rocedures '

Pre-execution Time Tables

In  genera l ,  i f  a  tab le  l s  to  be  permanent ly  mod i f ied  o f ten ,  i t

i s  be t te r  to  c rea te  a  p re-execut ion  t ime tab le '  Such a  tab le

f i l e  i s  n o t  c o m p i l e d  w i t h  y o u r  R P G  l l  s o u r c e  p r o g r a m '  I n -

s tead,  on ly  the  source  program is  compi led  or  t rans la ted

in to  the  ob iec t  p rogram.  Once the  ob iec t  p rogram has  been

loaded in to  the  computer  to  be  executed ,  the  tab le  f i le  i s

loaded separa te ly .  L ike  any  o ther  input  da ta  f i le ,  the  tab le

f i le  i s  then used by  the  ob jec t  p rogram,  ra ther  than be ing  a

part of the program.

Card System Users: fhe source program

and  t ab le  i npu t  r eco rds  as  shown  he re

a re  p l aced  i n  t he  seconda rY  MFCU

hoppe r .  The  RPG l l  comp i l e r  p rog ram

is  p l aced  i n  t he  P r ima rY  hoPPer .

Figure 8-29.  Loading Compi le Time Tables

TABITM Tab le -

TAB ITM l t ems

I nput  Records

r in Stock

RPG l l  Source Program

Tables 8-25



Changing a Pre-executian Time Table

Modi fy ing a pre-execut ion t ime table takes much less t ime
and ef for t  than changing a compi le t ime table.  Modi fy ing
the contents of  the table permanent ly  (whether  a shor t
table or  a fu l l  tab le)  can be done by inser t ing and delet ing
change records.  ln  any event ,  only  the table f i le  is  changed.
Since there is  no need to make changes in the RpG l l  ob ject
program, it isn't necessary to recompile the entire program.

Loading Pre-execution Time Tables

Pre-execut ion t ime tables are s imi lar  to  any other  input  data
f i les in  that  the RPG l l  ob ject  program uses the f i les when
the program is  executed.  However.  unl ike other  data f  i les,
pre-execution time tables are read completely before opera-
t ions involv ing the tabres are done.  An end of  f i re  record ( / * )
rnust follow every pre-execution time table fi le, regardless
of  whether  the table is  shor t  or  fu l l  (F igure g_30).  The **
record that precedes each compire time tabre is not used for
pre-execution ti me tables.

fullo6"1 ,O Card System Users.. The table f iles
are loaded f rom the secondary MFCU hopper.
The RPG |  |  obiect  program is loaded f rom
the pr imary hopper-

Other Systems: Table i i les loaded at  pre-
e)(ecut ton t tme may be loaded f rom console,
cards,  d isk,  or  tape.

Figure 8'30. Arrangement of Input for pre-execution Time Tabres

6-Zb

The table f i les should be in  the same order  as for  comoi le
t ime tables.  Al l  tab le f i les are to be loaded in the same
order  as they are descr ibed on the Extension sheet .  Fur ther_
more.  i f  both pre-execut ion t ime table f  i les and other  inout
data f i les are to be used by a program, a l l  tab les must  be
loaded before the data fi les.

Specifications for Pre-execution Time Tables

Since a pre-execut ion t ime table is  a separate f i le  to  be used
by the program, the ent i re f  i le  of  table input  records must
be def ined on the Fi le  Descr ipt ion sheet ,  just  as any other
f  i le  must  be.  This speci f  icat ion sheet  is  not  requi red for
compi le t ime tables because the records are not  used as a
f  i le .  Instead compi le t ime table data becomes a par t  of  the
object program.

Figure 8-31 shows the f  i le  descr ipt ion speci f icat ions requi red
to def  ine a pre-execut ion t ime table input  f  i le .  A f i lename,
di f ferent  than the table name, should be assigned to the en_
t i re table f i le  (co lumns 7-14]r  .  ln  th is  case,  the f i le  ca l led
SALESTAX conta ins data for  both TABAMT and TABTAX.
An /  in  column 15 d is t inguishes that  SALESTAX is  an input
f i le .  Not ice.  a lso that  the Fi le  Designat ion entry  (co lumn
16) must  be a T,  to  ind icate that  th is  is  a table f i le ,  as wel l .
The Device entry (columns 40-46) indicates the device f rom
which the table f i le  is  read;  in  th is  example,  we are us inq
M F C U 2 .

Ordinar i ly ,  i f  an input  f i le  is  to  be in  a par t icu lar  sequence,
an entry  (A or  D)  is  made in column 1g of  the Fi le  Descr io-
tion sheet. However, when specifying a sequence for table
f i les,  the sequence columns (45 and 57)  on the Extension
sheet  must  be used,  rather  than the sequence corumn on
the Fi le  Descr ipt ion sheet .  An F has been entered in  col_
umn 39 of  the Fi le  Descr ipt ion sheet  to indicate that  the
records in  th is  table f i le  are fur ther  descr ibed on the Exten-
sion sheet.

Looking at  F igure 8-31,  you can see that  the f i lename as_
signed on the Fi le  Descr ipt ion sheet  is  a lso entered under
From Fi lename (columns 11- ' l  8)  of  the Extension sheet .
This common entry te l ls  the computer  that  the extension
speci f icat ions descr ib ing TABAMT and TABTAX tables are
associated wi th the SALESTAX f i le  def  ined on the Fi le  De_
scr ipt ion sheet .  For  compi le t ime tables,  no entry  is  made
in columns 11-18.  This is  because no f i le  descr ipt ion soeci_
f icat ions are made and,  thus,  no f  i lename is  ass igneo to com-
pi le  t ime table records.

Tab le  F i l e
(Sho r t  o r  Fu l l )
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O L I T P U T  O F  A N  E N T I R E  T A B L E

Up to  now,  we have d iscussed how to  wr i te  o r  punch on ly
i n d i v i d u a l  t a b l e  e n t r i e s ,  o n e  a t  a  t i m e .  I n  t h i s  w a y ,  o n l y
tab le  en t r ies  wh ich  sa t is fy  a  search  cond i t ion  (wh ich  have
been p laced in  the  ho l rJ  a rea)  have been used as  ou tpu t .

For  var ious  reasons ,  you  may want  an  en t i re  tabre  wr i t ten
or  punched ou t .  perhaps  you want  a  l i s t ing  o f  the  tab le  en-
t r ies  to  de termine i f  any  changes shou ld  be  made.  l f  Vourprogram updates  a  tab le ,  you  may w ish  to  ou tpu t  a l l  the
ent r ies  to  be  used as  tab le  input  the  nex t  t ime the  program
i s  r u n .

An en t i re  tab le  can be  wr i t ten  or  punched ou t  on ly  a t  the
end o f  the  job ;  tha t  i s ,  a f te r  a l l  o ther  ou tpu t  has  oeen com-
p l e t e d  ( L R  o n ) .  E v e n  i f  t h e  t a b l e  i s  a  s h o r t  t a b l e ,  a i l  e n t r i e s
are  l lu t  ou t  inc lud ing  those wh ich  are  unused (b lanks  or
zeros) .

Wr i t ing  or  punch ing  an  en t i re  tab le  a t  end o f  job  is  verv
easy  to  spec i fy .  Jus t  as  fo r  any  type  o f  ou tpu t ,  tne  ou tpu t
f i le  must  be  g iven a  hame and ass igned to  an  ou tpu t  c lev ice
on the  F i le  Descr ip t ion  sheet .  However ,  no  ou tpu t  spec i f  i -
ca t ions  are  necessary  f  o r  end o f  job  tab le  ou tpu t .  you  mere_
ly  spec i fy  the  name o f  the  ou tpu t  f i l e  in  co lumns 19_26 o f
the  Ex tens ion  sheets  on  the  same l ine  as  you descr ibed the
tab le  input  records .  Wi th  the  ex tens io 'spec i f i r :a t ions  shown
in  F igure  8-32 ,  the  tab le  w i l l  be  pu t  ou t  au tomat ica l l v  a t
end o f  job .

The ou tpu t  da ta  may no t  be  exac t ly  the  same as  tne
input  da ta ,  because tab le  en t r ies  a re  pu t  ou t  as  they  are  a t
end o f  job .  Thus ,  i f  your  p rogram has  changed or  updated
any tab le  en t r ies ,  the  mod i f ied  da ta  w i l l  be  pu t  ou t ,  no t  the
or ig ina l  da ta .  Except  fo r  p r in te r  ou tpu t ,  however ,  the  fo r_
mat  o f  the  tab le  ou tpu t  records  w i l l  be  the  same as  the  in_
put records.

IBtrt
T:
t:
liI"1t" ]r'L

RPG EXTENSION AND L INE  COUNTER SPECI  F ICAT IONS

l | ] l
File Description Specification

c r r E r , r '  N r m l r r  |  .
l t l

l ' - t l

I r
I  P u ' , . h , n u  G I J P h (

I i ': ' l;"Jt";
E x

]t /6 t7 ln /9 8t)
P . , , , J '  I  I  i  f , - i tr r , , i , r , , u , t  1 l  L  t  1  l

F r c m  F i l e n a m e

iirl
E

E

E

E

E

I

Figure 8-32.  speci f icat ions for  output  of  Ent i re Tabre at  End of  Job
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(Answers  to  rev iew ques t ions  fo l low the  rev iew. )

1 .  a .  Des ign  the  tab le  input  records  fo r  an  inventory  tab le  o f  i tem numbers .  Each i tem

number  i s  a  f i ve-d ig i t  number .  There  are  i23  un ique i tems in  s tock '  Use e i ther  one

record per i tem or one record for a number of i terns. State the maximum number of

records necessary to contain the table data. State the minimum number of records

necessary to contain the table data.

b .  Ass ign  a  name to  the  i r rven tory  tab le '

c .  Def ine  the  tab le  by  cod ing  the  necessary  ex tens ion  spec i f i ca t ions .

d .  Code the  ca lcu la t ion  spec i f i ca t ions  necessary  to  search  the  tab le  fo r  an  i tem num-

ber  wh ich  matches  the  i tem number  ( ITEMNO) on  an  order  record '

e .  Why must  a  resu l t ing  ind ica tor  be  spec i f ied  in  co lumns 58-59 o f  the  Ca lcu la t ion

sheet  fo r  the  LOKUP opera t ion?

2.  a .  Des ign  a l te rna t ing  fo rmat  tab le  input  records  to  c rea te  two re la ted  tab les  f rom the

fo l low ing  da ta .  Put  one se t  o f  en t r ies  on  each record '

I tem Number Costs

10 $  10 .00
17 75 .00
27 125.00
68 1-25

102 .01
7oo .05

1640 7.03
2796 72.05
4 3 3 3  1 1 1 . 1  1

b. Define the tables by coding the necessary extension specif icat ions.

c .  Us ing  ITEM as  the  search  word ,  code the  ca lcu la t ion  spec i f i ca t ions  fo r  a  two- tab le

search which makes the appropriate cost avai lable'

3 .  How does  a  p rogrammer  spec i fy  tha t  a  tab le  search  is  to  sa t is fy  a  h igh ,  low,  o r  equa l

cond i t ion?

4. What indicates whether a table lookup was successful or not?

5. How does a programmer reference looked-up table data in calculat ion and output

specif icat i  ons?

6. l f  looked-up table data is to be referenced in calculat ions or output, how can a pro-

grammer  ensure  tha t  the  appropr ia te  in fo rmat ion  w i l l  be  used?

7.  How may tab le  da ta  be  changed dur ing  execut ion  o f  an  RPG l l  p rogram?

8.  What  must  be  done to  change tab le  da ta  permanent ly  ( to  ex is t  fo r  more  than the

present run of the program)?

Review B
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L

1 0 .

1 1 .

What is a short table?

What is the advantage of using a short table?

which specification sheets are necessary to program for output of an entire table at
end of job? What is the use of each type of specification required?

Review Problem

To perform invoice bil l ing. a corporation processes two input f i les together in a matchingrecords program. As the foilowing input specif ications show, the primary csMSTR(customer master) f i le contains a record for every customer who has placed an order, giving
the customer number, name. and address. The secondary oRDER fi le contains data abouteach order: customer number. item ordered, weight of item, and cost.

l lB} l  ^, . ,^. ," . ,  
" . ,^.sM.ch,^.cnF,.no.

RPG INPUTSPECTFICATIONS GX?1 90S4 U/M O5o.

75 16  71  78  79  80**f1., r f q r a m t l t J t i t

r d e n r r , c a r , o n l  I  I  |  |  |  I

Record  ldenr r f  i cd t ron  Codes

According to company policy, merchandise is delivered by truck unless a customer has re-quested delivery by parcer post. To date, the foilowing 15 customers (by number) have re_quested parcel post service:

174 2109 596
195 169 456

2105 2733 1 loo

1157 1475
1366 377
290 1977

The customer always pays parcel post charges. The charge is in accordance with the weight
of the ordered item. as follows (assume no order weighs more than 30 pounds):



1#

3

4
5

o

7
e

I

1 0
1 1
12
1 3
1 4

1 5
t o

1 7
1 8
1 9
l v

2 1
22
2 5

24
25
26
27
28
29
30

W E I G H T  I N  P O U N D S POSTAL  CHARGES

$035 I
s o l
s o l
s s l
. c c  I- l

.55  I
6 0 l- l

.bu I

.65 1-l

.oc  I- 

.651

.?o I--ro 
I

.?5 I------:;-l

. t 5  |_-l

. / 5  I--so 
I

s o l--ss-|
- -ss l
--s5_l

.eo I-  . e o l
"  

o q , l

o q l'--etl
1 . 0 0  |
1 . 0 0  |- 1 . 0 5 - l

1.051

Note:  Any {ract ion of  a pound over the weight

shown takes the next  h igher rate '

To produce invoices,  the b i l l ing program must  do the fo l lowing:

a. Determine if a customer has requested parcel post delivery'

b. lf so, determine how much postage is required for the weight ordered.

c.  Pr int  the amount  of  postage due on the invoice (pr in ter  output  f i le  named INVOICE) '

This can best be done by setting up three tables:

o A table of customers who have requested parcel post delivery'

o Two related tables of weights and postal rates.

Review 8 8-31



1

Your  j ob  i s  t o :

Des ign  tab le  input  records  fo r  the  th ree  tab les .  The tab le  o f  cus tomers  requ i r ing  par .
cel post service should be created as a pre-execution t ime short table to al low for fre-
quent  add i t ions  and de le t ions .  A  tab le  o f  24  en t r ies  shou ld  be  su f f  i c ien t  fo r  con ta in -
ing  add i t ions .  The we igh t  and pos ta l  ra te  tab les  shou ld  be  loaded a t  compi re  t ime,
s ince  they  w i l l  no t  be  mod i f ied .

Def ine  and descr ibe  the  tab les  w i th  f  i l e  descr ip t ion  and ex tens ion  spec i f i ca t ions .

Code the  LOKUP opera t ion(s )  on  a  Ca lcu la t ion  sheet  to  de termine how mucn posr_
age is  due,  i f  any .

code the  ou tpu t  spec i f i ca t ions  to  p r in t  the  amount  o f  pos tage due on  an  order .

2.

3

4 .

a-32



Answers To Review 8

d .l . The maximum number of records necessary to contain the table data is 123, with

each record conta in ing one i tem number entry  in  posi t ions 1-5.  The min imum

number of records necessary to contain the table data depends on the maximum

record length of  the device.  For  96-column cards,  for  example,  the min imum

number is seven records. Records one through six would each contain 19 item

number entr ies punched in columns 1-95.  Record seven would conta in the remain-

ing n ine i tem number entr ies punched in columns 1-45.  For  d isk,  a l l  entr ies could

reside on a single record, since the maximum record length is 9999'

The table name assignd ( for  example,  TABINVI must  meet  the fo l lowing requi re-

ments:

Three to six characters long

May conta in any numbers and a lphabet ic  characters ( inc luding $,  #,  @)

Must  begin wi th TAB

o May no t  con ta in  embedded b lanks

b.

o

RPG EXTENSTON AND L INE COUNTER SPECIFICATIONS

Extension Speci f  icat ions

Line Counter Specif ications

Answers To Review 8 8-33
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A resu l t ing  ind ica tor  must  be  se t  on  i f  the  i tem number  i s  in  the  tabre  to  in< i i ca te
whether the search is successful or not.

N ine  records  requ i red  fo r  n ine  pa i rs  o f  i tem number /cos t  en t r ies :

r99 19 91 99 9. 0 0 6 8 0 0 1 2 5
4 1 , , , " . ,

0 1 0 2 0 0 0 0 1
5  l ,  ,  ,  . . ,  ,

0 7 0 0 0 0 0 0 5
6 1 , , , r , ,

RPG EXTENSION AND L INE  COUNTER SPECIF ICAT IONS

2 7  9 6 0 7 2 0 5
8 t , , . , ' " " " , . , , ,

0 0 1 7 0 7 5 0 0
l '  ,  .  " . '  "  '  "  " . ,  I

b.

|  |  |  c " a t * r " r u " - J l  1  2  7 5 7 6 7 7 l a t s s-t 
I 
-l 

I ""[1"_ rtrirl.,."TliTlf-l
- L  L f  I

o o 2 7 1 2 5 0 0
4 3 3 3 1 1  1  1  1

R e c o . d  S e q u e n c e  o t  r h e  C h : i n i n g  F r l .
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To search  fo r  a  h igh  cond i t ion  en ter  a  resu l t ing  ind ica tor  in  co lumns 54-55 on  the  same
l ine  o f  the  ca lcu la t ion  sheet  as  you have spec i f ied  the  LoKUP opera t ion  code.

To search  fo r  a  low cond i t ion ,  en ter  a  resu l t ing  ind ica tor  in  co lumns 56-57.

To search  fo r  an  equa l  cond i t ion ,  en ter  a  resu l t ing  ind ica tor  in  co lumns 58-59.

l f  more  than one cond i t ion  w i l l  sa t i s fy  a  search ,  a  resu l t ing  ind ica tor  shou ld  be  en tered
for  each cond i t ion .  The same resu l t ing  ind ica tor  rnay  be  used fo r  bo th  cond i t ions  or  a
dif ferent indicator rnaV be specif ied for each condit ion.

The resu l t ing  ind ica tor  spec i f ied  fo r  the  h igh .  low or  equa l  cond i t ion  (co lumns 54-5s ,
56-57,  o r  5g-59)  w i l l  be  se t  on  i f  the  par t i cu la r  search  cond i t ion  is  sa t is f ied .  The ind i_
cator wi l l  be off i f  the search was unsuccessful.

I n a n y c a l c u l a t i o n a n d o u t p u t s p e c i f i c a t i o n s w h i c h f o l l o w a  L O K U P o p e r a t i o n . u s e o f
a table name refers to the table data found bv the lookup^

The resu l t ing  ind ica tor  spec i f ied  w i th  the  LOKUP opera t ion  can be  used to  cond i t ion
ca lcu la t ion  and ou tpu t  spec i fca t ions  tha t  fo l low the  LOKUP.

When a  tab le  name is  spec i f ied  as  the  resu l t  f ie ld  o f  a  ca lcu la t ion  opera t io r r ,  o ther
than LOKUP,  the  resu l t  o f  the  opera t ion  is  p laced in  the  tab le ,  rep lac ing  the  las t  e le -
ment looked-up. This assumes that a search was previously performed on the speci-
f ied table.

The table input records must be recreated. l f  calculat ion specif icat ions change table
data during execution, the programmer may code specif icat ions which cause the
changed data to be output as new table records" The new output records can then be
read in place of the old table input records the next t i rne the program is run.

A short table refers to table input records which contain fewer entr ies than the exten-
sion specif icat ions indicate the table can contain.

The advantage of using a short table is that entr ies may be added to a table without
changing the extension specif icat ions which describe the table.

RPG CALCULATION SPECIFICATIONS Form cX21 9093
p . r , r d  n u S A

1  ?  7 5 7 6 7 7 1 8 7 9 8 0
P q'dm l-]*T I 

-f_X

* * L . I l . _  , - , , , , . , , - l  :  i  I  I  I l

I-ir
ri
3.

4 .

5.

6.

7 .

8.

9.

1 0 .
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1 1 . Fi le  Descr ip t ion  sheet  -  ass igns  the  name and dev ice  o f  the  ou tpu t  f i re

Extens ion  sheet  -  ind ica tes  au tomat ic  tab le  ou tpu t  a t  end o f  iob  when name o f  the  ou t
pu t  f i l e  i s  en tered  in  co lumns 19-26

Input ,  Ca lcu la t ion ,  and Output  sheets  *  no t  requ i red

Answer to Review Problem

L Customer Number Table lnput Records

Since the  la rges t  cus tomer  number  i s  four  d ig i ts  in  length ,  each en t ry  wou ld  requ i re
four  pos i t ions .  A  cus tomer  number  less  than four  d ig i ts  s f rou ld  be  padded in  f ron t  o f
the  number  w i th  zeros  or  b lanks ,  to  fo rm a  4-pos i t ion  en t rv .

The s imp les t  tab le  input  records  to  des ign  and main ta in  fo r  th is  tab le  wou ld  conta in
one en t ry  per  record  in  pos i t ions ' l -4 .  Wi th  th is  des ign ,  ' l  5  records  wou ld  be  necessarv
fo r  the  15  cus tomer  numbers .  To  add en t r ies  to  the  tab le ,  merery  add tab le  input
records.

An a l te rna t ive  method is  to  p lace  the  15  en t r ies  in  pos i t ions  l  -60  o f  a  s ing le  record .
A record  can conta in  a  max imum of  24   - r | ig i ten t r ies .  Ent r ies  mav be  added tc  the
tab le  by  p lac ing  new cus tomer  numbers  in  unused pos i t ions  o f  the  same record .  How-
ever ,  to  de le te  en t r ies ,  the  en t i re  recorcJ  wou ld  have to  be  recrea ted .

Weight and Postal Rate Table lnput Recoras

T h e  W E I G H T  f i e t d  f r o m  t h e  O R D E R  i n p u t
loca t ing  the  appropr ia te  we igh t  In  the  tab le .
be  the  same length  and fo r rna t  as  the  search
dec imal  pos i t ion .  The cor respond ing  pos ta l
pos i t ions ,  to  accommodate  the  la rges t  en t ry

f  i le  i s  to  be  used as  the  search  word  fo r
There fore ,  the  we igh t  tab le  en t r ies  must

w o r d :  t h r e e  d i g i t s  i n  l e n g t h  w i t h  o n e
ra tes  can be  th ree  d ig i ts  w i th  two dec ima l
1 . 0 5 .

Us ing  an  a l te rna t ing  fo rmat ,  one record  cou ld  be  used fo r  each pa i r  o f  en t r ies  (pos i -
t ions  1-6) ,  fo r  a  to ta l  o f  30  tab le  input  recorc ls .  o therw ise ,  the  f i rs t  16  pa i rs  o f
en t r ies  cou ld  be  conta ined in  pos i t ions  1-96  o f  one record  w i th  the  remain ing  14  pa i rs
conta ined in  pos i t ions  1-84  o f  a  second record .

l f  separa te  records  are  to  be  used fo r  each tab le ,  the  30  we igh t  en t r ies  cou ld  be  in
co lumns 1-90  o f  one record ,  and the  30  pos ta l  ra te  en t r ies  in  co lumns 1-90  o f  another
record .  Us ing  separa te  tab le  fo rmat ,  30  records  wou ld  be  requ i red  fo r  each tab le .  i f
each record  conta ined on ly  one en t rv .

6-.tt)



2. Spec i f  i ca t ions  to  de i ine  and descr ibe  cus tomer  number  tab le :

File Description Specif ication

L  B r g $  o i  K e r  I  i . l !  d

d l  S M r d  A c d . 6 r  F ' e l d

;;;-,*-i*

F ' l e  A d d i t i o n / U n o r d e r e d

ror Cyl,nde, fteillow

Fre -execu t i on  t ime  t ab le  { i l e  con ta i n i ng

table- input  records must be loaded

t)efore other data f i les.

E

E

1 - l

i i

l l ,

iqnl
OR,
l

OR

+ : l
\-\/-/

No entry indicates

cornpi le t ime table

Tlre devices used for  these f i les

can vary,  depending which

system and conf igurat ion You
use.

lIIltli11r1llii[ftl

Comments

l

t ' I

i
I

i i i

r{lr-iis
l

0

0

0

0

0

Extension Sneci f  icat ions

I  ab l . r  o l

Spec i f  i ca t ions  to  de f ine  werght  and pos ta l  ra te  tab les :

Alternat tng
Format

t r  iT ,A8 l . /GT
' irnowo

rASRA

A BR.AI
rEls73

a'

I nd i ca tes  t h i s  t ab le  f i l e  f u r t he r

descr ibed on extension sheet.

Same length as search word.

Short  table:  9 entr ies may be added

to the 1 5 entr ies present.

E xtensron S1:ecr{ icat ions

Fi le  Descr ip t ion  sheet  no t  requ i red  s i r rce  they  are  compi le  t ime tab les .

Answers 
' f  
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3.  Calculat ion speci f icat ions for  LOKUp operat ions:

Line 01 - When a CSMSTR record is read (01 on), use CUSTNO field as search word
to determine if that customer requires parcel post service. Indicator 21 set on if
customer number in  table.

L ine 03 -  When an ORDER record is  read (O2 on)  and that  customer requi res parcel
post  (21 on f rom successfu l  search) ,  then search weight  table us ing WEIGHT f ie ld as
search word. Indicator 23 set on when correct weight found (same number of pounds
or next higher entry if weight is in fractions of pounds). When 23 is set on, correct postal
charge is available from postal rate table.

RPG CALCULAT ION SPECIF ICAT IONS

t5  16  77  7g  79  80

.q

o l r -

F d c t o r  l F actot 2

Output specifications to print postal charge on invoice:

Line 01 - lf customer required parcel post and correct postage charge has been determined
(23 on), print the postage chart from the postal rate table. TABRAT.

'"* fl"-',itr1il",""1-f[fTl

G X 2 1 W  U / M O S '

75 76 1t 7A 19 80

- l l  l  . P'oe'.r I T f T-tr-T-' sLL_ l '_  ra* , r r * ' . .1  |  |  |  |  |  I

A

OUTPUT SPECIF ICAT IONS
IBM
f ^ -

l'l:llt"'



C H A P T E R  9  D E S C R I B E S :

Use o f  a r rays  and RPG l l  cod ing  to  re fe rence an  en t i re  a r ray  or  ind iv idua l  e lements

o f  the  ar rays .

XFOOT opera t ion  code.

LOKUP opera t ion  code.

B E F O R E  R E A D I N G  T H I S  C H A P T E R  Y O U  S H O U L D  B E  A B L E  T O  D E S C R I B E :

Use o f  and cod ing  fo r  tab les .

Except ion  ou tpu t .

RPG l l  ob jec t  cyc le .

O R  r e l a t i o n s h i p .

A F T E R  R E A D I N G  T H I S  C H A P T E R  Y O U  S H O U L D  B E  A B L E  T O :

Determine the  use  o f  a r rays  as  opposed to  the  use  o f  tab les .

Def ine  an  ar ray  on  the  Ex tens ion  sheet .

Code prob lems tha t  re fe rence a l l  e lements  in  an  ar ray .

Code prob lems re fe renc ing  ind iv idua l  e lements  in  an  ar ray .

Def ine  and code the  LOKUP opera t ion  code w i th  a r rays .

Descr ibe  da ta  and s to re  i t  in  an  ar ray .

Note :  Youcan use the  rev iew ques t ions  conta ined in  Rev iew9 a t  the  end o f  th is

chapter  to  tes t  your  comprehens ion  o f  the  chapter .  Answers  fo l low the  rev iew

q ues t ions .

Chapter 9. Arrays

Ar rays  9 -1
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I N T R O D U C T I O N

An er r ray  i s  a  cont inuous  ser ies  o f  da ta  f ie lds  s to red  s ide  by
s ide  so  they  car r  be  re fe renced as  a  g roup.  In  an  ar ray ,  each
ind iv idua l  da ta  f  ie ld  i s  ca l led  an  e lement .  F igure  9_1 shows
an ar ray  o f  12  e lements  conta in ing  the  to ta l  sa les  fo r  each
month  o f  the  year .  Each e l r - ,ment  o f  the  ar raV has  tne  same
charac ter is t i cs ;  tha t  i s ,  each conta ins  da ta  in  the  same fo r -
mat  (a lphamer ic  o r  numer ic ) ,  o f  the  same length ,  and w i th
the  s ;ame number  o f  dec ima l  pos i t ions .  An ar ray  e lement
may be  pc ls i t i ve ,  negat ive ,  o r  uns igned;  w i th in  a  numenc
ar ray ,  e lements  may be  pos i t i ve  o r  negat ive .

An ar ray  is  very  s imi la r  In  concept  to  a  tab le .  Botn  ar ravs
and Iab les  are  se t  up  by  cod ing  ex tens ion  spec i f i ca t ions .
The type o f  da ta  wh ich  you can pu t  in  an  ar rav  is  the  same
as tha t  wh ich  you can pu t  in  a  tab le .  The da ta  can be
punched on  cards ,  keyed in  by  the  opera tor ,  o r  wnt ten  on
d isk ,c r  tape.  The da ta  can be  loaded in to  an  ar ray  ar  com_
pi la t ion  t ime or . jus t  be fore  erxecut ion  t ime.  An ar rav  can
a lso  be  bu i l t  f rom data  ex t rac ted  f rom normal  inpu t  f i l es  o r
f rom data  produced dur ing  the  program as  a  resu l t  o f  ca lcu-
la t ions .  The way da ta  i s  a r re rnged in  s to rage is  the  same fo r
tab les  and ar rays ;  one e lement  o f  da ta  immedia te ly  fo l lows
another .  The uses ,  however ,  o f  tab les  and ar ravs  d i f fe r  con_
s i d e r a b l y .

W H E N  T O  U S E  A N  A R R A \ /  I N S T E A D  O F  A  T A B L E

In  most  cases ,  tab les  conta in  cons tan t  da ta  such as  tax  ra tes ,
sh ipp ing  ins t ruc t ions ,  o r  d iscount  ra tes .  The cons tan t  da ta
is  then usec l  fo r  ca lcu la t ions  or  p r in t ing  w i th  var iab le  t rans-
ac t ion  da ta .  Ar rays  are  genera l l y  used fo r  var iab le  da ta  and
to ta ls ;  wh ich  are  used indeper rdent ly  o f  the  var iab le  t rans-
ac t io r l  da ta .

You r ;hou ld  use  ar rays  ins tead o f  tab les  when vou wanr  ro
re fe rence a l l  e lements  a t  one t ime.  Ar rays  can reduce the
numb,er  o f  RPG l l  spec i f i ca t ions  you must  code fo r  such a
program,  as  we l l  as  the  t ime requ i red  to  re fe rence tne
ent r i€ rs .  Ar rays  shou ld  a lso  be  used when you are  ab le  to
d i rec t : l y  re fe rence a  da ta  i tem wi th in  a  g roup o f  i tems and
do no t  neec l  to  do  a  look-up  based on  a  search  woro .

Each  e l emen t
six characters
i n  l ens th  I._)._

D E F I N I N G  A N  A R R A Y

Y o u  t e l l t h e  R P G  l l p r o g r a m  t h a t  y o u  w i s h  t o  s e t  u p  a n
ar ray  by  cod ing  ex tens ion  spec i f  i ca t ions  in  much the  same
way as  you wou ld  code them fo r  tab les .  As  shown in  F ig -
ure  9-2 ,  cod ing  on  the  Ex tens ion  sheet  var ies  s l igh t ly ,  de-
pend ing  on  when the  ar ray  da ta  i s  to  be  read in to  the  ar ray
tha t  i s  se t  up  by  the  RPG l l  compi le r .  Ar ray  da ta  can be
stored in the array at three dif ferent t imes (see also Loading
Arraysl'.

1. Compile t ime. the array records immediately fol low,
and are  compi led  w i th ,  the  source  program.  ( l f  you
have a  Card  Sys tem,  bo th  a r ray  da ta  and source  pro-
gram are  loaded f rom the  secondary  hopper . )

2. Pre-execution t ime. The array records are read l ike
any  o ther  da ta  f i le .  except  tha t  they  are  a l l  read be-
fo re  any  process ing  is  done.  ( l f  you  have a  Card  Sys-
tem,  bo th  a r ray  records  and ob jec t  p rogram are  loaded
f rom the  secondary  hopper . )

3. Execution t ime. The array is loaded from informa-
t ion  in  input  records  or  da ta  genera ted  by  ca lcu la t ions .

The fo l low ing  Ex tens ion  sheet  en t r ies  a re  used to  de f ine  and
descr ibe  ar rays  (see F igure  9-2) :

Columns 11-18 (From Filename): Pre-execution t ime arrays
are  read f rom an input  f i l e  s im i la r  to  o ther  da ta  f i les .  The
name o f  the  f i le  conta in ing  the  ar ray  must  be  en tered  in  co l -
u m n s  1 1 - 1 8  o f  t h e  E x t e n s i o n  s h e e t .  T h i s  f i l e  m u s t  b e  d e s i g -
n a t e d  a s  a  t a b l e  f i l e  i n  c o l u m n  1 6  o f  t h e  F i l e  D e s c r i p t i o n
sheet .  A  tab le  f i le  i s  read comple te ly  and da ta  i s  loaded in to
the  ar ray  be fore  execut ion  o f  the  program beg ins .  The same
MFCU f i le  can be  named in  these co lumns fo r  more  tnan
one ar ray .  Input  f i l es  on  o ther  dev ices  can conta in  on lV  one
ar ray .  On the  Card  Sys tem,  p re-execut ion  t ime ar rays  must
be  loaded f rom the  secondary  MFCU hopper .

Two decimal  posi t ions
in each element

J / \ l . j  ; :FP A . P R l l  I r ] ' j i ,

l eng th

't258.12 0963.84 0,r$1.39 1462.98 z J  t 5 . 6 5 0865.97
\

1793.841084.56 0693.58 1562.47 1237.96 0908.70

9-2

F igu re  9 -1 .  12 -E lemen t  Numer i c  A r ray
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RPG EXTENSION AND LINE COUNTER SPECIFICATIONS
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Extension Specif ications

Rccdd Sequence ol rhe Chainins Fale

6 6 r d 6 9 7 0 7 1 7 2 7 3 i 4

Figure 9-2. Defining Arrays

Columns l9-26 (To Filename)'. lf you want your entire
array to be written to an output f i le at end of job. enter
the name of  the output  f i le  in  columns 19-26.  You
cannot use the To Filename entry to write execution
time arrays to an output f i le; instead you must use
output specifications lsee Output of an Entire Array,
later in this chapter).

Coluntns 27-32 (Table or Array Name): All arrays used in
your program must be assigned a name of six characters
or less which is entered in columns 27-32. fhe rules for
naming arrays are s imi lar  to  those for  naming tables;  an
array name can consist of any combination of alphabetic
characters and numbers. However, while the first charac-
ter must be an alphabetic character, an array name cannot
begin wi th the le t ters TAB. This is  the way the compi ler
distinguishes between an array and a table.

Columns 33-35 (Number of Entries Per Record): For com-
pi le  t ime and pre-execut ion t ime arrays,  enter  the number
of  array e lements in  each input  record.  These columns must
be b lank for  execut ion t ime arravs.

Columns 36-39 (Number of Entries Per Table or Array):
These columns are used to enter  the number of  e lements in
the array ( f rom 1 to 9999).  This  number should be entered
so that  the last  d ig i t  is  in  column 39.

Columns 40-42 (Length of Entry): The length of each
element  (number of  characters,  inc luding b lanks)  should be
speci f ied in  columns 40-42,  wi th the number ending in  col -
umn 42. The length. which must be the same for every
element in the array, cannot be greater than 255.

Column 43 (Packed/Binary): Disk or tape users may spe-

c i fy  in  co lumn 43 tha t  p re-execut ion  t ime ar ray  da ta  i s  in

packed decimal or binary format. On a disk system, 80-

column card users can specify packed pre-execution t ime

data.

Column 44 (Decimal Positions): lf the elements in an array
are numer ic ,  the number (0-9)  of  d ig i ts  to  the r ight  of  the
decimal  point  should be entered in  column 44.  Even i f  no
decimal positions are present, a zero must be specified if the
elements are to be considered numer ic .  A b lank in  column
44 indicates that the elements are to contain alphameric
data.  Bemember,  however,  that  i f  ar i thmet ic  operat ions are
to be performed on the elements, the array must be defined

as numer ic .

Column 45 (Sequencei.' lf your array data is in sequence,
enter A (ascending) or D (descending) in column 45. Se'
quence is not checked for execution time arrays, but this
column must  conta in an entry  i f  h igh or  low look-up is  used

lsee LOKUP of an Arrayl.

Columns 46-57 (Alternating Arrays).' Columns 46 through
57 are used if two related arrays are set up in an alternating
format on input records. Alternating arrays cannot be de-

scribed with execution time arrays.

The extension specifications only reserve the appropriate
space in storage for the array. In a following section, you

will learn how data is stored in the array.

Arrays 9-3



REFERENCING ALL  ELEMENTS 1N AN ARRAY

Suppose a company employs 15 sales c lerks whose dai ly
sales are recorded on a punched card (SALES).  As Figure
9-3 shows,  f ie ld 1 conta ins sales for  c lerk #1 ,  t ie ld 2 for
clerk #2, and so on. There is one SALES record for each
day.  In  addi t ion to a dai ly  amount ,  the company wishes to
have a monthly sales total for each clerk. Therefore, at the
end of  the month,  the dai ly  sa les amounts for  a c lerk must
be accumulated.

As shown in F igure 9-4.  an array (MONTHI of  15 e lements
is  set  up to conta in the monthly  tota ls .  Anoth er  array,
cal led DAY, could be set  up to conta in the 15 sales amounts
for  one par t icu lar  day.  The dai lV sales record is  read and
each clerk's sales amount is placed in the appropriate
element  of  array DAY.

Dai ly record
for  January 2

Dai ly  record
for January 1

Figure9-3. SALES Records

94

Array to Array Galculations

Once the first SALES record is read and the data stored in
the DAY array, the 15 elements of DAY are added to the
15 e lements of  MONTH. In other  words.  e lement  1 of
DAY is  added to e lement  1 of  MONTH, e lement  2 to e le-
ment  2,  and so on (F igure 9-5) .

Dai ly record
for January 3

lr

4

l c l e r k l  I  l c l e r k 2  |
l c l e r k 6  |  l c l e r k T  I

l;i;;rfil tffiaiil

l;6ilt I tC'A? | lcG?iE I
l c l e r k S  |  [ d e r k 9  ]  l c l e r k l 0 l

l;G?diil l#tal tfifif,sl

SALES Records



Figure 94, Using Arrays to Contain Sales Data

* * * - *
- -^ 6 * -^

+ ^ A * ^4,^ ^/\^,

q - - M^ * €

clerk I clsrk 2 clerk 3 clerk 4 clerk 5
sal€s salos sales sles sales

' ' '

clerk 6 clerk 7 cl6rk 8 clerk g clerk 10
sals salgs salss sales sales

clerk 11 clerk 12 clerk 13 clerk 14 clerk 15
slss sles $les sles sls

e

OAY array

8 9

MONTH array

DAY array (totals for day 4)

] ] ] : : l i :

SALES record

1 31 21 11 0

1  2  3  4  b  6  7  B  9  1 0  1 1  1 2  1 3  1 4  1 5

+ + + + + + + + + + + + + + +

1 51 0

MONTH array (accumulated tota ls for  days 1,2,3 and 4l

Figure 9-5. Adding One Array to Another Array

mqrco 0@off) 000000 000000 000000 000000 000@0 000000 000000 00@00 000000 000000 000000 000000 000000

0015.21)012.8( 0025.310008.9:1017.8 :)o19.2t 0015.670032.81)o42.21oo21.810019.670018.4€1o13.450028.370023.95

0072.181142.960063.90 0089.6',)076.95)124.7e0134.210062.340079.83)o52.24 0148.750063.69 JO57.241138.780053.96

I 2

I

I

3 4 5 o 7 8 I 1 0 1 1 1 2 ' t3 1 4 1 5

MONTH array (accumulated tota ls for  days 1,2 and 3)

I I
I

I I
I

I I
t Y Y t

I
I

I
I

I i

0087.3€)155.8 i0089.210098.540094.7t )148.0C)149.88)@5.150122.O40074.1 1 0168.420082.1 5 0070.6€0 1  6 7 . 1 0077.91

1 1 1 a 1 4
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The 15 accumulated sale armounts ( resul ts  of  the addi t ions)
are stored in  MONTH. Th, ;n,  another  SALES card is  read
into the DAY array. T'he new DAY fields are then added
again to the accumulated tota ls  in  MONTH.

This method is  s imi lar  to  us ing two tables and adding an
entry from one table to an entry in the other tbble. How-
ever ,  per forming the operat ions us ing tables requi res more
speci f icat ions than to doing the job us ing arrays.

With tables,  you must  reference each e lement  (sa les amount
for  a c lerk)  separate ly .  F i rs t ,  you must  per form a table
lookup to f ind the appropr iate sale amount  f rom the day
table. Of course, since you do not know the amount of
each sale,  you cannot  search the day table d i rect ly .  A re-
la ted table of  sa les c lerk numbers must  be set  up and
searched.  Only af ter  you J ind the appropr iate sales c lerk
entry is  the corresponcl ing sale amount  in  the day table
mar le avai lable.  Then you must  lookup the corresponding
elernent  of  the month tabl r : .  At  th is  point ,  use of  the table
narnes in  calculat ions or  output  would f  ina l ly  refer  to  each

of  the  en t r ies  looked up .  An add i t ion  opera t ion  wou ld  then

be required to add the two entr ies and place the result in the

month  tab le .  A f te r  a l l  th is ,  you  have accumula ted  a  to ta l

for only one of the sales clerks.

To repeat the same procedure 14 more t imes for the other

sa les  c le rks 'en t r ies ,  the  program must  read 14  records  and
go through 14 program cycles. This occurs when you use a

tab le  name in  spec i f i ca t ions .  The name re fe rs  to  on ly  one

e lement ,  the  en t ry  jus t  looked up .

On the  o ther  hand,  i f  you  have de f ined your  g roups  o f  da ta

as  ar rays  ra ther  than tab les .  on ly  one ca lcu la t ion  spec i f i ca-

t ion is necessary. The name of an array actual ly refers to

a l l  o f  the  e lements  in  tha t  a r ray .  Add ing  the  ar ray  DAY to

the array MONTH causes every element of one array to be

added to  cor respond ing  e lements  o f  the  o ther  a r ray  (1  to  1 ,

2 to  2 ,3  to  3 ,  e tc . ) .  S ince  the  MONTH ar ray  is  spec i f ied

under  Resu l t  F ie ld ,  the  resu l t  o f  each add i t ion  is  p laced back

in to  the  appropr ia te  e lement  o f  MONTH (F igure  g-G) .

I8}L.",,,"...., 
",,-es 

Md,ne cor&,anon

IBlil .,".,,",."" 
" 

, n,!s Mach ne co,oo,a, on

Figure 9-6, Referencing All Elements of an Array
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Not ice  on  the  Ca lcu la t ion  sheet  in  F igure  9-6  tha t  no  resu t t -
ing  ind ica tors  have been spec i f  ied  fo r  th is  a r i thmet ic  ooera-
t ion .  When an ar ray  name is  spec i f ied  in  a  ca lcu la t ion ,  the
opera t ion  is  per fo rmed on every  e lement  o f  the  ar ray .  There-
fo re ,  there  are  a  mul t ip le  number  o f  resu l ts ;  in  th is  case,  15
sa les  to ta ls .  A  resu l t ing  ind ica tor  can  ind ica te  the  cond i t ion
o f  on ly  a  s ing le  resu l t .  Thus ,  resu l t ing  ind ica tors  cannot  be
used when re fe renc ing  an  en t i re  a r ray  as  a  Resu l t  F ie ld .
There  are  two except ions  when resu l t ing  ind ica tors  can be
used, as explained under Adding All Elements Within An
.Array and Searching An Array For A particular Element.

'Operations Which Can be Performed on Arrays

As ment ioned,  an  opera t ion  to  be  per fo rmed on an  ar ray  is
per fo rmed fo r  every  e lement  in  the  ar ray .  A  resu l t  i s  then
produced fo r  each e lement  opera ted  on .  For  th rs  reason,
,certain operations cannot be performed on arrays, oecause
the  resu l ts  have no  mean ing .  The opera t ion  codes  COMp
(compare) ,  TESTZ ( tes t  zone) ,  MVR (move remainder ) .
IESTB ( tes t  b i t ) ,  B ITON (se t  b i ts  on) ,  BTTOF (se t  b i ts  o f f  ) ,
and DSPLY (d isp lay)  cannot  be  used w i th  an  ar rav .

Performing Operations on Arrays of Different Lengths

In  the  las t  example ,  a l l  a r rays  used in  an  opera t ion  were  o f
the  same length ;  Fac tor  1 ,  Fac tor  2 ,  and the  resu l t  a r rav
r . 'ach  conta ined 15  e lements .  Thus  the  opera t ions  were
r :a r r ied  ou t  un t i l  a l l  e lements  were  processed.

Suppose.  as  shown in  F igure  g-7 ,  tha t  DAY on ly  conta ins
12 e lements  wh i le  the  MONTH ar rav  conta ins  15  e lements .
In  such a  case,  the  opera t ions  are  per fo rmed on ly  un t i l  the
last element in the shortest array has been processed. Thus,
the  12  e lements  o f  DAY are  added to  the  f i rs t  12  e lements
o f  MONTH,  and the  12  resu l ts  a re  p laced in  the  f i rs t  12
e lements  o f  MONTH.  The remain ing  th ree  e lements  o f  the
resu l t  f ie ld  (MONTH)  remain  unchanged.  L ikewise ,  i f  the
resu l t  a r ray  is  shor te r  than any  o f  the  fac to rs  (a r rays) ,  the
opera t ion  is  repeated  on ly  fo r  the  number  o f  e lements  in
the  shor tes t  ( resu l t )  a r rav .

Calculat ions Using Arrays and Single Fields (or Constants)

Another  way in  wh ich  you can per fo rm ca lcu la t ions  on  an
ent i re  a r ray  is  by  add ing  (o r  mu l t ip ly ing ,  e tc . )  the  same
va lue  to  every  e lement  in  the  ar ray ,  For  example ,  suppose
the  sa les  c le rks  a re  to  rece ive  a  commiss ion  o f  10  percent  o f
the i r  sa les ,  to  be  pa id  a t  the  end o f  the  month .  A f te r  a l l
da i l y  sa les  have been accumula ted  in to  the  MONTH ar ray ,
you want  to  mu l t ip ly  each o f  the  15  e lements  in  MONTH
b y  t h e  v a l u e . 1 0  a n d  t o  p l a c e  t h e  c o m m i s s i o n  a m o u n t s  i n
another  15-e lement  a r rav  ca l led  COMMIS.

To do  th is ,  i t  i s  no t  necessary  to  se t  up  a  15-e lement  a r ray
for  the  commiss ion  ra tes ,  w i th  each e lement  conta in ing
the  va lue  .10 .  In  an  ar ray  opera t ion ,  when one o f  the
fac tors  i s  a  f ie ld  (conta in ing  a  va lue)  o r  a  cons tan t ,  the
opera t ion  is  per fo rmed us ing  the  same f  ie ld  o r  cons tan t  on
every  e lement  in  the  ar ray .

0015.21 0012.86 0025.31 @08.93 @17.83 0019.24 @ 1 s . 6 7 0032.81 o0/2.21 0021.87 0019.67 0018.46

DAY array

+

@ 7 2 . 1 8 o 1 42.96 0063.9o 0089.61 0076.96 01 28 .76 01 34.21 0062.34 0079.83 oo52.24 0148.75 0063.69 0067.24 0138.78 @53.96

I

I
MONTH array

3 4 5 7  I  9  1 0  1 1  1 1 3 1 4 t 5

0@7.39 o155.82 0@9.21 0098.54 oo94.78 0148.00 0149.88 oo95.1 5 0122.O4 0074.1 1 o168.42 0082.1 5 0067.24 0138.78 0053.96

I

MONTH array

1 21 0 l 1 1 3  1 4  1 5
---\/".-'

Unchanged

Frigure 9-7. Operations on Arrays of Different Lengths
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You can also use a field clr constant as both factors to place
ttre same result in every erlement of an array. The calculation
strrccif ications in Figure 9-8 show the single field named
DISCNT being subtracted f rom the s ingle f ie ld AMOUNT,
with the result placed in a S-element array named DUE. The
value (017)  in  DISCNT is  subtracted f rom the value (243)
irr AMOUNT. and the result (226) is placed in each of the
f ive e lements of  the DUEi array.

Adding All Elements Within An Array

l r r  accumulat ing a monthly  sales tota l  for  each c lerk.  the
arnount each clerk sold was determined. Suppose, in
addition. the company also wants to know the total of all
serles each day.

As mentioned before. each clerk's daily sales are stored in a
separate element of a 1S-element array named DAY. To
obtain a total of all sales for the day. you must add together
ttre contents of all elemerrts in the array. The sum can then
br:  p laced in a s ingle f ie ld.

The XFOOT operation code (Figure 9-9, columns 28-32)
tells the computer to sum the contents of every element in
the array named in Factor 2. Columns 18 through 27 (Fac-
tor 1) of the Calculation sheet are left blank since the
XFOOT operat ion involves only the values in  one array.
The sum of the DAY array elements is then placed in the
single f ie ld named in columns 43 through 48 (Resul t  F ie ld) .

In  most  types of  array calculat ions,  mul t ip le resul ts  are
produced in accordance with the number of elements in an
array. However, performing an XFOOT operation provides
only one resul t ,  the tota l  o f  a l l  e lements.  For  th is  reason,
you speci fy  a s ingle f  ie ld name rather  than an array name,
under Resul t  F ie ld.  Fur thermore,  s ince there is  only  one
resul t .  a  resul t ing indicator  may be assigned in columns
54-59 to determine i f  the sum is  p lus,  minus,  or  zero.  In
this case, a resulting indicator was not specified (Figure 9-9)
because the sales amounts wil l always be positive.

CALCU LATION SPECI  F ICATI  ONS

DUE array

1 2

fgrr' _ l)ate

TT I p,oarar f-T-T-f--:T 
-l

P a F L L l o '  b " ; , . , . . , . " 1  |  |  I  |  |  |

l----l
|  

243  
I  

AMouNr f ie rd

DISCNT f i e l d

2 2 6 2 2 6 2 2 6 2 2 6 2 2 6

element 1 l  e lement 2 e lement 3 e lement 4 e lement 5

9 8

Figure 9€. Storing the Same Data in All Array Elemonts
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OAY arrly

1 2t tt 0

Figure 9.9.  Adding Al l  Elements of  an Array

0utput of an Entire Array

\/ou may want to have an entire array writtet or punched
c)ut. Perhaps you want to look at the contents of the array
at  some point  dur ing the program run or  at  the end of  the
run.  Or,  you may want  to have array e lements put  out  to
bre used as input the next t ime the program is run. Output
of an entire array can be specified in two ways, with exten-
s ion speci f  icat ions or  wi th output  speci f  icat ions.

IOTDAY field
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By E xtension Specif icati a,n s

Like tables,  compi le t ime arrays and pre-execut ion t ime
arrays can be wr i t ten out  at  end of  job by s imply enter ing
the name of  the output  f i le  under To Fi lename (columns

1Sf-26)  on the Extension sheet  (see Figure 9-10) .  The out-
p l r t  f i le  must  be named on the Fi le  Descr ipt ion sheet ,  but
nc)  output  speci f icat ions are necessary.  The ent i re array,
in ,c luding unused e lements (b lanks or  zeros) ,  is  put  out .

Wi th the Extension speci l icat ions shown in F igure g-10,

the array,  ARRAYl,  is  put  out  automat ica l ly  at  end of  job.

The data output may not be exactly the same as the data
input .  Your program can change or  update array entr ies,
causing modi f ied data to be put  out ,  not  the or ig inal  data.
Except for printer output, however, the format of the
array output  records wi l l  be the same as the input  records.

By Output Specifications

The second method of specifying output of an entire array

is  w i th  ou tpu t  spec i f i ca t ions .  By  spec i fy ing  the  ar ray  name

under  F ie ld  Name (co lumns 32-37)  on  the  Output  sheet ,  a l l

e lements  w i th in  the  named ar ray  are  punched.  p r in ted .  o r

wr i t ten  on  the  ind ica ted  ou tpu t  f i l e  (F igure  9-11) .  A l l  t ypes

of  a r rays ,  compi le ,  p re-execut ion ,  and execut ion ,  can  be  pu t

ou t  us ing  ou tpu t  spec i f i ca t ions .

Any  ou tpu t  cond i t ion ing  ind ica tons  spec i f  ied  in  co lumns 23

through 31  o f  the  Output  sheet  der te rmine  when dur ing  the
program the  ar ray  e lements  w i l l  be  pr in ted  or  punched.  l f

no  ind ica tors  a re  spec i f ied ,  the  en t i re  a r ray  is  p r in ted  or
punched every t ime a record is prclcessed. lndicators can be

spec i f ied  to  pu t  ou t  a r ray  da ta  dur ing  de ta i l  cyc les  o r  a t

total t ime. You may want to put out array data at total

t ime by  cus tomer  o r  inventory  i tem.  fo r  example ,  to  be

used as  input  to  subsequent  update  runs .

o

0

RPG EXTENSION AND LINE COUNTER SPECIFICATIONS

Causes ent i re array to be
pu t  ou t  a t  end  o f  j ob ,

1 ?

t Il Edram**l I 1," ,a.inr,-,,-rriTril

9
0

0

0

File Description Specif ication

Figure 9-1O. Speci f icat ions I 'or  Output  of  an Ent i re Array at  End of  Job

9 . 1 0

Extension Soecif ications

L6st ot Key Field d

of Affid Adrcs Fi.ld



Cafd  E lecr ro  Nurn&.

D a i e
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l : igure 9-11.  Output  of  an Ent i re Array

RPG l l  determines where the array data is  to  be put  out  on
a card,  pr in ter  f i le ,  d isk or  tape by the end posi t ion column
you speci fy  in  columns 40 through 43 of  the Output  sheet .
The array elements are put out such that the last element of
the named array ends in  the column indicated.  Note,  how-
ever .  that  i f  a l l  e lements in  the array cannot  be put  out  on
one output record, the array elements must be referenced
separate ly  on the Output  sheet .  Output  of  ind iv idual  e le-
ments wi l l  be d iscussed later .

The output of an entire array by means of output specifica-
t ions requi res only one speci f icat ion.  An ent i re array can
be wr i t ten,  pr in ted or  punched at  any t ime dur ing the run
or at end of job, depending on how the output specification
is  condi t ioned.  Again,  dur ing the run,  th is  is  possib le only
i f  a  s ingle output  record can conta in th is  ent i re array.

You must specify how you want the data elements to appear
on the output  record.  Alphamer ic  e lements appear on an
output record iust as they appear in storage; however,
numer ic  array e lements may be edi ted or  unedi ted.  l f  no
edi t ing is  speci f ied,  the e lements are pr inted or  punched just

as they appear in  s torage,  wi th the last  e lement  ending in  the
end posi t ion column of  the output  f i le .  In  other  words.  one
element  wi l l  immediate ly  fo l low another  wi th no punctua-
t ion and no b lanks between e lements.

Usual ly ,  pr in ted array output  is  easier  to  read and has a
better appearance if edit codes or edit words are used to
punctuate the data and insert spaces between elements. lf
punched output ,  d isk output ,  or  tape output  is  desi red,
generally the array output records are used as input the
next  t ime the program is  run.  Therefore,  edi t ing is  usual ly
not  speci f ied,  so the e lements wi l l  be in  the appropr iate
format to be used as input.

Consranl or Edit  Vl lord

Edi t ing  a f fec ts  the  pos i t ion  wh ich  is  spec i f  ied  as  the  end
pos i t ion  o f  the  ou tpu t  record .  l f  each e lement  in  a  5 -

e lement  a r ray  conta ins  seven charac ters ,  35  pos i t ions  wou ld

be necessary  to  ou tpu t  the  en t i re  a r ray  in  uned i ted  fo rm.

On the  o ther  hand,  i f  punc tua t ion  and b lanks  are  inser ted

for  each e lement ,  the  number  o f  pos i t ions  requ i red  inc reases .

When spec i fy ing  an  end pos i t ion ,  you  must  a l low enough

pos i t ions  to  ou tpu t  a l l  ed i ted  e lements .

Regard less  o f  whether  ed i t ing  is  spec i f ied  or  no t ,  when ou t '

pu t  o f  an  en t i re  a r ray  is  per fo rmed,  every  e lement  o f  tha t

ar ray  is  pu t  ou t  in  the  same fo rmat .  l f  an  ed i t  code or  ed i t

word  is  spec i f ied ,  every  e lement  i s  ed i ted  in  the  same way,

S ince  a l l  e lements  o f  an  ar ray  conta in  the  same type o f  in -

fo rmat ion ,  o rd inar i l y  you  want  the  e lements  punc tua ted  in

the  same way.  l f  ,  however ,  one e lement  must  be  ed i ted  d i f -

fe ren t ly  f rom another  e lement  in  the  same ar ray ,  you  must

pu t  ou t  the  e lements  separa te ly .  The means o f  re fe renc ing

ind iv idua l  e lements  o f  an  ar ray  is  d iscussed la te r  in  th is  sec-

t i o n .

When an ed i t  code is  spec i f ied  in  co lumn 38 o f  the  Output

sheet, every element of the named array wil l  be punctuated

accord ing ly .  Fur thermore ,  any  ed i t  code spec i f  ied  fo r  an

entire array also causes two blank spaces to be inserted be-

tween each e lement .  The inser t ion  o f  b lanks  is  taken in to

consideration by the program so that the last element ends

in  the  pos i t ion  spec i f ied .

i t l

E . d
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As shown in F igure 9-12,  the edi t  code 3 causes a l l  f ive
elements of  the SALES array to be pr inted wi th decimal
points inser ted,  leading zeros suppressed,  and zero balances
present .  In  addi t ion.  two b lanks are automat ica l ly  pr in ted
before each e lement  s ince an edi t  code was speci f ied.

l f  r ro edi t  code speci f ies exact ly  how you want  the array
fields to be edited, you can specify the punctuation by
using an edi t  word (columns 45-70) .  In  th is  way,  you can
edi t  array e lements wi th dol lar  s igns,  zero suppression,
b laLnks,  constant  words,  or  any combinat ion of  punctuat ion
der; i red.  When edi t  words are used,  a l l  punctuat ion must  be
specified. Unlike edit codes, edit words do not cause two

blanks to be automatically inserted in the output record be-
fore each array e lement .  F igure 9-13 shows an edi t  word
speci f ied wi thout  b lanks;  one e lement  of  SALES immedi-
ately follows the next on the output record. Any extra
blanks which are to appear must  be indicated in  the edi t
word by an &.  Not ice,  in  F igure 9-14 that  the two b lanks
specified are to be printed as part of every element. Thus.
the second b lank fo l lowing the last  e lement  wi l l  be the
character which ends in the end position column. Notice
that an additional two columns have been allowed for each
element  ( f ive e lements) .  The end posi t ion column has thus
been increased by ten over that in Figure 9-1 3.

OUTPUT SPECIF ICAT IONS GX21.@ U/M0S'

76  7?  78  79  80l 2

_ TT-l . P.q,an t--T_-f-T_-fT_l
ra*rrrc"r,o.l I | | I I I

Card  E lecro  Nume'

C R
Pl !s  S isn

F ie ld  Ed i t
= Zerc

l
2
3

B
c
D

oo456 01 783 296A4 00000 @063 Array

Trryo blanks inserted before element Two blanks inserted before element

Zero suppress,ed Three zeros suppressed

Output of
array

posit ion 1 12

Figure 9-12. Output of an Entire Array With Edit Codes

^ l  . 7 *
4.56 17.83 296.84 .00 80.63

+

3 b lanks  5  b lanks
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Graph ic Card Electo Number

I o"t"

o-l
Line 

I
l 9

l r

" , ' | :

: F i l e n a m e

ln"
F

a  9  1 0  t 1  1 2  t 3 l r 4

Skip Output Indicators

F i e l d  N a m e
No S ig i

P lus  S is f

F ie ld  Ed i l
Z - Ze(oc

D '
End

Output

t9  2C

^1.

t1

'AUTO

0 drlphnhl I

00456 01783 29684 00000 08063 Array

End position
112

Figure 9-13, Output of an Entire Array With Edit Words

Array

Output of
array

SPECIFICATIONS GX21-9@0 U/M050.

frrffiPunch ins Graphic Card  E lecko Number

I Date

o
Fi lename

rc
F

Skip Output Indicators

F i e l d  N a m e
No S ign C R

Plus  S isn

F ie ld  Edn
Z - Z e r c

1
2
3

B
c
D

L
M

End

i n
Output

7 l  72  73  74

I
. .  I
Lrne 

I
t :

t i
I

4  s l 6

z z .AUTO

? 3 3 * 3 s 3 6 3 i

0

00456 0t783 29684 00000 @063

SALES

Figure 9-14, Editing Every Element of an Array

Arrays 9-13



Accumulating Groups of Totals

As you have seen,  a r rays  can be  used to  accumula te  a  to ta l .

In  a  p rev ious  example ,  e l r :ments  conta in ing  da i l y  sa les  were

ac lded to  ob ta in  month lV  to ta ls ,  wh ich  were  s to red  in  the

MONTH ar ray .

Tc  car rv  th is  concept  fu r ther ,  one o f  the  most  common

ur ;es  o f  a r rays  is  accumula t ing  more  than one group o f  to ta ls .

Sr.rch a procedure is cal ler j  rol l ing of fofalt  since one total

i s  used to  ob ta in  a  g rea ter  to ta l ,  wh ich  is  then used to  ca l -

culate an even larger total,  and so on. Each total is rol led

in to  o r  accumula ted  in to  the  nex t  to ta l .

F igure  9-15  shows the  organ iza t ion  o f  the  Ne lson Company.

The cornpany's two regions are each divided into three

branches,  wh ich  are  in  tu rn  made up  o f  two to  s ix  s to res

eitcn.

Company sa les  da ta  i s  recorded on  cards  as  shown in  F igure

9-16.  For  each s to re  there  is  a  separa te  record  prov id ing

the  12  sa les  amounts  fo r  each month  o f  the  year .  The sa les

records  are  organ ized such tha t  s to res  are  grouped w i th in  a

branch and branches grouped w i th in  a  reg ion .  Three one-

pos i t ion  f  ie lds  on  each record  ident i f y  i t  w i th  a  par t i cu la r

s to re ,  a  par t i cu la r  b ranch.  and a  par t i cu la r  reg ion .

NELSON COMPANY

R E G I O N  I IR E G I O N  I

Store 1

Store 2

Store 3

Store 1

Store 2

Store 1

Store 2

Store 3

Store 4

Store 1

Store 2

Store 3

Store 4

Store 5

Store 1

Store 2

Store 3

Store 1

Store 2

Store 3

Store 4

Store 5

Store 6

Fr igure 9-15.  Company Organizat ion by Groups
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Figure 9-16, Sales Records Organized by Groups Within Groups

Note: The same sales data shown
here in punched card form could
be keyed di rect ly  into the system
by an operator on a console device
using data in any pr inted sales
records.  The salesdata could
also be keyed into a d isk f i le ,

which would then be read by
the program to produce the
sales report.
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Figure 9-17. Sales Roport by Groups Within Groups
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A sa les  repor t  must  be  produced showing the  month ly  sa les
for  each s to re ,  fo r  each branch,  fo r  a l l  b ranches  w i th in  a
rs 'g ion ,  and fo r  bo th  reg ions  ( the  to ta l  month ly  sa les  o f  the
ent i re  company) .  The repor t ,  a  ser ies  o f  accumula ted  to ta ls ,
s h o u l d  l o o k  l i k e  t h e  o n e  i n  F i g u r e  g - 1 7 .

To produce the  repor t ,  four  a r rays  o f  12  e lements  each
sh,ou ld  be  se t  up ,  as  shown in  F igure  9-1g .  The f i rs t  a r ray ,
ST"R,  w i l l  be  used to  ho ld  the  12  sa les  amounts  en tered  f rom
thr :  sa les  records .  The o ther  th ree  ar rays  w i l l  be  useo to  ac-
cumula te  the  necessary  to ta ls  fo r  each branch,  each reg ion ,
and the  en t i re  company.

In  genera l ,  th is  p rogram shou ld  accumula te  s to re  to ta ls  in to
the  BRNCH ar ray ,  b ranch to ta ls  in to  the  REG ar ray ,  ano

r e g i o n  t o t a l s  i n t o  t h e  C O M P  a r r a y .  T h u s ,  t h e  s p e c i f  i c a t i o n s
must  per fo rm two f  unc t ions :

o  A d d  a l l e l e m e n t s  o f  o n e  a r r a y  t o  a l l  e l e m e n t s  o f  a n o t h e r
ar ray .

a  P r i n t  a l l e l e m e n t s  o f  e a c h  a r r a y .

To have the  program produce the  cor rec t  to ta ls ,  you  must
spec i fy  tha t  one ar ray  is  to  be  added to  another  a r ray  anc l
p r in ted .  To  do  th is ,  the  two f ie lds  wh ich  ident i f y  a  record
wi th  a  par t i cu la r  b ranch and reg ion  shou ld  be  spec i f ied  as
c o n t r o l  f i e l d s .  A  c h a n g e  i n  t h e  b r a n c h  ( o r  r e g i o n )  c o n t r o l
f ie lds  w i l l  cause a  cont ro l  b reak ,  ind ica t ing  the  records  fo r
a l l  s t o r e s  i n  a  p a r t i c u l a r  b r a n c h  ( o r  r e g i o n )  h a v e  b e e n  p r o c -
esseo.

SALES record

$  J A N $  r t r E $  M A R $  A P R I  L $ MAY $  J U N E $  J U L Y $  A U G $  SEPT $ ocr $  N O V $  D E C

STR array

BRANCH a r ray

REG array

COMP array

Figure 9-18,  Four Arrays for  Group Totals
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As shown in  F igure  9- '19 .  con t ro l  leve l  ind ica tor  L l  i s  tu rned

on when the  f i rs t  record  is  read fo r  a  s to re  in  a  d i f fe ren t

branr :h .  L ikewise ,  L2  is  tu rned c ln  (and thus  L1  is  au tomat -

ica l l y  tu rned on)wher r  the  f i rs t  record  is  read fo r  a  s to re  in

a  d i f fe ren t  reg ion .  Thr - '  spec i f i ca t ions  on  l ines  06-17 mere ly

descr ibe  the  s to re  sa les  da ta  fo r  each month  o f  the  year .

The spec i f i ca t ions  in  F : igure  9-20 ,  inser t  A ,  i l l us t ra te  how

cont ro l  leve l  ind ica tors  a re  used to  cont ro l  the  per fo rmance

of  ca lcu la t ions  and ou tpu t .

As  a  sa les  record  is  read,  the  12  month ly  to ta ls  fo r  tha t

s to re  a re  p laced in  the  ar ray  STR.  (How data  ge ts  in to  an

ar ray  w i l l  be  d iscussed la te r . )  Each t ime t rew data  is  p laced

in  STR (every  t ime a  card  is  p rocessed) ,  the  e lements  a re

added to  the  BRNCH ar ray  to  accumula te  to ta ls  fo r  the

branch (Ca lcu la t ion  s t ree t .  l i ne  01) .  The s to re  to ta ls  a re

printed as each record is processed, because every t ime a

new card  is  read the  da ta  p rev ious ly  in  the  STR ar ray  is  re -

p laced by  the  to ta ls  fo r  the  nex t  s to re  (ou tpu t  l ines  01-02) .

When a l l  s to re  records  fo r  a  par t i cu la r  b ranch have been read

and the i r  to ta ls  p r in ted  and accumula ted  in  the  BRNCH ar -

ray ,  an  L1  cor r t ro l  b reak  occurs .  The cont ro l  b reak  is  ind i -

ca ted  by  read i r rg  the  f i rs t  s to re  record  in  the  nex t  b ranch.

Before  processrng  th is  nex t  record ,  the  branch to ta ls  a re

pr in tec l  anc l  the  BRNCH ar ray  is  f i l l ed  w i th  zeros  to  p repare

for  accumula t ing  the  nex t  b ranch to ta ls  (F igure  9-20 ,  inser t

B ,  l i n e s  0 3  0 4 ) .  B e f o r e  p r i n t i n g  a n d  z e r o i n g  t h e  B R N C H

array ,  however ,  the  branch to ta ls  a re  added to  the  REG ar ray

( C a l c u l a t i o n  s h e e t ,  l i n e  0 2 ) .

The sanre program cycles are repeated for the rest of the

records  in  reg ion  L  Remember ,  however ,  tha t  da ta  i s  ac-

cumula tec l  in to  the  REG an 'ay  on ly  when process ing  fo r  a

branc l r  rs  contp le te  (L i  on) .

Once records  fo r  a l l  b ranches  w i th in  reg ion  I  have been proc-

essed,  l -2  i s  tu rned on ,  ind ica t i r rg  the  f i rs t  necord  in  the  nex t

reg ion  has  been reac l ,  bu t  no t  ye t  p rocessed '  Wi th  L2  on '

the  12  accumula ted  reg io r r  to ta ls  a re  p r in ted  (Output  sheet ,

l ines  05-06) .  Before  ou tpu t  o f  t t re  REG ar ray ,  however ,  ca l -

cu la t ions  cond i t ioned by  L2  on  are  per fo rmed;  tha t  i s ,  the

reg ion  to ta ls  a re  added to  the  company ar ray  COMP (Ca lcu-

la t ion  sheet ,  l ine  03) .  The ca lcu la t ion  is  done be fore  ou tpu t

so  the  reg ion  to ta ls  can be  saved be fore  REG is  f  i l l ed  w i th

zeros.
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Tlre same procedure is followed for all store records in
region l l .  Dur i r rg every program cycle,  the store tota ls  are
pr inted and accumulated to form a branch tota l ;  when L l
is  on,  the branch tota l  is  pr in ted and accumulated in to a
regior"l total.

When the end of  f i le  is  reached,  the LR indicator  is  turned
orr .  Automat ica l ly ,  a l l  contro l  level  ind icators assigned (L1
and L2) are also turned on. Therefore. after the last store
record has been printed and the store totals addeo to
Bl lNCH (Figure 9-20,  inser t  A,  l ine 01) ,  any speci f icat ions
condi t ioned by L l ,  L2,  or  LR are per formed.  In other
words,  the tota ls  for  the last  branch are addecl  to  REG (Fig_
ure 9-20,  inser t  A) ; then the region tota ls  are added to
COMP. Fol lowing the calculat ions,  three sets of  to tats are
pr inted;  to ta ls  for  the last  branch (Figure g-20,  inser t  B.
l i r es  03 -01 ) ; t hen  the  reg ion  l l  t o ta l s ;  and ,  f i na l l y ,  t he  com-
pany totals.

HEFERENCING INDIV IDUAL  ELEMENTS OF AN
ARRAY

In addi t ion to referencing a l l  e lements of  an array.  you can
use an indiv idual  array e lement  in  calculat ions or  output .
Suppose you have an array wi th each e lement  conta in ing
the quantity in stock of a particular part manufactured by
your company.  Element  1 conta ins the quant i ty  in  s tock
for part #1, element 2 for part 1f2, andso on. When a ship-
ment of ordered parts is received, the quantity in stock
must be updated to reflect the current inventorv. This
means you should reference (add to)  only  par t icu lar  e lements
of  the array.
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l rrdexing an Array

Ars  !ou  learned,  i f  a  ca lcu ia t ion  or  ou tpu t  spec i f i ca t ion  con '

t i l i ns  an  ar ray  name a lon ,e .  tha t  spec i f  i ca t io r '  i s  au tomat ica l l y

per fo r rned fo r  every  e lenren t  o f  the  ar ray .  To  re fe rence on ly

a  s ing le  e lement  o f  an  ar ray ,  you  must  iden t i f y  tha t  e le lYren t

fo r  the  RPG l l  p rogram.  Th is  i s  done by  p lac ing  a  cornma

af te r  the  ar ray  name,  fo l lowed by  an  index  wh ich  po in ts  to

the  par t i cu la r  e lemer r t  ( f : igure  9-21) .  Th is  index  can be

either the actual number of the element to be referenced or

the  name o f  a  f ie ld  conta in ing  the  number  o f  the  e ie rnent  to

Lre used.

l\ecall Defining an Arrarl' 
-[he 

name used to refer to an ar-

ray  cannot  exceed s ix  charac ters  in  length '  When re fe renc ing

ind iv idua l  f  ie lds ,  bo th  the  ar ray  t rame and an  index  are  nec-

ossarv  to  re fe r  to  the  da ta .  There fore ,  usua l ly  the  ar ray  name,

p lus  the  comma,  p lus  the  index  cannot  exceed s ix  charac ters .
' fhe  

name used to  re fe r  to  an  ind iv idua l  a r ray  e lement  must

l>e  one to  s ix  charac ters  long un less  the  name (w i th  index)

used to  re fe r  to  an  ind iv idua l  a r ray  e lement  i s  spec i f  ied  on ly

as  Fac tor  1  o r  Fac tor  2  on  the  Ca lcu la t ion  sheet .  In  th is

oase, the array name plus comma plus index may be as long

its ten characters. Howetver, the array name port ion of the
'eference st i l l  cannot ex,ceed six characters.

F igure  9-21 ,  l ine  01 ,  shows a  va l id  re fe rence to  the  n ln th

e lement  o f  an  ar ray  nanred ARY1.  However ,  i f  the  ar ray

conta ins  ten  or  more  e l r :ments ,  some o f  wh ich  may have to

be referenced, the name of this array would have to be

shor tened to  p rov ide  enough pos i t ions  fo r  the  index  (F ig -

ure  9-21 .  l ine  04) .  The l im i t  o f  s ix  charac ters  app l ies  even

i f  the  name o f  a  f ie ld  i s  used as  an  index"  As  l ine  07  shovrs ,

i f  an  incJex  f ie ld  IFLD is  spec i f ied ,  on ly  one charac ter  (B)

can be usel i  a$ ihe i lanle of the array because the indexed

name is  spec i f ie r j  under  Resu l t  F ie ld .  However ,  COM,

INDEX or r  l ine  07  is  va l id ,  even though longer  than s ix

charac ters ,  because i t  i s  spec i f ied  on ly  under  fac to r  co l '

umr ls .

Specifying an !ndex Which Does Not Change

l f  you  know exac t ly  wh ich  e lement  i s  to  be  used in  a  ca lcu '

lat ion or output operation and the specif icat ion is to ref-

e rence the  same e lement  in  every  p rogram cyc le ,  you  may

use a cclnstant as the irrdex. Assume a 7-element array

(SLS)  i s  de f  ined  to  conta in  a  sa lesman 's  s ix  da i l y  commis '

s ion  amounts  and h is  to ta l  commiss ion  fo r  the  week '  The

s ix  da i l y  a t roun is  f ro rn  one o f  the  sa lesmen 's  input  records

are  read in to  e lements  1 -6  o f  the  ar ray .  The seventh

f ie ld  on  the  input  record  conta ins  zeros  and is  read in to

e le  ment  7  o f  the  ar ray  (F igure  9 '22 .  inser t  A) .

The arrav elernents are defined as 5-digit  numbers with tvvo

dec i rna l  pos i t ions .  Once the  da ta  i s  in  the  ar ray ,  the  XFOOT

calculat ion operation is performed to add al l  elements of the

ar ray  and p lace  the  to ta l  in  the  seventh  e lement  {F igure

9-22.  inser t  B) .  The week ly  to ta l  fo r  every  sa lesman is  a l -

ways stored in the seventh element. Therefore, the actual

r runrber  7  can be  spec i f ied  as  the  index .  In  add i t ion ,  a  $25

bonus is  rc l  be  added to  a  sa lesman 's  to ta l  i f  h isweek ly  com-

miss ion  exceeds $175 (F igure  9 '22 ,  inser t  C) .  Thus ,  in  every

prograrn  cyc le ,  e lement  7  must  f i r s t  be  compared to  $175 to

determine i f  the bonus is to be added to the contents of

e l e m e n t  7 .

RPG CALCULA l ' ION  SPECIF ICAT IONS
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Specifying an lndex Whi<:h Can Be Changed

On the  o ther  hand,  i f  the  ar ray  e lement  w i l l  vary  when a
p i t r t i cu la r  spec i f i ca t ion  is  per fo rmed,  the  index  shou ld  be  a
f ie ld  name ra ther  than an  ac tua l  number .  l r r  th is  way,  the
number  s to red  in  the  index  f ie ld  can be  changed dur ing  the
program to  ind ica te  r ruh ich  ar ray  e lement  i s  to  be  re fe renced.

An ar ray  (STK)  i s  used to  conta in  the  quant i t ies  in  s tock  o f
a l l  par ts  manufac tured  by  a  company.  E lement  1  o f  the  ar -
ray  conta ins  the  quant i t y  fo r  par t  # i ,  e lement  2  fo r  par t

#2, and so on. When adcl i t iorral parts are manuf actured, the
va lues  in  the  appropr ia te  e lements  rnL ts t  be  updated .  There-
fore, records are punchecl dai ly for eaclr type ot part pro-
d , rced.  Each record  conta ins  the  par t  number  (NM)  and the
quant i t y  o f  tha t  par t  p roduced (OTY) .

' [o  
per fo rm the  updat ing ,  the  conten ts  o f  the  QTY f  ie ld

nrust be added to one of the array elements for every rec-
ord  processed.  Thus ,  an  index  must  be  used in  o rder  to
rer fe rence on ly  the  ind iv idua l  e lement  to  be  updated .  S ince
each da i l y  record  is  fo r  a  d i f fe ren t  par t  number ,  the  ar ray
e lement  to  be  inc reased lv i l l  vary  each t ime the  spec i f i ca t ion
is  per f  o rmed.  For  th is  reason,  an  ac tua l  number  cannot  be
spec i f ied  as  the  index ,  because OTY wou ld  be  added to  the
serme e lement  fo r  every  par t  number .  Ins tead,  the  NM f ie ld .
wh ich  conta ins  the  par t  number  fo r  each record .  can  be
spec i f ied  as  the  index  (F igure  9-23) .  Then,  every  t ime rhe
arJd i t ion  spec i f i ca t io r r  i s  per fo rmed,  the  par t  number  jus t
s lo red  in  NM ind ica tes  wh ich  e lement  o f  the  c r ray  is  to  be
referenced.

Output of Individual Elements of an Array

To pu t  ou t  ind iv idua l  e lements  o f  an  ar ray ,  you  code the
same outpu t  spec i f i ca t ions  you wou ld  fo r  normal  f  ie lds .
The on ly  d i f fe rence is  tha t  under  F ie ld  Name on the  Output
sheet  you must  spec i fy  the  ar ray  name fo l lowed by  a  comma
and an index .  The index  then po in ts  to  the  par t i cu la r

e lement  to  be  pu t  ou t  (F igure  9-24) .

Thus ,  re fe renc ing  ind iv idua l  a r ray  e lements  fo r  ou tpu t  i s
the  same as  re fe renc ing  them fo r  ca lcu la t ions .  l f  the  same
element  i s  to  be  pu t  ou t  every  t ime the  ou tpu t  spec i f  i ca t ion
is  per fo rmed,  an  ac tua l  number  can be  used as  an  index .
Otherw ise ,  i t  d i f fe ren t  e lements  a re  to  be  pu t  o l r t  ind iv i r lu .
a l l y ,  a  f  ie ld  shou ld  be  spec i f ied  wh ich  conta ins  the  chang ing
index  va lue .  In  any  case,  the  ar ray  e lement  (a r ray  name
plus  conrma p lus  index)  on  the  Output  sheet  cannot  exceed
s ix  charac ters  in  length .

Ed i t  codes  and ed i t  words  can be  used to  ounc tua te  an  in -

d iv idua l  numer ic  a r ray  e lement .  l f  an  en t i re  a r ray  is  to  be
put  ou t  bu t  the  e lements  requ i re  d i f fe ren t  punc tua t ion ,  each
e lement  and i t s  ed i t ing  shou ld  be  spec i f  ied  ind iv idua l l y .
Ed i t ing  to  be  done on  an  ind iv idua l  a r ray  e lement  i s  spec i f ied
and per fo rmed ius t  as  i t  wou ld  be  fo r  any  normal  e lement .
Th is  means tha t ,  i f  an  ed i t  code is  spec i f ied  fo r  an  ind iv idua l

a r ray  e lement ,  two b lanks  are  no t  au tomat ica l l y  inser ted  be-
fo re  the  e lement ,  as  was the  case w i th  an  en t i re  a r ray .  Fur -

thermore ,  a l though any  type  o f  ou tpu t  can  be  ed i ted ,  ed i t ing
is  genera l l y  no t  spec i f ied  fo r  an  ar ray  e lement  wh ich  is  to  be
punched on a card or writ ten on disk to be used as input to

another  run .

1--
IBlit

Figure 9-23,  Speci fy ing the n{ame of  a Fie ld as an Index
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Figure9-24, Output of Individual Array Elements

Referencing Only Part of a Field

When a  f  ie ld  i s  re fe renced in  a  spec i f  i ca t ion ,  a l l  charac ters

wi th in  tha t  f ie ld  a re  used in  the  ca lcu la t ion  or  ou tpu t .

However ,  you  may w ish  to  re fe rence on ly  some o f  the  da ta

s tored  in  a  f ie ld .  For  example ,  cons ider  the  case dur ing

address  pr in t ing  where  the  z ip  code is  w i th in  the  same f ie ld

as the city and state on an input record but must be printed

on a  separa te  l ine  on  the  ou tpu t  record  (F igure  9-25) .

Referencing the same element

by using actual  number as index

. T

1 1

- f  _

CSZ f ie ld

Referencing Parts of a Field Separately

Referencing di f ferent  e lements

by  us i ng  a  f i e l d  as  t he  i ndex

The index ing  capab i l i t y  o f  a r rays  can be  used to  enab le  you

to  re fe rence spec i f i c  charac ters  f rom an input  f ie ld .  Th is  i s

accompl ished by  se t t ing  up  two ar rays ;  one to  conta in  the

ent i re  f ie ld  o f  da ta  and one to  ho ld  on ly  the  spec i f i c  charac-

ters you want to reference.

lnput  record

l+sazol  NELSoN KENNETH RAy

114619  RussELL  AVENUE NoRTHI

lRocHesren,  MrNN ss9o1 |

R OC H ESTE R f M I N N655901{bb666b66

output  record

NELSON KENNETH RA \

flg RIJ]SELL AVENUE NO RTH

R O C H E S T E R ,  M I N N

55901

\ csz f ie ld to be pr inted as:

Figure 9-25.
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Fi rs t ,  the  en t i re  f ie ld  f ronr  wh ich  you w ish  to  use  da ta  i s
s to red  in  an  ar ray  o f  the  s .ame name as  shown in  F igure
9-116. (See Loading Arrays, Storing lnput Data into Execu-
t ion  T ime Ar rays  la te r  in  th is  chapter  fo r  an  exp lanat ion  o f
th is  method o f  load ing  an  ar ray . )  Th is  a r ray  is  p rev ious ly
def ined as  conta in ing  as  nrany  one-by te  e lements  as  tnere
ar€)  charac ters  in  the  f ie ld  to  be  re fe renced.  Thus ,  each
ch ierac ter  o f  the  one f ie ld  i s  ac tua l l y  s to red  in  a  separa te
e lement  o f  the  ar ray .  The ar ray  e lements  can then be  re f -
e r e r n c e d  o n e  a t  a  t i m e  ( u s i r r g  a n  i n d e x )  u n t i l a n  e l e m e n t  c o n -
ta in ing  a  spec i f  i c  charac ter  i s  loca ted .  Th is  p rocess  o f  check-
ing l  the  e lements  o f  an  ar ray  fo r  par t i cu la r  da ta  i s  re fe r red  to
as field vanning.

Af  te r  scann ing  the  e lements  and loca t ing  a  spec i f  i c  charac-
te r ,  you  can then move tha t  charac ter  and any  charac ters
(e lements )  on  e i ther  s ide  o f  i t  to  a  smal le r  a r rav .  Th is  a r -

ray  w i l l  then  conta in  the  por t ion  o f  the  or ig ina l  inpu t  f ie ld
wh ich  you w ish  to  re fe rence separa te ly  in  ca lcu la t ions  or
ou tpu t .

For  an  address  pr in t ing  program,  le t ' s  assume the  input  records
are  de f ined as  shown in  F igure  9-27 .  The CSZ f ie ld  conta ins
the  c i ty /s ta te  and z ip  code.  A l though names o f  the  c i ty  and
s ta te  may vary  in  length ,  the  z ip  code is  a lways  f  i ve  d ig i ts
long.  Any  r igh thand,  unused pos i t ions  o f  the  CSZ f ie ld  w i l l
con ta in  b lanks .

The two ar rays  fo r  th is  p rogram are  de f  ined  w i th  the  ex ten-
s ion  spec i f i ca t ions  in  F igure  9-28 .  CSZ is  se t  up  to  conta in
30 e lements ,  one fo r  each charac ter  o f  the  CSZ f ie ld  f rom
the input  record .  The f i ve  e lements  o f  the  Z IP ar ray  w i l l  be
used to  conta in  the  z ip  code por t ion  o f  the  CSZ f ie ld .

CSZ f ie ld (30 characters)

ROC H E STE R,5M I N N555901 6bbb6btt56

R o C H E e T E R 4 M N N 6 5 I 0 1 6 x s 5 5 6 6 5 6

CSZ array (30 elements)

7lP array (5 e lementsl

Figure 9-26.  lsolat ing Part  of  ar  Fie ld

5 5 o 0 1
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Figurc 9-27 . Defining a Field to be Scanned

Figure 9-28, Dofining Arrays for Field Scanning

RPG INPUTSPECIFICATIONS

RPG EXTENSION AND LINE COUNTER SPEC]FICATIONS
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To loca te  the  z ip  code in  the  CSZ ar ray ,  the  e lements  must
be  r ;canned one a t  a  t i rne ,  beg inn ing  w i th  the  las t  ( r igh tmost )
e le rnent  o f  the  ar ray .  Thus ,  the  index  f ie ld  (C)  fo r  re fe r -
enc ing  the  ind iv idua l  f ie lds  o f  CSZ is  in i t ia l l y  se t  up  in  the
Calcu la t ion  sheet  to  conta in  the  va lue  30  (F igure  9 .29 ,  l ine
01) .  When the  las t  ( r igh tmost )  charac ter  o f  the  z ip  code is
ioca ted ,  i t  shou ld  be  moved to  the  r igh tmost  ( f i f th )  e lement
o f  the  Z IP ar ray .  There fore ,  a  5  i s  in i t ia l l y  se t  up  in  the  in -
dex  f ie ld  (Z)  wh ich  w i l l  re fe rence a  par t i cu la r  f ie ld  o f  Z lp
( F i g u r e  9 - 2 9 ,  l i n e  0 2 ) .

Wi th  the  index  f ie lds  se t  up ,  the  program can beg in  scann ing
CS.Z for the zip code. The elements of CSZ are checked,
f ro rn  r igh t  to  le f t ,  un t i l  the  f  i r s t  nonb lank  charac ter  i s
located. ,As l ine 04 shows, a character is compared to a
b lank .  l f  i t  i s  b lank .  the  index  va lue  is  decreased ( l ine  0b)
so the next character to the left  can be compared to a blank.
Wh, . 'n  one,  o f  the  charac ters  checked is  no t  a  b lank  ( ind ica tor
2O 'cft l ,  the last character of the zip code has been located.
Th is  ends  the  f ie ld  scann ing .

The program can now proceed to perform the next group of
ca lcu la t ions  wh ich  move the  loca ted  charac ter  to  the  r igh t -
most  pos i t ion  o f  the  Z IP ar ray  ( l ine  09) .  The charac ter  in
the  CSZ ar ray  wh ich  was moved to  the  Z IP ar ray  is  now
made b lank  ( l ine  i0 )  so  the  c i ty  and s ta te  l ine  can be  pr in ted

wi thout  the  z ip  code.  The index  va lues  fo r  bo th  a r rays  are
decreased by /,  so the next zip code character (to the left
of the last one moved) can be moved from CSZ to the next
por t ion  in  the  Z IP ar ray .  When the  va lue  o f  Z  becomes 0
( ind ica tor  21  is  on) ,  a l l  f i ve  charac ters  o f  the  z ip  code have
been moved to  the  Z IP ar ray  and made b lank  in  the  CSZ
ar rav .

Af te r  ca lcu la t ions ,  the  ou tpu t  spec i f i ca t ions  in  F igure  9-30
cause the  name and address  to  be  pr in ted .  The NAME and
STREET f ie lds  a re  p r in ted  exac t ly  as  they  appear  on  the  in -
put record. City and state, on the other hand. are printed

f rom the  CSZ ar ray  ra ther  than the  input  f ie ld ,  because the
z ip  code has  been b lanked ou t .  The z ip  code,  wh ich  was
moved to  the  Z IP ar ray ,  i s  then pr in ted  a lone on  the  nex t
ou tou t  l ine .

RPG CALCULAT ' ION SPECIF ICAT IONS

71 18  19  AA1 2

f t '-t
[ ]

P'oerdm f-T l f-f l- l
_ _  t h . r , { c a r o . L l  L  I  1  I
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E

Figure 9-29.  Fie ld Scanning
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OUTPUT SPECIFICATIONS
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o
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0 2
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0 4

o  t 5o  i 5

0  t 6
t l

o 7

I

I

Figure 9-30.  Output  of  Parr  of  a Fie ld

L O K U P  O F  A N  A R R A Y

Searching an Array for a Part icular Element

An ar ray  can be  searched to  de termine i f  a  par t i cu la r

e lement  o f  da ta  i s  s to red  in  the  ar ray .  Ac tua l l y ,  the  ar ray

lookup is  coded and per fo rmed in  a lmost  the  same way as

a s ing le  tab le  lookup.  As  the  Ca lcu la t ion  sheet  in  F igure

9-31 shows,  you spec i fy :

' l - 1 r
. l r

t t
On ly  c i t y  and  s ta te  w i l l  be  p r i n t ed  s i nce
z ip  code  b l anked  ou t .

On l y  z i p  code  w i l l  be  p r i n t ed .

L !

l l j
l l -
r 1 -

'  - ]

the  cond i -

1 .  The search  word  to  be  used.

2 .  The LOKUP opera t ion  code.

3 .  The ar ray  to  be  searched.

4 .  The cond i t ion  wh ich  must  be  sa t is f  ied .

5 .  The resu l t ing  ind ica tor  wh ich  tu rns  on  i f

t i o n  i s  m e t .

RPG CALCULAT ION SPECIF ICAT IONS F o , m  C X 2 1  9 0 9 3

/ 5  1 6  1 7  7 A  1 9  8 0

Cond i t i on  wh i ch  sa t i s f i es  sea rch
and  wh i ch  resu l t i ng  i nd i ca to r
i s  t u rned  on

P'oean fT TT-T_T_-]
r r e n , r c a r o . l  I  I  I  I  j _ J

0 l

Jli
i l' l 1i

T

i i

f

_T

I
+

Actual  search word
o r  f i e l d  con ta i n i ng
search word

C o n s t a n t  o r  E d L t  V y ' o r dO , t n r ,

Name o f  a r ray

to  be  searched

t

: o

, ;

Figure 9-31,  Searching an Array for  a Part icular  Element
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T h e  a r r a y  l o o k u p  c o n t i n u e s ,  o n e  e l e m e n t  a t  a  t i m e ,  u n t i l
the  search  cond i t ion  is  sa t is f ied  or  the  end o f  the  ar ray  is
reacrhed,  wh ichever  occurs  f i rs t .  As  is  the  case fo r  tab le
l o o l l u p s ,  a r r a y  e l e m e n t s  m u s t  b e  i n  s e q u e n c e  ( A  o r  D )  i f
search ing  fc l r  e i ther  a  l< lw or  h igh  cond i t ion .  Add i t iona l
cod ing  is  necessary  i f  s r :a rch ing  an  ou t -o f -sequence ar ray
for either high or low. (See Searching an Array for More
Than One Element and Output During an Array Search.)

A l t h o u g h  a r r a y  a n d  t a b l e  s e a r c h e s  a r e  s i m i l a r ,  t h e r e  i s  a n
impor tan l .  c l i f  fe rence you must  be  aware  o f  .  Remember ,
t h e  a r r a y  l o o k u p  i s  s i m i l a r  t o  a  s i n g l e - t a b l e  l o o k u p ,  n o r  a
two- tab le  lookup.  On ly  one ar ray  is  spec i f ied  in  the  look-
up  opera t ion .  Any  e lement  wh ich  is  re fe renced as  the  resu l t
o f  a  success fu l  search  can on ly  be  f rom the  ar ray  ac tua l l y
searched.  In  o ther  words ,  the  ar ray  can no t  be  searched to
mak:e  an  e lement  f rom another  a r ray  ava i lab le ,  as  i s  the  case
whe n  two re la ted  tab les  are  used in  a  lookup opera t ion .  For
th is  reasor r ,  no  resu l t  f ie ld  may be  spec i f ied  in  an  ar ray  look-
u p  o p e r a t a o n .

Starting the Search at a Particular Element

Another  very  impor tan t  d i f fe rence be tween tab les  and ar -
rays  concorns  where  the  search  can beg in .  In  a  tab le  search ,
on ly  the  name o f  the  tab le  to  be  searched can be  spec i f ied
as  Fac tor  2  o f  the  lookup opera t ion .  As  a  resu l t ,  a  tab le
search  a lu 'ays  beg ins  a t  the  f i rs t  tab le  e lement .  L ikewise ,  i f
on l l r  3n  ar ray  name is  spec i f ied  as  Fac tor  2  o f  a  lookup
o p e ' a t i o n ,  t h e  s e a r c h  a u t o m a t i c a l l y  b e g i n s  a t  t h e  f i r s t
e lenren t  o f  the  named ar ray .

Wi th  a r rays ,  however ,  you  a lso  have the  capab i l i t y  o f  be-
g i n n i n g  a n  a r r a y  s e a r c h  a t  a n y  e l e m e n t  y o u  s p e c i f y .  U n d e r
Fac tor  2 .  you  spec i fy  the  ar ray  name,  fo l lowed by  a  comma
and an index .  The index ,  whether  an  ac tua l  number  o r  the
name o f  a  f ie ld  conta in ing  a  number ,  po in ts  to  the  ar ray
e l e m e n t  w h e r e  t h e  s e a r c h  i s  t o  b e g i n  ( F i g u r e  9 - 3 2 ) .

In  a  la rge  ar ray  where  you know tha t  the  va lue  you are
search ing  fo r  i s  no t  in  a  par t i cu la r  sec t ion  o f  the  ar ray ,
search  t ime can be  grea t ly  decreased by  beg inn ing  the
lookup a t  a  par t i cu la r  e lement .  Suppose you have a  300-
e l e m e n t  a r r a y  n a m e  A R Y  c o n t a i n i n g  t h e  v a l u e s  0 0 1  t h r o u g h
300 in  ascend ing  sequence.  To  loca te  a  va lue  o f  047,  on ly
47 e lements  wou ld  have to  be  checked be fore  the  search
cond i t ion  was sa t is f  ied .  However ,  to  loca te  the  va lue  289,
289 e lements  wou ld  have to  be  checked,  i f  the  search  began
at  the  f  i r s t  a r rav  e lemenr .

Now,  d iv ide  the  ar ray  in to  th ree  par ts  o f  100 e lements  each:

Elemen ts  1 -100 : va lues  001 -100 .

E lemen ts  101 -200 :  va lues  101 -200

E lemen ts  201 -300 :  va lues  201 -300 .

R P G  C A L C U L A T i O N  S P E C I F I C A T I O N S

f  ' ,  i " ' , , i ,
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Figu re 9-3i1.  Star t ing an Array Search at  a Part icular  Element

Ac tua l  number
as i  ndex

N a m e  o f  i n d e x  f i e l d  c o n t a i n i n g  n u m b e r
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Fo,r  any value of  less than 101,  the f i rs t  th i rd of  the array is
searched,  beginning at  e lement  1.  For  values greater  than
100,  but  less than 201,  the second th i rd of  the array is
searched,  beginning at  e lement  101.  L ikewise,  a search is
sterrted at element 201 to locate any value greater than 200.
In any case, no more than 100 elements have to be checked
to satisfy the search condition.

For  th is  example,  the number of  the array e lement  at  which
thre search is  to  begin wi l l  vary,  depending on the value being
searched for. Figure 9-33 shows that three LOKUP's have
been coded. Only one of the lookup operations is performed
for  a par t icu lar  va lue.

To determine which LOKUP ( l ine 04,  05,  or  06)  is  per-
formed, you must f irst determine in which part of the array
the value is located. The first COMP (compare) operation
( l ine 02)  checks for  a value in  the f i rs t  100 e lements.  l f  the
value is  less than 101,  ind icat ing the f i rs t  one th i rd of  the
arnay,  ind icator  33 is  set  on.  l f  33 is  on,  the LOKUP begin-
n i rng at  e lement  1 is  per formed ( l ine 04) .  However,  i f  the
value is  not  in  the f i rs t  th i rd of  the array (33 of f ) ,  another
compare ( l ine 03)  is  necessary to determine i f  the value is  in
the second third of the array (indicator 44 set on). Thus,
the LOKUP beginning at  e lement  101 ( l ine 05)  is  per formed
with indicator  44 on.  l f  ne i ther  ind icator  (33 or  44)  was set
on, the value must be in the last third of the arr'ay. if i t is in
the array at all. Therefore, with both 33 and 44 off, the
LOKUP beginning at  e lement  201 is  per formed.

For  the  f i rs t  LOKUP ( l ine  04) ,  i t  i s  no t  necessary  to  ac tua l l y

spec i fy  the  numer ic  va lue  1  as  the  index ,  in  the  same man-

ner  as  101 is  soec i f ied  fo r  the  second LOKUP.  When no in -

dex  is  spec i f ied  w i th  the  ar ray  name,  the  search  au tomat ic '

a l l y  beg ins  a t  the  f i rs t  f ie ld ,  as  i f  the  index  were  1 .

ruote. '  Sett ing off indicator 44 ( l ine 01) prevents an error

in  the  lookup func t ion .  What  wou ld  happen i f  the  SETOF

operation was not used and indicator 44 was set on in the

f i rs t  cyc le  and 33  in  the  second cyc le?  In  tha t  case,  44

would not be set off  in the second cvcle because the N33

cond i t ion  wou ld  no t  be  sa t is f ied  in  l ine  03 .  Thus .  bo th

l ines  04  and 05  wou ld  be  executed .  The LOKUP opera t ion

in  l ine  04  wou ld  be  success fu l  and ind ica tor  66  wou ld  tu rn

on.  The LOKUP opera t ion  in  l ine  05  wou ld  no t  be  success-

fu l  and 66  wou ld  be  tu rned o f f  .  Thus ,  a  no t - found cond i -

t ion  wou ld  resu l t  even though the  LOKUP was success fu l .

l f  the  va lue  o f  the  index  changes,  as  in  th is  case,  you  can

use an  index  f ie ld  to  conta in  the  number  o f  the  ar ray  f  ie ld ,

ra ther  than us ing  the  ac tua l  number .  In  th is  way,  i t  i s  nec-

essary  to  code on ly  one LOKUP.  Of  course ,  you  must

p lace  the  appropr ia te  number  in  the  index  f ie ld  every  t ime

before  the  lookup opera t ion  is  per fo rmed.  Thus  an  index

f ie ld  w i l l  no t  a lways  reduce the  number  o f  spec i f i ca t ions

requ i red .

IBIiI .,",.", "." Bunn.* M,ch n€ coroo..,on
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As shown in  F igure  9-34 ,  f i r s t  the  compare  opera t tons  are
per fo rmed to  de termine whether  the  va lue  is  in  the  f  i r s t ,
: ieconcl, or last third of the array. The results of the corn-
pare  opera t ions  de termine wh ich  number  shou ld  be  zero-
,edded in to  the  index  f ie ld .  IXFLD,  be fore  the  lookup is
cer f  o rmed.

iSee the previous Note tor an explanation of the use of the
I S E T O F  o p e r a t i o n  i n  F i g u r e  9 - 3 4  ( l i n e  0 1 ) .

Deterrnining if a Seitrch ls Successful

,A t  th is  po in t ,  we shou ld  d iscuss  the  index  f ie ld  a r rd  how i ts
conten ts  a re  changed as  a  resu l t  o f  the  lookup opera t ion .
l3e fore  the  lookup is  per fo rmed,  you de termine the  va lue
t , tuh ich  is  to  be  p laced in  the  index  f ie ld .  The ar rav  search

then beg ins  a t  the  e lement  number  spec i f  ied .  
' fhe  

ar ray
lookup cont inues ,  one e lement  a t  a  t ime,  un t i l  the  search
cond i t ion  is  sa t is f ied  or  the  end o f  the  ar ray  has  oeen
reached,  wh ichever  occurs  f  i r s t .  l f  an  index  f  ie ld  i s  spec i -
f ied .  the  number  o f  the  ar rav  e le rnent  f i r s t  sa t is fy ing  the
search  cond i t ion  is  s to red  in  the  index  f ie ld .  However ,  i f
the  end o f  the  ar ray  is  reached and none o f  the  e lements
sa t is fy  the  search ,  a  /  i s  p laced in  the  i r rdex  f ie ld .  In  any
case,  i f  an  ac tua l  number ,  no t  an  index  f ie ld .  i s  spec i f ied  as
the  index ,  the  ac tua l  index  is  r ro t  changed to  re f lec t  the

success  o f  the  search .

The way in  wh ich  you de ter rn rne  a  success f  u l  search  is
whether  the  resu l t ing  ind ica tor  ass ig r red  has  been tu rned on
or  o f f .  Thus ,  i f  the  resu l t ing  ind ica tor  i s  o f f  and an  index

,  f  ie ld  had been spec i f  ied ,  the  index  f  ie ld  shou ld  conta in  the

I  va lue  / ,  the  resu l t  o f  an  unsuccess fu l  search .  l f  the  f i rs t
f ie ld  o f  an  ar ray  sa t is f ied  the  search  cond i t ion ,  the  index
f ie ld  wou ld  a lso  conta in  the  va lue  / ;  however ,  in  such a  case,
the  resu l t ing  ind ica tor  wou ld  be  on .

l; R P G  C A L C U L A T I O N  S P E C I F I C A T I O N S
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Figure 9-34.  LOKUP with an Index Fie ld
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Referencing an Element Which Satisfies a Search

After a successful search, you can use the data from the
element  which sat is f ied the condi t ion only i f  the array name
with an index field is specif ied in the LOKUP specifications.
l f  an index f ie ld is  speci f ied,  the number of  the f ie ld which
sat is f  ied the search is  s tored in  the index f  ie ld.  Therefore,
speci fy ing the array name wi th the index f ie ld in  a sub-
se(luent calculation or output specification refers to the
element  which sat is f  ied the search.

However,  i f  no index f ie ld is  avai lable (array name speci f ied
alone or  wi th a numer ic  index) ,  the number of  the e lement
cannot be determined and, therefore, the data cannot be
referenced.  You can only determine i f  one of  the array
elerments does contain the data for which you searched,
acr:ording to the on-off status of the resulting indicator.

The ab i l i t v  to  re fe rence a  da ta  i tem wh ich  sa t is f ies  a  search

is one of the major dif ferences between an array lookup

and a  tab le  lookup.  Dur ing  a  tab le  lookup,  when a  f ie ld  i s

found which satisf ies the search, the table name alone refers

to  the  da ta  i tem wh ich  sa t is f  ied  the  search .  Fo l low ing  a

lookup fo r  an  ar ray ,  spec i fy ing  the  ar ray  name a lone re fe rs

to  the  en t i re  a r ray ,  ra ther  than to  any  par t i cu la r  e lement .

The on ly  way an  ind iv idua l  a r ray  e lement  can be  re fe renced

is  by  spec i fy ing  the  ar ray  name wi th  an  index .

Assume you wish to search an array CHG to check for

amounts  over  $100.  l f  vou  on ly  want  to  de termine i f  there

are  any  e lements  conta in ing  a  g rea ter  amount ,  the  search

can be  coded as  shown in  F igure  9 '35"  l f  ind ica tor  16  is  on ,

ind ica t ing  a  success fu l  search ,  you  can then pr in t  a  message

sta t ing  there  is  a  charge over  $ ' l  00 .  Otherw ise ,  i f  ind ica tor
' |  
6  i s  o f f ,  you  can pr in t  a  message s ta t ing  a l l  charges  are

I  under  o r  equa l  to  $100.  Wi th  the  LOKUP spec i f i ca t ion
'  

shown,  however ,  you  wou ld  have no  way o f  knowing how

many e lements  o r  wh ich  e lements  sa t is f  ied  the  search

cond i t ion .

CALCULAT ION SPECI  F ICAT IONS

R e s u l r  F i e l d
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Figure 9-35. Determining Only if a Searcfi ls Successful
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l f  you wish to know which element satisi ier i  i i i t_. , ierarcj.r  or,
perhaps ,  how much over  $100 the  amount  i s ,  the  ar ray
lookup shou ld  be  coded w i th  an  index  f  ie ld  (F igure  g-361.

The index  f ie ld  can be  preset  to  conta in  the  va l r :e  / ,  so  the
search  beg ins  a t  the  f i rs t  e lement  o f  the  ar rav .  l f  t l re  search
is  sa t is f ied ,  lX  w i l l  con ta in  the  number  o f  the  f i rs t  e le rnent
over  $100;  and the  resu l t ing  ind ica tor  w i l l  L re  tu rnec t  on .
The conten ts  o f  lX  can then be  pr in ted  to  ind ica te  wh ich
e lement  sa t is f  ied  the  search .  The ac tua l  con ten ts  o f  tha t
e  ement  can be  pr in ted  by  spec i fy ing  the  ar ray  name wi th
the  index  f ie ld  (F igure  9-36 ,  Outpr . r t  sheet ) .

Searching An Array for More Than One Element

' l  
he  preu ic i t - : s  example  porn ts  ou t  an  impor tan t  cons idera-

t ion :  an  ar ray  L0 l (UP opera t ion  is  comple ted  when the
f  i rs t  e lement  i s  found rvh ich  sa t is f  ies  the  search  cond i t ion .

l f  you  w ish  to  f ind  a l l  e lements  wh ich  sa t is fy  the  cond i t ion ,

" r 'ou  must  code add i t iona l  spec i f i ca t ions  wh ich  cause the
program to  loop back  in  ca lcu la t ions  to  repeat  the  lookup
operation from the point where the last search was success-
f u l .

As  an  exanrp le ,  assume Vour  company manufac tures  25  d i f -
fe ren t  i te ins ,  iden t i f ied  by  i tem codes 1-25 .  A  25"e lement
ar ray  QTY (F igure  9  37)  i s  used to  keep t rack  o f  the  quan-

t i tV  in  s tock  o f  each i tem.  The f  i r s t  e lement  conta ins  the
quant i t l i  o f  i tem code / ,  the  second e lement  conta ins  the
quant i t y  o f  i tem cade 2 ,  ano so  on .

l ; R P G  C A L C L i I , A I I O N  S P E C I F I C A T I O N S
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O T Y A R R A Y

Array  E lement

1 2 3

Below stock level of 25

Figure 9-37. More than one Array Element Which satisf ies the search condition

100 i tems are to be manufactured and added to stock when-

ever  the  quant i t y  o f  an  i tem fa l l s  be low 25.  To  de termine

wihich i tems are to be manufactured, every week the QTY

array is searched, comparing the array elements with a search

word  (MFGPT)  o f  25  f rom a  da ta  card .  When a  quant i t y  i s

found to  be  less  than 25  (search  cond i t ion  Low) ,  the  i tem

code and quanti ty in stock are printed.

From F igure  9-37  you can see tha t  four  i tems must  be  manu-

fe rc tu red .  The spec i f i ca t ions  in  F igure  9-38  w i l l  no t  loca te

a l l  o f  the  i tems w i th  quant i t ies  less  than 25 .  The lookup

operation shown wil l  locate only the f irst cluanti ty below

215.  l f  on ly  one da ta  card  (conta in ing  the  search  word)  i s

read.  the  spec i f i ca t ions  are  per fo rmed once.  As  you know,

for every data card read, the program cycle is repeated. How-

e\r 'er, even i f  several clata cards with the same search word

are  read,  every  t ime the  lookup is  repeated ,  the  search  beg ins

aga in  a t  e lement  /  o f  the  ar ray"  There fore ,  the  same ar ray

e lement  sa t is f  ies  the  search  every  t ime,  and the  o ther  th ree

ouant i t ies  a re  never  found.

To locate more tnan one element satisfying the same search

cond i t ion .  the  LOKUP must  be  repeated  w i th in  a  s ing le  p ro-

gram cyc le .  Not  on ly  must  the  LOKUP be repeated ,  bu t  the

search must begin at the point where the previous search

ended.  You can repeat  the  LOKUP us ing  the  GOTO and

TAG opera t ions ,  as  shown in  F igure  9-39 .  To  make sure  the

repeatecl search begins where the last search left  off ,  you

must specify the array name with an index f ield in the

LOKUP spec i f i ca t ion .  The conten ts  o f  the  index  f ie ld  i s

then updated after each successful search to indicate at

wh ich  ar ray  e lement  the  nex t  search  shou ld  beg in '

RPG CALCULAT ION SPECIF ICAT IONS
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The f i rs t  search should begin at  e lement  / .  Thus,  as Figure
13-39 shows,  the index f ie ld lX is  in i t ia l ly  set  up to conta in
the value / .  (The f ie ld is  zeroed before adding / ,  s ince you
l rave no way of  knowing the contents of  lX at  the beginning
rrf the program run.) The TAG operation is not performed;
therefore, the computer skips this specif ication and per-
forms the LOKUP.

lA/hen the first OTY element less than 25 is found, the num-
ber of  the e lement  (04)  is  p laced in the index f ie ld.  pro-
v id ing the LOKUP was successfu l  (33 on) .  a /  is  added to
the value in  the index f ie ld,  to  ind icate at  which e lement
the next  search should begin.  The value in  the index f ie ld is
then compared to 26 to see if the entire arrav (25 fields) has
been searched. lf there are sti l l  array elements to be checked
ii indicator 44 onl, the program branches back (GOTO) to
perform the LOKUP again. The search would then begin
again,  only  at  the e lement  fo l lowing the last  e lement  which
satisfied the search. The calculation specifications would
be repeated over and over unti l all i tems to be manufactured
are located and unti l the end of the arrav is reached.

Output During an Array Search

-fhe 
specifications in Figure g-40 search through the OTy

array to locate more than one element. In this case, it does
no good to search through an array unless you know what

RPG CALCULATION SPECIFICATIONS

data was found.  For  th is  reason,  each quant i ty  less than 25
and i ts  re lated i tem code are pr inted.  Fol lowing each suc-
cessful search, the item code number (same as the number
of  the array e lement  conta in ing the quant i ty)  is  s tored in
the index f ie ld lX.  Thus,  the f ie ld lX can be pr inted.  The
actual quantity which satisfied the search can be printed by
speci fy ing the array name wi th the index f ie ld in  the output
specificati on.

Since the output specifications usually are not performed
unt i l  a l l  ca lculat ions are done,  normal  output  would be in-
valid since there would be an attempt to reference array
element  26.

In order  to pr in t  each i tem code ( f ie ld number)  located in
the array search (and its quantity), output must be done be-
fore the contents of the index field are changed.

You have learned that using the EXCPT operation on the
Calculation sheet makes it possible to perform output spec-
if ications before calculations are finished and then to return
to finish the calculation operations. As Figure 9-40 shows,
following a successful LOKUP, the EXCPT operation then
causes the data placed in the index field to be printed, fol-
lowed by the contents of the array element which satisfied
the search. After the exception output has been performed
(output  l ines ident i f ied by an E in column 15) ,  the program
continues with the calculation specifications by executing
the calculat ion which fo l lows the EXCPT operat ion.
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LC}ADING ARRAYS

f n the beginning of this chapter (Def ining an ArraYl ,  Vou

leer rned tha t  a r rays  are  d iv ided in to  th ree  types  based on

when the  ar ray  da ta  i ! ;  s to red  in to  the  ar ray .  The th ree

d i1 ' fe ren t  t imes are  compi la t ion  t ime,  p re-execut ion  t ime,

and execut ion  t ime.  l Ja ta  can be  s to red  in  any  o f  the  fo l -

lorrr l ing ways:

. Compilat ion t ime: keyed in on a console (keyboard)

dev ice ;  read f  rom 1 : t rnched cards ,  tape.  o r  d isk  source

l i b r a r y

Pre-execution t l 'mer: keyed in on a console device; read

f rom punched cards ,  tape,  o r  d isk

Execution time: l=xtracted from an input file on a con-

so le  dev ice ,  punched cards ,  tape,  o r  d isk  dur ing  execu-

t ion of the progratn

Execution time: ()realed by calculations performed

dur ing  the  prograrn

Compile Time Arrays

Ar rays  loaded a t  the  same t ime as  your  RPG l l  source  pro '

g ram are  re fe r red  to  as  compi le  t ime ar rays .  The ar ray  is

compi led  a long w i th  the  RPG l l  source  program.  The ar ray

data actual lv becomes part of the object program' One

def in i te  advantage in  c rea t ing  compi le  t ime ar rays  is  tha t

you need no t  load  separa te  a r ray  f i les  in to  the  computer

every t ime you wish to run that object program

I
I

RPG CALCULAT ION SPECIF ICAT IONS
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Changing Compile Time Arrays

Temporary  changes to  da ta  in  a  compi le  t ime ar ray  ex is t
on ly  fo r  a  par t i cu la r  run  and are  made as  eas i l y  as  fo r  any
ar ray .  Ca lcu la t ion  spec i f  i ca t ions  wh ich  have been prev tous-
ly  coded in  the  program can mod i fy  any  o f  the  ar ray  e le -
ments .

Mak ing  permanent  changes to  a  compi le  t ime ar ray  requ i res
reuompi l ing  the  en t i re  RpG l l  source  program a long w i th  the
new or  changed ar ray  input  records .  The ob jec t  p rogram
produced then conta ins  the  cur ren t  a r rav  da ta .

Loading Compile Time Arrays

An ar ray  to  be  compi  led  w i th  your  p rogram shou ld  fo l low
t h e  R P G  l l s o u r c e  p r o g r a m  ( F i g u r e  9 - 4 1 ) .  T h e r e  s h o u l d  b e
a record  immedia te ly  be fore  the  ar ray  conta in ing  * *  

in  pos i -
t ions  1-2 .  Pos i t ion  3  must  be  b lank  bu t  remain ing  pos i t ions
may be  used fo r  comments  (such as  the  ar ray  name) .  l f
more  than one ar ray  is  to  be  compi led ,  a  * *  record  shou ld
1ce p laced be fore  each ar ray .  Fur thermore ,  the  compi le  t ime
iarrays must be loaded in the same order as they are described
r )n  the  Ex tens ion  sheet .  The end o f  f i l e  record  ( / *  in  pos i -
t ions  1-2)  wh ich  usua l ly  comes a t  the  end o f  the  source  pro_
1; ram is  then p laced a f te r  the  las t  compi le  t ime ar ray .

RPG l l  Source Program

M'odel 10 Card System Users.. The source program
and array input  records as shown here are placed
in  t he  seconda ry  MFCU hoppe r .  The  RpG l l
Compi ler  program is p laced in the pr imary hopper.

Fi l ;ure 9-41.  Arrangement of  Input  for  Compi le Time Arrays

t,- Jb

Model  10 Disk System, Model  15,  and Model  6 users may
place compi le t ime arrays in  the source l ibrary fo l lowing the
source program. The same record sequence as shown in
Figure 9-41 is  used.  See the appl icable reference manuals for
your system for specific procedures.

Pre-execution Time Arrays

In general ,  i f  an array is  to  be permanent ly  modi f ied of ten,
a pre-execut ion t ime array is  easier  to  use than a compi le
t ime array.  A pre-execut ion t ime array is  not  compi led wi th
your RPG l l  source program. Instead,  once the object  pro-
gram has been loaded into the computer to be executed, the
array is  loaded separate ly  l ike an input  data f i le .  The array
is then used by the object program, rather than being a part
of the program.

Changing a Pre-execution Time Array

Modi fy ing a pre-execut ion t ime array is  easier  than changing
a compi le t ime array.  Modi fy ing the contents of  the array
permanent ly  (whether  a shor t  array or  a fu l l  ar ray)  can be
done by inser t ing and delet ing change records.  ln  any event ,
only  the array f i le  is  changed;  there is  no need to make
changes in the RPG l l  ob ject  program.

Loading Pre-execution Time Arrays

Pre-execut ion t ime arrays are s imi lar  to  any other  input  data
f i les in  that  the RPG l l  ob ject  program uses the f i les when
the program is executed. Unlike other data fi les, however,
pre-execution time arrays are read completely before execu-
t ion of  the program cont inues.

The array f i les should be in  the same order  as for  compi le
t ime arrays.  Al l  ar ray f i les are to be loaded in the same order
as they are described on the Extension sheet. Furthermore,
i f  both pre-execut ion t ime array f  i les and other  input  data
f i les are to be used by a program, a l l  ar rays must  be loaded
before the data f i les.  An end of  f i le  card ( / * )  must  fo l low
every pre-execution time array fi le, regardless of whether
the array is  shor t  or  fu l l  (F igureg-421 .

Second  A r rav  I npu t  Reco rds

ray lnput  Records



Ar ray  F i l e
(Sho r t  o r  Fu l l )

Modet 10 Card Systent Users.' The array files are

loaded f rom the secondary MFCU hopper.  The

RPG l t  obiect  program is loaded f rorn the pr imary

hopper.

t ) ther Systems: Array f i les loaded at  pre-execut ion

t ime may be loaded f  rom console.  cards,  d isk or  tape.

Figure 9-42. Arrangement of Input for Pre'execution Time Arrays

Specifications for Pre-execution Time Arrays

Since a pre-execution t ime array is a separate f i le to be used

by the  program,  the  en t i re  f i le  o f  a r ray  input  records  must

be  de f ined on  the  F i le  Descr ip t ion  sheet ,  ius t  as  any  o ther

f i le  must  be .  F igure  9-43  shows the  f i le  descr ip t ion  spec i f i -

ca t ions  requ i red  to  de f ine  a  p re-execut ion  t ime ar ray  input

f i le .  A  f i lename,  d i f fe ren t  f rom the  ar ray  name'  shou ld  be

ass igned to  the  en t i re  a r ray  f  i l e  (co lumns 7-14 l . '  A  un ique

f i lename shou ld  be  ass igned because the  s ing le  f i le  may ac-

tual ly contain data for two arrays, i f  al ternating format rec-

ords  are  used.  F igure  9-43  shows a  f i le  ca l led  ARFILE '

conta in ing  da ta  fo r  bo th  ARRAYA and ARRAYB'  An I  in

c o l u m n  1 5  s a y s  t h a t  A R F I L E  i s  a n  i n p u t  f i l e .  N o t i c e

a lso .  tha t  the  F i le  Des ignat ion  en t ry  (co lumn 16)  must  be  a

T.  to  ind ica te  tha t  th is  i s  an  ar ray  f i le ,  as  we l l  (T  s tands  fo r

e i ther  a  tab le  f i le  o r  an  ar ray  f i le ) .  The Dev ice  en t ry  (co l -

umns 40-46) indicates the device from which the array f i le

is  read ( fo r  the  Mode l  10  Card  Sys tem,  the  en t ry  must  be

M F C U 2 } .

File Description Specif ication

F
Fi lename

a  9  1 0 1 1 1 2 1 3 1 4

f t'en*1 -

D*ace
Symbol ic

D* ice

Name ol

Labe l  Ex i t

Exrent Exit
lor DAM

f w;r*
I rd Cylidr &odlow

|  |  e " o u r r u -i:
I
l z
t l

_t:

r ot ExlenB

l.
t5

Core Indet

"l= l
! ? l

ut-u8

T
I

."1.. ..K Entry

:l:l:li l:l
o 2 I f'Pl 1 9

it-
fl

fi
t

I I
0 Fi lename di f fers f  rom

array names

I L t l
o nT + + I t+r+

XT NSTON AND L INE  COUNTER SPECIF ICAT IONS
Fo.m X2 l  909

75 16  77  18  19IBM t

RPG

F;" 
- {  f  

I  f1 i } | "  |_ __] ,* . f i l . '  i i : : i i l . , . " l  I  I  I  I  I  I
F;. . ;  

-  -1,"

E xtensiotr  SPeci f  icat ions

E
T a h l e  o r

\

\ :
F

: l
: 1

)

T a b l e  o r
A r r a y  N a m e

l

CommentsK

r l

" '  l ' l  l l  I  lnn l r r+ le  I  ,  , ,  IARR,
l ' ,  l t  |  |  I n f  o rma t i on  wh i ch  re l a tes  t h i s  |  |' ' '  

I  snecl f icat ion to a part icular  
I

I  F i le Descr ipt ion speci f  icat ion I

l l l t ' l l ' 1 l l I
+L

t 1 ,  i l  l t l r

Ar 9-

Figure 943. Defining a Pre-execution Time Array File

37



O r d i n a r i l y ,  i f  a n  i n p u t  f i l e  i s  t o  b e  i n  a  p a r t i c u r a r  s e q u e n c e ,
a n  e n t r y  ( A  o r  D )  i s  r n a d e  i n  c o l u m n  1 g  o f  t f r e  F i l e  D e s c r i p -
1 . ion  shee l .  When spec i fy ing  a  sec ;uence fo r  a r ray  f i les ,  how-
( lver ,  the  sequence co lumns (4b  and b7)  on  the  Ex tens ion
sheet  must  be  used,  ra ther  than the  sequence co tumn on the
I : i le  Descr ip t ion  sheet .  An E has  been en tered  in  co lumn 3g
. f  the  F i le  Descr ip t ion  sheet  to  i r rc r i ca te  tha t  the  records  in
th is  a r ray  f i le  a re  fu r ther  descr ibed on  the  Ex tens ion  sheet .

l -ook i r rg  a t  F igure  9-43 ,  you  can see tha t  the  f i rename as_
s igned on  the  F i le  Descr ip t ion  sheet  i s  a lso  en tereo  under
F: rom [ : i lename (co lumns ' l  1 - ' lg )  o f  the  Ex tens ion  sheet .
l "h is  cornmon ent ry  te l l s  the  computer  tha t  the  ex tens ton
s p e c i f  i c a t i o n s  d e s c r i b i n g  A R  R A y A  a n d  A R  R A y B  a r r a y s
a r e  a s s o c i a t e d  w i t h  t h e  A R F I L E  f i l e  c l e f i n e d  o n  t h e  F i l e
f )escr ip t ion  sheet .  F :o r  compi le  t ime ar rays ,  p rev lous ly  de-
s r : r ibed ,  no  en t ry  i s  rnade in  co lunrns  i  1_ lg ,  s ince  no  f i le_
name is  ass igned to  compi le  t ime ar ray  records .

Storing Input Data into Execution Time Arravs

\A/hen an  execut ion  t ime ar ray  is  de f  ined  in  an  ex tensron
spec i f i ca t ion ,  an  ar ray  is  se t  up  In  the  contpLr te r ,  ready  to
rece ive  ar ray  da ta .  Y 'ou  have learned tha t  the  ar ray  oa la
can e i ther  be  genera ted  by  ca lc r_r la t ions  in  your  I r rogram or
b :  taken f rom an input  f i l e  tha t  your  p rogram reads .  There
is  an  impor tan t  d i f fe rence be tween the  input  f  i l e  used to
br - r i ld  an  erxecut ion  t ime ar ray  ar rc l  the  input  f i i e  used to
br-r i ld a pre-executiorr t ime array (see Loading Arrays, pre-
execution Time Arra.Vsl. That is, the input f  i le f  rom which
an exec lJ t ion  t ime ar ray  is  bu i l t  i s  r ro t  a  spec ia l  a r ray  f i le
des ignated  by  a  T  in  co lumn 16 o f  the  F i le  Descr ip t ion  sheet .
T l re re f  o re ,  the  ar ray  r ja ta  i s  no t  au tomat ica l l y  loaded in to
the  ar ray  a t  the  beg inn ing  o f  execut ion  t ime.  lns tead,  you
must  descr ibe  the  input  da ta  to  be  loaded in to  the  ar ray  on
input  sp 'ec i f i ca t ions  and ensure  tha t  the  necessary  da ta  i s  in
the  ar ray  be fore  do ing  opera t ions  tha t  use  the  ar ray  c la ta .

F ie lds  o f  a r ray  da ta  to  be  read f rom input  recoros  must  be
de,scr ibed on  the  Input  sheet .  The input  spec i f i ca t ions  in_
d ica te  where  the  da ta  i s  loca ted  on  the  record .  How the  ar_
ray  in fo rn ta t ion  is  der ;c r ibed and s to rec l  depends on  tn ree
farl tors:

1 .  How the  ar ray  da ta  i s  o rgan ized on  a  recoro .

2 .  Wl re ther  the  da ta  fo r  an  ar ray  is  con ta ined in  one or
more  records .

3 .  Which  Sys tem/ l l  mode l  you  are  us ino .

An input  record  conta in ing  ar ray  da ta  can conta in  on lv  da ta
fo r  tha t  a r ray  o(  can  conta in  bo th  a r ray  da ta  and o ther  da ta
f ie lds  to  be  used in  the  program.  In  e i ther  case.  the  ar rav
data  is  o rgan ized in  one o f  two wavs ;

1 .  A l l  a r ray  e lements  may occupy  consecut ive  pos i t ions
on the  record ;  tha t  i s ,  each e lement  immedia te ly  fo l -
low ing  another  w i th  no  b la r rks  o r  o ther  da ta  be tvveen
the  e lements .

2 .  The ar ray  e lements  may be  sca t te red  on  the  record .  in
any  order ,  w i th  b lanks  or  normal  inpu t  f ie lds  p laced
between the  ar rav  e lements .

The way in  wh ich  the  da ta  i s  o rgan jzed and the  s ize  o f  the
ar ray  genera l l y  de termines  the  nunrber  o f  inpu t  recoros  re_
qu i red  to  conta in  the  ar rav  da ta .

Array Data in Consecutive Positions on One Record

l f  a r ray  e lements  a re  in  o rder  in  consecut ive  pos t t tons  on  a
record ,  descr ib ing  and s to r ing  the  da ta  i s  very  easy .  A l l  o f
the  ar ray  da ta  on  the  one record  may be  descr ibed on  the
l r rpu t  sheet  as  i f  i t  were  a  s ing le  f ie ld .  Thus ,  on ly  one input
spec i f  i ca t ion  is  necessary  to  ind ica te  a  name fo r  the  f  ie ld
and the  co lumns on  the  record  where  the  ar ray  da ta  beg ins
and ends  (F igure  9-441.  BV spec i fy ing  the  name o f  the  ar_
ray  as  the  f ie ld  name,  the  da ta  i s  au tomat ica i l y  s to red  in  the
appropr ia te  e lements  o f  the  ar ray  as  the  inpLt t  record  is  read.

When you descr ibe  an  input  record  o f  a r ray  da ta .  you  spec i fy
no  en t ry  in  co lumn 52 (Dec imal  pos i t ions)  o f  the  Input  sheet .
S ince  the  ar ray  name and charac ter is t i cs  have been prev ious ly
def ined on  the  Ex tens ion  sheet ,  the  en t ry  in  co lumn 44 o f
the  Ex tens ion  sheet  ind ica tes  the  number  o f  dec ima l  oos i -
t ions  in  each ar ray  e lement .

Array Data Scattered on One Record

When ar ray  e lements  a re  sca t te red  on  an  input  record ,  each
f ie ld  must  be  descr ibed separa te ly  on  the  Input  sheet  to  in -
d ica te  where  each i tem o f  a r ray  da ta  beg ins  and ends .  Two
methods  are  ava i lab le  to  load the  c la ta  in to  the  ar rav :

1 .  Ass ign  a  un ique f ie ld  name to  each f ie ld  o f  a r ray  da ta
on the  input  record ,  then code ca lcu la t ions  to  move
each da ta  f ie ld  ind iv idua l l y  in to  the  appropr rare  ar ray
e lement .

2 .  Ass ign  the  ar ray  name wi th  the  proper  index  to  each
field of array data in the input record and the array
wi l l  be  loaded au tomat ica l l y  as  the  da ta  i s  read.  (Th is
method o f  load . ing  ar ray  da ta  i s  no t  ava i lab le  fo r  the
Sys tem/3  tu lode!  10  Card  Svs tem. I

9-:t8
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Assume that  a 6- f ie ld array named EMp is  set  up by coding
extension specifications. The six f ields of data for the array
are scattered on a record, as shown in Figure g-45. Addi_
t ional  input  in format ion (b lanks and other  input  f ie lds)  is
recorded between the array fields. Furthermore, the array
fiekJs are not in the or<ter in which they are to be srored.

When you describe the array data, you must identify each
f ie ld by a separate l ine of  input  speci f icat ions,  because the
array data is  not  cont inuous.  Normal  input  f ie lds can be
des<:ribed along with the array fields. Separate fields can
be i 'dentif ied and stored as follows:

All System/3 Models: One way to identify and srore array
data  is  shown in  F igure  9-46 .  Un ique f  ie ld  names are  as-
s igned to  ind iv idua l  f ie lds  o f  a r ray  da ta  on  the  Input  sneet .
Once the scattered f ields have been described on the Input
sheet .  each f ie ld  o f  a r ray  da ta  i s  s to red  in  the  ar ray  us ing  a
MOVE ca lcu la t ion .  S ince  each f ie ld  has  a  un ique f ie ld  name
and must  be  s to red  in  a  spec i f i c  a r ray  e lement ,  a  separa te
move specif icat ion must be coded for each f ield to be
stored.

The spec i f i ca t ions  wh ich  move the  ar ray  da ta  in to  the  ar ray
e lements  shou ld  genera l l y  be  spec i f ied  f i rs t  on  the  Ca lcu la -
t ion  sheet .  Th is  ensures  tha t  the  da ta  w i l l  be  in  the  ar ray
when any  ca lcu la t ions  on  the  ar ray  (spec i f  ied  la te r  on  the
Calcu la t ion  sheet )  a re  per fo rmed.
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All System/3 Models (Except Model l0 Card System and
Modei l5C): Figure 9-47 shows a second way to load an
array f rom scat tered f ie lds.  The array name wi th an index
is ass i l lned to each f ie ld of  data in  the input  record.  In  th is
way,  t :he data is  loaded d i rect ly  in to the array as the f ie lds
are re,ad.  No move calculat ions are necessarv.

Array Data Consecutive on More Than One Record (Model

10 Carcl System)

Cons idcr  a  case where  the  ar rav  da ta  on  a l l  inpu t  records  is

organ ized consecut ive ly .  Data  fo r  a  25-e lement  a r ray  named

T A X  i s  c o n t a i n e d  o n  t w o  i n p u t  r e c o r d s  ( F i g u r e  9  4 8 ) .  T h e

f i rs t  record  conta ins  19  f ie lds ,  the  second record ,  s ix .  Each

n u m e r i c  f i e l d  i s  f i v e  c h a r a c t e r s  l o n g .  T h e  d a t a  i s  o r g a n i z e d

on the  records  in  the  order  i t  i s  to  l )e  s to red  in  the  ar ray .
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I t  i s  inpor tan t  to  no te  tha t  when da ta  i s  s to red  in  an  ar ray
by  spec i fy ing  the  ar ray  name as  the  f ie ld  name,  the  in fo rma-
t ion  is  p laced a t  the  beg inn ing  o f  the  ar ray .  Thus ,  the  95
co lunrns  o f  da ta  f rom th is  f i rs t  inpu t  record  are  s to red  in
e l e m e r n t s  1 - 1 9  o f  t h e  a r r a y  ( F i g u r e  9 - 4 8 ) .

A l thc ,ugh the  da ta  on  the  second record  is  a lso  ar ranged
consecut ive ly ,  each e lement  i s  loaded separa te ly .  The sec-
ond record  cannot  be  de f ined as  a  s ing le  a r ray  f ie ld  and
s tore< l  au tomat ica l l y  in  the  ar ray  because the  da ta  wou ld
be s to red  a t  the  beg inn ing  o f  the  ar ray ,  des t roy ing  the  de t2
prev ious ly  s to red  a t  the  beg inn ing  o f  the  ar ray .  Ins tead,  the
data  l ' rom the  second record  is  loaded by  de f in ing  the  in -
d i v i d u a l  f i e l d s  a s  a r r a y  e l e m e n t s  o n  t h e  l n p u t  s h e e t  ( F i g u r e

9-48) .  The da ta  cou ld  a lso  be  loaded by  ass ign ing  a  un ique
f ie ldname to  each f ie ld  o f  a r ray  da ta  on  the  second record
and us ing  MOVE opera t ions  to  move each f ie ld  to  i t s  p roper
a r r a y  e l e m e n t .  I n  t h i s  c a s e ,  s p e c i f i c a t i o n s  w o u l d  b e  s i m i l a r
to  those fo r  the  EMP ar ray  in  F igure  9-46 .

In  th is  example ,  the  method o f  de f in ing  and s to r ing  da ta  in
the  TAX ar ray  is  re la t i ve ly  s imp le .  However ,  i f  there  are  a
la rge  number  o f  da ta  f  ie lds  conta ined on  records  o ther  than
the  f i rs t ,  s to r ing  the  da ta  can requ i re  a  g rea t  r rumber  o f
cod ing  l ines .  Suppose,  fo r  example ,  the  TAX ar lay  cons is ts
o f  50  f ie lds .  Three records  are  requ i red  to  conta in  the  da ta .
T h e  f i r s t  t w o  r e c o r d s  c o n t a i n  1 9  f  i e l d s  e a c h ; t h e  t h i r d  c o n -
t a i n s  1 2  f  i e i d s .  S t o r i n g  t h e  d a t a  u s i n g  t h e  m e t h o d  s h o w n  i n
F igure  9-48  requ i res  31  separa te  l ines  o f  cod ing  to  load the
data  r>n  records  two and th ree .  Because o f  th is ,  you  migh t
want  to  cons ider  load ing  the  ar ray  as  a  compi le  t ime or  p re-

execut ion  t ime ar ray ,  ins tead.

Array Data Consecutive on More Than One Record (Model

6 ,  Mode l  10 ,  Mode l  12  and Mode l  15)

O n  t h e  M o d e l  6 ,  M o d e l  1 0 ,  M o d e l  1 2 a n d  M o d e l  1 5 ,  i t  i s

much eas ie r  to  load ar ray  da ta  thp t  i s  consecut ive  on  more
than one input  record .  Cons i tJer  the  prev ious  example
(F igure  9-48) .  The A ' rcy  da ta  on  the  second record  can be

descr ibed as  a  s lng le  f ie ld  on  these sys tems,  because the

MOVFA opera t ion  code is  ava i lab le  on  these sys tems to
ri-rove data from a f ield to an array. Figure 9-49 shows the
cod ing  necessary  to  load the  TAX ar ray  when the  MOVEA

opera t ion  is  used in  ca lcu la t ions .

Us ing  the  MOVEA opera t ion ,  da ta  tha t  i s  consecut ive  on
many input  records  can conven ien t ly  be  loaded dur ing
program execut ion .  See your  RPG l l  Reference Manua l  fo r

a  comple te  descr ip t ion  o f  the  use  o f  MOVEA.

9-44
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tlrray Data Scattered on More Than One Record

l legard less  o f  how nrany  records  are  used to  conra tn  a r ray
c ia ta ,  i f  the  f ie lds  a re  sca t te red  on  the  records ,  each f ie ld
r n u s t  b e  i n d i v i d u a l l y  l o a d e d  i n t o  i t s  a p p r o p r i a t e  p o s i t i o n  i n
the  ar ray .  However ,  a  separa te  spec i f i ca t ion  is  no t  a tways
necessary  fo r  each f ie ld  o f  da ta  to  be  loaded.  In  some cases ,
the  sanre  spec i f i ca t ion  can be  used fo r  a l l  the  records .  Th is
cepends on  whether  a l l  the  input  recorc ls  fo r  a  s ing le  a r ray
are  organ ized in  the  same fo rmat  and whether  the  f  ie lds
f  rom d i f fe ren t  records  can be  ass igned the  same name.

l \ssume tha t  a  22-e lement  a r ray ,  named ARA,  i s  de f  ined .
l 'he  da ta  fo r  the  ar ray  is  sca t te red  on  s ix  input  records ,  as
shown in  F igure  9-50 .  A l though the  ar rav  da ta  i s  no t  con-
s r - ' cu t i ve ,  the  four  f ie lds  on  each o f  the  f i rs t  f i ve  records  are
in  the  same fo rmat  on  each record .  The remain ing  two f ie lds
on the  s ix th  record  are  in  the  same fo rmat  as  the  f i rs t  two
f ie lds  on  a l l  o ther  records .

S ince  the  ar ray  da ta  fo l lows the  same organ iza t ion  on  a l l
r o c o r d s ,  d e s c r i b i n g  o n e  s e t  o f  f i e l d s  ( F i g u r e  g - S 1 )  a c t u a l l y
descr ibes  the  f ie lds  on  a l l  records ,  except  the  las t .  A  sep-
a 'a te  input  spec i f  i ca t ion  shou ld  be  coded to  ind ica te  tha t
record  6  on ly  conta ins  two o f  the  f ie lds .  (Note  on  the  ln -
pu t  sheet  tha t  records  1-5  are  descr ibed in  an  OR re la t ion-
sh ip .  There fore ,  a  spec i f i c  card  sequence cannot  be  spec i_
f ied  in  co lumns 15  ar rd  ' l  6 .  you  can assume tha t  the  ar ra -y
i r rpu t  records  are  in  sequence.  Record  type  1  i s  the  f  i r s t
re rcord  read and record  type  6  i s  the  las t . )

9rl6



l r .o t .  l
,aoru I

l . , -otu I

I  r .o , t  l
I  r .o t ,

l ' .o ' l

r  l t , - o r l  l t . o ,
I r,-o. I

|  ' .oo I
Organized in

Same Format

Frigure 9-50. Array Data Scattered on More than One Record

Arrays 947



I 8 1 t , . . . " , . . ,  B . 1 n e s M a c h n e c . , . . , d , . n

RPG INPUTSPECIFICATIONS

t * -

Figure 9-51. Describing One Sot of Array lnput Fields for Several Records

GX21.S94 U/M 050 '

** [-fl "_',ix:L, ". [l-T[fTlI 
Purch q Cd.d  E l6cro  Numb,

9.f8



Because the  f  ie lds  on  the  d i f fe ren t  records  have the  same
f ie ld  names,  on ly  one MOVE spec i f i ca t ion  is  necessary  fo r
each un ique f ie ld  name.  The spec i f i ca t ion  on  l ine  07  o f
F igure  9-52 ,  when repeated  fo r  each record ,  moves FLDA
o{  tha t  record  to  the  appropr ia te  e lement  o f  the  ARA ar ray
Lines 09 and 10 are performed for every record except the

las t ,  wh ich  does  no t  have f ie lds  FLDC and FLDD.

S ince the  f ie lds  on  the  input  records  are  in  the  same order
as  they  are  to  be  s to red  in  ARA,  a  de f in i te  pa t te rn  i s  es tab-
l i shed as  to  where  the  da ta  i s  to  be  moved.  F ie lds  f ronr  rec-
ord  1  a re  s to red  in  a r ray  e lements  one th rough four ,  f ie lds
f rom record  2  in  a r ray  e lements  5  th rough 8 ,  f ie lds  f  rom
record  3  in  a r ray  e lements  9  th rough 12 ,  and so  on .

Ar ray  index  f ie lds  can be  used to  ind ica te  to  wh ich  ar ray
e lements  tha t  da ta  i s  to  be  moved.  For  each un ique f ie ld
name,  an  ind iv idua l  index  f ie ld  shou ld  be  se t  up .  In  th is

Pase oI GC21-7567-2
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By TNL:  GN21-5709

way,  the  va lues  in  the  index  f ie lds  on ly  have to  be  changed

every  t ime another  a r ray  input  record  is  p rocessed.  When

the f i rs t  record  is  read,  the  index  f ie lds  A ,  B ,  C,  and D are

i n i t i a l i z e d  t o  1 , 2 , 3 ,  a n d  4 ,  r e s p e c t i v e l y ,  t o  p r e p a r e  f o r

mov ing  the  t ie lds  f rom record  type  1  (F igure  9-52 ,  l ines

01-04) .  A f te r  the  four  f ie lds  a re  moved,  the  va lue  4  i s

added to  each o f  the  index  f  ie lds  so  they  po in t  to  where  the

four  f ie lds  on  the  nex t  record  shou ld  be  s to red  (F igure  9-52 ,

l ines  12-15) .  The same ca lcu la t ion  spec i f i ca t ions  are  re -

oeated  un t i l  f  ie lds  FLDA and FLDB f rom the  s ix th  record

have been moved to  the  las t  two ar rav  e lements .

Conditioning Operations Until All Array Data is Stored

Al l  in fo rmat ion  must  be  s to red  in  an  ar ray  be fore  you can

re ference the  da ta  by  spec i fy ing  the  ar ray  name or  a r ray

name wi th  an  index .  Thus ,  any  spec i f i ca t ions  to  load the

data  in to  the  ar ray  must  be  spec i f  ied  be fore  any  ca lcu la t ions

which  use  the  ar rav  in fo rmat ion-
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For  every  r l . cord  o f  a r ray  da ta ,  RPG l l  goes  th rougn a  com-
p le te  p rogram cyc le ,  jus t  as  i t  does  to  p rocess  any  o ther  da ta
card .  Th is  means tha t  inpu t ,  ca lcu la t ion ,  and ou tpu t  spec i -
f  i ca t ions  can be  per fo rmr . 'd  every  t ime an  ar ray  input  record
is  p rocessed.  You want  input  spec i f  i ca t ions  to  be  per fo rmed

to  de l ;c r ibe  the  ar ray  record  to  the  sys tem and,  perhaps ,  to
load t  he  ar ray  da ta  a t  the  same t ime.  Perhaps ,  ca lcu la t ion
spec i l i ca t ions  wh ich  move the  da ta  f rom the  record  to  the
ar ray  shou l rJ  a lso  be  per fo rmed.  However ,  i f  there  are  s t i l l
some ar ray  records  wh ich  have no t  been processed ( thus ,

no t  s lo red  in  the  ar ray) ,  ca lcu la t ions  and ou tpu t  wh ich  re f -
e rencr?  the  ar ray  must  no t  be  per fo rmed.  For  example ,  i f
on ly  f  i ve  f  ie r l c ls  o f  da ta  have been loaded in to  a  10-e lement
a r r a y ,  a d d i n g  a l l  e l e m e n t s  o f  t h e  a r r a y  o r  p r i n t i n g  a l l  e l e -
ment ! ;  w i l l  cer ta in ly  no t  p rov ide  the  resu l ts  you want .

Once the  la : ; t  a r ray  input  record  has  been s to red ,  any  spec t -
f  i ca t ions  re fe renc ing  the  ar ray  e lements  can be  per fo rmed.
Thus,  you  must  spec i fy  a  cond i t ion ing  ind ica tor  (co lumns

9 th rough 17  on  Ca lcu la t ion  sheet  and co lumns 23  th rough
31 on  Output  sheet )  wh ich  ind ica tes  when the  las t  a r ray
record has been processed.

L ines  02  th rough 13  o f  the  Ca lcu la t ion  sheet  in  F igure  g-53

are  per fo rmed to  move da ta  f rom the  s ix  a r ray  input  rec-
ords  (see F igure  9-50)  in to  the  ar ray  ARA.  When the  las t
record  is  p rocessed ( record  ident i f y ing  ind ica tor  06  on) ,  the
two ar ray  opera t ions  on  l ines  i6  and 17  can be  per fo rmed

dur ing  tha t  p rogram cyc le .  There fore .  when record  type  6
has  been s to red ,  ind ica tor  33  is  se t  on  (F igure  g-53 ,  l ine  14) .
I n d i c a t o r  3 3  ( o r  a n y  o t h e r  i n d i c a t o r  w h i c h  i s  s e t  o n l c a n
then cond i t ion  the  XFOOT and SUB opera t ions  to  be  per -

fo rmed in  a  p rogram cyc le .

The record  ident i f y ing  ind ica tor  06  was no t  spec i f ied  to
cond i t ion  the  ar ray  opera t ions ,  because 06  is  on  on ly  fo r
the  cyc le  in  wh ich  the  s ix th  a r ray  record  is  p rocessed.  S ince
the  ar ray  opera t ions  on  l ines  16  and 17  must  be  per fo rmed

in  the  fo l low ing  program cyc les  a lso  ( fo r  example ,  i f  normal
da ta  records  fo l low the  ar ray  records) ,  they  must  be  cond i -
t ioned by  an  ind ica tor  wh ich  is  on  dur ing  the  fo l low ing

cyc les .  Once ind ica tor  33  has  been se t  on ,  i t  remarns  on
through fo l low ing  program cyc les ,  un t i l  se t  o f f  ( l ine  01)
when another  g roup o f  a r ray  records  are  processed.
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Figure 9-54 shows how the array operat ions must  be condi-
t ioned for  another  s i tuat ion.  In  th is  case,  record ident i fy ing
i r rd icator  06 does not  set  on indicator  33 because informa-
t ion (DSCNT) f  rom data records f  o l lowing the array records
nrust be available before the array operations can be per-
formed ( l ine 16) .  l f  ind icator  06 caused indicator  33 to be
sot  on.  the array operat ions would be per forrned dur ing the
prograrn cyc le in  which the s ix th array record is  s tored.  At
that  point ,  the DSCNT data is  not  avai lable.  Therefore,  rec-
ord ident i fy ing indicator  09 ( the f i rs t  type of  data card fo l -
lowing the array records)  sets on the condi t ion ing indicator
33 instead.

At  th is  point ,  we must  ment ion a problem which can come

up if array elements are contained on more than one record
(or the same record typg), and the records contain normal

input data as well as array data. Assume three cards con'
ta in the array data and ar l  the data must  be stored in  the

array pr ior  to  per forming any calculat ion or  output  opera-

tions. This means the three records must be read before
processing. As each new record (of the same record type)

is read. the data from the previous record is destroyed, un-

less i t  has been moved or  s tored in  a specia l  p lace,  such as

an array.  Since normal  input  data (nonarray f ie lds)  f ronr

the f i rs t  two records is  no longer avai lable once the th i rd
record has been read,  any calculat ion or  output  speci f ica-
t ions which reference th is  input  data might  g ive incorrect
resu lts.

RPG CALCULAT ION SPECIF ICAT IONS
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l .  In  which of  the fo l lowing ways is  an array l ike a table (s tate t rue or  fa lse and the
reasons for  your  answer)?
a. Each can be referenced as one group of information.
b.  Each is  a cont inuous ser ies of  data f ie lds (e lements l  s tored s ide by s ide.
c. A particular item of data can be individually referenced in either a table or an

atray.
d.  Each is  def ined by coding extension speci f icat ions.

2. Can one array be compared to another array to determine which is greater or lessT
State the reason for your answer.

3. Explain what happens if an array (a) of 18 elements is added to an array /b/ of three
elements, with the result placed in an array (c) of 18 elements.

4.  The fo l lowing array (ARASIX) is  to  be set  up dur ing a program run:

a. Define the array on an Extension sheet.
b.  l f  ARASIX is  mul t ip l ied by 3,  what  data wi l l  be p laced in the resul t  array RESARA?
c. Should the result array RESARA be defined on the Extension sheet also?
d. lf so, code the necessary extension specifications to define RESARA,
e. What is accomplished by defining an array on the Extension sheet?

5. a. Explain what happens when an XFOOT operation is performed.
b. lf ARASIX (refer to question 3) is specified on the Calculation sheet as Factor 2

of an XFOOT operation. what data would be placed in the result f ield?

6. How does a programmer specify that an entire array is to be printed or punched (a)

during output t ime in the object program cycle; (b) at end of job?

7. How does a programmer specify whether an entire array or only a particular array
element is to be operated upon or used for outputT

Review 9

I 2 72 5 20 1 5

Review 9 9-53



8.  Data for  a SALES array is  recorded on a one-record input  f i le  ca l led INFILE in the
fo l lowing format :

Field Columns Field Columns

C le rk l  1 -10  C le rk6  51 -bu r
Clerk2 11.20 ClerkT 61-70
C le rk3  21 .30  C le rkS  71 -80
Clerk4 31-40 Clerkg 81.90
Clerk5 41-50 record code g1 (not  array data)

Each c,f the clerk fields contains data with two decimal positions. Code the specifi-
cations necessary to:
a. Def ine the array as a pre-execution time array.
b. lf necessary, describe the input record and store the data in the SALES array.

9. Show two ways that data from the first f ive fields of the following record could be
stored in  an execut ion t ime array named SET (15 e lements,  three numer ic  characters
each, no decimal positions). Column 1 of the record contains a P as the record
ident i fy ing code.

F ielcl Co lumns F  r e l d Columns F ie l d Columns

F r d l
F td2
F rd3
F td4
Ftds

2-4
6-8

1G12
14-16
18-20

Ftd6
FtdT
FtdS
Ftd9
F t d 1 0

22-24
26-28
3G32
34-36
38-40

F t d 1 l
F t d l 2
F r d l 3
F t d l 4
F t d l 5

42-44
46-48
5G52
54-56
58-60

1 0 .

1 1 .

12.

a. Code the output specif icat ions to print the 13th element of the array SET
(outpu t  f i l ename PR I  NT) .

b .  Code the  spec i f i ca t ions  to  p r in t  the  en t i re  a r ray  SET a t  end o f  job  (ou tpu t

f i l e n a m e  P R I N T ) .

SEARCH is  the  name o f  a  f ie ld  conta in ing  da ta  you w ish  to  loca te  in  the  &e lement
PAY array. Code the specif icat ions to search the array to determine i f  the data is
present. l f  present. print the number and contents of the array element. l f  more
than one array element satisf ies the search, each is to be printed.

Code specif icat ions to:

a .  Add ARAI  to  ARA2 and p lace  the  resu l t  in  ARA2.
b .  Sum a l l  e lements  o f  ARA2 and p lace  the  resu l t  in  TOTAL.
c. Print both results.
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1 .  a .

b .

d .

False.  Only one table e lement  can be referenced at  one t ime.
T rue .
T rue .
True.

No.  An opera t ion  to  be  per fo rmed on an  ar ray  is  repeated  fo r  each e lement  in  the

ar ray .  There fore ,  a  compare  (COMP)  opera t ion  cannot  g ive  a  mean ing fu l  resu l t  fo r

the  en t i re  a r ray .  The two ar rays ,  however ,  cou ld  be  to ta led  us ing  the  XFOOT

opera t ion  and the  resu l t ing  to ta ls  cou ld  be  compared.

The f i rs t  th ree  e lements  o f  a r raya  wou ld  be  added to  the  th ree  e lements  o l  a r ray  b ,

w i th  the  th ree  resu l ts  p laced in  the  f i rs t  th ree  e lements  o f  a r ray  c .  The remain ing

15 e iements  o f  a r ray  c  ( resu l t  a r ray)  remain  unchanged.

a .  Ent r ies  shown are  requ i red ;  no  o ther  en t r ies  shou ld  be  made.  The en t ry  in

co lumn 44 is  necessary  to  ind ica te  the  e lements  a re  numer ic  fo r  a r i thmet ic

opera t rons .

Answers To Review 9

2 .

3 .

4 .

b .

c .  Yes ,  a l l  a r rays  to  be  used in  a  p rogram must  be  de f ined on  the  Ex tens ion  sheet .

d .  Ent r ies  shown are  requ i red ;  no  o ther  en t r ies  shou ld  be  made.  Length  o f  a r ray

e lement  (co lumns 40-421 must  be  3  to  conta in  the  la rges t  add i t ion  resu l t .

e .  An area  in  s to rage su f f i c ien t  to  conta in  the  ar ray  da ta  i s  reserved.  The ac tua l

a r ray  da ta  may be  s to red  in  the  ar ray  la te r ,  when input  records  are  read or

d u r i n g  c a l c u l a t i o n s .

Extension Speci f  icat ions

o 216 1 5 60 45

Extension Speci{ icat ions
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The XFoor operat ion causes a i l  erements in  the array speci f ied as Factor  2 to be
added together .  The s ingre resur t  of  the addi t ions is  praced in the resul t  f ierd
speci f ied wi th the XFOOT operat ion.
The tota l  o f  a l l  e lements in  the ARASIX arrav (115)  would be p laced in tne
resu l t  f  i e l d .

o . a.  The name o f  the  ar ray  is  spec i f ied  under  F ie lo
on the  Output  sheet .  The f  i l ename (co lumns 7
as  fo r  ou tpu t  o f  anV f  ie ld .

Name (columns 32 through 37)
through 14)  must  a lso be speci f ied,

b.  The name o f  the  ou tpu t  f i l e  i s  spec i f ied  under  To  F i lename (co lumns i9 -26)  on
the  Ex tens ion  sheet .  No en t ry  i s  necessary  on  the  Output  sheet .  (Th is  method
of  a r ray  ou tpu t  cannot  be  usec l  fo r  execut ion  t ime ar ravs . )

1 -he  ar ray  name is  spec i f ied  a lone (on  the  Ca lcu la t ion  or  Outpu t  sheet )  to  re fe rence
the  en t i re  a r ray .  The ar ray  name must  be  fo l lowec i  by  a  comma and an  index
number  o r  index  f ie ld  to  re fe rence on ly  a  par t i cu la r  a r rav  e lement .

a .  Ex tens ion  spec i f i ca t ions  to  de f ine  the  ar rav :

b .  Input  spec i f i ca t ions  to  descr ibe  the  input  record  and s to re  the  da ta  in  the  sALES
ar ray  are  no t  necessary ,  s ince  the  ar ray  is  au tomat ica i l y  roaded be fore  execut ron
of  the  program.

F i r s t  m e t h o d :

R P G  I N P U T S P E C I F I C A T I O N S

f r - '

l ' , , , , n , , ,  l "  I  I
l r r ' :  I  ' ' u ' "  t ' i  l  l l l  r  l l

) 2

-T ' tt u * L l  l " '

l
-
T

Extension Speci f  icat ions

9-56



Second method:

RPG INPUTSPECIFICATIONS
I B M , " , " , ^ " , , , , " . ,  

" , , n . $ M a . h . ,  
c o . o o , . , o n

I

9

IB I I I  . , " . " . , " " "  au !  ies  Mach,e  corbo ,a , . i

10.  a.  Output  of  13th e lement  of  SET arrav:

RPG CALCULAT IONSPECIF ICAT IONS

SPECIF ICAT IONS G X 2 l s m  U / M 0 $ .

Proqram fT-T-T-fTl
_ rdenr,r csr on LL I I I I I

1

l

I
IT

1 r
l r

I

I

Constant ur Edit  \ t r /ord
i n

Answers To Review 9 9-57



b.  Output  of  ent i re SET array at  end of  job s ince SET is  an execut ion t ime array,
must  be done using output  speci f icat ions,  as shown below:

SPECIF ICAT IONS

l f  SET were a compi le t ime array or  a pre-execut ion t ime array,  output  of  the
ent i re array could be accompl ished by enter ing the output  f i lename in To Fi le-
name (columns 19-26)  in  the extension speci f icat ion for  the array:

RPG EXTENSION AND L INE COUNTER SPECIFICATIONS

P u n c h  f s  ]  
G c e h  c Card  ELedro  Num&r

OUTPUT GX21.m U/MOS'

**lii'_

F o . m  X 2 t  S l
p i , n r . d ' n U S A

7 5  7 6  ? 7  7 8  7 9  8 0**ffi"-Proq'am fm-T-T_T_]
l denr , tcauon l  I  |  |  I  |  |

I
1

I l l l l  . , " , , . , . . .  
" , , ,^.$ 

M.ch,n. co' ,o, ,non

Graph ic Card  E lec to  Num&r

I o""

No Siqn C B
Prus Sign

B
c
D

L

Extension Speci f  icat ions

E S e q u e n c e  o i  t h e  C h a i n i n g  F r l e

To Fi lename

9 2 4 2 1 2 2 2 3 2 4 2 5 2 t

T a b l e  o r
Arrav Nam€

E n r r y

n

Table or
Array Name Commenls

t a  5 9  6 0  6 1  6 ?  6 3  6 4  6 5  6 6  6 7  6 8  6 9  7 0  7 1  7 2

E n r r y

0 ,-
:

1I
n

0 i E

(
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1 1 .

CALCU LATION SPECI  F ICATIONS

SPECIFTCATIONS

Fo/m GX2r .S !
Pnnrd  i6  U S.A.

75 76 17 7A rg 80
r r q r a m t t t t t t l

_  rden" r r i l ,o i l  I  |  |  |  |  |

I811 ,.,",".,,..., 
",,,.e$ 

M.ch ne co.Do,.,o^

** [i'],_Card  E lec t ro  Numer

P,oe.anrc ,  
I  D"p

Constant or Edlt  Word

Gx2t.ffi U/M @.
Pnn$d tn u.s A.

75 76 77 78 79 80
f ' q , . m  t t t t t t l
i denr i r iLar loh l  I  I  I  |  |  |
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12,

RPG CALCULATION SPECIFICATIONS

SPECIFICATIONS

F o r B G X 2 l . m

Prinrd '. U.3,4

t6 76 t7 78 70 t0

'."fi1n-ftq.m [-TT-T-T-T-]
l&^ t i r 'o l ion l  |  |  |  |  |  I

Gt2r.s u/r @.

IBlll,'"."-r.-,m Mdid coe,.rio

Graohic &rd Elero Numbf

I orr.

(:

t ,
r.i* li

l'

a ,

t :
6 c

! :

Indlcrton

Frtor I Orration F&tor 2

R6ul l  Fi . ld

Commant!

N!6a Llngth

t ,
l > 2 l l < 2 l l - ?
.@lurlFrcrq 2l im:m

IEII,.",".,.-, 
"""n.{ 

cd,.. c@..rd

Grrphic &rd El*to Numbl

I orrr

I2

a

Fi l .name

s{p I outpur lhdicstori

rtTl-
l l A d r L

s ls []-l[J]-[il

Fi6ld N.me

ffiE@ltr@F--n
E n d  l l
Porilon | |
i n  l - l
o u p r  l 5 l
aro'a lEl

Conltsnt or Edit Word

Z.ro 8.lMc6 {o Sis C R
Plur Sien
D.t!
F i .H  €dn
Za.oz

I
2 I

c

J

K
L

.AUTO

9€l)



Chapter 10. Working With Data Structure

CHAPTER 1O DESCRIBES:

Representation of characters on cards.

Representation of characters in storage (disk and inside the computerl.

Packed and binary data.

Collating sequence of characters.

Move zone operations.

Fi le  t ranslat ion.

AFTER READING THIS CHAPTER YOU SHOULD BE ABLE TO:

Describe the representation of characters and negntive numbers on clrds.

Describe the representation of characters on disk and inride the computer.

Define byte, bit, zone portion and digit portion.

Compare the storing of characters on oards.to the storing of character3 in storage.

ldentify bit combinations with numerical values.

Asign numerical values to zone and digit portion!.

Define unpacked decimal format, packed decimal format, and binary format.

Describe the hexadecimal numbering system.

Describe the collating sequence of characters.

Code specifications to change the collating sequence.

Alter the structure of characters in storage by using move zone oporttiong.

Translate characters by coding the Translation Table and Alternate Collating Sheet.

Note: You can use the review questions contained ln BeYiav tO rt the end of this
chapter to test your comprehension of each topic in the chrptor. Ouestions aro
grouped according to the topic to which they apply. Aruwer follow tho rsview
questions.

Wakine With Data Structure l(}l



CHARACTER STRUCTURE

flepresentation of Characters on 96-Golumn Cards

Frunched cards  prov ide  da ta  the  computer  i s  to  work  w i th .
Each o f  the  96  co lu rnns  o f  a  card  can conta in  punches fo r  a
s ing le  charac ter .  There fore ,  up  to  96  charac ters  o f  in fo rnra-
t ion  can be  represented  on  a  s ing le  record .

E lach  co lumn o f  a  card  cons is ts  o f  s ix  punch pos i t ions ,

l iabeled B, A, 8, 4, 2, and l ,  fromthe top of a column to
the  bo t tom.  Charac ters  a re  represented  by  a  combina t ion
of  f rom zero  to  s ix  ho les  punched in  the  punch pos i t ions  o f
a  s i n q l e  c o l u m n .

S ince  there  are  s ix  punch pos i t ions  ava i lab le ,  the  number

and pos i t ions  o f  the  ho les  may be  var ied  to  fo rm 64 d i f -
fe ren t  pur rch  combina t ions .  Each un ique combina t ion  o f
punches is  assoc ia ted  w i th  a  par t i cu la r  charac ter .  There-
fo re ,  you  can represent  any  one o f  64  d i f fe ren t  charac ters
i r r  a  c a r d  c o l u m n  ( F i g u r e  1 0 - 1 ) .

A  card  co lumn cons is ts  o f  bo th  a  zone por t ion  and a  d ig i t
por t ion .  B  and A are  re fe r red  to  as  zone punch pos i t ions ,

wh i le  8 ,  4 ,2 ,  and /  a re  d ig i t  punch pos i t ions .  The com-

b ina t ions  o f  zone and d ig i t  punches make i t  poss ib le  to

separa te  the  charac ters  in to  th ree  groups  (F igure  1  0 -1  ) :

a  A lphabet ic  le t te rs  a re  represented  by  a t  leas t  one punch

i n  b o t h  t h e  z o n e  a n d  d i g i t  p o r t i o n s  o f  a  c o l u m n .

The 28  spec ia l  charac ters  can cons is t  o f  no  punches,

on ly  zone punches,  on ly  d ig i t  punches,  o r  bo th  zone

and d ig i t  punches.

Pos i t i ve  numbers  are  represented  by  ho les  on ly  in  the

d ig i t  punch pos i t ions .  The one except ion  is  the  number

O wh ich  is  represented  by  a  s ing le  punch in  the  4  zone
punch pos i t ion .

aNumeric Characters

0 t 2 3 4 5 6 7 B l 9

Punch
Posi t ions

Tona
I

A

D ig i r

I I I
4 4 4 4 4
2 2 2 2 2
1 1 1 1 1

Special Characters

] c l . l < I $ & o/ |  + l o l '  |  = v

Pu nch
Posi t ions

Zone
B ra-fa fe B
A A n l n f eA A A A A A A l l t t

Dig i t

I I 8 I 8 I 8 I 8 8 I I 8 I i { e l a l e l a8

4 l 4 4 4 4 4 4 4 4 4 4 4 4 Ft44 4

z z l z  I 2 2 2 2 2 2 2 2 2 2 z l z l  I  l z 'z
1 I r l I 1 1 1 1 1 t I r l l t l

tffi,-

iF igure 1 0-  1.  Character  Set  and Punch Combinat ions
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Representation of Negative Numbers

Note that posit ive numbers are represented only by digit
punches.  Negat ive  numbers  ( - /  th rough -9  and _0)  can
alsro be represented to the computer. However, to indicate
tha t  a  number  i s  negat ive ,  a  co lumn must  conta in  bo th  the
punch combina t ion  fo r  the  number  and the  punch com-
b ina t ion  fo r  the  minus  s ign .  As  co lumn 7  o f  F igure  l0_2
shows,  the  8  and /  d ig i t -punch pos i t ions  are  punched to
represent  the  number  9 .  A  -9  i s  represented  in  co lumn 12
by  the  same d ig i t  punches p lus  a  ho le  in  the  B zone-punch
pos i t ion .

As  ment ioned,  a l l  64  poss ib le  punch combina t ions  are  as .
soc ia ted  w i th  a  charac ter .  There fore ,  add ing  a  g  zone punch
to  the  punch combina t ion  o f  a  number  means the  punch
combinat ion  fo r  any  negat ive  number  i s  the  same as  the
punch combina t ion  a l ready  ass igned to  one o f  the  64  char -
ac l .e rs .  The negat ive  numbers  -  /  th rough -9  a re  represented
by  the  same punch combina t ions  as  the  le t te rs  J  th rough R;
-0  has  the  same punch combina t ion  as  the  spec ia l  charac-
ter I

y ' y 'o fe :  A l though the  va lue  -0  (negat ive  zero)  i s  no t  used by
i tse l f ,  i t  can  ex is t  as  a  punch combina t ion  in  the  un i ts
po : ; i t ion  o f  a  da ta  f  ie ld .

The RPG l l  p rogram determines  whether  the  punch com_
bina t ion  is  a  le t te r  o r  a  number  accord ing  to  whether  an
ent ry  has  been made in  co lumn 52 o f  the  input  spec i f i ca_
t ions .  Co lumn 52 is  used to  spec i fy  the  number  o f  dec ima l
por ; i t ions  in  a  f ie ld .  l f  an  en t ry  i s  p resent ,  the  RpG l l  p ro -
gram assumes any  charac ter  in  tha t  f  ie ld  to  be  numer ic .  Ab
sence o f  an  en t ry  in  co lumn 52 te l l s  the  RpG l l  p rogram
that  i t  i s  read ing  e i ther  a  le t te r  o r  a  spec ia l  charac ter  in  an

Punch
Pos i t io  n

Figure 1O-3.  Negat ive Number Punch Combinat ions the Same as
Punch Combinat iors for  J-R

"8" Punch for Minus Sign

Digit Punches for Number

C H A R A C T E R S

Punch

Position

B

- l -9-8-6- J - 0

Posi t ive 9
Neg6tive 9 Character
(P r i n t s  as  "  R " )

Digi t  Pu nches
On y for  Posi t ive
Nurnber

a a a a a a a o a a

a

a o

a a o a

a a a a

o a a a a

2

B

a

2

Figure 10-2,  Punches for  Negat ive Numbers
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alphamer ic  f ie ld.  By examining column 52,  the RPG l l  pro-

gram recognizes when the I zone punch is associated with

the punch combinat ion of  one of  the le t ters J  through i9 or

the punch combinat ion of  a negat ive number.

In the d iscussion so far ,  you have learned how data is  re-

corded in a form which the computer  can understand.  The

data is represented as punched holes on 96-column cards.

Before the RPG l l  program can use the data,  as in  calcula '

t ions or output operations, it must stbre the information.

The data is  then avai lable in  computer  s torage whenever i t

is  needed dur ing the run of  a program.

Representation of Characters in Storage

When you look at  the punch area of  a card,  you cannot

immediate lV determine which characters are stored on the

card.  F i rs t ,  you have to determine which character  is  as '

sociated wi th a par t icu lar  punch combinat ion.  The punched

holes,  then,  are the means of  represent ing characters on a

card.  Simi lar ly ,  a  character  such as the le t ter  A is  not  s tored

on d isk or  ins ide the computer  in  a form you would recog-

nize as the le t ter  A.  On d isk or  ins ide the computer ,  there

is  a lso a means of  represent ing characters.

ln format ion f rom each of  the 96 columns of  punched cards

can be transferred to disk. Data from each column is stored

in corresponding posi t ions on d isk in  the form of  magnet ized

spots.

Characters are represented electronically in computer storage.

The storage area of the computer consists of a number of

magnetic bits, which can be turned on or off by passing an

electr ic  current  through them. The exact  deta i ls  of  how th is

is  done is  not  important  to  th is  d iscussion;  what  is  important

is that each bit can be in either an on state or an off state.

We use a /  to  show a b i t  that  is  on;  whi le  a 0 represents a b i t

that  is  of f  (F igure 10-4) .

Byte 1
(Containing Bit Combination
for a Single Character)

The magnetic bits inside the computer or on disk are ar-
ranged in groups, called bytes, just as the punch positions

on a card are arranged in groups called columns (Figure

10-4) .  Justas each column on a card Can conta in a charac-
ter, each byte in storage can also contain a character. A
particular combination of on and off bits in a byte represent
a certain character inside the computer, just as a particular

combinat ion of  punched and unpunched posi t ions in  a col -
umn represent that character on a card.

Data is represented on a card, character by character; l ike-
wise, data is stored inside the computer, character by charac-
ter. Just as you can look at a punched card and refer to a
character by the particular column containing that charac-
ter's punch combination, the computer can reference a
character by the particular byte in storage which contains
that character's bit combination.

Difference Between Character Representation on Cards
and in Storage

Al though there are many s imi lar i t ies in  the way a character
is represented in storage and on a punched card. it is im-
portant to note one difference. While a card column con-
sists of six positions, a byte consists of eight positions or
bits. Thus, within the computer, eight positions are used
to represent a single character, whereas only six positions

are avai lable on a card.

A byte is divided into a zone portion and a digit portion,

iust  as a card column is  (F igure 10-5) .  The four  d ig i t  posi -

t ions,  in  both a byte and a column, are labeled 1,2,4,  and
8. However, a byte contains four zone positions, whereas
a card column conta ins only two zone posi t ions.

"off" bit

- - -

1 0 1 1 0 0 1 1 1 1 0 1 0 1 1 00 1 0 1 1 0 0 1

Figure 10-4. Representation of Characters in Storage



Zio ne 
{

P'ortion 
i

D,igit i
P,crtion (;

I

N

& ! r ! 2 s 3 s .

r e f,L:l

l q

2

' , ' , . o . , u . u . . n  l
B

a

2

. o , , , . " , , . " , , " 1

rtt 37@

o

i
8

4

z

BYTE

1  1  6  t t , O  1 O  t l ,  6  t  1  a  g  1  1

8 4 2 1 a 4 2 1
' - , - / \ - - v -

Zone Digit
Portion portion

Figrrre 1O-5. Correspondenc€ Betwe€n a Byt€ and a Card Column
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Since there  are  four  d ig i t  pos i t ions  in  bo tn  a  by te  and a
card  co lumn,  the  d ig i t  por t ion  o f  a  by te  cor responds one-
fo r -one w i th  the  d ig i t  por t ion  o f  tha t  charac ter ' s  punch

combinat ion .  That  i s .  i f  a  d ig i t  punch pos i t ion  is  punched,

the  cor respond ing  d ig i t  b i t  i s  se t  on  (7  )  in  s to rage.  L ike-
w ise  a  d ig i t  b i t  i s  se t  o t t  (0 )  i f  the  cor respond ing  punch pos i -

t ion  does  no t  con ta in  a  punch.  To  check  th is ,  no te  how the
d ig i t  por t ion  o f  the  p lus  s ign  (+)  charac ter  i s  represented  on

a card  and in  s to rage (F igure  10-6) .  ( /Vo te :  Ampersand (&)

is  an  except ion  to  th is  ru le ;  see  F igure  i  0 -7 .1

The zone por t ions  o f  a  card  co lumn and a  by te  do  no t  cor -
respond one-to-one, however. This is because there are four
zone b i ts  in  s to rage fo r  each charac ter ,  wh i le  there  are  on ly
two zone pos i t ions  in  a  card  co lumn.  Look ing  a t  F igure
10-6  aga in ,  you  can see tha t  even though 4  and I  punch

pos i t ions  conta in  punches fo r  the  p lus  s ign  charac ter ,  the

2 and 1 zone bits in storage are not on.

Punch
Position

Since the  zone por t ions  d i f f  e r ,  a  t rans la t ion  takes  p lace

when a  card  is  read and the  da ta  (charac ters )  i s  s to red  ins ide

the  computer .  The mach ine  reads  the  punch combina t ion

on the  card  and e lec t ron ica l l y  p roduces  the  appropr ia te  b i t

combina t ions  in  s to rage.  Such t rans la t ions  (shown in  F ig -

ure  10-7)  a re  au tomat ic ;  there fore ,  you  need no t  be  con-

cerned w i th  how the  computer  knows wh ich  b i ts  to  tu rn  on

and o f f .

When programming in  RPG l l ,  however ,  you  do  have to  be

concerned w i th  zones  and d ig i ts  as  they  are  represented  in -

s ide  the  computer .  The d iv is ion  o f  the  card  co lumn in to

zone and d ig i t  por t ions  is  on ly  fo r  conven ience.

On the  Input  sheet ,  you  can spec i fy  record  ident i f  i ca t ion

codes.  l f  you  choose to  use  on ly  the  zone por t ion  o f  a

charac ter ,  you  w i l l  be  us ing  the  zone pos i t ions  as  they  are

in  s to rage.  Assume tha t  a  record  ident i f  i ca t ion  code w i th

B i t
Posi t ion

Figure 1G6. Simi lar i ty

'I 0-6

8 4 2 1
-.-/"--v_\-=

Zone
Portion

in Digi t  Port ion of  Byte and Card Column

B ' B
A . A
8 a a
4 4 4
2 a 2
1 1
p B
A A

8 8
4 4
2 2
t 1
B B

Column 5 of  the card

o  1  o  o l r  1  1  o



Character

P u  n c h
C o m b i n a t i o n

B i r
C o  m  b i n a t i o  nZ o n D i g i t

B A 8 4 Z o n e D  i g i t

I
( b l a n k )

01 00 0000

_ +  _ a a a o 0 1  0 0 1 0 1 0

( p e r i o  d )

O o o o o 0 1  0 0 1 0 1  1

o a a a 0 1  0 0 1 1 0 0

( a o o o o 0 1  0 0 1  1 0 1

+ O a o o a 01 00 1 1 1 0

O o o o a o 0 1  0 0 1 1 1 1

& o a o 0 1  0 1 0000
o O a 0 1  0 1 1 0 1 0

$ o o o o 0 1  0 1 1 0 1  1

a O O 0 1  0 1 1  1 0 0

O a a a 0 1  0 1 1  1 0 1

a a a o 0 1  0 1 1 1 1 0
--l

o o o o o 0 1  0 1 1 1 1 1

l m i n u s )
o 0 1  1 0 0000

o O 0 1  1 0 o001
o o a o 0 1 1 0 1 0 1  1

% o a o 0 1  1 0 1 1 0 0

t lunderscore l
O O a o 0 1  1 0 1  1 0 1

o a o o 0 1  1 0 1 1 1 0

I o a o o 0 1  1 0 1 1 1 1

o o 0 1  1 1 1 0 1 0

a a o 0 1  1 1 1 0 1  1

@ O o 0 1  1 1 1 1  0 0

( a p o s t r o p h e )
a o o 0 1 1  1 1  1 0 1

a o o 0 1  1 1 1 1 1 0

O o O O 0 1  1 1 1 1 1 1

C haracter

Pu nch
Cornbinat ion

B i t
Combinat ionZone Digi t

o A 8 2 Zone D ig i t

A o o a 1 1 0 0 m01
B o a o 1 1 0 0 001 0

a o o o 1 1 0 0 001 1
n o o o 1  1 0 0 01 00

E o o a a 1 1 0 0 01 01

F o c a a 1 1 0 0 0 1  1 0

u a o a a o 1 1 0 0 0 1  1 1

H a 3 o 1 1 0 0 x 000
a O o o 1 1 0 0 1 001

)  o r - 0 o a 1  1 0 1 0000

J o r - l a a 1 t  0 1 0001
K o r - 2 a a 1  1 0 1 001 0

L o r - 3 o o a 1 1 0 1 oOt 1

M o r - 4 o o 1 1 0 1 01 00

N o r - 5 o o a 1 1 0 1 01 01

O o r - 6 a o o 1 1 0 1 0 1  1 0

P o r - 7 o a a o 1  1 0 1 0 1  1 1

O o r - 8 o o 1 1 0 1 1000

R o r - 9 o a o 1 1 0 1 1 001

S o a 1 1 1 0 o01 0

I o a a 1 1 1 0 001 1

U o o 1 1 1 0 01 00

a o o 1 1 1 0 01 01

W a a o 1 1 1 0 0 1  1 0

X o o a a 1 1 1 0 0 1  1 1

a a 1 1 1 0 1 000

z o o a 1 1 1 0 1 001

+0 o 1 1 1 1 0000

o 1 1 1 1 0001

2 a 1 1 1 1 001 0

J t o 1 1 1 1 001 1

4 a 1 1 1 1 01 00

5 o a H 1 1 01 01

b a o 1 1 1 1 0 1  1 0

I a a 1 1 1 1 0 1  1 1

8 a 1 1 1 1 1 000

I a O 1 1 1 1 1 001

Figure 1O-7.  Bi t  and Punch Combinat ions for  Characters
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the zone of a $ character in column / is to turn on result-
ing indicator  21 .  l t  an input  record is  read wi th the charac-
terJ in  column 7,  ind icator  21 wi l l  not  turn on.  Even
though the card zone punches for $ and J are the same (both
have the B zone punched), the bit combinations in storage
for  the $ and J do not  have ident ica l  zone por t ions (F igure

10 -8 ) .

Z O N E  P O R T I O N S  O F  C A R D

Punch Combinat ion for  Character  $

ZONE PORTIONS IN STORAGE

Zone
Port ions
Differ

Bit Combination for Character lB

8 4 2 1
\-/-\"--\.--

Zone Portion

$

B

-E'

1
B

2

o 8

a 8

a 2
a j

a

2

B 1 5 r 7 r a r 9

IBX37S

a

1

I

B

a

2
1

Zone
Punches
I  dent ical

Bit Combination for Character J

r  l s  sPunch Combinat ion for  Character  J

J

as 56 5t aa a9

- - r  F  r t u 6 r
B o  B

- e - a

2 2
1 .  1
t s  

'  r  r  4  2 5 f t ? r , 3 ? e r o n l B

A A
8 A
4 4
2 2
1 1
B I v I r .  

. r 5 3 5 e 5 o e 6 ' 5 r 6 . 8

A A
a 8
4 4
2 2
1 1

5 5 g a r 6 6 a  t x 1 1 1 a 1 t  ! 5 r a 0 7 . a a g e o

rtt 37@

Figure 1O-8, Difference in Zone Portions of a Byte and a Card Column
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There are exceptions which should be noted in specifying
that the zones of characters be used to identify records.
Ar:cording to Figure 10-9, the zone of the letter J is used
to ident i fy  record type 01,  whi le  the zone of  a minus s ign
is used to identify record type 02. Recorded on cards, both
characters have a B zone punch. However, inside tne com-
puter, their zone representations differ.

l *o l *oo _ [ ' , ' l  ooo,
8421

I

F  i l e n a  m e

G
t;

r  e  , o  , ,  , ?  , . r l r o

n

:T-
m

c

9

c

!

!

2

21 22  2J  ?4 25 2a 29  30  :1

l,l l t F ,1 t

fjs
3 A ) t i -

442',!

Although the zones differ, the RPG ll program considers
the two the same. Thus, a card with a minus punched might
turn on either the 01 or 02 indicator. Likewise, a card with
the letter J could turn on either indicator.

Siimilarf y, the zone of the character blank is treated the
serme as the zone of 0 through 9. Also, the zone of &
(ermpersand) is treated the same as the zones of the letters
A through L To avoid confusion, you should not specify
both (zones of the characters J and -; blank and 0-9; & and
A-l) for identif ication of record types which are to be used
inr the same program.

Figure l0-10 shows the groups of characters that have
zones that test as equal for purposes of record identif ica-
tion and the TESTZ operation. Notice that these group-
ings are different from the groupings of characters for
purposes of  co l la t ing sequence by zone (Figure 10-28) .

Figure 10-9. Exception: Zone Repreentation Considered the Same
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Character
B i t
Combinat ion

Collat ing
Sequence
of
ZonesZone Dig i t

{ 01 00 1 0 1  0

(period)
01 00 1 0 1  1

01 00 1  100
( 01 00 1  1 0 1

+ 01 00 1 1 1 0

01 00 1 1 1 1

01 01 101  0

D 01 01 10't 1

01 01 1  100

) 01 01 1 1 0 1

01 01 1 1 1 0
-l

01 01 1 1 1 1

0 1  1 0 0001

0 1  1 0 1 0 1  1

% 0 1  1 0 1  100

(undlrscore)
0 1  1 0 1  1 0 1

01  10 1  1 1 0

7 0 1  1 0 1 1 1 1

0 1  1 1 1 0 1 0

t 0 1  1 1 1 0 1  1

@ 0 1  1 1 1 100

(apostrophe)
0 1  1 1 1 1 0 1

0 1  1 1 1 1 1 0

0 1  1 1 1 1 1 1

& 01 01 o000

1 1 0 0 0001

B 1 1 0 0 001 0

c 1 1 0 0 001 1

D 1 1 0 0 0100

E 1 1 0 0 01 01

r 1 100 01  10

u 1 1 0 0 0 1  1 1

H 1 1 0 0 1 000

1 1 0 0 1 001

Figure 10- l0.Character  Groups With Zon6s that  Test  ar  Equal  for
Record lD and TESTZ

Character
Bi t
Combinat ion

Co l l a t i ng
Sequence
of Zones

Zone Digi t

(minus)
0 1  1 0 0000

I
I 1  1 0 1 0000

J o r - l 1 1 0 1 0001

K o r - 2 1  1 0 1 001 0

L o r - 3 1  1 0 1 001 1

M o r - 4 1  1 0 1 01 00

N o r - 5 1  1 0 1 01 01

O o r - 6 1  1 0 1 0 1  1 0

P o r - 7 1  1 0 1 0 1  1 1

O o r - 8 1 1 0 1 1000

R o r - 9 1 1 0 1 1 001

s 1 1 0 001 0

T 1 1 1 0 001 I

U 1 1 1 0 01 00

1 1 1 0 01 01

W 1 1 1 0 0 1  1 0

X 1 1 1 0 0 1  1 1

1 1 1 0 1 000

z 1 1 1 0 1 001

b
l h l a n L l

01 00 0000

+0 1 1 1 1 0000

1 1 1 1 1 0001

2 1 1 1 1 0010

3 1 1 1 1 001 1

4 1 1 1 1 01 00

1 1 1 1 01 01

o 1 1 1 1 01  10

7 1 1 1 1 0 1  1 1

I 1 1 1 1 1 000

I 1 1 1 1 1 001

1 r F 1 0



Cons ider  another  example  wh ich  po in ts  ou t  the  d i f fe rence
in  how negat ive  numbers  are  s to red  and how you may th ink
they  are  s to red .  The minus  s ign  a lone is  represented  on  a
c a r d  a n d  i n  s t o r a g e  a s  s h o w n  i n  F i g u r e  1 0 - 1 1 ,  i n s e r t  A .
On ly  the  zone por t ion  o f  the  card  conta ins  a  punch.  F ig -
ure  10-11,  inser t  B ,  shows how a  pos i t i ve  5  i s  represented
on a  card  and in  s to rage.  In  th is  case,  on ly  the  d ig i t  por t ion
o f  the  card  conta ins  punches.  Note  F igure  10-1  1 ,  inser t  C ,
fo r  the  punch and b i t  combina t ions  wh ich  represent  a  -5 .

When check ing  the  cards  you can see tha t  the  d ig i t  punches
for  the  pos i t i ve  5  and the  negat ive  5  a re  the  same.  Fur ther -
more ,  the  d ig i t  b i ts  in  s to rage fo r  the  two charac ters  a re  a lso
the  same.  The zone punch fo r  -5  i s  the  same as  the  zone
punch fo r  the  minus  s ign  charac ter .  However ,  the  zone b i ts
in storage for the two characters are not the same. There-
fo re ,  you  shou ld  no t  a lways  assume tha t ,  in  s to rage,  the
zone b i ts  fo r  a  negat ive  number  wou ld  be  ident ica l  to  the
z o n e  b i t s  f o r  t h e  m i n u s  s i g n  ( F i g u r e  1 0 - 1 1 ) .

The reason is that the computer checks the entle punch

combinat ion  (bo th  zone and d ig i t  por t ions)  o f  a  co lumn to
determine which zone bits are to be on or off  .  Since the
ent i re  punch combina t ions  (no t  on ly  zone punches)  fo r  the
minus  charac ter  and the  negat ive  5  a re  d i f fe ren t ,  the i r  zone
bits in storage are also dif ferent.
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A conc lus ion  can be  drawn f rom the  prev ious  examples :

each un ique punch combina t ion  is  assoc ia ted  w i th  a  d i f -
fe ren t  b i t  combina t ion .  Of  course ,  in  d iscuss ing  negat ive
numbers  be fore ,  we s ta ted  tha t  the  punch combina t ions  o f
- /  th rough -9  and -0  a re , the  same as  the  p iunches  fo r  the
le t te rs  J  th rough ,9  and I  Thus ,  the  b i t  combina t ions
for  the  negat ive  numbers  are  a lso  the  same as  those fo r  J
th rough r3 .

Cons ider  aga in  the  number  o f  pos i t ions  ava i lab le  to  repres-

en t  a  charac ter .  A  charac ter is t i c  o f  codes  invo lv ing  d i f fe ren t

combina t ions  (such as  b i ts  on  and o f f  o r  punches)  i s  tha t  the
greater  the  number  o f  pos i t ions  ava i lab le  to  represent  any
one combina t ion ,  the  grea ter  the  number  o f  combina t ions
tha t  a re  poss ib le .  As  ment ioned,  w i th  s ix  punch pos i t ions ,

64  un ique punch combina t ions  can be  made,  and,  there fore ,
64  d i f fe ren t  charac ters  can be  represented  on  a  card .  Wi th

e igh t  b i ts  (pos i t ions) ,  256 un ique combina t ions  o f  on-o f f

b i ts  can be  c rea ted  and,  there fore ,  256 d i f fe ren t  charac ters

cou ld  be  represented  ins ide  the  computer .  However ,  you

on ly  need 64  charac ters  to  p rogram the  computer ;  there-
fo re ,  on ly  64  o f  i t s  256 b i t  combina t ions  are  assoc ia ted  w i th

a  pr in tab le  charac ter .

Work ing  W i th  Da ta  S t ruc tu re  10 -11



Flepresentat ion of  Minus (- )  Character Flepresentat ion of  "5"  Character  (posi t ive)

o l o0 1 0 0 o 1 1 r  i o 1 0

Representar ion ot  " -5"  Character  (Negat ive)

B

1 1 0I 0 0 1

B I T

Figure 10-1 1.  Representat ion of  a Negat ive Number
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ldentifying Bit Combinations with Numerical Vah"res

Each unique combination of eight bits can be associated
with a numerical value. Before discussing how the numerical
value is determined for a character, perhaps first you would
like to know why numerical values are assigned.

As mentioned before, data can be represented on punched
cards. Actually, after reading a card, the computer does not
immediately determine what character is punched. lt can,
however, distinguish one punch combination from another
punch combination. Furthermore, the particular combina-
tion of punches indicates to the computer which bits should
be set on and off to represent that punch combination in-
side the machine. At this point, the representation on the
card is just a particular group of punches and the representa-
tion in stoiage is merely a particular combination of on and
off bits.

To use the byte of data for output, the computer must
know what character to punch or print. This is done by
associating a numerical value with each unique bit com-
bination. The computer automatically knows that a certain
value is related to a particular character, such as the value
209 indicates the character J.

Consider  how a numer ical  va lue and how the character  are
determined. Each of the eight bits in a byte are assigned a
number. The values begin with 7 for the I bit and are
doubled for each of the next bits (Figure 10-12].. By add-
ing only the numbers which correspond to bits which are
on (l), a numerlcal value is obtained for a byte. As Figure
10-12 shows,  f i rs i  the punch combinat ion ( for  the charac-
ter  F)  in  column 7 is  t ranslated in to the b i t  combinat ion in
storage. The bits on result in a numerical value of 198,
which the computer associates with the character F.

Any difference in the bit combination results in a differ-
ence in numerical value. Therefore, every character is as-
sociated with a different numerical value. The greatest
numerical value which can be associated with a bit combina-
t ion is  255 (a l l  e ight  b i ts  on) ,  whi le  the lowest  numer ical
value is 0 (all eight bits off). This results in a total of 256
possible numerical vaiues. Only 64 different characters can
be represented cn a 96 column card; therefore, we are con-
cerned with orrly 64 of the different numerical values. How-
ever ,  as Figure 10-13 shows,  the 64 numer ical  va lues associ -
ated with the characters can range anywhere from 0 through
255. The numericai values missing from the chart are not
related to any printable character.

B I T

Numerical
Value
Assigned 1

Add Value of
Bits That Are On 128 + 64 +  4 + 2  =  1 9 8

NUMERICAL VALUE 198 =  F  CHARACTER

Figure 10-12, Determining a Numerical Value for a Character

8 4 2 " t 8 4 2 1

t  t t  t  t  r  i  rr r t t t t t l
2 8 6 4 3 2 1 6 8 4 2 1

tr
6 r s 9 lo ll 12 [ [ 15 16 17 ts t9 20 2t 2 23 2a 23 26 27 2S 2s 30 31 32

33 3. 3s 36 37 33 39 40 {l 12 13 44 45 46 47 4a a9 50 sl 52 s3 54 5s 55 5? 53 59 60 6t 62 63 54

65 66 67 63 69 10 )t 72 13 14 7s 76 77 7A 79 & St 32 $ A! As 66 A7 33 39 90 9t 92 93 94 95 e6

9 7  9 3 9 9 r m 0 D 2 1 0 3 l o a 1 0 5 r G t o 7 1 0 3 l @ f i o  { 6 1 7 l r s l l 9 i 2 0 r z e 2 l 2 3 r 2 4 1 a p 6 t n r s

a
a

a

a 4
1 2

1  2  3  4  5  6  r  6  I  t O  t 6  t 7 1 3 1 9 2 0  2 1 2 2 2 3 2  2 3 r U " r r " r " " o " r r " L

2
3 3  s  3 5 3 5 3 7  i X A 1 . 3 4 6 4 7  s 3 s a 5 5 5 6  5 t " "  U " " O a '  U r U a " O  1

B

;
2

6 5 S 6 7 6 4 6 9  1 0 7 t 7 2 7 3 7 a 8 1 6 7 7 7 A 7 s  a 5 a 6 0 7 g s s 9 s o " ,  
" a " a " a " u r "  

t

rax37@

B

a

1
B

a

2
1

a

2
I

\

\
One Byte in Storage

,| 1 0 0 0 1 1 0
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0{1000001
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og011101 [  ze' ooo l  

1110  i  3b- o o o t t 1 l -  
l -  

-  
: r  

-
-oor 

oooo0 _l-_ :.r__

o o t o r o r r  
-  

1 -  4 3

oo lo l lo l  I  
-  
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0 0 1 0 1 1 1 1
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Figure 10-13 {Par l  1 of  3) .  Numerical  Values Associated wrth Characters

B i t
Combinat ion

Numerical
Va lue Character

001 1 001 1 5 1
001 1 01 00 3 t

uul r ol 01
o o 1 1 0 1 1 0 54
o 0 1 1 0 1 1 1
001 1 1 000 56
001 1 1 001 5 t

o o 1 1 1 0 1 0 58
0 0 1 1 1 0 1 1 59
0 0 1 1 1 1 0 0 60
o 0 1 1 1 1 0 1 61
0 0 1 1 1 1 1 0 b2.

o o 1 1 1 1 1 1 O J

01 000000 b 4 Blank
01 000001 6 5
01 0000t 0 66
01 00001 1 o t

01 0001 00 68
01 0001 01 Aq

01 0001 1 0 70
01 0001 1 1 7 1
01 001 000 72
01 001 001 72
01 001 01 0 74 A

v
0r 001 01 I 75
01 001 1 00 t 6

01 001 1 01 77 (
0 1 0 0 1 1 1 0 78
0 1 0 0 1 1 1 1 79
01 01 0000 80 &
01 01 0001 81
01 01 001 0 a2
01 01 001 1 6 J

UT UI UI UU 84
01 01 01 01 85
0 1 0 1 0 1 1 0 atb

0 1 0 1 0 1 1 1 87
01 01 1 000 88
01 01 1 001 dY

0 1 0 1 1 0 1 0 90
o r 0 1 1 0 1 1 91
0 1 0 1 1 1 0 0 92
0 1 0 1 1 1 0 1 93
0 1 0 1 1 1 1 0 94
0 1 0 1 1 1 1 1 95 -1

911 eoigq_ 96
01 1 00001 o 7

ol 1 0001 0 98
01 1 0001 1 99
01 1 001 00 1 0 0
01 1 001 01 1 0 1

1 0 - 1 4



8i t  Numerical

Combinat ion Value

01 1001 10 102
0 1 1 0 0 1 1 1  1 0 3
01 101 000 104
01 101001 10s
0 1  1 0 1 0 1 0  1 0 6

0 1 1 0 1 1 0 0  1 0 8
101 101 109

1 0 1  1 1 1  1 1  1
01 1 10000 112
0 1 1 1 0 0 0 1  1 1 3
01 1  10010 '114

0 1  1 1 0 0 ' 1  1  1 1 5
0 1 1 1 0 1 0 0  1 1 6
01 1  10101 117

0 1 1 1 0 1 1 1  1 1 9
01 11' l  000 120

1 1 1 0 0 1  1 2 1
0 1 1 1 1 0 1 0  1 2 2

0 1 1 1 1 1 0 1  1 2 5
t  1 1 1 1 1 0

10001010 138

10001101 141

1 0 0 0 1 1 1 1  1
10010000 144

10010100 148

lqqqg1'_ 14e
1 0 0 1 0 1 1 0  1 5 0
1 0 0 1 0 1 1 1  1 5 1

0 1  1 1 1 1 1 1 2 7
o000000 128

loooooot 129
1 000001 0 1 3 0--m000011 - 

131
i  10000100 132

10000111 135
10001 1 3 6

0001001 1

Figure 10-13 lPart2of  3) .  Numerical  Values Associated wi th Characters

B i t

Combinat ion

Numerical

Va lue Character

1 001 1 001 t c J

1 0 0 1 1 0 1 0 t 3 q

1001 1 01 1 t 5 5

1 0 0 1 1 1 0 0 1 5 6
't 001 1 101 t 3 /

1 0 0 1 1 1 1 0 1 5 8
1 0 0 1 1 1 1 1 1 5 9
1 01 00000 1 6 0
1 01 00001 1 6 1

1 01 0001 0 162
1 01 0001 1

't 63
1 01 001 00 1 6 4
1 01 001 01 1 6 5

1 0 1 0 0 1 1 0 t o o

101 001 1  1 167
1 01 01 000 1 6 8
I 01 01 001 169
1 0 1 0 1 0 1 0 170
1 0 1 0 1 0 1 1 171
1 0 1 0 1 1 0 0 1 7 2
1 0 1 0 1 1 0 1 173

1 0 1 0 1 1 1 0 174

1 0 1 0 1 1 1 1 175
1 01 1 0000 176
1 01 1 0001 1 7 7
1 0 1 1 0 0 1 0 1 7 8
1 0 1 1 0 0 1 1 179

1 0 1 1 0 1 0 0 180
1 0 1 1 0 1 0 1 1 8 1
1 0 1 1 0 1 1 0 142

1 0 1 1 0 1 1 1 1 8 3----mitlboo--
1 8 4

1 0 1 1 1 0 0 1 1 8 5

1 0 1 1 1 0 1 0 1 8 6
1 0 1 1 1 0 1 1 147

1 0 1 1 1 1 0 0 188

1 0 1 1 1 1 0 1 1 8 9
1 0 1  1  1  1 1 0 1 9 0
1 0 1  1  1 1  1 1 1 9 1
1 1 000000 192

1 1 000001 1 9 3
1 1 00001 0 1 9 4 B

1 1 00001 1 1 9 5
1 1 0001 00 196 D

1 1 0001 0r 197 E

1 1 0 0 0 1 1 0 1 9 8 F

1 1 0 0 0 1 1 1 1 9 9 G

1 1 001 000 200 H

1 1 001 001 201 I

1 1 0 0 1 0 1 0 202
1 1 0 0 1 0 1 1 203
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B i t
Combinat ion

Numerical
Va lue Character

1 1 0 0 1 1 0 0 2U
1 1 0 0 1 1 0 1 205
1 1 0 0 1 1 1 0 206
1 1 0 0 1 1 1 1 207

I  o r - Or 1 01 0000 208
1 1 01 0001 209 J o r - 1
1 1 0 1 0 0 1 0 210 K o r - 2
1 1 0 1 0 0 1 1 21',! L  o r . 3
1 1 0 1 0 1 0 0 2 1 2 M o r - 4
1 1 0 1 0 1 0 1 213 N o r - 5
1 1 0 1 0 1 1 0 214 O o r - 6
1 1 0 1 0 1 1 215 P o r - 7
1 1 0 1 1 0 0 0 216 O o r - 8

1 0 1 1 0 0 1 217 R o r - 9
1 0 1 1 0 1 0 218

1 1 0 1 1 0 1 219
1 101 ' t  100 220
1 1 0 1 1 1 0 1 221
1 1 0 1  1 1 1 0 222
1 1 0 1  1 1  1 1 223

1 00000 224
1 I 1 00001 22F'
1 1 1 0 0 0 1 0 226
1 1 1 0 0 0 1 1 221 I

U11100100 228
1 1 1 0 0 1 0 1 229
r 1 1 0 0 t 1 0 230 W
1 1 1 0 0 1 1 1 231 X' | 1 101 0(x) 232
1 1 1 0 1 0 0 1 233 z

1 0 1 0 1 0 234
1 1 1 0 1 0 1 1 235
1 1 1 0 1 1 0 0 236
1 1 1 0 1 1 0 1 237
1 1 r 0 1  1 1 0 238
1 1 1 0 1  1 1 1 239
'r r 1 10000 240 0
1 1 1 1 0 0 0 1 241 1
1 1 1 1 0 0 1 0 242 2
1 1 1 1 0 0 1 1 243 2
1 1 1 1 0 1 0 0 244 4
1 1 1 1 0 1 0 1 245 5
1 1  r  1 0 1  1 0 246 o
r ' r l t o ' t t l 247 7
1 1 1 1 1 0 0 0 248 I
1 1 1 1 1 0 0 1 249 I
1  1 1  1 1 0 1  0 250

t t 1 1 0 1  I 251
1 1 1 1 1 1 0 0 252

1  1 0 1 253
1 1 1  1 1 1 1 0 254
'11111111

255

Assigning Numerical Values to Zone and Digit  port ions

You have seen how a  s ing le  numer ica l  va lue  is  de termined
for  a  combina t ion  o f  e igh t  b i ts .  The numer ica l  va lue  o f  a
charac ter  in  s to rage can a lso  be  expressed as  a  pa i r  o f  num-
bers ,  ra ther  than a  s ing le  va lue .  One number  des ignates
the  va lue  o f  on ly  the  four  zone b i ts ;  the  o ther  number
represents  the  va lue  o f  the  f  our  d ig i t  b i ts .

You may be  wonder ing  why a  charac ter  wou ld  ever  be  as-
soc ia ted  w i th  two pa i red  numbers ,  s ince  i t  can  be  assoc i -
a ted  w i th  jus t  a  s ing le  number .  In  cer ta in  jobs ,  you  may
be concerned w i th  on ly  the  d ig i t  por t ion  or  on ly  the  zone
por t ion  o f  a  charac ter .  For  example ,  i f  records  w i th in  a
group are  to  be  sequence checked on ly  on  the  bas is  o f  the
zone o f  a  charac ter ,  the  computer  must  look  a t  on ly  the
zone b i ts  and de termine a  numer ica l  va lue  fo r  tne  zone por_
t ion  a lone in  o rder  to  make the  compar ison.  A lso ,  i f  you
want  to  a l te r  the  co l la t ing  sequence or  t rans la te  a  f i le .  bo th
to  be  d iscussed la te r ,  you  must  know the  separa te  va tues
for  the  zone and d ig i t  por t ions  o f  a  charac ter .

Determin ing  separa te  zone and d ig i t  va lues  is  s im i la r  to  de_
termin ing  a  s ing le  va lue  fo r  an  en t i re  b i t  combina t ion ;  tha t
is ,  va lues  are  ass igned to  each o f  the  b i t  pos i t ions .  The
values which correspond to on bits ( l  )  are then added to
obta in  a  va lue .

To de termine separa te  va lues ,  the  zone and d ig i t  por t ions
are  each t rea ted  as  separa te  4 -b i t  combina t ions .  The four
b i ts  in  each por t ion  are  ass igned the  va lues  1 ,2 ,4 ,  andg
(F igure  10-14) .  The r igh tmost  zone and d ig i t  b i ts  each have
the  va lue  / ;  wh i le  the  le f tmost  b i ts  in  each por t ion  are  as-
s igned the  va lue  8 .  A  va lue  fo r  the  zone por t ion  o f  a  by te
is  de termined by  add ing  on ly  the  va lues  cor respond ing  to
zone b i ts  wh ich  are  on  ( l ) .  L ikewise ,  a  d ig i t  va lue  is  ob-
ta ined by  cons ider ing  on ly  d ig i t  b i ts  wh ich  are  on .

Zone

-,+-_/-\__'^-

D ig i t

/.-r-tu-^-

r o l o l o o l t

B i t

Figure 1O-13 (part  3 of  31.
Assigned

Numerical Values Associated with Characters Value

Figure 10-14,  Assigning Values for  Zone
Character

and Digi t  Port ions of  a
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A,s Figure i0-15,  inser t  A,  shows,  the b i t  combinat ion for
the s lash ( / )  character  produces a zone value of  6 and a d ig i t
va lue of  1.  Put t ing the two values together ,  the ent i re char-
acter  can be expressed as the value 61.  Note,  however,  that
t l r is  is  not  the same as the numer ical  va lue 61 in  our  decimal
number ing system. l f  we were to determine a numer ical
value for the entire 8-bit combination, we would obtain the
va lue  97  (F igu re  10 -15 ,  i nse r t  B ) .

hs mentioned before, with eight bits or positions in a byte,
256 d i f ferent  8-b i t  combinat ions can be formed.  The 256
combinat ions can be associated wi th the numer ical  va lues
0l255 (Figure 10-16,  inser t  A) .  l f  e i ther  the zone or  d ig i t
prortion are considered separately, however, only four bits
o,r  posi t ions are avai lable.  Therefore,  a maximum of  16 d i f -
ferent  4-b i t  combinat ions can be represented in e i ther  the
zone or  d ig i t  por t ion of  a byte.  The 16 zone or  d ig i t  com-
br inat ions can be associated wi th the values 0 through 15
(F igu re ' l  0 -16 ,  i nse r t  B ) .

- l -he 
value obta ined for  a zone or  d ig i t  b i t  combinat ion is

referred to as hexadecimal number. Hex means 6, while
c lec imal  referes to 10.  Hexadecimal ,  then,  means 6 + 10,  or
16.  A hexadecimal  number can be any one of  16 possib le

VALUE BY ZONE AND DIGI I

Zone D ig i t

va lues  (0 -15) .  Put t ing  the  two hexadec imal  numbers  fo r

the  zone and d ig i t  por t ions  together  g ives  a  hexadec imal

va lue  fo r  the  en t i re  charac ter .  6 /  i s  the  hexadec imal  va lue

for  the  /  charac ter .  Keep in  mind  tha t  th is  hexadec imal

va lue  is  ac tua l l y  two separa te  va lues ,  one fo r  the  zone and

one fo r  the  d ig i t  por t ion .

A l l  o f  the  256 poss ib le  8 -b i t  combina t ions  can be  repre-

sented  by  a  hexadec imal  va lue ;  tha t  i s ,  two hexadec imal

numbers .  However ,  each hexadec imal  number  can take  up

on ly  one pos i t ion .  l f  a  zone por t ion  has  the  va lue  
' i l  

5  and

a  d i g i t  p o r t i o n  h a s  t h e  v a l u e  1 2 ,  t h e  h e x a d e c i m a l  v a l u e  f o r

the  charac ter  cannot  be  expressed as  1512.  Consequent ly .

a  zone or  d ig i t  por t ion  whose numer ica l  va lue  is  10  or

grea ter  (2 -pos i t ion  number )  must  be  represented  in  a  s l igh t -

l y  d i f f  e ren t  f  o rm.  Th is  i s  done by  ass ign ing  a  s ing le ,  le t te r

as  a  subs t i tu te  fo r  the  number .  The le t te rs  4  th rough F

serve  as  the  hexadec imal  fo rms o f  the  va lues  10  th rough 15

a s  s h o w n  i n  F i g u r e  1 0 - 1 7 .

M I N I N G  N U M E R I C A L  V A L U E  F O R  E N T I R E  B Y T E

I I 1
I
I
I

1 1 I 1

8 4

Value Assiqned
To Bi t  

-  
128 64 32 16

@
DETER

B i l

Bi t  Combinat ion
for "/" Character

B i t

Va lues  Fo r

"oN"  B i t s

-,,^*/\--^- -A\.J\-,-r

I
0 1 1 0 t 0 0 0 1

I

I

+ 1

"128 +64+32+16 8 + 4 + 2 + 1 = 2 5 5

D E T E R M I N I N G  N U M E R I C A L  V A L U E  F O R  Z O N E  O R  D I G I T

Z O N E D I G I T

8 4

Value Assiqned
T o B i t  

-  
8  4  2

Max imum
Nu merical
Va lue

4 + 2

Zone  Va lue  6 Digi t  Value

V A L U E  F O R  E N T I R E  B I T  C O M B I N A T I O N

Bit  Combinat ion
For " 1" Character

B i t

Values For
"oN" Bi ts

6 4 + 3 2

B i t

1

+ 1
8 + 4 + 2 + 1 = 1 5

Max imum Numer i ca l

Value For Zone Bi ts

8 + 4 + 2  +  1 =  1 5

Maximum Numerical

Value For Digi t  Bi tsValue 97

Figure 10-15.  Di f ference in Value of  Ent i re Character  and Value

ol Zone and Digit Portions of Character

Figure 10-16.  Maximum Values for  Ent i re Character  and for  Zone

and Digi t  Port ions

-,A\_/\_,-- ,,+-_ =-IR

I
0 1 1 0 t 0 0 0 1

I
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Hexadecimal
Value

0
1
2

4

6

8
9
A
B

t)

E
F

lFigure 10-17. Hexadecimal Values of Numbers O-1S

An 8-b i t  combina t ion  w i th  a  zone va lue  o f  15  and a  d ig i t
va lue  o f  12  is  expressed as  hav ing  a  hexadec imal  va lue  o f
FC.  Because the  comple te  number ing  ser ies  i s  composeo
of numbers 0 through 9 fol lowed by letters 4 through F,
a  hexadec imal  va lue  fo r  the  zone and d ig i t  por t ion  o f  an
8-b i t  combina t ion  can appear  as  a  pa i r  o f  numbers  (61) ,  a
le t te r  and a  number  lC4,  4F l ,  o r  a  pa i r  o f  le t te rs  (DB) .

S ince  zone and d ig i t  va lues  are  de termined separa te ly ,  q
s ing le  combina t ion  o f  e igh t  b i ts  can have the  same hexa_
dec imal  number  fo r  bo th  the  zone and d ig i t  por t ion .  Thus ,
11 ,  22 ,33 ,  AA,  and o ther  such va lues  represent  g -b i t  com-
b ina t ions  wh ich  have the  same b i ts  on  in  bo th  the i r  zone
and digit  port ions.

Ent i re ly  d i f fe ren t  8 -b i t  combina t ions  can have ident ica l
zone hexadec imal  numbers  or  iden t ica l  d ig i t  hexadec imal
numbers, but not both. That is, the zone port ion of one
r;haracter can contain the same bits on and off as the zone
port ion of another character. In such a case, the identical
;zone b i t  combina t ions  wou ld  g ive  ident ica l  zone hexa-
rJecimal values. However. i f  they are dif ferent characters
and the  zone va lues  are  ident ica l ,  the  d ig i t  b i ts  and,  thus ,
the digit  values. must dif fer. This is because no two charac-
ters can have the same 8-bit  combination.

Figure 10-18 shows the hexadecimal values associated with
the 64 printable characters the computer recognizes. The
hexadec imal  va lues  are  in  sequence jus t  as  the  regu la r  num_
er ica l  va lues  are .  Fur thermore ,  the  hexadec imal  va lue  as-
s;ociated with a character is equivalent to the numerical
value asociated with that character. However, there is no
need for you to be able to translate back and forth between
numer ica l  va lues  and hexadec imal  va lues .  l f  vou  musr  use
a charac ter ' s  hexadec imal  v laue in  your  p rogramming,  you
can refer to the chart showing the appropriate vatue.

1 G 1 8

Decimal
Number

0
1
2
3
4
F

6
7
I
9
1 0
1 1
1 2
I J

1 4
1 5

Character
Hexadecimal
Value

Numerical
Value

B lank 40 64
c 4A 74

4B 75
4C 76

( 4D 77
T 4E 78

4F 79
& 50 80

5A 90
s 5 B 91

5C 92
5D 93
5E 94

I 5 F 95
60 96
61 97
6B 107
6C 108
6D 109
6E 1 1 0
6F 1 1 1
7A 1 2 2

t 7B 123
(E 7C 124

7 0 125
7E 126
7F 1 2 7

A c1 193
B c2 194
c c3 1 9 5

c4 196
E c5 197
F c6 198
G c7 199
H c8 200

c9 201
) o r - 0 DO 208

J o r - 1 D1 2@
K o r - 2 D2 210
L o r - 3 D3 211
M o r - 4 D4 212
N o r - 5 D5 213
O o r - 6 D6 214
P o r - 7 D7 215
O o r - 8 D8 216
R o r - 9 D9 2 1 7
s E Z 22fj
T E3 227
U E4 228

E 5 229
W E6 230
X E 7 231

E8 232
z E 9 233
0 FO 240

F 1 241
2 F 2 242
3 F3 243
4 F4 2M
3 F5 245
6 F6 2$
7 F7 247
8 F8 24
I F9 249

Figure 1O-18. Hexadecimal Values Associated with Characters



Saving Disk Storage Space

Ars lou have learned, each byte of storage, whether on disk
or in the computer, can contain one character. That char-
acter  can be a decimal  number or  an a lphabet ic  or  specia l
character. The format of the characters is known as un-
packed decimal format. Each byte of storage is divided into
a 4-b i t  zone and a 4-b i t  d ig i t  par t .  F igure 1 0-  19 shows the
unpacked decimal  format .

T'he zone part of the low-order (rightmost) byte indicates
urhether  the decimal  number is  posi t ive or  negat ive.  In  un-
p 'acked decimal  format ,  the zone par t  is  inc luded for  each
dig i t  in  a decimal  number;  however,  only  the zone over  the
low-order  d ig i t  serves as the s ign.  The low-order  d ig i t  is  the
only d ig i t  which makes use of  the zone por t ion.  F igure
10-20 shows the unpacked decimal  format  for  decimal  num-
brer 9,269.

F'acked Decimal Format

ln packed decimal format means that one byte of storage
can conta in two decimal  numbers.  A decimal  number wi l l
occupy the zone por t ion which is  unused in unpacked deci -
nnal  format .  This  format  a l lows you to put  a lmost  twice as
nnuch data in to a byte as you can using the unpacked deci -
rnal format.

' l-he 
low-order byte in packed decimal format is also divided

into two 4-bit parts. Each byte, except the low-order byte,
conta ins one decimal  d ig i t  in  each 4-b i t  par t .  The low-order
byte conta ins a decimal  d ig i t  in  the le f tmost  4-b i t  par t  (b i ts

$3)  and the s ign of  the decimal  f ie ld in  the r ightmost  4-b i t
par t  (b i ts  4-7) .  F igure 10-21 shows packed decimal  format .

f : igure 10-19,  Unpacked Decimal  Format

The sign part of the low-order byte is used to indicate
whether  the numer ic  value represented in the d ig i t  par ts  is
posi t ive or  negat ive.  Compare how the decimal  number
9,269 is  represented in packed decimal  format  (F igure

10-22)  wi th i ts  unpacked representat ion (F igure 10-20) .

7 0

Dig i t  D ig i t  I  O ig i t  S i gn

----v-\.--

By te

Figure 1O-21.  Packed Decimal  Format

Posi t ive

3Bv tes+

1 0 0 1  1 1 1 10 0 1 0  0 1  1 0

Figure 10-22,  Packed Format of  Decimal  Number 9,269

0 - - .+  7 ,0  ___+ 7 ,0  +7 '  o  +  7 '  Q +  7

1  1  01  =  M inus  s i gn
1 1 1 1  = P l u s s i g n

Zone  D ig i t Zone Diqi t, - Zone Digi t Zone  
'  

D ig i t S i gn  D ig i t

=-- =\--
' | Byte

1  1 0 1

Pos i tive

S ignZone

4  Bv tes

I 2 o I

1 1 1 1  1 0 0 1 1 1 1 1  0 0 1 0 1 1 1 1  0 1  1  0 1 1 1 1  1 0 0 1

l i igure 10-20.  Unpacked Format of  Decimal  Number 9,269
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You can spec i fy  packed input ,  ou tpu t ,  tab le ,  o r  a r ray  f ie lds :

o  P a c k e d  i n p u t  f i e l d s .  E n t e r  a  p  i n  c o l u m n  4 3  o f  t h e  I n p u t
sheet. This causes the data to be unpacked before i t  is
s to red .

o  Packed ou tpu t  f  ie lds .  Enter  a  p  in  co lumn 44 o f  the
Output -Format  sheet .  Th is  causes  the  da ta  to  be  packed
before  i t  i s  wr i t ten  our .

.  Packed tab le  o r  a r ray  f  ie lds .  Enter  a  p  in  co lumn 43 and l
or  55  o f  the  Ex tens ion  sheet .  The da ta  w i l l  be  unpacked
before  i t  i s  s to red .  Packed tab les  or  a r rays  are  a l lowed
on ly  a t  p re-execut ion  t ime.

S ince  da ta  must  be  represented  in  unpacked dec ima l  fo rmat
once i t  i s  ins ide  the  computer ,  you  must  g ive  t l te  RpG pro_
gram an ind ica t ion  when input  f ie lds  a re  in  a  d i f fe ren t  fo r -
mat .

Because da ta  must  be  represented  in  unpacked dec ima l  fo r -
mat  be fore  i t  can  be  processed,  unpacked dec ima l  f  ie lds
may be  s to red  on  d isk  to  e l im ina te  conver t ing  the  f  ie lds
f rom packed to  unpacked fo rmat  dur ing  input .  However ,
s to r ing  unpacked f  ie lds  on  d isk  requ i res  more  space than
s tor ing  packed f ie lds .

Einary Format

You can save even more  d isk  space than in  packed dec ima l
format by storing numeric data in binary format. In binarv
fo rmat ,  each numer ic  f ie ld  on  d isk  must  be  e i ther  two or
four  by tes  long.  Each two-by te  b inary  f  ie ld  can conta in  a
va lue  equ iva len t  to  four  dec ima l  p laces ;  each four_bv te
b inary  f  ie ld  can conta in  a  va lue  equ iva len t  to  n ine  dec ima l
p laces .  In  o ther  words ,  a  numer ic  va lue  in  b inary  fo rmat
occup ies  approx imate ly  ha l f  as  many by tes  o f  d isk  s to rage
as the  equ iva len t  va lue  in  unpacked dec ima l  fo rmat .

Each two-byte b inary f ie ld consists  of  a s ign b i t  fo l lowed
by a 15.b i t  numer ic  value.  This value can be as large as
9,999. When a rwo-byte binary field from disk storage is
read into the computer ,  the RpG l l  program converts  i t  to
a four-byte unpacked decimal  f  ie ld.  F igure 10-23 shows a
two-byte f  ie ld in  b inary format .

0  1 - - 1 5

a

n

Number

Figure 10-23. Two-Byte Field in Binary Format

Each four  by te  b inary  f ie ld  cons is ts  o f  a  s ign  b i t  fo l lowed
b y  a  3 l - b i t  n u m e r i c  v a l u e .  T h i s  v a l u e  c a n  b e  a s  t a r g e  a s
999,999,999.  When a  four -by te  b inary  f  ie ld  f rom d isk
s torage is  read in to  the  computer ,  the  RpG l l  p rogram con_
ver ts  i t  to  a  n ine-by te  unpacked dec ima l  f  ie ld .  A  four_by te
b inary  f  ie ld  i s  shown in  F igure  10-24.

q

i
s
n

Number

Figure 1O-24. Four-Byte Field in Binary Format

In  each case,  the  s ign  por t ion  o f  the  h igh-order  by te  ( le f t -
most )  i s  used to  ind ica te  whether  the  numer ic  va lue  is
pos i t i ve  o r  negat ive .  Not ice  tha t  in  the  b inary  fo rmat  the
zone por t ion  o f  the  dec ima l  number  i s  no t  g iven .  Compare
how the  dec ima l  number  9 ,26g is  represented  in  b inary
fo rmat  (F igure  10-25)  w i th  i t s  packed and unpacked repre-
senta t ion  (F igure  10-20 and 10-221.

Posi t ive

Si gn
I o  l e r s z l + o g o l z o + e1024 256 128 9,269*

*  The  numer i c  va l ue  f o r  each  b i na ry  by te  i s  ob ta i ned  by  add ing  t he  numbers  wh i ch  co r respond  t o  t he  b i t s  t ha t  a re  on .(B i t s  t ha t  a re  on  a re  r ep resen ted  as  1 ' s . )  The  s i gn  b i t  i s  no t  i nc l uded  i n  t he  va lue  o f  t he  number .  The  b i t  t o  t he  r i gh tof  the s ign bi t  is  a lways 0,  because the maximum value of  a two-byte binary f ierd is  9.999.

F: igure 10-25,  Binary Format of  Decimal  Number 9,269
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Since data must be represented in unpacked decimal for-

mat  when i t  i s  ins ide  the  computer ,  you  must  ind ica te  to

the  RPG l l  p rogram when f  ie lds  a re  in  another  fo rmat .

You can spec i fy  b inary  input ,  ou tpu t ,  tab le ,  o r  a r ray  f ie lds :

.  B i n a r y  i n p u t  f i e l d s .  E n t e r  a  I  i n  c o l u m n  4 3  o f  t h e  I n p u t

sheet .  The da ta  i s  then conver ted  in to  dec ima l  be fore  i t

i s  s to red .

o  B inary  ou tpu t  f ie lds .  Enter  a  I  in  co lumn 44 o f  the

Output -Format  sheet .  The da ta  i s  then conver ted  in to

b inarv  be fore  i t  i s  s to red .

o  B inary  tab le  o r  a r ray  f ie lds .  Enter  a  I  in  co lumn 43

and/or  55  o f  the  Ex tens ion  sheet .  The da ta  w i l l  be  con-

ver ted  to  dec ima l  be fore  i t  i s  s to red .  B inary  tab les  or

ar rays  are  a l lowed on ly  a t  p re-execut ion  t ime.

C O L L A T I N G  S E O U E N C E  O F  C H A R A C T E R S

To per fo rm data  process ing  app l ica t ions  e f f  i c ien t ly ,  you

usua l ly  o rgan ize  your  in fo rmat ion  in  some order  o r  sequence.

lmag i r re  t rv ing  to  loca te  a  person 's  phone number  i f  the

names in  a  te lephone book  were  no t  in  a lphabet ica l  o rder .

Of  course ,  be fore  us ing  th is  o rder  o r  sequence,  you must

know what  i t  i s .  Through the  learn ing  process ,  you  know

that  a lphabet ica l  o rder  means tha t  4  comes be fore  B,  B

before  C,  and so  on .  L ikewise ,  in  numer ica l  sequence,  7  i s

less  than 2 .2  less  than 3 ,  and so  on .

In  most  o f  your  da ta  p rocess ing  app l ica t ions ,  the  computer

must  be  ab le  to  recogn ize  an  order  o r  sequence o f  da ta .  For

example ,  i f  you  ins t ruc t  the  computer  to  sequence check  a

f  i le  accord ing  to  an  a lphabet ic  depar tment  code on  each

record ,  i t  must  be  ab le  to  de termine i f  the  depar tment  f

record  shou ld  appear  be fore  the  depar tment  X  record ,  o r

v ice  versa .  In  another  ins t ruc t ion ,  perhaps  the  computer  i s

to  compare  two quant i t ies ,  such as  3  and 8 ,  and tu rn  on  an

ind ica tor  i f  the  f i rs t  quant i t y  i s  less  than the  second quan-

t i tV .  The computer  must  de termine i f  3  i s  less  than 8  or  i f

8  i s  less  than 3 .

The prev ious  two tasks  wou ld  be  easy  fo r  you  to  per fo rm

because,  th rough memor iza t ion  or  hab i t ,  you  know the

natural order of the alphabetic characters A through Z and

the  numbers  0  th rough 9 .  However ,  a  computer  has  no t

memrr r ized  suc l r  o rders .  For  the  computer  to  per fo rm these

tasks"  an  order  o r  sequence o f  charac ters  must  be  es tab l i shed.

To fu r ther  po in t  ou t  the  need fo r  a  se t  o rder  o f  charac ters ,

assume the  computer  must  check  to  make sure  records  in  a

f i le  a re  in  p roper  o rder  accord ing  to  a  depar tment  f  ie ld .

Some depar tment  codes  are  a lphabet ic ,  as  depar tment  A ;

wh i le  some depar tment  codes  are  numbers ,  such as  depar t -

ment  8 .  Shou ld  the  numer ic  depar tment  records  appear  be-

fo re  the  a lphabet ic  depar tment  records ,  o r  v ice  versa? l t  i s

l i ke lv  tha t  the  answer  wou ld  depend on  who is  asked.  How-

ever ,  fo r  e f f i c ien t  da ta  p rocess ing ,  you  cer ta in ly  do  no t  wan l

records  sor ted  one way one t ime and another  way the  nex t

t ime.  Thus ,  the  computer  must  use  one se t  o rder  o f  charac-

te rs .

Every  charac ter  recogn ized by  the  computer  must  ho ld  a

cer ta in  pos i t ion  in  th is  o rder  in  re la t ion  to  the  pos i t ion  o f

the  res t  o f  the  charac ters .  Such an  order  i s  re fe r red  to  as  a

col lat ing sequence of characters. By def ini t ion, to col late

means to  a r range or  ver i f y  tha t  da ta  appears  in  p roper  o rder

or  sequence.

There  can be  any  number  o f  co l la t ing  sequences .  The se-

quence used depends on  the  par t i cu la r  o rder  in  wh ich  char -

ac ters  a re  to  be  recogn ized.  In  any  case,  the  computer

shou ld  use  on ly  one co l la t ing  sequence a t  a  t ime.

The s tandard  co l la t ing  sequence o f  64  charac ters  i s  shown

in  F igure  10-26.  The b lank ,  wh ich  is  the  f i rs t  charac ter ,  i s

cons idered as  the  lowest  in  the  sequence wh i le  the  number

9 ,  the  las t  charac ter ,  i s  the  h ighes t  in  the  sequ,ence.  Note

tha t  a l l  o f  the  spec ia l  charac ters .  except  the  [  (b race ] ,  a re

f i rs t  in  th is  sequence,  fo l lowed by  the  a lphab6t ic  charac ters

4  th rough Z  in  the i r  na tura l  o rder ,  and then the  numbers  O

through 9  in  the i r  na tura l  o rder .  The on ly  charac ter  wh ich

you might  no t  expec t  to  be  in  i t s  pos i t ion  is  the  
I  

wh ich

comes between the letters I  and J.

Th is  co l la t ing  sequence is  the  order  used by  the  cornputer

fo r  the  purpose o f  sor t ing  cards ,  compar lng  numbers  to  de-

te rmine  wh ich  is  g rea ter  o r  less ,  check ing  the  sequence o f

records  in  a  f  i l e ,  and match ing  records  f rom two f  i les  to  de-

te rmine  wh ich  record  shou ld  be  processed nex t .  Accord ing

to  the  co l la t ing  sequence,  the  computer  compares  two char '

ac te rs  to  de termine i f  one comes be fore  or  a f te r  the  o ther ,

o r  i s  less  than or  g rea ter  than the  o ther .  Of  course ,  you

spec i fy  wh ich  charac ters  (o r  f ie lds  o f  charac ters )  a re  to  be

com pared.
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For  sor t ing ,  sequence check ing ,  and match ing ,  you  can
spec i fy  an  ascend ing  or  descend ing  co l la t ing  sequence.  For
exarnp le ,  i f  records  are  to  be  in  ascend ing  sequence,  the
charac ters  be ing  checked shou ld  be  in  the  order  shown in
F igure  I0 -26 .  That  i s ,  a  card  w i th  a  b lank  shou ld  come be-
fo re  a  card  w i th  the  le t te r  K .  (The b lank  charac ter  i s  lower
in  sequence than the  le t te r  K . )  L ikewis r . , ,  a  card  w i th  the
le t te r  K  shou ld  come before  any  record l ;  con ta in ing  one o f
the  numbers  0  th rough 9 .  l f  you  spec i fy  descend ing  se_
quence,  the  computer  compares  to  make sure  thev  are  in
the  oppos i te  o rder ,  the  charac ters  h igher  in  sequence comi l lq
f i rs t .

As  ment ioned,  a  computer  cannot  memor ize  the  order  o f
char€fcters; i t  must use another method for remembering
the  co l la t ing  sequence.  To  do  th is ,  i t  uses  the  varues  assoc i -
ated with characters to determine each character,s relat ion
to  another  charac ter  in  the  sequence.

In  a  p rev ious  d iscuss ion ,  a  va lue  is  ca lcu la ted  fo r  each b i t
combr ina t ion  in  s to rage.  The va lue  can be  thought  o f  as  a
s ing le r  numer ica l  va lue  fo r  the  en t i re  g -b i t  combina t ion  or
as  a  2 l -d ig i t  hexadec imal  va lue ,  wh ich  is  ac tua l l y  one nexa-
dec in ra l  number  fo r  each 4-b i t  combina t ion  (zone and d ig i r ) .
A  he>radec imal  va lue  is  another  way o f  represent ing  a  num_
er ica l  va lue .

Once a  va lue  is  ca lcu la ted ,  the  computer  uses  i t  to  oe ter -
mine  wh ich  charac ter  i s  represented .  Thus ,  the  numer ica l
va lue  193 (same as  hexadec i rna l  va lue  C1)  i s  assoc ia ted  w i th
the  charac ter  4  wh i le  the  numer ica l  va lue  243 (hexadec imer l
va lue  F3)  i s  assoc ia ted  w i th  the  numer ic  charac ter  3 .  per .
haps  you wonder  why a  par t i cu la r  va lue ,  such as  l93  (C1)
is related to the letter A, rather than a dif ferent value.

The va lues  assoc ia ted  w i th  the  64  charac ters  were  or ig ina l l y
ass igned such tha t  the  na tura l  sequence o f  the  va lues  cor res-
ponds w i th  the  pos i t ions  charac ters  a re  to  ho ld  w i th in  the
co l la t ing  sequence.  For  example ,  the  charac ter  4  i s  assoc i -
a ted  M/ i th  va tue  193 (hexadec imal  C1) .  B  w i th  1g4 lC2\ .  C
w i t h  1 9 5  ( C 3 ) ,  a n d  s o  o n .  J u s t  a s 4  i s  l o w e r  t h a n  g  a n d  g
is  lowr - ' r  than C in  the  co l la t ing  sequence,  193 (C l )  i s  less
t h a n  1 9 4  ( C 2 ) ,  a n d  1 9 4  ( C 2 l  i s  t e s s  t h a n  1 9 5  ( C 3 ) .

Figure 10-26.  Standard Col lat ing Sequence

1 B lank

o

7
I &
o

1 0
1 1
1 2 I

1 3
l 4

_l

t 5 (m inus )
' t6

1 7
1 8
1 9 (  u nderscore)
20
2 1
22

23
24 @
25
26
27
28 A
29 D

30
3 l D
J Z E
J J F
34 u

H

36 I

37
38
?o K
40 I

4 1 M
42 N
43 o
44 P

45 o
4 0 n

47 S
48 T
49 U
50
5 1 W
52 X

54 z
55 0
56 I

57 2

qo 4
60 5
6 1 o

o l 7
b J

64 o

10-22



Figure  10-27 shows the  256 poss ib le  b i t  combina t ions ,  the i r
numer ica l  and hexadec imal  va lues ,  and the  charac ters  assoc i -
a ted  w i th  each.  In  th is  l i s t  o f  b i t  combina t ions .  the  numer-
ica l  va lues  are  in  o rder  f rom 0  th rough 255 (hexadec imal

va lues  00  th rough FF) ,  and the  assoc ia ted  charac ters  a re  in
the  s tandard  ascend ing  co l la t ing  sequence.

B i t
Combinat ion Character

Hexadecimal
Va lue

Numerical
Va lue

00000000 oo n
00000001 o1
0000001 0 02 2
0000001 1 03 -t

oo0001 00 o4 4
f)ooo01 01 05
000001 1 0 06 o
000001 1 1 o7
00001 000 08 8
00001 001 09 I
00001 01 0 OA 1 0
00001 01 1 OB 1 1
00001 1 00 0c 1 2
ooool 1 01 OD 1 3
00001 1 1 0 UE t 4
00001 1 1 1 OF 1 5
0001 0000 1 0 t 6
oo01 0001 t 1 1 1
0001 001 0 1 2 1 8
0001 001 1 1 3 1 9
0001 01 00 1 4 20
0001 01 01 ' t5 21
000101 ' t  0 1 6 22
oo01 01 1 1 1 7 23
oo01 1 000 1 8 24
0001 1 001 1 9 25
0001 1 01 0 1 A zo

0001 1 01 1 1 B a1

0001 1 1 00 1 C 28
0001 1 1 01 1 D 2 J

0 0 0 1 1 1 1 0 1 E ?n

0 0 0 1 1 1 1 1 t r 31
001 00000 20 J I

001 0000'l 2 1 J J

001 0001 0 22 34
001 0001 1 23
001 001 00 24 Jb

oot 001 01 t q J T

001 001 1 0 zo ?a

001 001 1 1 27 39
o01 01 000 2a 40
001 01 001 29 41
001 01 01 0 2A 42
ool 01 01 1 3
001 01 1 00 44
001 01 1 01 2 D
0 0 1 0 1 1 1 0 2E 40

0 0 1 0 1 1 1 1 z ? 47
001 1 0000 30 48
001 1 0001 31 49
001 1 001 0 s2 50
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As you can read i l y  see ,  the  va lue  assoc ia ted  w i th  a  charac-

ter does not always immediately fol low the value associated

wi th  the  prev ious  charac ter  in  the  sequence.  For  example ,

the  charac ter  S  fo l lows the  charac ter  R in  the  co l la t ing  se-
quence o f  charac ters .  However ,  the  numer ica l  va lue  o f  S ,

226 (hexadec imal  E2) ,  does  no t  immedia te ly  fo l low the

Bit
Combinat ion Character

Hexadecimal
Va lue

Numerical
Va lue

o01 1 001 1
001 1 01 00 34 52
001 1 01 01 35
0 0 1 1 0 1 1 0 36 54
0 0 1 1 0 1 1 1 55
001 1 1 000 38 56
o01 1 1 001 39 57
0 0 1 1 1 0 1 0 3A 5u

0 0 1 1 1 0 1 1 J b
qq

o o 1 1 1 1 0 0 3C 60
o 0 1 1 1 1 0 1 3D 6 1
o 0 1 1 1 1 1 0 J E 62
0 0 1 1 1 1 1 1 3F 63
01 000000 B lank 40 64
01 000001 4 1 H T

01 uu00t u 42 oo

01 00001 1 43 o t

01 0001 00 44 btJ

01 0001 01 +c 69
01 0001 1 0 46 70
01 0001 1 1 47 7 1
01 001 000 48 I Z

01 001 001 49 1 1

01 001 01 0 d 4A 74

01 001 01 1 48 7 5
0 1 0 0 1 1 0 4C 76
01 001 1 01 ( 4D
0 1 0 0 1 1 1 0 + 4E 78
0 1 0 0 1 1 1 1 4F 7 q

01 01 0000 & 50 80
01 01 0001 3 l 81

01 01 001 0 a2
01 01 001 1 a?

01 01 01 00 54 84
01 01 01 01 55 85
0 1 0 1 0 1  1 0 56 86
0 1 0 1 0 1 1 1 87
01 01 1 000 56 88

01 01 1 001 59 89
0 1 0 1 1 0 1 0 5A 90
0 1 0 1 1 0 1 1 $ 5B 9 l

0 1 0 1 1 1 0 0 92
0 1 0 1 1 1 0 1 ) t n V J

0 1 0 1 1 1 1 0 5E 94
0 1 0 1 1 1 1 1 5 F 95
01 1 00000 60 96
r)1 1 00001 61 97
01 1 0001 0 oz 98
01 1 0001 1 63 99
01 1 001 00 64 100

01 1 001 01 65 1 0 1

Figure 1O-27 (Part  1 of  3) .  Characters and Values Associated wi th the 256 Bi t  Combinar ions
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n u m ' 3 r i c a l  v a l L r e  o f  R , 2 1 7  ( h e x a d e c i m a l  D 9 ) .  T h e  r e a s o n
for  the  gap is  because the  b i t  combina t ions  w i th  the  numer-
ica l  va lues  218 th rough 225 are  no t  assoc ia ted  w i th  any  o f
the  € i4  p r in tab le  charac ters .  Regard less ,  the  computer  de-
te rmines  tha t  B  is  lower  in  sequence than (comes be fore)  S
b e c a u s e  t h e  v a l u e  o f  R  ( 2 1 7  o r  h e x a d e c i m a l  D 9 )  i s  l e s s  t h a n
the  va lue  o t  S  (226 or  hexadec imal  E2\ .

Bit

Comb ina t i on C haracter
Hexadecimal
Va lue

Numerical
Va lue

0 1  1 0 0 1  1 0 oo 102
0 1 1 0 0 1 1 1 o t I U J

01 1 01 000 6B 104
01 1 01 001 69 1 0 5
0 1 1 0 1 0 1 0 6A 1 0 6
0 1 1 0 1 0 1 1 o b 107
0 1 1 0 1 1 0 0 % 6C 1 0 8
0 1 1 0 1 1 0 1 O U 1 0 9
0 1 1 0 1 1 1 0 O E 1 1 0
0 1 1 0 1 1 1 1 ? o r 1 1 1
01 1 1 0000 70 1 1 2
01 1 1 0001 7 1 1 1 3
0 1 1 1 0 0 1 0 72 1 1 4
0 1 1 1 0 0 1 1 I J 1 1 5
0 1 1 1 0 1 0 0 74 1 1 6
0 1 1 1 0 1 0 1 1 1 7
0 1 1 1 0 1 1 0 76 1 1 8
0 t 1 1 0 1 1 77 1 1 9
0 1 1 1 1 0 0 0 78 't20

0 1 1 1 1 0 0 1 79 121
0 1 1 1 1 0 1 0 7A 1 2 2
0 1 1 1 1 0 1 1 7 B 123
0 1 1 1 1 1 0 0 @ 1 2 4
0 1 1 1 1 1 0 1 7 D 125
0 1  1 1 1 1 1 0 T ' 1 2 0
0 1  1 1 1  1 1 1 7 F 1 2 7
1 0000000 80 t 2 6

r oooo001 81 ' t29

1 000001 0 a2 1 3 0
1 000001 1 a a 1 3 1
1 00001 00 84 't32

1 00001 01 85 1 3 3
1 00001 1 0 6b 134
1 00001 1 1 87
| 0001 000 8B 1 3 6
1 0001 001 89 137
1 0001 01 0 8A t J d

1 0001 01 1 8B 1 3 9
1 0001 1 00 Q/^ 140
1 0001 1 01 8D 141
1 0 0 0 1 1 1 0 8E 1 4 2
1 0 0 0 1 1 1 1 o r 143
1 001 0000 90 144
1 001 0001 9 1 145
1 001 001 0 92 146
1 001 001 1 93 't47

1 001 01 00 94 148
1 001 01 01 95 't49

1 0 0 1 0 1 1 0 96 1 5 0
1 0 0 1 0 1 1 1 o 7 1 5 1
1 001 1 000 98 't52

Figurr :10-27 (Part  2 of  3) .  Characters and Values Associated wi th the 256 Bi t  Combinat ions
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Bi t

Combinat ion Character
Hexadecimal

Va lue
Numerical

Value

1 001 1 001 99 1 5 3
1 0 0 1 1 0 1 0 9A 154
1 0 0 1 1 0 1 1 9 B 1 5 5
1 0 0 1 1 1 0 0 9C 1 5 6
1 0 0 1 1 1 0 1 o n 157
1 0 0 1 1 1 1 0 V E 1 5 8
1 0 0 1 1 1 1 1 V F 1 5 9
1 01 00000 AO 160
1 01 00001 A 1 1 6 1
1 01 0001 0 162
I Ol 0001 1 A3 1 6 3
1 01 001 00 A4 164
1 01 001 01 A5 t 0 3

1 0 1 0 0 1 1 0 A O t b b

1 0 1 0 0 1 1 A7 167
1 01 01 000 A8 1 6 8
1 01 01 001 A9 1 6 9
1 0 1 0 1 0 1 0 AA 170
1 0 1 0 1 0 1 1 A B 1 7 1
1 0 1 0 1 1 0 0 AC 1 7 2
1 0 1 0 1 1 0 1 A D 173
1 0 1 0 1 1 1 0 A E 1 7 4
1 0 1 0 1 1 1 1 A F 1 7 5
1 01 1 0000 BO 176
1 01 1 0001 B 1 1 7 7
1 0 1 1 0 0 1 0 o z 178
1 0 1 1 0 0 1 1 B3 179
101  10 ' t 00 B4 1 8 0
1 0 1 1 0 1 0 1 B5 1 8 1
1 0 1 1 0 1 1 0 b o 182
1 0 1 1 0 1  | 1 B 7 1 8 3
1 0 1 1 1 0 0 0 BB 184
1 0 1 1 1 0 0 1 B9 1 8 5
1 0 1 1 1 0 1 0 B A t 6 0

1 0 1 1 1 0 1 1 B B 187
1 0 1 1 1 1 0 0 BC 1 8 8
1 0 1 1 1 1 0 1 B D 1 8 9
1 0 1  1 1 1 1 0 B E 1 9 0
1 0 1  1 1 1  1 1 B F 1 9 1
1 1 000000 c0 192
1 1 000001 A a 1 1 9 3
1 1 00001 0 B C2 194
1 1 00001 1 ^ ' l 1 9 5
1 1 0001 00 D c4 1 9 6
1 1 0001 01 E 197
1 1 0 0 0 1 1 0 F c6 1 9 8
1 1 0 0 0 1 1 1 u 1 9 9
1 1 001 000 H c8 100
1 1 001 001 I C9 1 0 1
1 1 0 0 1 0 1 0 202
1 1 0 0 1 0 1 1 C B 203



B i t
Combinat ion C haracter

Hexadecimal
Va lue

Numerical
Va lue

1 1 0 0 1 1 0 0 204
1 1 0 0 1 1 0 1 C D 205
1 1 0 0 1 1 1 0 L E 206
1 1 0 0 1 1 1 1 L F 207
1 1 01 0000 DO 208
1 1 01 0001 D1 209
1 1 0 1 0 0 1 0 K D2 2',to
1 1 0 1 0 0 1 1 L U J 211
1 1 0 1 0 1 0 0 M D4 2 1 2
1 1 0 1 0 1 0 1 N D5 213
1 1 0 1 0 1 1 0 o D6 2 1 4
1 1 0 1 0 1 1 1 P D7 z t 5

1 1 0 1 1 0 0 0 o D8 2't6
1 1 0 1 1 0 0 1 h D9 2 1 7
1 1 0 1 1 0 1 0 DA 218
1 1 0 1 1 0 1 1 DB 219
1 1 0 1 1 1 0 0 220
1 1 0 1 1 1 0 1 D D 221
1  1 0 1  1 1  1 0 DE 222
1 1 0 1  1 1 1 1 D F 223
1 1 1 00000 E O 224
1 1 1 00001 E 1 225
1 1 1 0 0 0 1 0 c E 2 226
1 1 1 0 0 0 1 1 T tsJ 227
1 1 1 0 0 1 0 0 U E 4 228
1 1 1 0 0 1 0 1 tr5 229
1 1 1 0 0 1 1 0 W E b 230
1 1 1 0 0 1  1 ' l X E 7 231
t 1 1 0 1 0 0 0 EB 232
1 1 1 0 1 0 0 1 z E9 233
1 1 1 0 1 0 1 0 E A 234
1 1 1 0 1 0 1 1 E B 235
1 1 1 0 1 1 0 0 E C 236
1 1 1 0 1 1 0 1 E D 237
1  1 1 0 1  1  1 0 E t r 238
1 1 1 0 1 1 1 1 E T 239
1 1 1 1 0 0 0 0 n FO 240
1 1 1 1 0 0 0 1 1 F 1 241
1 1 1 1 0 0 1 0 2 F 2 242
1 1 1 1 0 0 1 1 F 3 243
1 1 1 1 0 1 0 0 4 F 4 244
1 1 1 1 0 1 0 1 q F 5 245
1 1  1  1 0 1  1 0 b F 6 246
1  1 1  1 0 1  1 1 7 F 7 247
1 1 1 1 1 0 0 0 e F 8 248
1 1 1 1 1 0 0 1 o F9 249
1 1 1 1 1 0 1 0 F A 250
1 1  1 1 1 0 1  1 F B 251
1' t  ' t  11 100 FC 252
1 1 1 1 1 1 0 1 F D 253
1 1 1 1 1 1 1 0 F E 254
1 1 1 1 1 1 1 1 F F 255

Figure 1O-27 (Part 3 of 3). Characters and Values Associated with

the 256 Bi t  Combinat ions

Gollat ing By Zone Or Digit

You learned f  rom a  prev ious  d iscuss ion  tha t  the  zone and

d ig i t  por t ions  o f  charac ters  can be  t rea ted  as  separa te  and

d is t inc t  g roups  o f  four  b i ts ,  each w i th  i t s  own hexadec imal

nu  m ber .

D i f fe ren t  charac ters  mav have ident ica l  zone b i ts  o r  iden-

t i ca l  d ig i t  b i ts ,  bu t  no t  bo th .  Consequent ly ,  d i f fe ren t  char -

ac ters  may be  assoc ia ted  w i th  the  same zone hexadec imal

number  o f  the  same d ig i t  hexadec imal  number  bu t  no t  bo th .

As  an  example ,  the  charac ter ,4  i s  assoc ia ted  w i th  the  va lue

C1.  B  is  assoc ia ted  w i th  C2,  and K is  assoc ia ted  w i th  D2. .4

h a s  t h e  s a m e  z o n e  v a l u e  ( C )  a s  B ,  w h i l e  K  h a s  t h e  s a m e  d i g i t

va lue  (2 )  as  8 .  However ,  B  is  the  on ly  charac ter  w i th  bo th

a  z o n e  v a l u e  o f  C  a n d  a  d i g i t  v a l u e  o f  2 .

In  most  da ta  p rocess ing  tasks ,  the  computer  uses  en t i re

charac ters  o r  the  va lues  o f  those charac ters  to  make com-

par isons ,  to  de termine wh ich  is  g rea ter  o r  less ,  and so  on .

However ,  fo r  cer ta in  purposes ,  such as  sor t ing  cards ,  you

may w ish  to  have the  computer  check  on ly  the  zone or

on ly  the  d ig i t  por t ion  o f  charac ters .  In  such a  case,  the

computer  must  use  a  co l la t ing  sequence based on  zone or

d ig i t  va lues  ra ther  than the  s tandard  co l la t ing  sequence

based on  the  en t i re  va lue .

l f  the  computer  uses  a  co l la t ing  sequence based on  the  zone

por t ions  o f  charac ters ,  any  d i f fe rences  in  the  d ig i t  b i ts  a re

ignored.  On ly  the  va lue  o f  the  zone b i ts  a re  cons idered '

The reverse  occurs  i f  a  co l la t ing  sequence based on  the  d ig i t

por t ions  o f  charac ters  i s  to  be  used '

The fac t  tha t  cer ta in  charac ters  have the  same zone or  d ig i t

va lues  can be  used to  g roup charac ters  w i th in  a  co l la t ing  se-

ouence.  On the  bas is  o f  zone va lues ,  the  64  pr in tab le  char -

ac ters  a re  d iv ided in to  e igh t  g roups  (F igure  10  28) .  The

zone b i ts  (and va lues)  a re  ident ica l  fo r  a l l charac ters  w i th in

a  group.  l f  co l la t ing  is  to  be  on  the  bas is  o f  d ig i t  va lues ,  the

charac ters  can be  d iv ided in to  16  groups  (F igure  10-29) .  In

such a  case,  d ig i t  b i ts  (and va lues)  a re  ident ica l  fo r  a l l  char -

ac ters  w i th in  a  Par t i cu la r  g rouP.

Us ing  the  s tandard  co l la t ing  sequence,  the  computer  con-

s iders  each charac ter  to  ho ld  a  spec i f i c  pos i t ion  in  the  se-

quence. Therefore, no two characters can be considered

equa l ;one must  come before  another  o r  be  less  than an-

other character.

On the  o ther  hand,  us ing  a  co l la t ing  sequence based on  zones

or digits, one group of characters fol lows another group ot

characters. The characters within a group can occupy any

pos i t ion  w i th in  tha t  g roup.  Thus ,  there  is  an  order  o f  g roups

but  no  par t i cu la r  o rder  o f  charac ters  w i th in  a  g roup.
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Character
8 i t
Combinat ion

Col lat ing
Sequence
of
ZonesZone D ig i l

b
(b lank)

01 00 ooo0

{ 01 00 't01 0

(per iod)
0100 1 0 1  1

0t 00 1 100

( 01 00 1  1 0 1

+ 01 00 1 1 1 0

01 00 1 1 1 1

& ol 01 0000

01 01 1 0 1  0

$ 01 01 1 0 1  1

01 01 1  1 0 0

01 01 1 1 0 1

01 01 1 t 1 0
-i

01 01 1 1 1 1

(m inus )
0 1  1 0 oo00

0 1  1 0 oool

0 1  1 0 1 0 1  1

0 1  1 o 1 1 0 0

(undilscore)
0 1  1 0 1 1 0 1

0 1  1 0 1  1 1 0

0 1  1 0 1 1 1 1

0 1  1 1 1 0 1  0

t 0 1  1 1 '101 1

@ 0 1  1 1 1 1 0 0

(apostrophe)
0 1  1 1 1  1 0 1

0 1  1 1 1 1  1 0

0 1  1 1 1 1 1 1

Character
Bi t
Combinat ion

Col lat ing
Sequence
of Zones

Zone Digir

A 1 1 0 0 0001

t' 1 1 0 0 001 0

1 1 0 0 001 1

D 1 100 01 00

E 1 1 0 0 01 01

F 1 1 0 0 0 1  1 0

G 1 1 0 0 0 1  1 1

H 1 1 0 0 1 000

I 1 t o 0 ,| 001

1  1 0 1 ooo0

J o r - 1 1 1 0 1 0001

K o r - 2 1 1 0 1 001 0

L o r - 3 1 1 0 1 001 1

M o r - 4 1  1 0 1 01 00

N o r - 5 1 1 0 1 01 01

O o r - 6 1 1 0 1 0 1  1 0

P o r - 7 1  1 0 1 0 1  1 1

O o r - 8 1 1 0 1 1 000

R o r - 9 1  1 0 1 1 001

s 1 1 1 0 001 0

T 1 1 1 0 001 1

U 1 1 1 0 01 00

1 1 1 0 01 01

W 1 1 1 0 0 1  1 0

1 1 1 0 0 1  1 1

1 1  1 0 1 000

z ' 1 1 1 0 1 001

+o 1 1 1 1 oo00

1 1 1 1 1 0001

z
' t 1 1 1 0 0 1 0

? 1 1 1 1 001 1

4 1 1 1 1 01 00

5 1 1 1 1 01 01

t) 1 1 1 1 0 1  1 0

7 1 1 1 1 0 1  1 1

I 1 1 1 1 1 000

I 1 1 1 1 1 001F: igure 10.28.  Col lat ing Sequence by Zone
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Character
B i t
Combinat ion

Col lat ing
Sequence
of
Digi tsZone Digi t

A

(blank)
01 00 0000

& 01 01 0000

(rninusl
0 1  1 0 0000

t
I 1 1 0 1 0000

+0 1 1 1 1 000c

0 1  1 0 oo01

z

A 1 100 0001

J o r - 1 1 1 0 1 0001

1 1 1 1 1 0001

B 1 1 0 0 001 0

?

K o r - 2 1  1 0 1 001 0

s 1 1 1 0 001 0

2 1 1 1 1 o01 0

c 1 1 0 0 001 1

4

L o r - 3 1  1 0 1 001 1

T 1 1 1 0 001 1

1 1 1 1 001 I

D 1 100 01 00

M o r - 4 1 1 0 1 01 00

U 1 1 1 0 01 00

4 1 1 1 1 01 00

tr 1 1 0 0 01 01

o

N o r - 5 1  1 0 1 01 01

1 1 1 0 01 01

J 1 1 1 1 01 01

F 1  1 0 0 0 1  1 0

7

O o r - 6 1  1 0 1 01  10

W 1 1 1 0 0 1  1 0

o 1 1 1 1 0 1  1 0

U 1 1 0 0 0 1  1 1

I

P o r - 7 1  1 0 1 0 1  1 1

X 1 1 1 0 0 1  1 1

7 1 1 1 1 0 1  1 1

Ch aracter
Bi t
Combinat ion

Co l l a t i ng
Sequence
of
D ig i t sZone D ig i t

H 1  1 0 0 1 000

I

O o r - 8 1 1 0 1 1 000

1 1  1 0 1 000

6 1 1 1 1 1 000

1 1 0 0 1 001

1 0

R or-9 1  1 0 1 1 001

z 1 1 1 0 1 001

9 1 1 1 1 1 001

Y 01 00 1 0 1  0

1 101 01 1 0 1  0

0 1  1 1 1 0 1  0

(per iod)
01 00 1 0 1  1

1 2c 01 01 1 0 1  1

0 1  1 0 1 0 1  1

0 1  1 1 1 0 1  1

01 00 1 1 0 0

1 3

01 01 1  1 0 0

0 1  1 0 1 1 0 0

@ 0 1  1 1 1 1 0 0

01 00 1 1 0 1

r  1 0 1 I

I
I

I
I

I
I
I
I

1 5

01 01

(, nO"ra"or")
0 1  1 0 1 1 0 1

(apostrophe)
0 1  1 1 1 1 0 1

f 01 00 1 1 1 0

01 01 1 1 1 0

0 1  1 0 J 1 1 0 _ _
1 1  1 00 1  1 1

01 00 1 1 1 1

1 6

-l
01 01 1 1 1 1

? 0 1  1 0 1 1 1  1

0 1  1 1 1 1 1 1

Figure 10-29.  Col lat ing Sequence by Digi t

W o r k i n g  W i t h  D a t a  S t r u ( : t u r t )  1 O - 2 i



N o t e  t h a t  i n  t h e  c o l l a t i n g  s e q u e n c e  b y  z o n e  s h o w n  i n  F i g -
ure  10-28,  any  charac ter  in  g roup 5  is  cons idered lower  in
sequence than any  charac ter  in  g roup 6 .  l f  recoros  are
sor ted  in  ascend ing  order  by  zone,  a  record  w i th  the  le t te r
D (g roup 5)  comes be fore  a  record  w i th  the  le t te r  N (g roup
6 ) .

Now cons ider  a  case in  wh ich  charac ters  f rom the  same zone
group are  to  be  compared.  Assume one record  conta ins  the
le t te r  D (g roup 5)  and the  nex t  record  conta ins  the  le t te r  F
(group 5) .  Which  shou ld  be  sor ted  f i rs t  accord ing  to  a  co l -
la t ing  sequence based on  zones? S ince  the  computer  ignores
the  d ig i t  b i ts  o f  each charac ter ,  they  are  cons idered equa l
because they  bo th  have the  same zone va lue .  There fore ,  no
one charac ter  must  come ear l ie r  in  the  sequence than an-
other character from the same group. fhe sequence of the
charac ters  i s  the  same order  in  wh ich  the  records  are  read.
Thus ,  i f  the  D card  is  read f  i r s t  by  a  sor t  p rogram,  the
D record  comes be fore  the  F  record .  On the  o ther  hand,
i f  the  F  card  is  read f i rs t ,  the  F  record  comes be fore  the
D record .  In  e i ther  case,  the  records  are  in  p roper  sequence
oaseo on  zones .

A L T E R I N G  T H E  C O L L A T I N G  S E Q U E N C E

A co l la t ing  sequence is  the  order  in  wh ich  charac ters  a re  a r -
r a n g e d .  A s  y o u  k n o w ,  a l l c h a r a c t e r s  a r e  a s s o c i a t e d  w i t h  d i f -
f e r e n t  n u m e r i c a l  v a l u e s  i n  o r d e r  t h a t  t h e  c o m p u t e r  m a V
recogn ize  them.  The sequence o f  numer ica l  va lues  (ascend-
ing  or  descend ing  sequence)  de termines  the  order  in  wh ich
charac ters  assoc ia ted  w i th  the  va lues  are  recoqn ized.

The assoc ia t ion  c f  a  par t i cu  la r  charac ter  w i th  a  numer ica l
v a l u e  i s  a n  a r b i t r a r y  d e c i s i o n .  T h u s ,  t h e  c o l l a t i n g  s e q u e n c e
i tse l f  i s  a rb i t ra ry .  Sys tem/3  is  p rogrammed to  expec t  the
co l la t ing  sequence d iscussed prev ious ly  in  the  sec t ion  Co l -
lating Sequence of Characters. This does not mean, now-
ever ,  tha t  you  must  a lways  use  th is  sequence.  You can
change i t  and there  may be  t imes when Vou des i re  to  do  so .

For  example ,  you  may want  a lphabet ic  charac ters  to  fo l low
the numbers  ins tead o f  p reced ing  them.  Suppose tha t  a  com-
pany or ig ina l l y  s ta r ted  w i th  a  few depar tments .  The depar t -
ments  were  ass igned numbers  f rom 01-99.  Two co lumns
were  devoted  to  depar tment  numbers  in  var ious  recoros .
The company expanded and depar tments  inc reased.  Soon
there  were  more  than 99  depar tments .  To  avo id  hav ing  to
change the  depar tment  f  ie ld  f  rom two to  th ree  charac ters
in  a l l  records ,  the  manager  dec ided to  use  the  le t te rs  o f  the
a lphabet  to  represent  depar tment  numbers :  99 ,  A0,  A1,
e tc .  In  th is  case.  A  must  fo l low the  number  9  in  the  se-
quence.  Thus  i t  i s  necessary  to  a l te r  the  co l la t ing  sequence
so tha t  numbers  come before  a lphabet ic  charac ters .

There  can be  o ther  reasons  than the  one ius t  exp la ined fo r
a l te r ing  the  co l la t ing  sequence.  Your  language may de-
mand tha t  you  have charac ters  such as  A ' ,  a ' , 'C i , 'd ,  f  in -
c luded in  the  a lphabet ic  sequence (A , ' i ,  B l .  S ince  the  64
graph ics  do  no t  inc lude these charac ters ,  o ther  se ldom used
charac ters  can be  subs t i tu ted  fo r  them and repos i t ioned in
the  co l la t ing  sequence.  For  example ,  a  number -symbol  (# )

reposit ioned between the letters A and B can substi tute for
an  A;  an  a t -symbol  (@l  repos i t ioned be tween O and P sub-
st i tutes for an'Ci.

These are  on ly  a  few reasons  fo r  a l te r ing  the  co l la t ing  se-
quence.  You may have o thers .  Jus t  remember  tha t  you

can a l te r  the  co l la t ing  sequence in  any  way tha t  f i t s  your

neeos.

Specifying Changes in Collat ing Sequence

To change the  co l la t ing  sequence,  you must  assoc ia te  char -
ac ters  w i th  d i f fe ren t  numer ica l  va lues .  The fo l low inq  sec-
t i o n s  w i l l  e x p l a i n  h o w  t h i s  i s  d o n e .

10-28
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Forms For Altering the Collating Sequence

F igure  ' l  0 -30  i i l us t ra tes  two fo rms on  wh ich  Vou must
spec i fy  changes to  the  co l la t ing  sequence.  One fo rm is  the
RPG l l  Cont ro l  Card  and F i le  Descr ip t ion  sheet ;  the  o ther
is  the  Trans la t ion  Tab le  anc j  A l te rna te  Co l la t ing  Sequence
Cod ing  Sheet  wh ich  is  used fo r  l i s t ing  the  ac tua l  changes in
sequence"  Both  fo rms are  used in  con junc t ion  w i th  the
R P G  l l  I n p u t ,  O u t p u t  a n d  C a l c u l a t i o n  s h e e t s .

A  le t te r .S  en tered  in  co lumn 26 o f  tne  RpG l l  con t ro l  carc l
no t i t ies  the  program tha t  add i t iona l  in fo rmat ion  w i l l  be
furn ishe< i  to  the  program so  tha t  the  co l la t ing  sequence
c a n  b e  a l t e r e d .  A l l o t h e r  c o i u m n s  c o n t a i n  t h e  i n f o r m a t i o n
tha t  must  no i .ma l ly  be  en tered  to  p rocess  a  iob .

The A l te rnare  Co l la t ing  Sequence Cod ing  Sheet  l i s ts  256 b i t
c o m b i n a t i o n s  a l o n g  w i t h  t h e i r  h e x a d e c i m a l  n u m e r i c a l  v a l u e s .
As  you learned f rom d iscuss ions  o f  charac ter  s t ruc tu re .  hexa-
dec imal  va lues  are  wr i t ten  in  the  f  o rm o f  two charac ter
va lues .  One va lue  represents  the  numer ica l  va lue  o f  the  char_
ac ter ' s  zone;  the  o ther  represents  the  numer ica l  va lue  o f  the
charac ter ' s  d ig i t .  The 64  pr in tab le  g raph ics  a re  l i s ted  bes ide
t h e  b i t  c o r n b i n a t i o n s  a n d  n u m e r i c a l  v a l u e s  w i t h  w h i c h  t h e v
are  assoc ia ted .

Coding a Change in Seguence

Each change in  the  co l la t ing  sequence is  spec i f ied  in  the
Rep laced By  co lumn on the  cod ing  sheet .  In  th is  co lumn,
p lace  the  hexadec imal  va lue  o f  the  graph ic  whose pos i t ion
in the normal secluence is to be changed. The character
cor respond ing  to  the  hexadec imal  va lue  en tered  in  the
Bep laced 8y  co lumn rep laces  the  charac ter  wh ich  is  p resent -
l y  assoc ia ted  w i th  the  b i t  combina t ion  shown on the  same
I  i n e .

F igure  10"31 i l lus t ra tes  en t r ies  made to  change the  normal
r :o l la t ing  sequence.  l - lexadec imal  va lues  en tered  on  tne  sec-
r rnd  and th i rd  l ines  o f  the  sample  cod i r - rg  sheet  reverse  tne
order  in  wh ich  the  numbers  I  and 2  are  recogn ized by  the
l lo rn pu ter.

l \u rner ica l  va lues  en tered  on  the  second l ine  o f  tne  samoie
spec i fy  tha t  the  number  2  (hexadec imal  va lue  F2)  rep laces
the  number  / .  In  o ther  words ,  in  the  new sequence the
number  2  i s  assoc ia ted  w i th  the  va lue  F1 ins tead o f  the
nurnber  / .  Hexadec imal  va lues  on  the  th i rd  l ine  spec i f  y  tha t
t l re  number  /  (hexadec imal  va lue  F  1)  rep laces  the  number
.1?. 

' fhese 
two specif icat ion l ines cause 2 to come before /

in  the  co l f  a t ing  sequence (0 ,  2 ,  l ,  3 t .

Figure  1G31.  Exp lanat ion  o f  A l te rna te  Co l la t ing  Sequence Sheet

Effect of the Coded Change in Sequence

Any a l te rna te  co l la t ing  sequence you spec i fy  i s  used tem-
porar i l y .  l t  i s  used on ly  fo r  the  program wh ich  conta ins
the  a l te rna te  co l la t ing  sequence spec i f  i ca t ions .  Even more
spec i f i ca l l y ,  i t  i s  used in  tha t  p rogram fo r  opera t ions  wh ich
invo lve  sequenc ing ,  such as  check ing  sequence o f  records ,
compar ing  f  ie lds ,  o r  match ing  records .

Y o u  r n a y  t h i n k ,  a c c o r d i n g  t o  s p e c i f i c a t i o n s  i n  F i g u r e  l 0 - 3 1 ,
tha t  the  charac ter  2  read in to  the  computer  i s  a lways  re -
p laced by  a  1  .  Th is  i s  no t  t rue .  The computer  assoc tares
charac ters  w i th  the  va lues  you spec i fy  on ly  be fore  sequen-
c ing  opera t ions  invo lv ing  :

1 .  C o m p a r e  o p e r a t i o n s  o n  a l p h a m e r i c  f  i e l d s .

2 .  Match ing  or  sequence check ing  match  f  ie lds .

Character Associated
with Bi t  Combinat ion

Numericai  Value of
the Repiacement Character

1 1 1 1 0 0 0 0

1 1 1 1 0 0 0 1

1 1 1 1 0 0 1 0

ili r oor i
1 1 1 1 0 1 0 0

ir ir or oi

urapnrc 
i  

E ntry

; - | ; t

2  I F 2  I-t- 
I Ft I

;  
- T  

. )  i4 i F 4 i

. : f
5 |  l -5  I

Numer i ca l  Va lue
o f  B i t  Comb ina r i on

t  Combinat ions

1 0-30



NumericalVa lue

of
Bi t  Combinat ions

Associated Characters

Normal Col lat ing
Sequence

Altered Col lat ing
Sequence

_!0_
F 1

F 2

F 3

F 4

F 5
F b

t t

0
1

z

4

5
o

7

0
2

1 _

4 -

o

H,cw does  the  computer  keep t rack  o f  the  co l la t ing  sequence

to  use? The computer  keeps  a l l  your  ins t ruc t ions  fo r  a l te r -

ing  the  sequence in  s to rage.  The area  in  s to rage wh ich  ho lds

th is  in fo rmat ion  may be  p ic tu red  as  shown in  F igure  10-32.

T l rese  ins t ruc t ions  combined w i th  the  pa t te rn  fo r  normal

sequence g ive  the  computer  the  cor rec t  co l la t ing  sequence to

u:ie.

F igure  10-33 i l lus t ra tes  how the  program uses  the  a l te rna te

seouence.  Two cards  are  read in to  the  read area .  Jus t  be-

fo re  the  compare  opera t ion  wh ich  is  done to  de termine

which  match  f ie ld  has  a  lower  va lue ,  the  program checks  to

see i f  the characters used in the compare are affected by the

a l te rna te  co l la t ing  sequence ins t ruc t ions .  They  are .  The

charac ter  /  normal ly  assoc ia ted  w i th  the  va lue  F1 is  rep laced

by the  charac ter  2 ;  the  charac ter  2  normal ly  assoc ia ted  w i th

the  va lue  F2 is  rep laced by  the  charac ter  / .

When do ing  the  compare ,  the  program subs t i tu tes  these

va lues .  For  the  match  f le ld  hav ing  the  charac ter  2 ,  the

program uses  the  b i t  combina t ion  whose va lue  is  F1  ins tead

of  the  b i t  combina t ion  lo r  F2 .  S imi la r lv  fo r  the  match  f ie ld

conta in ing  a  1 ,  the  program uses  the  b i t  combina t ion  o f

F2 ins tead o f  the  b i t  combina t ion  fo r  F  1 .  As  a  resu l t  o f  the

compare ,  the  pr imary  card  conta in ing  a  2  in  the  match  f ie ld

is  chosen fo r  p rocess ing .  Th is  card  was chosen because F1

{now assoc ia ted  w i th  charac ter  2 )  i s  lower  in  sequence than

F2 (now assoc ia ted  w i th  the  charac ter  / ) .

A f te r  the  compare ,  charac ters  a re  aga in  assoc ia ted  w i th

va lues  as  ass igned in  the  normal  co l la t ing  sequence.
Fiigure 1O-32, Storage Area Holding Alternate Collating Sequence

Instruction

Cons ider  the  use  o f  an  a l te red  sequence when de termin ing

lvh ich  record  to  se lec t  fo r  p rocess ing  in  a  mu l t i f i l e  p rogram.

The co l la t ing  sequence has  been changed so  tha t  2  comes

i.,cfore /.

F1  and  1  +  F1  and2

F 2 a n d 2  +  F 2 a n d 1

F 3 a n d 3  +  F 3 a n d 3

Work ing  W i th  Da ta  S t ruc tu re  10 -31



1 1 1 1 0 0 1 0

Bit  Combinat ions
Storage

Substituted Bit
Combinat ions

Compare to

Figure 10-33.  Using Al ternate Col lat ing Sequence lO, 1,  2,  3,  4.  g l

Compare to dstermine
low Mstch Field. For
Compare rhou ld rlternate
collating sequonce be ured?

Use altored sequencc for
compare by using
values associated wlth
chatacters as soecif ied.

I

Primary f ile card selected
for processing because F1
is lower in value than F2.
The new col lat ing sequence
is 0, 2, 1, 3, 4, etc.

COLLATING SEOUENCE

Numerical
Va lue  o f
Bit Combination

Associated Charactor

Normal
Coll .  Seq.

Altered
Coll. Seq.

F O 0
F 1 I 2
F 2 2 1
F3 3
F 4 4

1rl-32



Coding Characters to be Equal

Entries can be made to allow two characters to occupy the
same position in the collating sequence;that is, they are as-
sociated with the same numeric value. When two characters
ocrcupy the same position in the sequence, the computer
recognizes one character as being the same as the other.

Figure  10-34 i l lus t ra tes  the  spec i f i ca t ions  wh ich  a l low a

b lank  or  zero  to  occupy  the  same pos i t ion  in  an  a l te red

I  seeuence (assume the  f ie ld  i s  a lphamer ic ) .  T .he  hexadec imal

va lue  assoc ia ted  w i th  the  charac ter  b lank  is  rep laced bv  the

hexadec imal  va lue  (F0)  wh ich  is  a l ready  assoc ia ted  w i th  the

zero .  Because the  zero  and b lank  are  assoc ia ted  w i th  the

same numer ica l  va lue ,  they  are  recogn ized as  the  same char -

ac ter .  F igure  10-35 shows why a  f ie ld  conta in ing  a  b lank

is  equa l  to  a  f ie ld  conta in ing  a  zero  when the  a l te red  se-

quence is used.

Inl.m.oond Bu!ness Mach'n€s Corpo.ation

T R A N S L A T I O N  T A B L E  A N D  A L T E R N A T E  C O L L A T I N G  S E O U E N C E  C O O I N G  S H E E I

to
i 1 r 0 r  0 0 1  0 0

rml lqq
r 00 r 1010
iobr  1q  r
1 0 0 1 1 1 0 0
1 0 ! l  I  t 0 l

1 0 0 1  1  I  r 0

1 0 0 1 1 1 1 1

loioblqo
I 0 1 gqgqL
I 0r 000lq
r010001 l

1 0 1 m ] 0 1

1 0 1 0 1 0 0 0
i o i o i o o l

1 0 1 0 1 0 t 1
' 0 1 0 1  

l

0101 101
oloi rlo

,01011 ii

99
S A
9 B
9C

9o
9 t

AO

A2

A3

A4

A6

A8

A A

A D

Aa
e F
BO
a l
B 2

!13
B4

l 2
1 0 1 m 1 1 0

I l l

1 5
t6
t l

. , .  Zero Replaces Blank.

tq

92.-
83
84
95
86

B 7

B8

Bg

8 A

Bts

qq
BD

B F
CO
c l
ai
c3
q!
c5
c6

C]

C8

c9

CA

CB

C

o
a

G

a

!8 f- l
l

_0_11q9_110_
0 | 0 0 1 1 1

-q 1q! I r l_
0r r r0000-ol  

tomt
oir iriord-

0 1  I  I  1 0 1 0
0 1 l l r 0 l 1

o l l l t l l 0

lgpllro
1 0 0 0 1 r 1 1

]D
1 E
1t
8!

Figure 1O-3, Specifying Blank Equal to Zero in New Collating Sequence
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Field Blank

Compare Fie ld A to Fie ld B

F ie l d  B  =  0

Bi t  combinat ions
in storage

Compare Fie ld A to Fie ld B.
For compare should Al ternate
Col lat ing Sequence be usedT

40
I
I
I
I
I
I
I

Substituted I
bit  combinations 

I

\ l
\--l

|  l l11ggq compare to

Use Alternate Sequence
for Compare by Using
Values Associated with
Characters as Specif ied

F OF O

Result: F0 is the same as FO
Fields are equal; Blank
is the same as z€ro.

Figure 10-35.  Using Al ternate Col lat ing Sequence (Blank Equals Zero)

Numerical
Value of
Bi t  Combinat ions

Associated Character

Normal
Col l .  Seq.

Al tered
Col l .  Seq,

40 B lank 0

E 9 z

F O 0
F 1 1

I
W

1tI34



E.xarnple of the Coding of an Altered Sequence

F igure  ' l  0 -36  shows a  par t  o f  the  nor rna l  co l la t ing  sequence,

and one o f  severa l  ways  in  wh ich  the  sequence can be

c l ranged.  Ar rows dep ic t  changes requ i red  in  the  pos i t ions

of  charac ters  to  a l te r  the  sequence as  shown a t  the  r igh t  s ide

o f  t h e  f  i g u r e .

ln  l i ke  mar rner ,  a r rows in  F igure  10-37 show ent r ies  on  the

cod ing  sheet  wh ich  must  be  spec i f  ied  to  a l te r  the  sequence.

Note  t l ra t  le t te rs  B  th rough /  a re  to  be  repos i t ioned to  a l low

the a t -sy rnbo l  (@)  to  appear  be tween le t te rs  A  and 8 .  lden-

t i ca l  resu l ts  cou ld  be  ach ieved by  repos i t ion ing  the  va lue  fo r

the  le t te r  A  to  the  l ine  above,  mak ing  i t  cor respond to  b i t

c ,ombina t ion  1  100000.

To produce the  sequence shown in  F igure  10-36 and 10-37,

the  appropr ia te  hexadec imal  va lues  must  be  spec i f ied  in  the

fleplaced 8y column beside each graphic involved in the

change.  F igure  l0 -38  shows the  ac tua l  cod ing  requ i red  to

a l te r  the  sequence.

N lo t i ce  tha t  each number  wh ich  is  to  be  co l la ted  be fore  the

a lphabet ic  charac ter  i s  ass igned a  hexadec imal  va lue  wh ich

has  no  graph ic  assoc ia ted  w i th  i t .  These va lues  have no  as-

socra ted  graph ics  tha t  cou ld  have been ass igned to  the  va lues

pr rev ious ly  assoc ia ted  w i th  numbers .  Th is  i s  no t  necessary ,

hov;ever, because these values have no associated graphics.

When two graph ics  a re  invo lved in  the  change,  then bo th

rnust be assigrred dif ferent values except when they are to

be cons idered equa l "

PORTION OF THE
N O R M A L  S E O U E N C E

Figure 1O-36,  Normal Sequence Versus Al tered Sequence

A L T E R E D  S E O U E N C E
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TRANSLATION TABLE AND ALTERNATE COLLATTNG SEOUENCE CODING SHEET

Fiigure 10-37. Changes Necessary for Altered Sequence
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Figure 10-38.  Coding for  Al tered Sequence
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Recording Specif icat ions for the Altered Sequence

Af te r  you  have coded a l l  spec i f i ca t ions  fo r  the  a l te rna te  co l
la t ing  sequence,  you can record  them so  tha t  they  can oe
used by  the  computer .  Records  descr ib ing  the  a l te rna te  se_
quence are  to  be  fo rmat ted  as  fo l lows:

Cod ing  Sheet .  The las t  two pos i t ions  in  a  g roup are  fo r  the
hexadecimal value taken from the Replaced gy column of
the  cod ing  sheet  (F igure  10-39) .

More  than one record  may be  used to  spec i fy  changes in
co l la t ing  sequence.  However ,  each add i t iona l  recoro  must
be formatted in the same way as the f i rst.

The f i rs t  b lank  appear ing  in  pos i t ions  9-96  is  recogn ized by
the  compi le r  as  the  end o f  the  record .  Consequent ly ,  b lanks
must  no t  appear  be tween pa i rs  o f  hexadec imal  va lues .

A record  conta in ing  * *b  ( two as ter isks  and a  b lank)  in  pos i_
t ions  1  th rough 3  must  p recede the  sequence recoros .

A l l  records  (except  the  RpG l l  con t ro l  card)  used fo r  a l te r -
ing  the  co l la t ing  sequence must  fo l low RpG l l  spec i f i ca t ions
(or  f  i l e  t rans la t ion  spec i f i ca t ions ,  when used)  ano must  p re-
cede any  tab les  be ing  en tered .

Positions

t - o

7-8

9-96

Entries

ALTSEO (Th is  en t ry  a l lows tne  com-
puter  to  recogn ize  tha t  th is  record  is
descr ib ing  an  a l te rna te  sequence. )

B l a n k

The hexadec imal  va lues  invo lved in
chang ing  the  sequence.

In  pos i t ions  9-96 ,  there  are  22  groups  o f  4  pos i t ions .  Each
group (9 -12 ,  13-16 ,  e tc . )  must  conta in  two hexadec imal
va lues  invo lved in  chang ing  the  sequence.  The f  i r s t  two
pos i t ions  o f  a  g roup are  fo r  the  hexadec imal  va lue  taKen
from the Entry column of the Alternate Collat ing Sequence

Note :

A l t hough  a  ca rd  i s  shown  i n  r n r s
f i gu re ,  r emember ,  a l t e rna te  co l  l a t i ng
sequence data can also be entered
by  means  o f  keyboa rd  o r  d i sk .

Figure 10-39.  Punching Al ternate Col lar ing Sequence Cards
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A L T E R I N G  T H E  S T R U C T U R E  O F  C H A R A C T E R S

Y,cu learned in the discussion of character struct l i re that
each System/3 graphic is represented in the machine by a
un ique se t t ing  o f  e igh t  b i ts ;  four  zone b i ts  and four  d ig i t

b i ts .  l f  any  change is  made to  e i ther  the  zone or  d ig i t  b i ts ,

the  en t i re  charac ter  i s  changed.  For  example ,  i f  the  4  b i t

ofthe letter M is changed from on to off,  the letter M be-

comes the  le t te r  D (F igure  10-40) .

You can, of course, change a character before i t  is read into

the  computer  by  punch ing  d i f fe ren t  zone punches on  the

cerrd. But yog can also change a character after i t  has been

read. This is done by changing the zones of characters

thrrough the use of move zone operation codes.

Why would you ever want to change the zone of a character

aJter i t  has been read? One common reason for changing
zones is to del iberately change the sign of a f ield from posi-

t i 'ye to negative, or vice versa.

Th is  i s  necessary  when a  numer ic  f ie ld  read in  f rom a  spec ia l

f i le  has  i t s  s ign  in  the  h igh-order  ( le f tmost )  pos i t ion  o f  the

f ie ld .  Numer ic  f ie lds  a re  requ i red  to  have the  s ign  in  the

lo'w-order (r ightmost) posit ion of the f ield. Thus, a numeric

inrput f ield having i ts sign in the high-order posit ion must

hirve i ts sign moved to the low-order posit ion. The move

zone opera t ions  a l low you to  do  th is .

8 4 2 1 8 4 2 1

- D1 ' l oo l o1 0 o

Figure 10-40. Changing Zones Changes Characters

Hlow Move Zone Operations Work

Nlove zone operations involve only the zone port ion of char-

arcters. The computer does not actual lv move the zone of

one character to the zone port ion of another. Rather, i t

changes a character by maklng i ts zone identical to the zone

of the character which you indicate should serve as the

rirodel. The character serving as a model is not changed by

tlne operation.

Thr.r: ; ,  i rr  <lr; icr to use the move zone operations you must

l i . t ve :

1 .  A  charac ter  wh ich  needs to  be  changed.

2. A character that has the zone you want the changed

character to have.

For  exampie ,  i f  you  want  the  low-order  ( r igh tmost )  pos i t ion

o f  the  f ie ld  AMOUNT to  be  changed f rom a  pos i t i ve  5  to  a

negative 5 you must have a character to serve as a model

whose zone por t ion  is  the  samer  as  the  zone o f  a  r regat ive

i i ve .

Coding a Move Zone Operation

F igure  10-41 i l lus t ra tes  the  way in  wh ich  a  move zone opera-

t ion  is  coded.  The name o f  the  f  ie ld  conta in ing  the  charac ter

to  be  changed must  be  en tered  in  the  Resu l t  F ie ld .  E i ther  a

cons tan t  o f  the  name o f  the  f  ie ld  wh ich  conta ins  the  mode l

character must be entered in Factor 2. The move zone opera-

t ion  code is  spec i f  ied  in  the  Opera t ion  co lumns (28-32\ .

Any  cond i t ion ing  ind ica tors  you w ish  to  use  can be  spec i '

f ied ,  bu t  resu l t ing  ind ica tors  cannot  be  used.

RPG CALCULAT ION SPECIF ICAT IONS

Operat ion descr ibes

character  -  Posi t ions
af fected by movemenl

of  the zone.

Figure 1041, Coding for  a Move Zone Instructaon

Locataon o f  charac ter

changed by  the  move

zone opera t ion .

character  or  constant .
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:1.

Differences in the Move Zone rlperations

There are four different move zone operation cocles ava j l-
able. Each code invol'res the zones of characters tocdtr.]ci i i t
d i f ferent  posi t ions;  namelv :

1.  High-order  posi t ions in  both Factor  2 and the Resul t
F ie td,

:2. High-order position in Factor 2 and low_ortler in the
Resu l t  F ie ld .

Low-order posit ions in botlr  Fl jctar Z and the [" iesul1
F i e l d .

Alpha 1 Fie ld A lpha  2  F ie l d

Move
High
to
High

Numeric 1

Move
Low
to
H ish

Figure 1042, Move Zone Operations

1Cr40

4. L.ow-order posit ion in Factor 2 and high-order in the
R e s u l t  F i e l d .

Since only the zones of high and low-order characters in a
f  ie ld  o r  cons tan t  a re  invo lved in  the  move zone opera t ions ,
or r l y  the  h igh  or  low-order  pos i t ions  o f  a  f  ie ld  can be
changed.

F igure  10-42 i l lus t ra tes  the  ways  in  wh ich  the  four  opera_
t ion  codes  a f fec t  the  zone o f  a  charac ter  in  the  Resu l t  F ie ld .

T-
I

i
Resu t  F ie ld

Fac tor  2

Numeric 1

T r
+

Numer 1 Fie ld (Resul t  F ie ld)

T _fl
j

Field (Factor  2)

A lpha  1  F ie l d  (Resu l t  F i e td )

Fie ld {Factor  2)

Numer 2 Fie ld (Resul t  F ie ld)



Move From High-Order Zone to High-Order Zone (MHHZO)

l"his operation code moves the zone of the high-order ( left_
most )  a lphamer ic  charac ter  in  the  cons tan t  o r  f ie ld  en tered
in  Fac tor  2  to  the  h igh-order  a lphamer ic  charac ter  in  the
R e s u l t  F i e l d .

Move From Low-Order Zone to High-Order Zone (MLHZO)

This operation code moves the zone of the low-order (r ight_
most) character in the f ield or constant entered in Factor 2
to  the  h igh-order  a lphamer ic  charac ter  in  the  Resu l t  F ie ld .
The Resu l t  F ie ld  must  be  a lphamer ic ;  Fac tor  2  can be  e i ther
numer ic  o r  a lphamer ic .

Move From High-Order Zone to Low-Order Zone (MHLZO)

Th is  opera t ion  code moves the  zone o f  the  h igh_order  a lpha-
mer ic  charac ter  in  the  cons tan t  o r  f ie ld  en tered  in  Fac tor  2
to  the  low-order  r igh tmost  charac ter  in  the  Resu l t  F ie ld .
Because o f  i t s  h igh-order  zone,  Fac tor  2  must  be  an  a lpha_
mer ic  f ie ld .  The Resu l t  F ie ld  can be  e i ther  a lphamer ic  o r
n u m e r i c .

tllove From Low-Order Zone to Low-Order Zone (MLLZO)

'Ihis 
operation code moves the zone of the low-order charac_

ter  in  the  f ie ld  o r  cons tan t  en tered  in  Fac tor  2  f ie ld  to  the
low-order  charac ter  in  the  Resu l t  F ie ld .  Both  Fac tor  2  and
the  Resu l t  F ie ld  can be  e i ther  numer ic  o r  a lphamer ic .

Field Format and Move Zone Operations

r\ l ;  you read the descript ion of each move zone operation,
you probably noticed that special attention was given to
the types of f ields which can be used with each operation.
l(r:ep in mind that you cannot move from or to the high-
order  pos i t ions  o f  a  numer ic  f ie ld  because the  computer
does  no t  use  the  h igh-order  zone o f  f ie lds  de f ined as
numer ic .

page of GC21-7567-2
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Which  o f  the  fo l low ing  move zone opera t ions  can be  done
i f  the  two f  ie lds  invo lved have fo rmats  as  q iven be low?

1 .  A l p h a m e r i c  t o  A l p h a m e r i c :  M H L Z O

2.  A lphamer ic  to  Numer ic :  MHHZO

3.  Numer ic  to  A lphamer ic :  MLHZO

4 .  N u m e r i c  t o  A l p h a m e r i c :  M H H Z O

5 .  N u m e r i c  t o  N u m e r i c :  M L H Z O

6 .  N u m e r i c  t o  N u m e r i c :  M L L Z O

Items /,  3, and 6 can be done. l tems Z 4, and S cannot be
done.  l tem 2  suggests  tha t  the  zone o f  the  h igh-order  pos i -
t ion  in  the  numer ic  f ie ld  be  changed.  The computer  does
not  use  h igh-order  zone o f  numer ic  f  ie lds .  l tem 4  suggests
tha t  the  zone o f  the  h igh-order  charac ter  i s  to  serve  as  a
mode l .  l t  cannot  because the  computer  does  no t  work  w i th
the  zones  o f  h igh-order  charac ters  in  a  numer ic  f  ie ld .  l tem
5 cannot  be  done because aga in  i t  invo lves  h igh-order  pos i -
t ions  o f  numer ic  f  ie lds .

Example of a Move Zone Operation

Now tha t  you  know how the  var ious  move zone oDera t ion
codes work ,  le t ' s  see  how they  can be  used to  change the
s ign  o f  the  f ie ld ,  VALUE,  f rom the  h igh-order  to  the  low-
order  pos i t ion .

Natura l l y  any  f ie ld  tha t  has  zones  o ther  than in  the  low-
order  pos i t ion  must  be  de f  ined  as  a lphamer ic  i f  those zones
are  to  be  used by  the  computer .  But  i f  the  f ie ld  i s  to  be  in -
vo lved in  an  ar i thmet ic  opera t ion ,  i t  must  be  numer ic .

To  a l low fo r  bo th  poss ib i l i t i es ,  you  cou ld  de f  ine  the  f ie lc l
tw ice ;  once as  a lphamer ic  and once as  numer ic .  (Two

un ique f ie ld  names are  needed. )  Another  poss ib i l i t y  i s  to
def ine  the  f ie ld  once as  a lphamer ic  and then change i t  in to
a  numer ic  f ie ld  by  mov ing  i t  in to  a  numer ic  f  ie ld .  Th is  i s
what  i s  done in  the  example  (F igure  10  43) .
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Before  do ing  any  ar i thmet ic  opera t ion ,  you  must  ge t  the
sign in the low-order posit ion oI a numeric f ield. You may
want  to  f i rs t  de termine  what  the  s ign  is  by  means o f  a
TESTZ opera t lon .  Remember  tha t  TESTZ tu rns ,on  the
r r r inus  ind ica tor  when i t  f  inds  the  charac ters  - ,  

[  ,  o r  J
th rough R in  the  h igh-order  pos i t ion  o f  the  tes ted  f  ie ld .
The spec i f  i ca t ion  in  F igure  10-43,  inser t  B ,  l ine  02 ,  causes
ind ica tor  20  to  tu rn  on  i f  the  s ign  o f  the  f ie ld  i s  minus .  l f
i n d i c a t o r  2 0  i s  o n ,  t h e  z o n e  o f  V A L U E ,  w h i c h  i s  t h e  m i n u s
s ign  to  the  computer ,  i s  moved to  the  low-order  pos i t ion  o f
the  AMOUNT f  ie ld .  l f  the  f  ie ld  tes ted  is  p lus ,  no  zone is
moved because a  numer ic  f ie ld  hav ing  no  minus  s ign  is  au to-
mat ica l l y  assumed to  be  pos i t i ve .

Not ice  tha t  the  MHLZO (Move H igh  to  Low Zone)  opera-
t i ,cn code was used to change the zone of the low-oroer
pos i t ion  o f  the  AMOUNT f ie ld  by  g iv ing  i t  the  same zone
as the  h igh-order  pos i t ion  o f  VALUE.

/y 'o te :  Th is  example  can a lso  be  accompl ished w i thout  us-
ing  a  TESTZ opera t ion .  F i rs t ,  move the  zone o f  the  h igh-
order  pos i t ion  o f  the  f  ie ld  VALUE to  the  low-order  pos i -

t i , rn .  Th is  pu ts  the  s ign  in  the  low-order  pos i t ion .  The
a lphamer ic  VALUE f  ie ld  can then be  moved to  the  numer ic
AMOUNT f ie ld  and the  ar i thmet ic  opera t ion  can be  per -
fo rmed.

Choosing the Model Character for Factor 2

Before speci fy ing a move zone operat ion,  you must  have a
character  designated in  Factor  2 whose zone wi l l  g ive the
desi red zone in the Resul t  F ie ld.

Usual ly  you wi l l  use move zone operat ions to change the
signs of  f  ie lds.  Using any numbers in  Factor  2 wi l l  produce
a posi t ive character  in  the Resul t  F ie ld.  Using any one of
the character  I  or  J-R in Factor  2 wi l l  g ive you a negat ivet
charac ter .  The ' -  (m inus ,  X '60 ' )  charac ter  does  no t  work
to  make a  charac ter  negat ive  us ing  the  move zone opera-
t ion .  Remember  tha t  negat ive  numbers  are  punched w i th
a  I  punch (minus  s ign)  over  the  number .  The punch com-
b ina t ions  o f  negat ive  numbers  have the  same numer ic  va lue
in  the  computer  as  J - r1 .  Thus .  when you spec i fy  tha t  the
zone o f  a  charac ter  shou ld  be  made l i ke  the  zone o f  J -R.
you wil l  get a minus character. See Character Structure
for  more  in fo rmat ion .

Use F igure  10-28 as  a  gu ide  fo r  se lec t ing  the  zone wh ich
wi l l  p roduce the  des i red  change.

RPG INPUTSPECIFICATIONS

.  I  , " r "  \ ' - , '
i - " -  ; 1 , 1  1 :

R e c o r  ( J  l ( l e n t i t i c a t i o n  C o d e s

2

T I' . , . i 1 , ,
t . r  76  71  t8  19  8Q

P , q ' J .  f  l T t - l l ' l
, , " , , r , . " r , " i  1  l  1  I  i  l

I A1,
r

ALUE

RPG CALCULATTON SPECIF ICAT IONS F o r m  6 X ? i  9 0 9 3
P r n r d  n U S A

1 5  7 6  7 1  1 A  1 9  A A

P'oeram fT-f fTl_lr d e n r r . a r o . L L L t  l l

Card  E lecno N!mb,

_ l

J

;

Figure 10-43.  Using Move Zone Operat ions to Change the Sign of  a Fie ld
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TRANSLATING CHARACTE RS

In  the  prev ious  d iscuss ion ,  you  learned tha t  the  program
can a l te r  the  s t ruc tu re  o f  charac ters  by  mov ing  zones .  But ,
th rough the  f  i l e  t rans la t ion  func t ion  o f  the  RpG l l  language,
i t  can  do  even more .  l t  can  t rans la te  one charac ter  in to  an-
o ther .

The t rans la t ing  func t ion  is  known as  f i re  t ransra t ion  because
characters can be translated either when they are read in or
before they are recorded in the output f i le. Tne program
acts  l i ke  an  in te rpre ter .  Jus t  as  a  human in te rpre ter  t rans-
la tes  languages (a  word  in  German fo r  a  word  in  Eng l ish) ,
the  computer  t rans la tes  charac ters  by  rep lac ing  one charac-
te r  w i th  another .

Need for Fi le Translat ion

Th ink  o f  the  use  fo r  f  i l e  t rans la t ion  when t rans la t ing  codes .
Codes are often used as a security measure to prevent access
to  c lass i f ied  in fo rmat ion .  In fo rmat ion  is  recorded on  cards
in  coded fo rm.  In  o rder  to  p rocess  the  in fo rmat ion ,  i t  must
be decoded. A coded character must be replaced bv the cor-
nesponding decoded character.

lFor  example ,  a  f i rm wh ich  keeps  a i l  in fo rmat ion .c rass i f  ied
uses  the  charac ters  in  the  word  F ITZGERALD as  a  code
1 'o r  the  numbers  0  th rough 9 .  F  i s  the  code fo r  zero ,  I  fo r
one, etc. When recorded on a card, the number 1432 ap-
pears  as  IGZT.  l t  a  f ie ld  conta in ing  IGZT is  read in to  the
computer  and used in  a r i thmet ic  opera t ions ,  resur ts  rece ived
€r re  wrong.  IGZT must  f i r s t  be  decoded,  o r  t rans la ted  in to' t432.

Sipecifying File Translation

Sipeci f  icat ions for  f  i re  t ransrat ion are ident icar  to those used
to a l ter  the col la t ing sequence.

f:orms Used for a File Translation

Figure 10-44 shows the forms on which you must  speci fy
t l ' le  way in which f i les are to be t ranslated.  One form con-
s is ts  of  the RPG l l  Contro l  Card and Fi le  Descr ipt ion sheet ;
the other  consists  of  the Translat ion Table and Al ternate
Col lat ing Sequence Coding Sheet  for  l is t ing the cnaracters to
be t ranslated.  Both forms are used in conjunct ion wi th the
RPG l l  Input ,  Output .  and Calculat ion sheets.

Only  co lumn 43 in  the  RpG l l  con t ro l  card  re la tes  to  the
change in  sequence.  A  le t te r  F  en tered  in  co lumn 43 no t i_
f  ies  the  computer  tha t  add i t iona l  in fo rmat ion  f  u rn ished fo r
t rans la t ing  f i les .  A l r  o ther  corumns conta in  the  in fo rmat ion
tha t  must  normal ly  be  en tered  fo r  a  p rogram.

The Trans la t ion  Tab le  and A l te rna te  Co l la t ing  Sequence
Cod ing  Sheet  l i s ts  256 b i t  combina t ions  a long w i th  the i r
hexadec imal  numer ica l  va lues .  you  learned f rom d iscus_
s ions  o f  charac ter  s t ruc tu re  tha t  the  le f t_hand number  in
the  hexadec imal  va lue  represents  the  numer ica l  va lue  o f  the
charac ter ' s  zone and the  r igh t -hand number  represents  the
numer ica l  va lue  o f  the  charac ter ,s  d ig i t .  The 64  pr in tab le
charac ters  a re  l i s ted  bes ide  the  b i t  combina t ion  and hexa-
dec imal  va lues  w i th  wh ich  they  are  assoc ia ted .

Coding the Translation

Each charac ter  tha t  w i l l  be  a f fec ted  dur ing  the  t rans la t ion
of  a  spec i f ied  f i le  must  be  ident i f  ied  on  the  cod ing  sheet .
ln the column enti t led Replaced By, enter the hexadecimal
va lue  o f  the  charac ter  wh ich  is  to  rep lace  the  charac ter  p res-
en t ly  assoc ia ted  w i th  the  b i t  combina t ion  shown.  Th is
means tha t  the  charac ter  assoc ia ted  w i th  the  va lue  f  ound in
the  Ent ry  co lumn wi l l  be  t rans la ted  in to  the  charac ter  assoc i -
ated with the value entered in the Replaced By column.

F igure  10-45 i l lus t ra tes  the  en t ry  made on  the  cod ing  sheet
to  t rans la te  a  charac ter .  l f  an  input  f i l e  i s  to  be  t rans la ted ,
th is  en t ry  means tha t  the  le t te r  F  w i l l  be  t rans la ted  as  the
number  0  (F0  is  the  hexadec imal  va lue  assoc ia ted  w i th  0 ) .

Character Associated
with 8 i t  Combinat ion

Numerical  Value of
Replacement Character

Code
System/3
Graphic E ntry

Replaced
By

1 1 0001 00 D c4
1 1 0001 01 E
1 1 0 0 0 1 1 0 F UO FO <-
1 1 0 0 0 1 1 1

1 1 001 000 H ^ a

1 1 001 001 I ao

Numer i ca l  Va lue  
/

of  Bi t  combinat ion L r  i " t ranslated to o
&Posi t ion Bi t  Combinat ion

1044

Figure 1O45. Explanat ion of  Fi le Translat ion Coding Sheet



l f  the  ou tpu t  f i l e  i s  to  be  t rans la ted ,  th is  en t ry  means tha t

the  number  0  w i l l  be  t rans la ted  back  in to  an  F  be fore  be ing

wr i t ten  ou t .  You can th ink  o f  the  charac ter  assoc ia ted  w i th

the  va lue  in  the  Ent ry  co lumn as  be ing  the  charac ter  read in

or  p r in ted  ou t .  On the  o ther  hand,  the  charac ter  assoc ia ted
with the values in the Replaced 8y column is the character

r e p r e s e n t e d  i n  t h e  m a c h i n e  ( F i g u r e  1 0  4 6 ) .

Differences Eetween File Translation and Alternate

Collating Sequence

Because o f  the  s imi la r i t y  o f  en t r ies  used in  cod ing  an  a l te r -

na te  co l la t ing  sequence and a  f i le  t rans la t ion ,  these func t ions

may seem ident ica l .  They  are  no t ,  however .  The d i f fe rence

occurs  in  the  way the  program works  w i th  the  charac ters  in -

vo lved.

When a l te rna te  co l la t ing  sequence is  used,  the  charac ters

are  a l te red  on ly  temporar i l y  fo r  sequenc ing  opera t ions .

The or ig ina l  b i t  combina t ion  o f  the  charac ter ,  ob ta ined

f rom the  punch combina t ion  fo r  tha t  charac ter ,  i s  no t

changed.  Temporary  subs t i tu t ion  o f  another  b i t  combina-

t ion  is  done ins tead.

For  f i le  t rans la t ion ,  b i t  combina t ions  are  ac tua l l y  changed.

As  a  resu l t ,  one charac ter  i s  changed ( t rans la ted)  in to  an-

o ther .  Th is  t rans la t ion  occurs  be fore  your  p rogram ins t ruc-

t ions  are  executed .

What Files Should Be Translated?

Any input  f  i l es  wh ich  conta in  in fo rmat ion  recorded in

coded fo rm shou ld  be  t rans la ted  i f  cor rec t  resu l ts  a re  to  be

obta ined.  A l l  charac ters  wh ich  you spec i fy  to  be  t rans la ted

are  t rans la ted  whenever  they  are  encountered .  Th is  means

i f  you  spec i fy  an  F  to  be  t rans la ted  to  O,  a l l  F 's  read in  w i l l

be  t rans la ted .  When there  are  severa l  o ther  f  ie lds  on  the

cards  in  add i t ion  to  the  one conta in ing  coded In fo rmat ion ,

remember  a l l  charac ters  spec i f ied  to  be  t rans la ted  are  t rans-

la ted  regard less  o f  f ie lds .

When pr in t ing  or  punch ing  in fo rmat ion  ou t ,  you  may or

may no t  f ind  i t  necessary  to  spec i fy  f i le  t rans la t ion  fo r  the

outpu t  f i l es .  l f  you  have t rans la ted  (decoded)  your  input

f i le ,  you  shou ld  t rans la te  in fo rmat ion  back  in to  coded fo rm

before  i t  i s  wr i t ten  or  punched ou t .  l f  a l l  F 's  a re  t rans la ted

as  0 's  when read in ,  then a l l  O 's  shou ld  be  t rans la ted  to  F 's

be fore  they  are  pu t  ou t .  Keep in  mind  tha t  on ly  charac ters

wh ich  you spec i fy  a re  invo lved in  the  re t rans la t ion .

Work ing  W i th  Da ta  S t ruc tu re  1045



I n t . f r  a r o n d  B u n n c s s  M , c h i n e r  ( i ' p o n i t u n

T R A N S L A T I O N  T A B L E  A N D  A L T E R N A T E  C O L L A T I N G  S E O U E N C E  C O D I N G  S H E E T

66

6 l

ss
.69
! 4 _
9!
6C

6ar 
-

C o d e

0 t  1 0 0 1  l 0
0 t  1 0 0 1  1  1

t 0 r m
0 1  r 0 1 0 0 1

F E

F 6

. a

9 f
9 F
A0 l
A 1
A 2

49
4!
A 5
A6

F i
A9

A 8

AC
A D

At

8b
8 l

B 2
8 3
B4
B5
q 6
q 7
8 8

E F Z T G

I n p u t  F i l e

I npu t  da ta  i s
tra n sl ated

Data is  t ranslated
before being put  out

Ou tpu t  F i l e

ocessing Uni t

EFZTG+ 50324
5 0 3 2 4 x 1 0 = 5 0 3 2 4 0
503240+ E FZTG F

F 4
E R

F a
F U

8 F

cg
c 1
c]
C3

a4
c 5
q9
C 1
CB
C9
c4
C B

F I

F i l e  T rans la t i on  spec i f i ca t i ons  used
fo r  t r ans la t i ng  bo th  i npu t  and  ou tpu t
f i l e s  as  f o l l ows :

F

I
0

i T T T i i I i
2 3 4 5 6 7 8 9

Figure 1O46. Fi le Translatron
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l f  you do not  speci fy  f i le  t ranslat ion for  output  f i les,  in-
format ion is  put  out  exact ly  as i t  is  in  the machine.  l f  you

clo not intend to translate card or printer output f i les, be
cer ta in that  a l l  characters f rom the input  f i le  are t ranslated
into a value associated wi th a pr in table graphic.  Any hexa-

decimal  va lue which does not  have an associated graphic

cannot  be wr i t ten or  punched out  (F igure 10-471. l f  an un-
pr intable graphic is  speci f ied to be put  out ,  a  b lank appears
in i ts  p lace.

l . l e r n t r t b n a l  B t r n n $ 1  V r . h r n e s  (  o I $ r r l r o n

. T I O N  T A B L E  A N D  A L T E R N A T E  C O L L A T I N G  S E O U E N C E  C O O I N G  S H E E T

A L T E R N A T E  C O L L A T I N G  S E O U E N C E  C O D I N G  S H E E T

C6 (F )  when  changed

to an A0 cannot be

pr inted for  A0 has

no associated graPhic.

The pr inter  output

f  i le  must  be t rans-

lated so that  A0

w i l l  p r i n t  ou t  as  F .

; v (em/ i l
E n r '

1 o o 1  r o o l  i
1 0 o r  1 0 1 0  I
1 0 0 1  1 0 1  1  l
rbon rco I
r o o t  t  t o r  I
r m r r r r o  f
i o o r r r r r  I
ro room ]
rcr oooor I
ro loooro  I
r o r o o o r r  I
rbrboroo T
rorooror  I
-uoor  ro  I
l 0 r m r  r  r  l
rqr1togo I
1010100r  I
ro ro iom I
r o r o l o r l  l
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T s c  I
1 s o  I

J s e  T
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1 i l \  I
I r l \ j

A A I

I  a q  l l
l A c l
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l
l
l

" l
l
l
l
l

i s ?
l 8 3

hl
|  1 o t  r o r o l
fmlro
I  r o r u i r
f ioinm-
I  r o r i w r
f ror r iorc
I  ro r ro i i
[  r c r r i i o o
I  r o r r m l

qt
89
8 7
qq
89
8 A

l e e
T " .

J e o
I
T

I  r o t t t t t o
I  r o i r r r i i
f iroooooo
f iroriomr
l llbbooru
I romoi r
f r iobmoo

J B E
T : -

l c o
r  I a i
e J cz
c  I c :

I
f t
t 1
I 1
l i o
1

D  l c 4
! f cs
F C 6

l rioooroi
I  r ioborro
I  i r o m r i G

I 1 roolooo
[ 11!0]0o1
I  l r o o r o r o
I liooior i
I

I t:;
C6 (F) when changed

to a F0 wi l l  pr int

out as a zero. No

further translation
is necessary.

Figure 1O-47.  Pr intable Graphics
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Record ing  Spec i f i ca t ions  fo r  the  Trans la t ion  Tab le

Af te r  you  have wr i t ten  a i l  spec i f i ca t ions  fo r  f i re  t ransra t ion ,
you car i  reccrd  them so  tha t  they  can be  en tered  in to  the
sys tern"  Records  conta in ing  these spec i f i ca t ions  must  be
format ted  as  fo l l c rws :

More than one record can be used to specify the characters
wh ich  must  be  t rans la ted .  However ,  each add i t iona l  record
must  be  fo rmat ted  in  the  same way as  the  f i rs t .  A l l  records
for  one f i le  must  be  grouped together .  An er ro r  w i l l  occur
i f  f  our  records  are  en tered  in  the  fo l low ing  order :

1 .  F I  L E A

2 .  F I L E A

3 .  F I L E B

4 .  F I L E A

Also ,  the  f i rs t  b lank  appear ing  in  pos i t ions  9  th rough 96  is
recogn ized by  the  computer  as  the  end o f  the  t rans la t ion
spec i f i ca t ions .  Consequent ly  b lanks  shou ld  no t  appear  be_
tween pa i rs  o f  hexadec imal  va lues .

A record  conta in ing  * *6  ( two as ter isks  and a  b lank)  in  pos i_
t ions  1  th rough 3  must  p recede the  f  i l e  t rans la t ion  records .

A l l  records  used fo r  f i l e  t rans la t ion  except  the  RpG l l  con-
t ro l  card  must  fo l low RPG l l  inpu t ,  ca lcu la t ion ,  and ou tpu t
spec i f  i ca t ions  and must  p recede any  tab les  or  a l te rna te  co l -
la t ing  sequence records  used.

Positians

1 6
o r
t - u

E ntry

' F I L E S

A f i l e r rame

7 - 8  B l a n k  i f  n o t  r e r l u i r e d

9-96 N u r n e r i c a l  v a l u e s  i n v o l v e d  i n  t r a n s l a t i n g
charac ters

l f  a l l  f i l e s  ( b o t h  i n p u t  a n d  o u t p u t )  a r e  t o  b e  t r a n s l a t e d ,  u s e
t h e  e n t r y  - F I L E S  

i n  p o s i t i o n s  1  t h r o u g h  6 .  l f  o n t y  o n e  f i l e
t s  t r a n s l a t e d ,  u s e  t h a t  f i l e n a m e  i n  p o s i t i o n s  1  t h r o u g h  g .  l f
: ievera t ,  bu t  no t  a l l  f i l es ,  a re  to  be  t rans la ted ,  you  mu5t  fo r_
rna t  separa te  records  fo r  each f i le_

In  pos i t ions  g  th rough 96 ,  there  are  22  groups  o f  four  pos i_
1 . ions .  Each group (9 -  12 ,  13-16 ,  e tc . )  must  conta in  two
l rexadec i rna l  va lues  i r - rvo lved in  the  t rans la t ing  o f  one char_
ac ter .  The f i rs t  two pos i t ions  o f  the  group are  fo r  the  hexa-
dec imal  va lue  taken f ronr  the  Ent ry  co lumn o f  the  Trans la -
t ion  Tab le  and A l te rna te  Co l la t ing  Sequence Cod ing  Sheet .' l l -he  

las t  two pos i t ions  are  fo r  the  hexadec imal  va lue  taken
f rom the  Rep laced By  co lumn o f  the  cod ing  sheet .

1Cr-4B



Character Structure

1.  ln to what  two por t ions may every column of  a 96-column card and every byte in

storage and on d isk be d iv ided?

2. Do all characters that have an A zone punched in the zone portion of a 96'column

card have the same zone representation in storage? Why or why not?

3.  Calculate the numer ical  va lue of  each of  the fo l lowing b inary numbers as recorded in

one byte of storage:
a.  1 1000100.
b . 1 1 0 1 0 1 0 1 .
c . 1 1 1 0 1 0 0 0 .
d .  1 1 1 1 0 0 1 1 .

4. Express the numerical value of the bytes shown in Ouestion 3 as a pair of numbers
(hexadecimal  va lue) ,  rather  than as a s ingle value.

Collating Sequence of Characters

5, What does the computer use to determine the collating sequence of characters?

6.  Arrange the fo l lowing characters in  ascending col la t ing sequence.  Arrange the same

characters in ascending collating sequence by zone and digit.

Review 10

Character Hexadecimal
Value

Numerical
Value

1 9 5

97

215

2@

92

227

2 1 7

245

80

249

240

c3

61

D7

D1

5C

t rQ

D9

4

6 50

F9

F O
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Altering the Collat ing Sequence

7.  F i l l  in  the  A l te rna te  Co l la t ing  Sequence Cod ing  Sheet  to :
a .  Inser t .  U  b . t * . .n  tJ  and V (use  the  #s ign io  r "p r . r .n ,  i i t .
b .  Make a  b lank  fa l l  in  the  same sequence as  zero .

Show how th is  in fo rmat ion  wou ld  be  recorded in  an  a l te rna te  co l la t ing  sequence
record.

8 '  In  what  RPG t  opera t ions  is  the  ar te rna te  co ta t ing  sequence used?

9.  Where  is  the  s ign  loca ted  in  a  numer ic  f ie ld?

Altering the Structure of Characters

10.  The TESTZ opera t ion  checks  the  zones  o f :
a .  any  pos i t ion  in  a  f ie ld .
b .  on ly  the  low-order  pos i t ion  in  the  f ie ld_
c .  on ly  the  h igh-order  pos i t ion  in  a  f ie ld .

11 '  A  f ie ld  may be  a lphamer ic  fo r  any  move zone opera t ions .  check  those f  ie lds  (Fac tor
2 ,  Resu l t )  wh ich  can be  numer ic  fo r  the  fo towing  move zone opera t ions :

Operation

a.  MHLZO

b .  MLHZO

c .  MLLZO

d .  MHHZO

Factor 2 Result

'12.  
code the carcurat ion speci f icat ions to make the contents of  a posi t ive numer ic
AMTDUE f ie ld negat ive.

Translating Characters

13' what is the difference between the way the computer works with characters invorvedin an alternate collating sequence and the way it works with characters involved inf i le  t ranslat ion?

14.  F i l l  in  the coding forms to t ransrate 4,s to / ,s  and g,s to 3,s.  show how these speci_fications would be recorded in a translation table record when all f i les are to betranslated.



' I  .  Zone and d ig i t .

2 .  A l l charac ters  wh ich  have the  same zone punch in  a  96-co lumn card  do  no t  neces-

sar i l y  have the  same zone representa t ion  in  s to rage.  There  are  four  zone b i ts  fo r

each charac ter  in  s to rage and on ly  two zone pos i t ions  in  a  96-co lumn card  co lumn.

There fore  a  t rans la t ion  must  take  p lace  when the  charac ter  i s  read.  The computer

checks  the  en t i re  punch combina t ion  (bo th  zone and d ig i t )  o f  a  charac ter  to  de termine

which  b i ts  a re  tu rned on  or  o f f  in  o rder  to  represent the  charac ter  in  s to rage.

3 .  a .  1 9 6

1  1 0 0  0 1 0 0
128+64+0+0 + 0+4+0+0= 196

b .  2 1 3
c . 2 3 2
d. 243

4.  a.  C4
1 1 0 0  0 1 0 0

c=8+4+0+0  +  0+4+0+0=4
b .  D5
c .  E8
d .  F3

5.  The computer  uses the numer ical  va lues associated wi th characters to determine the
collating sequence of characters.

Answers To Review 10
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6.  when charac ters  a re  co i la ted  by  zor re  ancr  d ig i t ,  they  are  co la ted  in  th is  o rder :

Character Numerical
Va lue

I 80

92

97

1 9 5

209

215

217

227

240

244

249

When charac ters  a re  co l la ted  by  zone the  le f t  ha l f  o f  the  hexadec imal  va lue  is  used to
detdrmine the  orCer ;when co l la t i r ig  f ry  t l ig i t  the  r igh t  ha l f  o f  the  hexadec imal  va lue  is
used.  When charac ters  a re  co l la ted  by  zone or  d ig i t ,  severa l  may ho ld  the  same pos i -
t ion  in  the  sequence anc l  thus  be iong in  the  sarne  group.  w i th in  tha t  g roup tney  may
ho ld  any  pos l t ion .

Charac ters  co l la ted  by  zone are  in  th is  o rder :

Characters within brackets
rnay be in any order since
they are in the same group,

Charac ters  co l la ted  by  d ig i t  a re  in  th is  o rder :

* Characters within brackets
rnay be in any order since
they are in the same 6oup.

Character

E )
t

P ' ,

I
t ;

- !
.T

4 ;

I
9 )

\
o . l

Hexadecimal
Value Used

qo

lc

91

Q3

g7

p l

D9

t rJ

f4

F 9

rU

Hexadecimal
Value Used

Fq

5g

61

D.!

c3

E3

F4

D7

D9

F9

5C

Character

0 r
t

^ l

/ t
( -

c j
) *
I

I '

4

P

R r
I) . *
I

I
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7 .

I n i e r n a r i c n i l  t s u s i n c s  M r . l i n . r  ( o r p o . a r o l

TRANSLATION TABLE AND ALTERNATE COLLATING SEOUENCE CODING SHEET

9 E
9 l

nq
ar .-

A8

At-
A5

l ] ,
lq=
.zq-
]E
l F _

qa
8 1 ,
82
83

C3

c5
cq
cl
c8
qs_
CA
c 8

A L T S E  O 4  g F  g E 5 7  B E  6 E  5 E  7 E  6 E  8 E  7  E  9 E  8

E  A E 9

B

a

1

a

2
l

B

a

l

B

a

2
1

, 6 , ? , . , 9 t r o 3 | ] ? B

2
1

5 d 5 e 6 0 6 r  & 6 3 6 '  
B

2
l
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8.

9.

An alternate collating sequence is used only for alphameric compare operations and
matching or sequence checking operations done on match fields.

The sign of a numeric field must be in the low-order (rightmost) position of the low-
order byte.

10.  c

11. Factor 2
a .
b . x
c . X
d .

12.

Result Field
X

X

RPG CALCULATIONSPECIFICATIONS

** []"_'J::riil",." [TTl_t]

13' In fi le translation a character is actually translated into another character because the
computer changes bit combinations. All affected characters are changed for the entire
program. The bit combinations for characters involved in an alternate collating
sequence are not changed. Bit combinations are substituted for others during se-
quencing operat ions only.



Syi lem/3

Graph ic E n t V
By iTakes
Pla .e  O i

1  1 0 0 1  1 0 0 l c c  I  l
I  co  |  |
l L E l  I

T c r  t  I
) o o l

I  l o l  l  l
x  l o z  I  I
;  l ^ a  T  le  1  " -  +  lr \  l s 4  I  l
N f  D5 I  lo  j D a  +  lP f  az I  l
o t D S l
n  l o s  I  I

r ; ;  I  I

l o a  I
I o c  f
F  : :  I
I  u c  I

l D ?  t
I  -^ t r

I r i  I
t  l e z  T
-  t  - ^  I  -
!  +  E J  +
{ i t E 4

1 1 0 0 1 1 , 1 0
1 1 0 0 1 1 1 1

!!1q0o0
1 1 0 1 0 0 8 1

! 1 0 1 0 0 L ]
!0lq1Q0
L10 lltol
1 ! q l q l 1 0
1  1 0 1 0 1  1  1
1 t 0 t  t m 0
1 rct  1001
r  r 0 1 r c 1 0

11qlr01 1
i l 0 1 i 1 0 0
1 1 0 1  1  r  0 1
1 r 0 1 1 1 1 0
l o t t t t t
1 1 1 00000
1 r  l m o o l
r i r o o u o
l 1 1 0 o o l 1
1  1  1 0 0 1 0 0

L

Lr 109!1q
l l l m l ! 1
1  r r0 roo0
l l tq1  001
r L1gl 0r 0
1 1 1 0 r 0 1 1
i l101100

.  r 1 1 0 1 1 q ]
1 1 1 0 1 I 1 Q

-.,11!A!1la
1 1 r.1.0.9qq

__l!!!olqr
1 1 1  1 0 0 1 0

1 1 1 1 0 1 0 1

L ! L t q I

I  r r l l o 0 l
f r  r  r o i o

|  1 1 1 1 r 0 r 1

l l t
|  1 l

|  1 l

1  1 1 0 1
r 1 1 1 0
tilt

Sys iem/3

Graph ic E nrr
By/Takes
Place Oi

t 0 0 l  l o o l
1 0 0 I  I 0 1 0
1 0 0 1  1 0 1  1
1 0 0 1  1  1 0 0

_ 1 0 ! t  l  t o l
1 0 0 1 1  1  I 0
1 0 0 1 1 1 1 1

1q-qqooo
1 01 00001
1 q r lrqqlg
1 0 1 0 0 0 i l
I  ot  oor oo
r 0 1 0 0 1 0 1
1 0 1 0 0 1  t  0
r o l o o r  i i
r o i o r o o o
r o r o r o o f
ioi  o1 oio
I 0 1 0 1 0 1  1
r 0 1 0 r  1 0 0
r o i o r  i o r' r o r  

o i r  i o
r b i o l  1 r  1

9S
9A

9C
9C

I
I

I

AC
A D

A}

E 0
q r
B 2
8 3

9 E
9 F
AO

41
42
8?

As
Ao

A8
A9

l
l

I
I 01 I lrlrqo
lol 10001
1 01 Lqllq
10r  1001 1

B4
q q
8 q
qZ
qq
8g

B A

1 0 1  1 0 l o L
1 0 1  1 0 1  1 0
1 0 1  1 0 1  1  1

1 0 1  1  r 0 0 l

L 0 1  1  r 0 1 0

10', !110r 1

-  1 0 1 1 1 1 0 0
1 0 1 1 1 r 0 1

BC

1 0 1 | 1 1 0- 
ioiir ir r
1 1000000- 
i mooor

; i loobom
I ioooorr

1 r 0001 00
I  1 1 0 0 0 1 0 1
I  r roooro
F

l  1rq0!1ll

I
t

8l
8 F
CO

c 1

li
1 :
t;

t : :
f c t

fa __

c5
c6

l c 7
l c q

L::
l c B

|  1 1 0 0 1 m ]
f - roor  o io
t  l im ior i

14 .

l n h r n a f i  o n r l  l J u s n r $  M . r h r n . s  ( i r o o t r l r o r

T R A N S L A T I O N  T A B L E  A N D  A L T E R N A T E  C O L L A T I N G  S E O U E N C E  C O D I N G  S H E E T

Cod.

Sys tem/3

Graphrc E n l

BylTakes

66 1

6 7  |  |

l o s  T  I
T a g  T  I
I q r  I  l

6 8  1  |
j 6 c  I  I
l a o  I  I
l u .  I  l
l q F  I  I
t 7 0 t  I
l 7 r  I  l
l i z  I  I
i  z :  I  I
1 ,o I  I
1 t z  T  I' i r c  I  I
1 , ,  i  l

/ 8  1  |

1 ' o  I  l
t T A l
I  )e  T  l
l r c  T  I
I  7 D
I - "  l  

-

] F  I

I ' o  I
I  8 1  I

or  r (n r  lo  I
o r i , n r  i  i  I
olorpoo J
01 101001
o r  r u r o r o  I
o i o r b r  I  .
oiiorob I rr
o i  lo i ro r  T
o i r o i r o  i
0 1 1 0 r 1 1 1  I  7
nn ioooo I
0 r  r  r0001 I
o r r r o o r o  I
o 1 r 1 0 o r 1  l
b r r i o r o o  I
0  t  1  1 0 1 0 1
o t  r  t o t  r o  I
0 1 1 1 0 1 1 1

lil rlboo ]
0 r  1  r00r  I
o t r t o t o l ,
o r r i o r  I  r
o r r i r rco  T  cJ
o t t r n o r  I- u i r i r r o  

i
o r r r n r  I  "
rooooooo T
romoor i

2:, I
a4
u u l

; : f
s a l
c o t- : +
8 a l
; n l
8 c l
8! l
8 E l
s F l
90 1

; ; l
s q l
^ - fY " 1
96 1

10000010 L L
roooool L
rooooioo I I
iooooror I 1
roooor ro J ]
loomrii f I
roooreoo 1 I
imrooi T T
romrolo I I
imoior i I I
mbrroo I  I
rooorror  I  i
1 0 0 0 1 1 1 0  |  I' r m o i i r r  

T  I
I rooioooo I I
I  roormor  f  I
I  roorooro  I  |
|  1001001 1  l
I  r00r0r00  |  i
f looroiol I I
l l m r e i m  T  I

r o o i r o b o l  I  g s  I

a

a

2

B

a

2

a

2
1
B

a

2
l
B

T F I L E S  C 1 F 1 C 2 F 3

a

2
l
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CHAPTER 11 DESCRIBES:

How to use the DEBUG operation.

Format of records created by DEBUG.

BEFORE READING THIS CHAPTER YOU SHOULD BE ABLE TO DESCRIBE:

RPG ll logic for indicators lseeChapter l, RPG ll Logicl.

AFTER READING THIS CHAPTER YOU SHOULD BE ABLE TO:

Code the Control Card and Calculation specifications necessary to employ the
DEBUG operation.

Place the DEBUG operation within your program so that it wil l provide meaningful
data.

/Vote.' You can use the review questions at the end of this chapter to test your com-
prehension of this topic. Answers follow the review questions.

Chapter 11. DEBUG

D E B U G  1 1 . 1



I N T R O D U C T I O N

A program tha t  you  wr i te  may no t  a lways  work  per fec t l y
the  f i rs t  t ime or  even the  f i rs t  few t imes i t  i s  run .  f  he
reason fo r  th is  i s  tha t  the  program conta ins  e r ro rs  -  e r ro rs
tha t  you  were  no t  aware  you were  mak ing  when you wro te
the  program.  Some o f  the  er ro rs  you can make are  easy  to
f ind ;o thers  may be  very  d i f f  i cu l t  to  f ind .  Never the less ,
they  a l l  have to  be  cor rec ted .  But  how do vou do  th is?
Where  do  you s ta r t?

Jus t  knowing the  types  o f  e r ro rs  wh ich  are  commonly  made
can g ive  you a  h in t  as  to  what  you shou ld  check .  l v4os t  o f
the  er ro rs  made fa l l  in to  one o f  the  fo l low ing  ca tegor ies :

a  lncor rec t  use  o i  RPG l l  en t r ies  on  the  spec i f i ca l . ions
s hee ts.

.  Er ro rs  in  descr ib ing  input  da ta  o r  the  fo rmat  o f  ou tpu t
da ta .

o  Er rors  in  spec i fy ing  the  ca lcu la t ion  opera t ions .

o  Spec i fy ing  ca lcu la t ion  opera t ions  in  the  wrong sequence.

T h e  R P G  l l  C o m p i l e r ,  w h e n  c o m p i l i n g  y o u r  p r o g r a m ,  w i l l
d iagnose the  spec i f i ca t ions  to  see i f  they  conta in  e r ro rs .  l f
they  do ,  the  compi le r  w i l l  p r in t  messages te l l ing  you the
er rors  made.  ln  th is  way,  you  can f ind  er ro rs  made:  in  the
spec i f  i ca t i  ons .

U S I N G  T H E  D E B U G  F U N C T I O N

You may,  however ,  have made a l l  cor rec t  en t r ies  o r - r  the
sheets  and s t i l l  ge t  the  wrong resu l ts .  What  can you oo
then? You can,  o f  course ,  check  th rough your  work .  But
th is  does  no t  a lway 's  show you where  the  er ro r (s )  l ies .

Somet imes,  the  spec i f  i ca t ions  you wr i te  w i l l  no t  cause tne
computer  to  do  what  you th ink  they  w i l l .  l t  i s  o f ten  pos-
s ib le  to  miss  an  er ro r  because you assume tha t  a  s ta tement
or  g roup o f  s ta tements  needed to  per fo rm a  cer ta in  task
work  cor rec t ly ,  when,  in  fac t ,  they  do  no t .  For  ex iample ,
you may pass  s ta tement  06  be l iev ing  i t  i s  cor rec t  when i t  i s
no t  and spend hours  look ing  fo r  e r ro rs  in  the  res t  o f  the
s ta tements  wh ich  are  rea l lV  cor rec t .

I t w o u l d  c e r t a i n l y  b e  h e l p f u l  t o  y o L r  t o  f i n c l  o t . r t  l u s t  h o w
far  a long in  your  p rogram every th ing  is  work ing  cor rec t ly .
But  how can you f  ind  ou t  in fo r rna t ion  your  p rogram is
w o r k i n g  w i t h  a t  v a r i o u s  p o i n t s  i n  y o u r  p r o q r a r n ?

Tf re  RPG l l  language has  a  spec ia l  opera t ion  coc le  wh ich
shows you some o f  the  in fo rmat ion  the  computer  i s  work-
i n g  w i t h .  T h i s  c o d e  i s  k n o w r r  a s  t h e  D E B U G  c o d e .  T h e
code rece ived i t s  name f rom the  s lang te r rn  "bugs"  wh ich
is  used to  mean er ro rs  in  a  p rogranr .  To  t lebug a  program,
there fore ,  means to  ge t  a l l  the  er ro rs  ou t  o f  i t .  T i r i s  i s  what
t h e  D E B U G  c o d e  h e l p s  y o u  d o .

T h e  D E B U G  c o d e  w i l l  c a u s e  a  m a x i m u m  o f  t w o  d i f f e r e n t
types  o f  records  to  be  pr in ted  or  puncher i  ou t  showing
y o u :

o  What  da ta  i s  con ta ined in  a  sprec i f  ied  f  ie ld .

.  What  ind ica tors  a re  on .

One o f  the  most  common er ro rs  four rd  in  a  p rogram is  the
incor rec t  use  o f  i r rd ica tors .  l f  the  prog l ra r r r r r re r  fa i l s  to
t h o r o u g h l y  u n d e r s t a n d  R P G  l l  l o q i c ,  h e  m a y  c o r r d i t i o n  a n
o p e r a t i o n  u s i n g  a n  i n d i c a t o r  w h i c h  h e  t h i n k s  i s  o n  w h e n  i t
i s  rea l l y  no t .  Thus  the  program does no1 vvork  p ro ; te r ly .

l f ,  a t  a n y  p o i n t  i n  y o u r  c a l c u l a t i o n s ,  y o u  w a n t  t o  c h e c k  t o
see i f  you  are  us ing  ind ica tors  p roper ly  you car r  spec i f  y
DEBUG.  

- fh is  
code w i l l  cause a  record  to  be  pu t  ou t  show-

i n g  w h a t  i n d i c a t o r s  a r e  o n  a t  t h e  p o i r r t  D E B U G  i s  s p e c i f i e d .
l f  you  w ish  to  know the  conten ts  o f  a  f  ie lc l  in  add i t ion  to
knowing what  ind ica tors  a re  on ,  you  can a lso  spec i fy  so  in
the  DEBUG s ta tement .  A  second record  type  w i l l  then  be
put  ou t  showing the  conten ts  o f  the  f  ie ld .

Spec i f  i ca t ions  fo r  DEBUG

When us ing  DEBUG,  the  f  i r s t  spec i f  i ca t io r . r  wh ich  you must
m a k e  i s  o n  t h e  c o n t r o l  c a r d .  A  /  i n  c o l u m n  1 5  i n d i c a t e s
t h a t  D E B U G  i s  g o i n g  t o  b e  u s e d  ( s e e  F i g u r e  1 1 - i  ) .  l f  t h i s
co lumn is  le f t  b lank ,  a l l  DEBUG s ta tements  w i l l  be  t rea ted
a5 comments .

l 'hen  in  co lumns 28-32 (Opera t ion)  on  the  Ca lcu l t ion
sheet ,  spec i fy  the  code DEBUG.  You may spec i fy  i t  a t  any
po in t  in  the  ca lcu la t ions  and as  many t i rnes  as  you want .

For  each DEBUG s ta tement ,  en ter  in  co lumns 33-42 (Fac tor

2 )  t h e  n a m e  o f  t h e  f i l e  o n  w h i c h  D E B U G  r e c o r d s  w i l l  b e
wr i t ten  or  punched (see F igure  1  ' l  -1 ) .  Use the  f  i l e  nanre
prev ious ly  ass igned on  the  F i le  Descr ip t ion  sheet .  The same
o u t p u t  f i l e  m u s t  b e  u s e d  f o r  a l l  D E B U G  o p e r a t i o n s  i n  a  p r o -
gram.

1 1 - 2



RPG CONTROL CARD Af' tD FtLE DESCRtpTtON SPECtFICAT|ONS

t o n c h , r y  T ; ; * " f  l  I  f  t l  [ T & , d t h ; n . * , ' l^'l"il [ ""* fTT-l L]-i-l --- l

GX21 S2 UM/m.

**|.i1'* [nri;.". tTfllll

Illlil ,.,.,,", -. 
",",s "*,d cotu,er on

Control Card Specif ications

T ' f r e  e r r t r y  ' l  i n  r h i s  co l u rnn  i nd i ca tes  l ha t  a l l  DEBUG
spoci f icat ions should be performed; a b larrk indicates that
al l  DEBUG speci f icat ions wi l l  be t reated as comrnents.

Reler to he rrific System Rere.ene Lib..ry manual ror actu.r entie!

RPG CALCUI -AT ION SPECIF ICAT IONS

, , , , , . " " . ;  l ; ; J  , i  i i l - f  f c ; ru , . -N f f i r  , - r it ,  I  |  " * L L l .i  r . _ l  l

o

Figure ' l  1- l  .  Speci f  icat ions for  DEBUG

DEBUG 1 ' I .3



The entries just described wil l give you a record showing
what  ind icators are on.  l f  you a lso want  to know the con-
tents of  a f ie ld,  you must  make another  entry :  The name
of the field whose value you wish to know must be entered
as the Resul t  F ie ld in  Columns 43-48 (see Figure 11-2, in-
ser t  A) .

Columns 18-27 (Factor  1)  are opt ional .  l f  you have several
DEBUG statements, you may wish to know which records
were caused by a particular DEBUG statement. \,ou can
name the DEBUG statement  by enter ing a l i tera l  in  columns
18-27.  This name wi l l  then be inc luded in the records which
the statement  causes to be put  out  (see Figure 11"2,  inser t
B ) .

Cof  umns 7-17 may conta in any val id  condi t ion ingt  ind icator .
The external  ind icators U1-U8 are most  of ten used here.
They make the DEBUG statement  opt ional .  Through thei r
use you can establ ish.  pr ior  to  a run,  whether  or  not  you
wish to use DEBUG (see Chapter S, Controlling O'perations
in an RPG ll Program for uses of U1 to Ug). Columns
53-59 cannot be used for the DEBUG statement.

Format of Records Created by DEBUG

Two records may be created by the DEBUG rcperation.
Record 1 is required; Record 2 is optional. Flecord 1 (Fig-
ure 1 1-3)  wi l l  look l ike th is :

Positions

1 - 8

9-1 6

17-18

19-33

34

35-37,
38-40,
etc.

Entry

DEBUG =

The name entered in Factor 1 of the de-
bug statement. These columns wil l be
blank i f  no entry  is  found in Factor  1.

Blank

INDICATORS ON =

B lank

Name of the indicators which are on.
Each indicator  is  fo l lowed by a b lank.
lf a large number of indicators are on,
more than one record may be required
to show all indicators.

RPG CALCULAT ION SPECIF ICAT IONS

l , - - l  i  i -  l _ l - J f f i" " ' [ ' - " r - I - i  : L

Figure 11-2.  Addi t ional  Entr ies Which Can Be Made for  DEBUG
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F leco rd  2  (F igu re  11 -3 )  w i l t  t ook  t i ke  t h i s :

Positions

1 -14

1 5  -

Entry

F I E L D  V A L U E  -

T h e  c o n t e n t s  o f  t h e  f i e l d  n a m e d  a s  t h e
resu l t  f ie ld  in  the  debug s ta tement .  l f
t h e  f i e l d  i s  r a t h e r  l a r g e ,  o n l y  8 0  o f  t h e
r igh tmost  charac ters  a re  d isp layed.

example ,  i f  you  are  concerned about  the  s ta tus  o f  an  ind ica-
to r  a t  a  cer ta in  po in t  in  your  p rogram,  be  sure  to  pos i t ion
DEBUG so tha t  the  ind ica tor  has  no  chance to  chanqe be-
fo re  i t  i s  d isp laved.

l f  you  want  to  f  ind  ou t  i f  a  s ta tement  o r  g roup o f  s ta te -
ments  i s  work ing  cor rec t ly  you  must  know what  i s  in  the
f  ie ld  invo lved immedia te ly  be fore  and a f te r  the  s ta tement (s ) .
Th is  means p lac ing  DEBUG before  and a f te r  the  s ta te -
m e n t ( s )  y o u  a r e  c h e c k i n g .  I n  o r d e r  t o  d e t e r m i n e  i f  t h e  r e -
su l ts  ob ta ined f rom these s ta tements  a re  cor rec t ,  you  w i l l
h a v e  t o  m a n u a l l y  m a k e  t h e  s a m e  c a l c u l a t i o n s  a n d  c o m o a r e
the  two resu l ts .  In  th is  case,  however ,  you  must  make cer -
ta rn  your  own ca lcu la t ions  are  cor rec t .  Much t ime can be
wasted  t ry ing  to  make the  computer  a r r i ve  a t  the  same
wrong answer  you have ca lcu  la ted .

Mak ing  Your  Program Work  fo r  A l l  Cases

Be cer ta in  tha t  you  tes t  your  p rogram to  see tha t  i t  w i l l
h a n d l e  c o r r e c t l y  a l l  p o s s i b l e  s i t u a t i o n s  w h i c h  m i g h t  a r i s e .
l f  you  tes t  fo r  on ly  one or  two s i tua t ions .  Vou can be  sure
your  p rogram works  on ly  fo r  those s i tua t ions .  Th is  means
that the data you use to test your program be complete
a n d  v a l i d  s o  t h a t  i t  t e s t s  a l l  p o s s i b l e  s i t u a t i o n s .  I n  t h i s  w a V ,
y o u  c a n  b e  s u r e  y o u r  p r o g r a m  c a n  h a n d l e  a l l  s i t u a t i o n s
w i t h o u t  e n c o u n t e r i n g  h i d d e n ' b u g s ' .

Get t ing  Resu l ts  f rom DEBUG

D T E B U G  w i l l  n o t  a u t o m a t i c a l l y  p r o v i d e  y o u  w i t h  t h e  s p e c i f  i c
reason your  p rogram is  in  e r ro r .  Bu t  by  showing the  ind ica_
tor  se f t ing  and conten ts  o f  f ie lds  a t  var ious  po in ts ,  i t  can
g  v e  y o u  a  c l u e  a s  t o  w h e r e  t h e  e r r o r  l i e s .  F r o m  t h e r e ,  y o u
wi l l  have to  work  th rough the  log ic  o f  sec t ions  in  your  p ro_
gram to f i rrd specif ic bugs.

P lacement  o f  DEBUG

D E B U G  s t a t e m e n t s  c a n  b e  p l a c e d  a n y w h e r e  i n  t h e  c a l c u l a -
t ions .  However  much thought  shou ld  be  g iven to  the i r  pos i -
t ion .  l f  they  are  no t  p laced in  p roper  pos i t ions ,  rney  may
g i v e  m i s l e a d i n g  i n f o r m a t i o n  a n d  b e  o f  n o  h e l p  a t  a l l .  F o r

Record 1

F igu re  11 -3 .  Fo rma t  o f  DEBUG Reco rds

I  D E B U G  =  D E B U G  1  I N D I C A T O R S  O N  2 0  4 2  0 2  1 1  M R  I

Record 2

I  F r E L D  V A L U E  =  0 0 5 6 4 8 2 1 9 R

D E B U G  1  1 . 5
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1 .  Wha t  does  DEBUG do  i n  an  RPG l l  p rog ram?

2.  Wri te a DEBUG statement  to d isp lay on the f i le  ca l led OUTFILE a f ie ld cal led
ANSWER and the indicators that  are on at  th is  point .  ldent i fy  the DEBUG records
wi th the constant  -  TESTl .  What  entr ies in  other  speci f icat ion sheets must  be made?

Review 11

Rev iew  1  1  11 -7



Ansrers To Review 11

1 .

2.

DEBUG allows you to display the contents of a data field in your program and to l ist the
indicators that are on.

A 1 must be entered in column 15 of the RPG ll control card.

CALCU LATION SPECI FICATIONS

Gr.ph i ( C.rd €l.cro Nvmb,

I o."

c
: d
z z
i <
6 E

6 G

Indrca tors

Fac tor  1

e 1 9 2 0 2 1 2 2 2 3 2 a 2 5 7 6 ) 1

Opcra t ion Factor 2

1 3 9 3 5 $ 3 7 S S & a l 4 '

Result  Field

Comments

o 6 1 6 2 6 3 6 4

E

E
I Name Lengt l

z z
H r g h

3 5 !
0
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*  (aster isk;  star) ,  pr int i r rg on cards +3 balances (see edi t ing)
*  *( look ahead f ie lds)  5-21 BEGSR (begin subrout ine) operat ion code $4g
*pLAcE  319  b i na ry  f  i e l d  ope ra t i ons  $67

I  condi t ioning by indicators 3-22 BITOF operat ion code 5-67
used wi th EXCPT 7-26 BITON ooerat ion code 5-67

*PRINT (unformatted pr int ing on cards) +6 TESTB operat ion code b-68
b ina ry  f o rma t  1G19
BITOF (set  b i ts  of f  )  operat ion code 5-67
BITON (set  b i ts  on) operat ion code 5-67
b i t s  ( numer i ca l  va l ue  o f  )  1G13

I  accumu la t r ng  t o ta l s  5 -59  b l ank  a f t e r  f unc t i on  (w i t h  r esu l t i ng  i nd i ca to r s )  1 -31
advanc ing  p r i n t e r  f o rms  3 -6  b ranch ing  i n  ca l cu l a t i ons
al igning pr inter  forms 3-12 oackwards 5-42
al ter ing character  st ructure 1G38 bypassing calculat ions $36
al ter ing the order of  f i le  processing 7-2 for  an error  condi t ion 5-41
al ternate col lat ing sequence 1A27 GOTO operat ion code 5-36
al ternat ing format in a matching records job 5-41

arrays 93 repeat ing calculat ions *42
tab les  & .12  TAG 5 -36

al ternat ing processing of  f i les 7-4 when di f ferent  record types require d i f ferent  operat ions 5-41
ALTSEO card 1G38 bypassing calculat ions 5-36
a r i t hme t i c  ope ra t i ons  by tes ,  de f  i n i t i on  l 0 -4

us ing  .  ' t  r g5u115  5 ' 13
a r  rays

accumu la t i ng  g roups  o f  t o t a l s  9 -14
adding ele.nents (XFOOTI 9.8
array to array calculat ions 9-4 calculat ion soeci f icat ions
calculat ions wi th s ingle f  ie lds or  constants 9-7 using resul ts of  ar i thmet ic operat ions b- l3
compi le t ime arrays 9-35 for  arrays
def in ing 9-2 accumulat ing groups of  tota ls 914
o f  d i f f e ren t  l eng ths  97  add ing  a t t  f  i e t ds  (XFOOTI  9 -8
ed i t i ng  911  a r ray  t o  a r ray  9 ,4
execut ion t ime 938 using s ingle f  ie lds or  constants 9-7
indexing 920 binary f  ie ld operat ions 5-67
loading branching 5-36

comp i l e  t ime  9 -36  cond i t i on i ng  , 7 ,5 -12 ,5 -59
execut ion t ime 938 subrout ines 5-44
pre-execut ion t ime 9-36 used to contro l  input  and output  7-1

LOKUP 9-27 using table data &14

I MOVEA ope.at ion 9-44 (see a/so indiv idual  operat ion codes)

operat ion codes,  restr ic t ions 9-7 card column structure 1G2

output  card path,  MFCU (diagram) 5-17

dur ing a search 9-34 card type.  stacker select ion based on +15

of an ent i re arrav 9-9 |  cards,  pr int ing on +2

of indiv idual  e lements 9-22 cards,  stacker select ion of  +14
pre-execut ion t ime $36 carr iage t ractors (see dual  feed carr iage)

referencing al l  e lements 9-4 catch-al l  record ident i fy ing indicator  2-15

referencing indiv idual  e lements 9-19 CHAIN operat ion code lsee IBM SYstem/3 RPG l l  Disk Fi le

referencing part of an element 9-23 Processing Programmer's Guide, GC21-75661

stor ing data into (see loadingl  changing f ie ld type S34

when to use arrav instead of  table g-2 changing array data

XFOOT 9-g compi le t ime 936

art i f ic ia l  contro l  break (L0) 5-56 execut ion t ime 938
a: i ter isks,  punctuat ing wi th 3-16 pre-execut ion t ime 936

automat ic overf low (page formatt ing) 3-2 changing table data
compi le t ime 8-22
pre-execut ion t ime 8-26

Index  X -1



character  set  1G'2
character  groups wi th zones that  test  equal  lG9
character  st ructure

a l t e r i ng  1G39
on  ca rds  1G6
nega t i ve  number  1G3
in  s to rage  { co re  o r  d i sk )  1G4

cha rac te r s , t r ans la t i ng  1O44
checking for  dupl icate recoros

using look ahead 5-20
using move operat ions 5-31

checking sequence of  records
using match f  ie lds 6-2
us ing  move  ope ra t i ons  S31

checking sequence of  record types 2-G
codes,  use in f i le  t ranslat ion 1G44
col lat ing sequence

a l t e r i ng  o f  1G30
ALTSEO ca rd  1G38
speci f  icat ions 1G38
by  zone  o r  d i g i t  1G25

comb ined  f i l e
de f i n i t i on  +8
used wi th look ahead 5-28
used to read and punch the same card +8
used wi th stacker select ion 4-14,4- .17

compare operat ions
us ing  t he  resu l t s  5 -14

comp i l e  t ;me  a r rays  935
compi le t ime tables 8-25
cond i t i on i ng  ca l cu l a t i ons

based on informat ion in next  card 5- '17
based on LOKUP operat ion 8-14,9-27
based on resul ts of  other calculat ions 5-12
using external  indicators 5-7
using hal t  indicators 5-2
using overf low indicators 5-1 1

condi t ioning use of  input  f  i les 2-19,2-22
condi t ioning operat ions when stor ing array data 9-49
cond i t i on i ngou tpu tope ra t i ons  5 -2
condi t ioningsubrout ine statements 5-54
consecutive f ile (see IBM System/3 RPG ll Disk File Processing

Program me r's G u ide, GC21 -7 566l,
in calculat ions wi th arrays 9-7
use  i n  ed i t i ng  318

control  break 2-2
art i f  ic ia l  (L0) 5-56

control  card
al ternate col lat ing sequence 1G38
f  i l e  t r ans la t i on  1G48
sett ing external  indicators (Model  1O Card System) 2-21

con t ro l  f i e l ds
def  in i t  ion 1 -5

logic f  or  in i t ia l  program cycles 1-7
with f  ie ld record re lat ion 2-1A
with match f ie lds G34
spl i t  contro l  f  ie lds 2-5

contro l  group

determining f  i rs t  only record in 5-26
determining last  record in 5-28
incorrect  records in 2-11
number of  each record type in 2-11

opt ional  record types in 2-11
order of  record types in 2-6
sequenced and unsequenced record types 2-14
unexpected or  unused record types in 2-14

control  level  indicators
a r t i f i c i a l  con t ro l  b reak  (L0 )  5 -56
to  cond i t i on  ca l cu l a t i ons  5 -59
to  cond i t i on  sub rou t i nes  5 -54
f i r s t  c yc l e  d i f f e rence  1 - j
general  use 1-5
g roup  p r rn t i ng  5 -59
special  use 5-55

con t ro l l i ng  p r i n t e r  ou tpu t  3 -1
cyc le ,  RPu  l l  l og i c  1 -1

f i rst  cycle 1-7
l as t  c yc l e  1 -16

dashes,  punctuat ing wi th 3-16
da ta  s t r uc tu re  1G1

b ina ry  f o rma t  1G2O
negat ive numbers 1G3
packed decimal  format 1G19
unpacked  dec ima l  f o rma t  lG19

D E B U G  f u n c t i o n  1 1 - 1
format of  debug records 11-4

decimal  posi t ions in table entr ies 8-7
demand  f i l e s  (READ ope ra t i on )  7 -24

end-of- f i le indicator  7-24
coding ru les and considerat ions 7-26

designing table, input  records *4
de ta i l  t ime

log i c  1 -6
operat ions 1-4

device name, dual  carr iage pr inters
PRINTER;  PR INTR2  3 -28
TRACTR l ;  TRACTR2  3 -29

d ig i t ,  co l l a t i ng  by  1G25
digi t  port ion of  character

ca rd  1o ' 2
disk 1O-4

direct f iles lsee IBM System/3 RPG ll Disk File Processing
Programme r's G u i de, GC21 -7 566t.

do l l a r  s i gn ,  punc tua t i ng  w i t h  314
f  i xed  ; ; ' - 14
f loat ing 3-14

duaf feed carr iage pr inter  3-27
dual  input /output  areas $69
dummy  ma tch  f  i e l d  G10
dup l i ca te  i n f o rma t i on ,  p r i n t i ng  ( *PLACE)  3 .19

dupl icat ingconstants 3-24
dupl icate records,  checking for  $20

edi t  codes ig. .12
chart  3-13

ed i t  wo rds  Y12 , ; * - 16
ed i t i ng

de f  i n i t i on  ; ' - 12
a r rays  911
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with aster isks } '16
w i t h  b l anks  3 -18
on cards +8
with constants 3.18
w i t h  dashes  $16
end  oos i t i on  $19
f  i xed  do l l a r  s i gn  ?14
f  l oa t i ng  do l l a r  s i gn  314
zero balances 313
zero suppression &13

element

array g-2

table &2
errd-of- f  i le

inout  f i le  2-23
FORCE ope ra t i on  7 -11
mult i - t i leprocessing 6 '30
READ operat ion (demand f i les)  7-24

errd of  job (see end.of- f i le  external  indicator ;  hal t  indicator ;
last  record indicator)

end  oos i t i on
when  ed i t i ng  319
when using -PLACE 3-22

ENDSR operat ion code $48
entr ies (see table entr ies)
equal  search condi t ion &19
error  condi t ions 5:41

kee also hal t  indicators,  H1-H9)
e r ro r s  i n  p rog ram,  f  i nd i ng  11 -1
EiXCPT operation code 7-26

condi t ioning EXCPT 7-29
used in a loop $42
with *PLACE 7-26

execut ion t ime arravs 938
E|XSR operat ion code $48
extension speci f  icat ions

for arrays 9-2
for  one table &5
fo r  two  t ab les  &13

external  indicators (  U1-U8)

condi t ioning input  f  i les and calculat ion operat ions $7

cond i t i on i ng  i npu t  f  i l e s  2 -19 ,2 -22
condi t ioning input  f  i les and output  operat ions $8
condi t ioning output  f i le  and output  operat ions $9

condi t ioning output  operataons only s '11

setting on Model 10 Card System (indicator control card) 2-21
set t ing on Model  10 Disk System and Model  15 (SWITCH OCL

statement) 2-21
set t ing on Model  6 (SWITCH keyword) 2-22

fetch overflow 3-8
l ie ld indicators,  logic 1-25
{ ie ld record re lat ion

with contro l  f  ie lds 2-18
with match f ie lds &8
OR relat ionship wi th 2-16

l ' ie fd scanning 9-23
I ' i le  designat ion

determining whether f ile should be primary or secondary 6-38
f  i fe t ranslat ion 1G42
f inal  tota ls,  pr int ing $59

f i rst  page (1P) indicator ,  logic 1-13
first program cycle 1-7
f i xed  do l l a r  s i gn  e -14
f f oa t i ng  do l l a r  s i gn  &14
FORCE operat ion code 7-2

al ter ing the order of  f i le  processing 7.2
alternating processing between turo tiles 7-4
contro l l ing number of  FORCE opsrat ions 7-g
contro l l ing processing at  end,of- f i te 7-11
ef fect  on MR 7-22
with look ahead 7-15
perf  orming matching records wi thout  match f  ie lds 7-15
use of  t ra i ler  card 7-12

format of data (see data structure!
format of  OEBUG records 11.4
formatted pr int ing on cards +2
formatt ing reports t2
forms advance (fetch overf lowl $12
fo rms  a l i gnmen t  . 3 -12
forms length 94

GOTO operation code s'36
group indication 2-2
group print ing F59

hal t  indicators
condi t ioningoperat ions 5-2
logic cycle 1-35

ha l t i ng
for record out of sequence in a control group 2-1O
for record out  of  sequence in a f i le  &5
for  errors in data $2
for incorrect record type in a control group 2'13

hexadecimal  values (chart)  1O18
high search condi t ion

arrays 931
tables &19

increasing speed of input and output (dual l/O areal $69

indexing arrays 920
i  ndicators

def in i t ion 1-2

contro l  level  (L1-L9)

funct ion 1-5
special uses 5-55

to contro l  calculat ions and output  $2
ex te rna l  (U1 -U8 )

condi t ioningoperat ions $7
setting 2-21

f ie ld indicators,  logic 1.25
f ie ld record re lat ion 2-16
f i r s t  page  (1P ) ,  l og i c  1 -13
hal t  indicators (H1-H9)

logic 1-35
to prevent operations on an errot 5-2
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l a s t  r e c o r d  ( L R 1 ,  1 6 n 1 "  1 - 1 6

ma tch ing  reco rds  (MR) ,  l og i c  j _42
overf  low (0A-0G, 0V) 3-4
reco rd  i den r i f y i ng ,  l og i c  1 -19
resu l t t ng

t o g a c  1 - 3 1
use  w i t h  a r i t hme t i c  ope ra t i ons  5 -13

se t r i ng  i nd i ca to r s  {SETON,  SETOF}  1_43
ind i ca to r  con t ro l  ca rd  (Mode l  j  0  Ca rd  Sys tem)  2_21
rnpu t  a reas ,  dua l  b -69
inpu t  da ta ,  s t o r i ng  i n  execu t i on  t ime  a r rays  9 -3g
inpu t  f i l e s

cond i t i on i ng  use  o f  2 -19
merg ing  i npu t  and  ou tpu t  ca rds  4_27
s tacke r  se l ec t i o  n  L1  4

i npu t ,  p rog rammed  con t ro l  o f  7 -1
rnput  records

a r rays  9 -35
tables g4

in te rp re t i ng  punchec l  da ta  +2

las t  r eco rd  (LR)  i nd i ca to r ,  l og i c  1 -16
level  indicators (see contro l  level  indicators)
l i ne  coun te r  spec i f i ca t i ons  3 -4
l oad ing  a r rays

comp l l e  t ime  9 -36
execu t i on  t ime  9 -38
pre-execut ion t ime 9-26

load ing  t ab les
comp i l e  t ime  8 -25
pre-execut ion t ime a-2( i

logic,  basic data processing 1-2
l og i c ,  RPG l l  ( see  RPG l l  t og i c )
LOKUP ope ra t i on  code

arrays 9-21
w i t h  one  t ab le  8 - j
wi th two tables 8-14

look  ahead  f ea tu re
check ing  f o r  dup l i ca tes  5 -2O
with combined or  update f  i les S-28
f i nd ing  l as t  r eco rc l  i n  g roup  5 -28
w i t h  F O R C E  7 - 1 5
log i c  cyc l e  f  o r  5 -23
w i t h  M F C U  f  i l e s  S - 1 7
reco rds  ava i l ab l e  5 -18
to f ind s ingle record groups 5-26
speci f icat ions 5-20

loop in calculat ions 5-42
loop wi th EXCPT 5-42
low  sea rch  cond i t i on

arrays 9-33
tables 8-20

LR  ( l as t  r eco rd )  i nd i ca to r  1 -16
L0  ( i n t e rna l  con t ro l  l e ve l  i nd i ca to r )  5 -Ss
L1 -L9  i nd i ca to r s  ( see  con t ro l  l e ve l  i nd i ca to r s )

ma tch  t i e l ds

ass ign ing ,  r u l es  f o r  G1
w i t h  con t ro l  f  i e l ds  G34
d e f i n i t i o n  G 1
dummy  ma tch  f  i e l d  en t r y  610
w i t h  t i e l d  r eco rd  re l a r i on  6 -8

r u l e s  G 1 0
in  d i f  f  e ren t  l oca t i ons  i n  a  f  i l e  6 -26
M1-M9  en t r i es  6 -2
sequence  check ing  w i t h

one  reco rd  t ype  i n  f  i l e  G2
more  t han  one  reco rd  t ype  6 -6

ma tch ing  reco rds
de t i n  i t i on  6 -2
w i t h  con t ro l  { i e l ds  G34
end-ot- f  i le  wi th 6-30
f i r s t  c yc l e  6 -1  4
pe r f  o rmed  us ing  FORCE w i t h  l ook  ahead  7 -15
log i c  cyc l e  6 -  1  4 ,  G38
more than one matching secondary 6-12
more  t han  one  reco rd  t ype  i n  a  f  i l e  G .26
one  reco rd  t ype  i n  each  f i l e  6 -12
processrng recorc ls wi thout  match f  ie lds 6.29
reco rd  i den t i fV i ng  l nd i ca to r  w i t h  6 -14
to ta l  ope ra t i ons  w i t h  6 -14 ,6 -34

ma tch ing  reco rds  i nd i ca to r  ( see  MR)
merg ing  i npu t  and  ou tpu t  f  i l e  ca rds  4 -24
MFCM ou tpu t  ope ra t i ons  4 -1

p r i n t i ng  on  ca rds  4 -2
f  ormatted 4-5
un to rma t t ed  ( *PR INT)  4 -6

punched  ou tpu t  +2
comb ,ned  f  i l e s  4 -B

s tacke r  se l ec t i on  4 -14
MFCU f  i l e s ,  l ook  ahead  w i t h  5 -17
MFCU ou tpu t  ope ra r i ons  +1

p r i n t i ng  on  ca rds  4 -2
fo rma t t ed  +3
u n f o r m a t t e d  ( " P R l N T )  4 - G

punched  ou tpu r  4 -2
comb ined  f  i l e s  +8
in te rp re t i nE  punched  da ta  4 -2
summary  punch ing  4 -2

s tacke r  se l ec t i on  414
MHHZO (move  h i gh  o rde r  zone  t o  h i gh  o rde r  zone )

operat ion code 1 0-40
MHLZO (move  h i gh  o rde r  zone  t o  l ow  o rde r  zone )

operat ion code 1 O-40
MLHZO {move  l ow  o rde r  zone  t o  h i gh  o rde r  zone )

operat ion code 1 0-40
MLLZO (move  l ow  o rde r  zone  t o  l ow  o rde r  zone )

operat ion code 1G.40
mod i f y i ng  t ab le  con ten t s  8 -22
MOVEA ope ra t i on  code  9 -44
move zone operat ion codes 1 0-39

examp le  1O-41
f  i e l d  f o rma t  1C-41
mode l  cha rac te r  1O-42
ope ra t i on  codes  1  0 -41

movlng data
to  change  t he  f i e l d  t ype  5 -34
MOVE operat ion code 5-29
MOVEL  ope ra r i on  code  5 -29
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t o  sa  i n f o rma t i on  5 -31
to separate f ie lds into two parts 5-33
in a table entry 8-22

Mt l  (ma tch ing  reco rds )  i nd i ca ro r
e f f ec t  o f  FORCE on  7 -22
log i c  cyc l e  1 -42
used  t o  cond i t i on  sub rou t i nes  5 -54
w h e n  o n  & 1 7
when  t u rned  on  6 -14 ,6 .22

mu l t i f  i l e  p rocess ing

d e f  i n i t i o n  6 2
end -o t - f i l e  spec i f i ca t i on  6 -30
gene ra l  desc r i p t i on  o f  l og i c  1 -42
(see a/so match f  ie lds;  matching records;  MR indicator)

M1 -M9  ( see  rna t ch  f  i e l ds )

ne , Ja t t ve  numbers ,  S t ruC tu re  O f  10 -3
number  o f  each  reco rd  t ype  i n  a  con t ro l  g roup  2 - j 1
numenca t  va tues

o f  b i t  c o m b i n a t i o n s  1 O - 1 2
o f  zone  and  d i g i t  po r t i ons  10 -15

ou tpu t - l o rma t  spec i f  i ca t i ons
a r rays

du r i ng  an  a r ray  sea rch  9 -34
en t i r e  a r ray  9 -9
i nd i v i dua l  f i e l ds  9 -22

dual  feed carr iage pr inter  3-27
s tacke r  se l ec t i on  us i ng  4 -15
us ing  t ab le  da ta  8 -1  4

output  areas,  dual  5-69
ou tpu t  ca rds

merg ing  w i t h  i npu t  ca rds  +19
s tacke r  se l ec t i ng  417

ou tpu t  ope ra t i ons
cond i t i oned  by  ex te rna l  i nd i ca to r s  5 -8
MFCU 4 -1

ou tpu t ,  p r i n t e r  3 -1
ou tpu t ,  p rog rammed  con t ro l  o f  7 -1
ou tpu t ,  t ab l e  8 -28

ove r f l ow

automat ic 3-2

fe t ch  ove r f l ow  3 -8

c a l c u l a t i o n s  w i t h  5 - 1 1

i n d i c a t o r s  1 - 4 1 , 3 - 2

l i ne  coun te r  spec i f i ca t i ons  3 -4

l og i c  1 -41

ove r f l ow  l i ne ,  s t anda rd  3 -2

ove r l ay ,  con t ro l l i ng  w i t h  sub rou t i nes  5 -54

packed  dec ima l  f o rma t  10 -X9
- P L A C E

wi th  cons tan t s  3 -24

di f ferent  spacing 3-23

w i t h  EXCPT U42

f  o rma t i on  o f  p r i n t  l i nes  3 -22

w i t h  i nd i ca to r s  3 -24

spec i f i ca t i ons  3 -22

p re -execu t i on  t ime  a r rays  9 -36

pre-execut ion t ime tables 8-25

p reven t l ng  ope ra t i ons  when  an  e r ro r  occu rs  5 -2

p r ima ry  { i l e s ,  de te rm in i ng  whe the r  f i l e s  shou ld  be  p r ima ry  o r

seconda rV  G38

p r ima ry  t r ac to r  { dua l  p r i n t e r  f i l e s )  3 -37

PRINTER dev i ce  name  3 -24
-  PR  INT  4 -6

P r i n te r  f i l e s ,  dua i  3 -21

p r i n te r  f o rms  a l i gnmen t  3 -12

p r i n te r  f o rms ,  des ign ing  3 -12
p r i n te r  ou tpu t ,  con t ro l l i ng  3 -1
p r i n t i ngdup l i ca te  i n f o rma t i on  3 -19
p r i n t i ng  on  ca rds  +2
p r i n t i ng  on l y  f i na l  t o t a l s  5 -59
p r i n t i ng  ove r  t he  pe r f o ra t i on  3 -6
PRf  NTER2  dev i ce  name  3 -2a
p r i n t - head  (MFCM)  4 -5
processing order of  f i les (see matching records;  mul t i f  i le  processing)

program cycle 1-2

lsee also RPG l l  logic)
p rog rammed  con t ro l  o {  i npu t  and  ou tpu t  7 -1

ob lec t  p rog ram cyc le  { see  RPG l l  l og i c )
operat ion codes

BEGSR ' 48
B ITO F 5-67
B r T O N  5 6 7
D E B U G  1 1 - 1
ENDSR S48
EXCPT 7 .26

used in loop 5-42
EXSR $49
F O R C E  ] . 2
GOTO 5-36
LOKUP 8 -14 ,9 -27
M H H Z O  1 G 4 O
M H L Z O  1 0 . 4 0
M L H Z O  1 G 4 O
M L L Z O  1 G 4 O
MOVE '29
MOVEA 9-44
MOVEL  U29
READ 7 .22
TAG 5.36
TESTB 5-68
T E S T Z  5 . 1 4
xFooT 9-8

operat ions
a r i t hme t i c ,  us i ng  resu l t s  o f  5 -13
binary f  ie ld 5.59
compare,  using resul ts of  5-14
con t ro l l i ng  w i t h  l ook  ahead  5 -17
de ta i l  1 -4
tota l  1-4

opt ional  record types in a contro l  group 2-11
OF I  r e l a t i onsh ip  2 -15

w i t h  f  i e l d  r eco rd  re l a t i on  2 .16
w i t h  s t acke r  se l ec t i on  +15
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p rog ram e r ro r s ,  f  i nd i ng  ( see  DEBUG)
p u n c h c o m b i n a t i o n s  1 O - 2
punched  ou tpu t  (MFCIJ )  4 -2

suf f ) rnary punching +2
punch ing  i n t o  a  b l ank  ca rd  4 -11
punch ing  i n t o  t he  sa rne  ca rd  t ha t  i s  r ead  4 -B
punc tua t i ng  a  f i e l d  ( see  ed i t i ng )

read ing  and  punch in ! t  t he  same  ca rd  +8
READ ope ra t i on  coc ie  7 -22
record ident i f icat ion code 2-6
reco rd  i den t i f  y i ng  i nd i ca to r s

ca t ch -a l l  i nd i ca to r  2 -15
in  f i e l c i  r eco rd  re l a t i on  2 -15
l o g i c  f o r  1 - 1 9
w i t h  ma tch ing  re r ; o rds  6 -14
in  sequence  check ing  reco rd  t ypes  2 -9

reco rd i ng  spec i f i ca t i ons  f o r  an  a l t c red  co l l a t i ng  sequence
reco r r Js ,  des ign ing  t ab le  i npu t  8 -4 ,  8 -1  1
reco ro  t ypes

b ranch ing  i n  ca l cu l a t i ons  t o r  d i f f e ren t  5 -41
OR re l a t i onsh ip  o f  2 -15
sequence  check ing  o f  2 -9

reduc ing  cod ing  and  s to rage  requ i r emen ts

i n c a l c u l a t i o n s ( s u b r o u t i n e s )  5 - 4 4
in  desc r i b i ng  s im i l a r  o r  i den t r ca l  r eco rds  ( t i e l d  r eco rc l

r e l a t i on )  2 -15
when  p r i n t i ng  dup l i ca te  i n f  o rma t i on  3 -19
whe r r  punch ing  and  p r i n t i ng  ca rds  4 -8

reduc ing  j ob  t ime
dL ra l  i npu t / ou tpu t  a reas  5 -69

re fe renc ing  i nd i v i d r . r a l  a r r av  e l cmen ts  9 -19
re l a ted  t ab les  B -1  3

repea t i ng  ca l cu  l a t i o r r s

by branchirrg 5-42
us ingsub rou l i r r es  5 -45

repe? r t i ng  rhe  f i r s t  p r  i n t  l i ne  3 -12

repe t i t i ve  ou tpu t  (EXCPT  ope ra t i on )  7 -26

resu l t i ng  i nd i ca to r s
w i t h  a r i t hme t i c  ope ra t i ons  5 -13

log i c  f  o r  1 -31
w i rh  LOKUP ? ,1  , 9 -21
w i t h  R E A D  7 - 2 2
rv i t h  TESTB t68

ro l l i ng  o f  t o t a l s  ( a r rays )  9 -14
R P G  l l  l o g i c

de ta i l  t ime  1 -6
fetctr  overf low 3 '8
f i r s t  p rog ram cyc les  1 -7

re l a ted  t o  i nd i ca to r s  1 -7

f i e l d  i nd i ca to r s  1 -25
f i r s t  page  (1P )  i nd i ca to i -  1 -13

h a l t  i n d i c a t o r s  ( H 1 - H 9 )  1 - 3 5

las t  r eco rd  i nd i ca to r  { LR}  1 ' 16

ma tch ing  reco rds  i nd i ca to r  (MR)  1 -42 ,6 -14

ove r f l ow  1 -41
reco rd  i den t i f y i ng  i nd i ca to r s  1 -19

r e s u l t i n g i n d i c a t o r s  1 - 3 1

se t t i ng i nd i ca to r s  1 -43

to ta l  t ime  l - 6

53y1 11 i ]  i i i s l , r  i to r  311{ :  s [ i ; ( i t ]

l l i i re r \ . ,  ( io t : r  io rn r i l t  10-20

p a c k r : d  r J r c ' : - i r a l  i o f  m a l  1 O ' 1 9

s a v r n ! l  i r r f o r r n a i i c t i  b y  r n o V e  o J i ( ' r a i i o ! r s  5 - 2 9

s c a n r r r n g  f  i c l d s  S - ' 2 3

: e a r  c h i n g  a r  t a y s  + 2 1

{ l c t e r r n l n i n ! l  s r : a t c l r  s u c r J e s s  9 - 3 0

f o r  a  p a r l i c u l a r  a l e r n e r r t  9 ' 2 1

o u t p u t  c l u r r n g  s e a r c h  9  3 4

s t a r t r n g  t h e  s e a r c h  a t  a  p . l i t r c i j l a r  e l e m d n f  9 - 2 E

r e f c r e n c r n g  t l l e  c l e r n c r r t  f l u n d  9 - 3 1

s . : . r c h i n g  t a b l c s  * 2

f  o r  f r i g h ,  l o r r u ,  , r r  e q u a l  E - 1 9

r e t e r e n c i n g  r i r e  d a t a  f o u i ' d  8 - ' | 6

s t ' c o n d a r y  f i i t j

d e t e r r r r i n i r { j  n , i r o t h o l  a  f  i l e  s h u u l d  b e  f t 3 3

s t - - c o n d a r y  t r . r c l o r  ( d u a l  c a r r i a g l  p r i n t e r )  3 - 2 7

s e l e c t i n g  a  s t a c l < u f  o n  t f r e  f  4  F C I J  4 . 1 4

s e p d r d t r f g  a  f i e l d  I r t o  t ! ! o  p a r t s  5 - 3 3

s e q u e n c e  c h e c k r  t r i ;

b y  c a l c u l a t i o n  s p e c i f  i c a t t o r t s  5 - 3 1

o f  g  f  i l r :  r r s i n g  n t a t c h  f  i e l d s  6 ' 2

o f  r c c o r d  t ' y ' p c s  r r  a  c o n t r o l  E r o u p  2 ' 6

s i rquer t la l  d rs r .  { i le  \see  l8M SVstern /3  RPG l l  D isk  F i le  Process ing

P r o gra nt rne r's G u i de, $C21 -7 566)

s e t t i n g  e x t e r n . l l  i n d i c a t o r s  2 ' 2 1 ,  2 ' 2 2

s e t t i n l l  i n d i c a t t ) r s  ( S t : - t O N ,  S E T O F )  1 - 4 3

S E T O F  o p e r a t r o r r  c o d e  l - 4 3

S E ' f O N  o p e r a l o n  c o c l e  1 ' 4 3

s h o r t  r a b l e s  8 - 2 3

, r  k  ipp ing  3-29

s k i p p i n g  c a l c u l a t i o n s  ( t r r a n c h i n g )  5  3 6

s p a c i n q  3 - 2 9

s p i i t  c c r n l r o l  f  i e l d s  2 - G

, A i i t f r  i i e l d  r c c o r t l  r r : l a t i o r r  2 ' 1 8

S R  ( s u b r o u t i n e )  l i n i : s  5 - 4 8

s t a c k r l r s e l e c t i o n  4 - 1 4

a t  t o t a l  t i r n c  4 - 1 1 , 5  1 0

o f  c o n t b i n e d  t r l e  c a r d s  4 ' f  i

o f  i n p u t  c a r d s

b a s e d  o n  c i t l c t t l a l i o n s  4  1 5

b a s e d  o n  c a r  d  t Y P e  4  1  5

o i  o u 1 1 - r u {  t i l t :  c a r d s  4 - 1 1

o f  u i r m a t c i t e d  r e c o t d s  6 ' 2 4

s t a i r d a r c l  f o r m s  l e ' t E t h  3 ' 2

s t a n d a r d  o v e r f l o n '  l  t n c  3  2

s t o r i n g  c l a t a  I n t o  e x e c u t r o n  l r l r i e  d r r a y s  9 - : { 8

s t r u c t u f e . J f  c h a r a c t c r s  i s e e  c h d r a c t e r  s t r u c t u r e J

s u b r o u t t t t e s

c a l l t n g  : t - 4 8

c o n d i t i c n i n g  5  5 4

{ i e l d s  a v a i l a b l . r  5 - 4 9

l i m i t a t i o n s  5 - 5 2

o i , e r l a y s  5 . 5 2

r e p e a t i n g c a l c L l l a t i o n s  5 - 4 5

s p e c i t i c a t i o r r s  5 ' 4 8

v a l ; d  o p e r a t i o r i s  i n  5 - 5 2
i
I  5 u r ) t o t a l .  ( g r u r J p  p r i n t i r l g )  5 - 5 9

1 0-38
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I  su rnn ra r i z i ng  r l a t a  i g roup  p r i n t i r r g )  5 -59  upda te  f t l e s ,  l ook  ahead  w i t h  5 -28
su rnmary  punch iD l l  +2  U1 -U8  i nd i ca to r s  2 -19

exa rnp le  5 -10
supp ress ing  l r ) ad in9  ze ros  3 -1  3
S \  / I TCH ke r7 r vo rd  (Mod t ; l  6 )  2 -22
S \  / I TCH OCL- .  s t a temen t  lMoc le l  10  D i sk  Sys tem and

IV  ode i  i  5 )  2 -21

swr t ches  XFOOT ope ra t i on  code  9 -8
b i r l a r y  t r ( r t d  ope rd t i o i t s  5 -67

t a b l e s  B - 1

a s s i q n i n g  l a b l L  n i l { n e s  8 - 6

r l i n a r !  l a l l l e  d a t a  8 " 1  z e r o  b a l a n c e s  3 - 1 3

compar  r : t1  to  a r rays  9-2  |  zero ,  negat ive  1G3

c o m p i l € r  t i n l e  B - 2 5  z e r o  s u p p r e s s i o n  3 - 1 3

r l e f i n i t i O i ,  a - 2  z o n e  p o r t i o n  o f  c h a r a c t e r

r l e s c r i b r n l ;  i n p r r t  r e c o r c i s  8 - 5  c o l l a t i n g  b V  1 0 - 2 5

d e s i g n i r r g  i n p u t  r e c o r d s  t e s t i n g  ( T E S T Z I  5 ' 1 4

o n e  r a b l e  B - 4  |  z o n e s  t h a t  t e s t  e q u a l  ( t a b l e )  1  G 1  0

t u r o  t € r l ) l e s  B - 1  1  z o n e  p u n c h e s  1 O - 2

e i r t f i e r i  \ i J i t l r  r l e c i m a l  p o s r t i o n s  8 - 1

length  o f  e r r l r  . , ,  3 "6

l o a d i n g  l j - 2 5

n r o t l i t y i r r g  c o n t o i l t s  o f  8 - 2 2

n t o v i r g  r l ; t a  i l r  a n  e n 1 . i y  a - 2 2  0 A - 0 G ,  0 V  i n d i c a t o r s  ( s e e  o v e r f  l o w  i n d i c a t o r s )

r r u n r b r : i  o l  e i l l r r { j s  p c r  i r r p u t  r c c o r d  8 - 4 ,  8 - 6  0 1 - 9 9  i n c l i c a t o r s  ( s e e  r e c o r d  i d e n t i f y i n g  i n d i c a t o r s ;  r e s u l t i n g

n u m b ( l t  o f  0 f t 1 r  t c s  p e '  t . t b l e  8 - 6  i n d i c a t o r s ;  f  i e l d  i n d i c a t o r s )

n u m b e r  o l  i n p u l  r ' e c o r d s  r e q u i r e d  8 - 4  1 P  i n d i c a t o r  l o i t i c  f o r  1 - 1 3

or r rpu t  i i -28  I  1  403 Pr in te r  3 -2
p a c k e d  t a b l { r  d a t d  8 - }  2 2 2 2 P r i n t e r  3 - 2 7
p r e - e ) ( e c u l i o n  l r r n € r  8 - 2 5  I  Z S O O  U f C n t  + 2
r e t a t e d  8 ^ 8  5 2 0 3  p r i n t e r  3 - 2 7

s e a r c h r r g  8 - 2 , 8 - 1 4  
1  

5 2 1  3  P r i n t e r  3 - 2

s e , q u e n c e  8 . 1  I  5 4 2 4  M F C U  4 - 2

s h o r t  8 . 2 3

T l tG opera t ic ,n  codr :  5 -36

T E : S T B  o p e r , t t i o n  c o r l e  5 - t i 0

t e i i l i n l t  t i r e  c o n t e n t s  o 1  a  i i e l d  5 - 1  2

TE:ST Z  c  pera t ion  code 5 . .  I  4

I  c h a r a c t e f  g r ( ) u p s  w t t l r  z o n r s  t h a t  t e s t  e q u a l  ( t a b l e )  1 0 - 1 0

t o t a l  o p e r a t r o n s

l o g i c  1 " 6 ,  G 3 8

r a u i t h  m a l c h i n q  r e c o r t l s  6 - 1 4 , 6 - 3 4

t r a c t o r s  r l d u a l  c a r r i a g 0  p r i n t e r s )  3 - 2 7

T R A C T t l l  t l e , y i c c  n z , m e  3 - 2 9

TRA( l l  R2 dgv ice  name 3-29

t r a i l e r  c a r d

u s e  i n  f o r c e  o p e r a t i o i r  7 - 1 2

t r a [ r s i a t i  n g  c h a r a c t e r  s

c o d i n g  t o r  1 O - 4 4

f o r n r s  u s e d  1 O - 4 4

u n e x p e c t e d  r e c o r d  t v p e s  i n  a  g r o u p  2 . 1 1

u n f o r m a t t e d  p r i n t i n g  o n  c a r d s  ( - P R I N T )  4 - 4

U n m a t c h e d  r e c o r d

s t , . r c k ' ' r  s , , P c t i l r i  o f  6 - 2 4

u n s e q u e n c e d  r e c o r d  t y p e s  i n  a  c o n t r o l  g r o u p  2 - 1 4
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Previous Newsletters None

IBM System/3
RPG l l  Addit ional Topics
Programmer's Guide

@ l B M  C o r p .  1 g 7 1 , 1 | g : . 4

Th is  techn ica l  news le t te r  p rov ides  rep lacement  pages  fo r  the  sub jec t  pub l i ca t ion .  pages  to  be
rnserted and/or removed are:

fh is  Newslet ter  No.  GN21-53g9

Date 24 Mav 1976

Base Pubf ication No. GC21 7567-2

Fi le  No.  53-28

i . i i
1 - 5 ,  1  6
3 - 2 1 , 3 - 2 2
3-27 through 3-32
3 .39 ,3 -40
4 - 3 , 4  4
4 - 7 , 4 . 8
5-5. 5-6

5 - 9 , 5 - i 0
5 4 9 . 5 5 0
5-67,  5-68
5-77 through 5-80
6 - 9 , 6 . 1 0
7 - 9 , 7 . 1 0
7-19 through 7-22
8 - 2 7 , 8  2 8

9 -1 ,9 -2
9 . 2 7 , 9  2 8
9-41 through 9-44
9 49,  9-50
9-55,  9.56
1 0 - 1  1  t h r o u g h  1 0  1 4
10 -21  th rough  10 -24

changes to  tex t  and i l lus t ra t ions  are  ind ica ted  by  a  ver t i ca l  l ine  a t  the  le f t  o f  the  change;  new or
ex tens ive ly  rev ised i l lus t ra t ions  are  denoted  by  the  symbol  .  a t  the  le f t  o f  the  capt ion .

Summary of Amendments

.  References  to  Mode l  8  and Mode l  12have been added.
a  Misce l laneous add i t ions  and cor rec t ions .

Note :  P lease f i le  th is  cover  le t te r  a t  the  back  o f  the  manua l  to  p rov ide  a  record  o f  chanqes.

f Bfl l corporation, Publications, Department24s, Rochester, Minnesota 55901

O lE lM  Co rp .  1976
Pr in ted  in  u .s .A
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Technical Newsletter This Newslef ter  No.  GN2X-S016

Date 30 June i978

Base pubf ication No. GC21 7567 2

Fi te No.  s3-29

previous Newsletters GN21-5389

IBM System/3
RPG l l  Addit ionat Topics
Programmer's Guide

O I B M  C o r p .  i g 7  j , 1 9 7 4

Th is  techn ica l  news le t te r  app l ies  to  the  cur ren t  vers ions  and mod i f i ca t ions  o t  the  app l icab le
Sys tem/3  programs l i s ted  in  the  ec l i t ion  no t ice  and prov ides  rep lacement  pages  fo r  the  sub jec t
pub l ica t ion .  These rep lacement  pages  remain  in  e f fec t  fo r  subsequent  vers ions  and mod i f i ca t ions
un less  spec i f  i ca l l y  a l te red .  Pages to  be  inser ted  and lor  removed are :

Cover
T i t le  Page,  Ed i t ion  Not ice
v .  v i
3 - 1  1  t h r o u g h  3 - 1  6
4 - 3 , 4 - 4
4  2 7  , 4 . 2 8
5-53 th rough 5-56
5-56.1  th rough 5  56 .6  (added to  accommodate  new and moved tex t )
5 - 7 7  , 5  7 8

Chanqes to  tex t  and i l lus t ra t ions  are  ind ica ted  by  a  ver t i ca l  l ine  a t  the  le f t  o f  the  change.

Summary of Amendments

o  Expanded descr ip t ion  o f  the  RpG |  |  L inkage Ed i to r ,  page S-S4

.  Inc luded misce l laneous techn ica l  changes

y 'y 'o fe . '  P lease f i le  th is  cover  le t te r  a t  the  back  o f  the  manua l  to  p rov ide  a  record  o f  changes.

l BM Corporati on, Pu bl ications, Departm ent 24S, R ochester. M innesota 5590 1

o rBM co rp .  197g  p r i n ted  i n  u . s .A .
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v through v i i i  ( text  rearranged)
3 7 , 3 8
3  1 7 , 3 - 1 8
5-65, 5-66
5-75,5 76
6-33, 6-34
6-37.  6-38

This Newsletter No.

Date

Base Publication No.

GN21 -5709

21 Decemtrer '! 979

GC21 -7567 -2

s3-28File No.

Previous Newsletters GN21 -561 6
GN21 -5389

IBM System,/3
RPG ll Additionat Topics
Programmers Guide

{glBM Corp. 1971, 1974

This technical newsletter applies to current versions and modifications of the applicable System/3
programs listed in the edition notice, and provides replacement pages for the subject publication.
These replacement pages remain in effect for subsequent versions and modifications unless
specifically altered. Pages to be inserted and/or removed are:

6-47 ,6-48
7-7 through 7-10
7 - 1 9 , 7 . 2 0
7 -31  ,7  -32

9-49, 9-50
10-41.10-42

Changes to text and il lustrations are indicated by a vertical l ine at the left of the change.

Summary of Amendments

Miscellaneous technical changes

Note; Please file this cover letter at the back of the manual to provide a record of changes.

IBM corporation, Publications, Department'24s, Rochester, Minnesota 5b9ol

O I B M  C o r D .  1 9 7 9
P r i n t e d  I n  U . S . A








