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I.A.3

RPG II
DESGN OBXECTIVES

RS

The RPG II compiler is being developed to allow the Memorex B and C
machines to compete with the BV SYSTEM/3 and BM 360/20. In order
to accomplish this objective, the RPG II product will duolicate
SYSTEM/3 RPG II as closely as reasonably possible. This will provide
compatability with IBM SYSTEM/3 RPG II, as well as with a larqe
number of BM 360/20 RPG programs. RPG II will onerate under
OPSYS/1, and will be upward compatible with 0PSYS/2 RPG II.

CONHGURATION

The RPG II compiler and object proaram it generates will operate
under 0PSYS/1. Minimum confiquration will consist of operator's
console, one disk, CPU, and 8K-byte memory for the compiler or
object proagram (exclusive of O0PSYS/1 support routines). In additian,
it is necessary for the mnimum confiquratior to be capable of
supporting 0PSYS/1, including its Data Management, Linkage Editor,
Loader, and Job Control Lansuage features. Thus 16K bytes of memory
are reauired. The confiquration will also employ the I/0 units
required by the object programs to be used on the machine.

INTERFACE CONSIDERATIONS

RPG IT will interface with the following areas of the operating
system:

Linkage Editor and Overlay Loader
Data Management
Job Control

Sort
Operator Communications

o O O © O
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l.LA.4

1.A5

l.LA.6

Since RPG II will be developed in parallel with the operating system,
RPG 11 will require a development system including an assembler and
simulation and/or emulation of the computer and the above system
facilities.

PERFORMANCE GOALS

The RPG II compiler will operate in an 8K-byte oartition. Minimal
RPG II object nrograms will be able to execute in an 8K-byte partition.

Compilation on a minimum confiquration machine will be almost I/0
bound. Performance on larger confiaurations will benefit from
additional memory (up to some finite limit) and improved I/0
facilities.

STANDARDS

IBM SYSTEM/3 RPG II will be used as the standard for validating the
MEMOREX RPG II implementation.

TECHNICAL SUPPORT REOUIREMENTS

6.1 PUBLISHED DNCUMENTS

RPG 11 Reference Manual (SRL)
RPG II Programmer's Guide (SRL)
RPG II Systems Manual, (PLY)
RPG 11 Reference Card

o O O o

6.2 RPG 11 UPDATES TO OTHER PUBLICATIONS
System Description Manual (or equivalent) .

Messages and Comnletion Codes
Terminal Services Manual (or eauivalent)
Job Control Lanquage Reference Manual

o O o © o

Linkage Editor Manual (or equivalent)




o

I.A.7

I.B

REACTIVE DESIGN Page __1(3)
SOMTLTER SPECIFICATION Dae 272771
. Subject QOVALER OVERVIEW

6.2 RPG 11 UPDATES TO OTHER PUBLICATIONS (Cont'd)

o Job Control Lanquape Reference Cad
0 Sales & Systems Planninag Guide for "PSYS/1 (or eauivalent)

6.3 MEMOREX INTERNAL EDUCATION
In addition to standard announcement type clases, a one- to two-
we RPG II Internals calss will be necessary in order for the
MEMOREX Education and Product Test grouos to prepare for their
product support requirements.

6.4 INTHRNAL DEVELOPMENT PROGRAMMER TRAINING
No knowmn reauirements currently exist for internal development
programmer traini ng.

PRODUCT TEST REQUIREMENTS

A comprehensive set of well debugged, sel f-checking, and sel f-documenting
test cases for which predefined results exist will be required. This
set of test cases must insure regression testina for future product
reports.

REPORT PROGRAM GENERATOR

GENERAL DESIGN

The following general desian is intended to ow the information flow
through the compiler and the general compiler organization. Since the
compiler should always be Input/Output bound, one can get a good

idea of the speed of the compiler. -

There is also a brief description of each separate module with a rough
size estimate.
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I.B GENERAL DESIGM (Cont'd)

The total compiler should be about 15,000 instructions, plus 2,000
instructions of object time subroutines, plus error messages, plus

0PSYS/1 Data Management, plus table and buffer sizes.
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[.B.I  The Compiler

Ore program will be resident with all phases (sections of it gy
be overlaid). This is the:

EXEQUTIVE PPOGRAM (1000 bytes)

0 This will contain the COMMON variable used by all programs.

* Fixed Table Addresses & limit

* Control Section Address Counters

* Control Card Information

* Program Daa used in all phases
0 Itwill also contain all I/0 interfaces
0 Table lookup routine
0
o

Phase Overlay Control
B]g&king/Deb] ocking

— The rest of the compiler will be broken into four man phases
each of which mey consist of several overlays.

|.B.1.1 Syntax Checking Phases

a. Header Cad Scan (2000 bytes)
‘Moves information from control card to commm area
'‘Gets System information (date, Time)
'‘Opens & assigns RPG System files
‘Any other initialization/housekeeping

b. File Description Scan (3000 bytes)
‘Error checks file description card
'‘Builds resident file & file disc table
'Write out encoded file description record
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c. File Extension Scan (2000 bytes)
'‘Builds RAF table entries in file description table
‘Writes table lookup/array coded records (in final format)
‘Error checkin
'Calculates field name table size 6 puts in PAGE, PAGE 1, PAGE 2

d. Line Counter Scan (1000 bytes)
'Writes line counter table on disc
'Error checking

~e. Input Specifications Scan (4000 bytes)
'Initiates building field name & description table
‘Writes record, identification & field description records
'Error checking

f. Calculation Specifications Scan (4000 bytes)
'‘Write calculation coded record on disk
‘Error checki nqg
'‘Adds to field name & description tables

g. Output Specifications Scan (4000 bytes)
'Writes record ID & field description records
"Transforms edit picture to edit control characters
*Error checking

1.B.1.2 Table Overflow Phase (Optional) (1000 bytes)

If the resident field table overflows durina the snecification phase
processing continues but no more entries are added to the table, with
all references to entries in the table resolved. A special pass then
takes place, which takes the output of the first pass and builds table
entries for those fields not entered in the first pass - this continues
until all entries have been entered in the table once.
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|.B.1.3 Code Generation Phase
a. Object Control Program Generation* (2000 bytes)
'Decides which parts of object control program are necessary and
include them in object proaram
'‘Generates part of object time cammm region

* The actual object time subroUti'nes include (7000 bytes)
Basic control program

Lok ahead routine

Record identification

Field moving input

Field moving output

Level break test

Matching record

Record selection

Table lookup

Sore calculations (Divide, multiply, subroutine linkage)
11. Output record selection

© 00N ok~ wd =

=
©

b. Input/Output aeneration (6000 bytes) '
‘Generates interface between logical 0 and compiler
'Decides which logical 0 routines are to be called
‘Processes compile time tables & puts their address in control table
'‘Processes file extensions & line counter

c. File Extension - Alt Cdlatina Seg.-Tables-Li ne Counter
'Processes file extension records
'Reads and generates alternate collating seauence tables

'Reads and senerates tables/arrays
'Processes line counter

d. Record Hand1ling Generator (5000 bytes)
‘Generates record identification table
'‘Generates code to move data from input to work area including
conversion from binary or unpacked decimal.
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e. Calculation Generator (6000 bytes)
‘Eliminate duolicate indicator testing
'‘Generates indicator testing & settina
'‘Generates claculation code
'Selects needed subroutines

f. Output Generation (5000 bytes)
'‘Output record selection table
'‘Generate field moving/editing code

I.B.1.4 Code Formatter Phase (3000 bytes & messages)

'Produce object disk

'List error messages

Memay & indicator mg

'‘Debugging code dump

'Load and meke part of object program compile time tables/arrays

I.B. 1.5 Cross Reference Phase (1000 bytes)
'Cross Reference |ist
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Size in Bytes
Phase 0 11K 2K 13K 4K 5K l6K | 7K
KA. Syntax Phase
1. Compiler Executive
2. Buffers ;%
3. Fixed Table Snace
4. a. Header Scan
b. File Description
c. File Extension
d. Line Counter
e. Input Specifications
f. Calculation Specifications 4000
g. Output Specifications 4,000
B. Table Overlay Phase
1. Compiler Executive 1,000 ;
2. ,Buffers 730 340467
3. 'Fixed Table Space 256 2 -
4. Table Overlay Program 1,000 I,
C. Code Generation Phase
1. Compiler Executive 1,000 KZZZZ;
2. Buffers 560 45,
3. Fixed Table Space 256 %
4. a. Control Program Generator 2,000 i
b. Input/Output Generator 6,000 N AN T A A
c. File Extension-Line Counter2,000 A
d. Input Record Handling 5,000 W T 7 VA R CAR 0 s €
e. Calculations 6,000 A
f. Output Record Handling 5,000 B S S A Ao s |
D. Code Formatter
1. Compler Executive 1,000 giiZe
2. Buffers 994 |73
3. Fixed Table Space 256 72
4. Code Formatter 3,000 BAAIZR ALY,
E.  Cross Reference
1. Compiler Executive 1,000 pZZZz
2. Buffers 470 s
3. Cross Reference Program 1,000 kAL
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I.C Meamy Overflow Contingencies

1. In a Syntax Checking Phase
These will all be fairly small programs with little likelihood
of exceeding the size estimates given. If one or two are laraer
than expected, then the oossibility of moving some error checking
to the generator phase will be looked at (the aenerator phase must
have room available), or the available table space will be reduced
for field names.

2. Field Nare Table Overflow
' The Field Nare and Description table occupies all the space between
the largest syntax scan overlay and the bottom of the file descrip-
tion table. If all the available entries are filled and there are
more left to put in, the table overflow phase is called after all
the syntax overlays are processed.

The table overflow phase reads the condensed description records
outputted by the Syntax checking phase and checks field, tag ad
subroutine names not nrocessed by the syntax phase. Undefined and
duplicate names are diagnosed, and a mav condensed description file
IS written.

The table overflow phase reprecesses the rev condensed description
file as may times as necessary.

3. Code Generation Programs

The Calculation Gaaator will have the most difficult fit in core.
To cover the possibility that it mey not fit in core, it will be
coded in isolated subroutines corresponding to Calculation operator
types. If it will not fit as a whole in one overlay, the least used
options can be made into an overlay to be pirg-ponged with the more
popular options.
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II.

RPG Coding Conventions

A. A1l entry points and program names begin with 3RG (this does not
apply to regular labels in a program).

B The compiler communication region will be in common (DCOM), and all
fields in it will begin with X3.

A1l programs will use the same common definitions which will be
stored in the system macro library and referenced by the macro
name.

X3COM
C Linkage within compiler will use registers as follows:

Register Use
0 Work register, not saved
c 1 Work register, not saved
2 Must be saved if used
3 Must be saved if used
4 Must be saved if used
5 Must be saved if used
RP 6 Parameter list pointer
RR 7 Return address

Note: Registers 0 and 7 will become available when the final machine
does (1972). At that time we can switch to using register 7 as
the return address and 0-1 will be work registers

D. Linkage registers and 6 will be referred to as RR and RP.

E A1l linkage to Compiler Executive Subroutines (e.g. $RGLUP, $RGIND,
SRGPUT) will be with the LINK macro.

operator operand] operand 2 (optional)
LINK BRGLUP  / PARLST

operand 1 is the subroutine name, operand 2 is the'pointer to the
parametor 1ist
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A11 Input/Output records will be addressed symbolically (Instead of using
a displacement to a field it will have a name). All names begin with the
character at the beginning of the record followed by a 8.

For example the file number in the Output Record ldentification record
could be called:

0gFILN
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III. A RPG Indicator Processing

Indicators can be both defined and referenced. |1t will be one of the error
checking functions of the compiler to diagnosed when a referenced indicator
has not been defined (has never had possibility of being set on by being
predefined, a result or record indicator). For this purpose the SRGIND

is provided and must be used to process indicators, for it keeps two bit
mgxs of referenced and defined indicators.

Only those indicators used (with the possible exception of HO-H9, LO-L9,
LR, MR, OA-0V and 1F) will be assigned locations in the object program.
Those locations will not be assigned until the code for_matter phase.
Internally the indicators will be assigned as follows:

Hex | ndicator
00 Not used
01-63 01-99
64-6D HO-H9
6E-77 LOL9

8 LR

79 MR

7A-81 OA-QV

82 1P

83-8A U1l-us
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III. B Subroutine name. 3RGLUP

Functions:

| nputs:

Outputs:

1) To look up the Field Definition Table and verify if
a given nare occurs there;

2) To stash an entry in the table if requested and if o
duplicate is found.

RG points to the parameter 1ist that contains the following
information:

Byte
0-1 request coding one of the following values:
0 = only look-up
2 = look-up and stash
2-3 = pointer to the entry
4-7 - used to return information

The following information is placed in the parameter |ist
starting at byte 4:

4-5  return code; one of the following valves:

0 = o duplicate entry/name not found
2 = duplicate entry/name found
table overflow (only used for stash request)

6-7 = points to either the old entry located in the
table or to the location where the rav entry
has been stored.

Notes: 1) The rare field is contained in bytes 0-4 of the entry.
2) The entry is assumed to be 12 bytes long. The subroutine

does not store array appendages with array entries.

3) If a nare already occurs in the table, code 2 is returned

together with the address of the old entry. In this case
it does not matter if the request is look-up or stash.

4) If entry is stashed, bit 1 of ZgSWT2 is set indicating

entry has been mede in table.
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Nare of subroutine: BRGCKS

Function:

I nput:

Outputs:

to scan variable length string(s) and check for invalid EBCDIC
characters.

RG points to the parameter |ist containing the following information:

Byte

0-1 pointer to beginning of field to scan
2-3 Iesggth of field in bytes

4 - u to return information

The f_oIIowin% information will be placed in the parameter |i st
starting at byte 4:

4-5 return code; one of the following values:

0 - filed blank

2 - aphameric string starting with an alphabetic character

4 - field starts with a quote, +, -, or numeric

6 = leading blank or imbedded blank found; ro illegal characters
8 - illegal character found

6-7 number of synificant characters in the string.
8-11 the same information as in bytes 4-7 for the second string if

there is one. (Note: if there are two strings, they must be
separated by a comma).

Description:  The string is scanned and each character is inspected. [If an'

illegal EBADIC character is found (other than A-Z, 0-9, # $ or @)
the scan is terminated and the return code is set to -2. If a
blank is found, the rest of the field is checked. If there is a
character other than blank following an initial blank, the return
code is set to -1. |If there are two strings on the field,
separated by a commg both strings are checked. If a string
starts with a quote, o further check is mede on the field.

Numba of synificant characters will be returned only with return
code 1 or 2.

Auxi Tiary Subroutine: gRGCKA

Function:

I nput:
Output:

R1

RO
RO

to check 1 character for Alphabetic A-Z,#,%,@
= character to be checked

o valid character
2 invalid
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Subroutine nane  ZRGIND

Functions: 1) To check an BBCDIC indicator and convert it to the appropriate
binary code.

2) To set the pertinent list for the indicator in the definition
mgp or the reference map.

Inputs: RG points to the parameter 1ist containing the following
information.

Byte
0-1 indicator with one of the following values:
0 - reference
1 - definition
2-3 pointer to two-character field containing indicator in EBADIC
4-7 used to return information

Outputs: the following information will be placed in the parameter

- list starting at byte 4:
Byte
4-5 return code; one of the following values:
0 - blank

2 = valid indicator
4 = invalid indicator

6-7 binary code for the indicator

Description:  BRGIND checks a 2-character field to determine if it contains a
valid indicator. If it does the pertinent binary code is obtained
and used as an index to set on a bit in either the indicator
reference mg or the indicator definition mep.

Note: if the indicator is expressed is a 1-digit number, it must
be right adjusted'in the field.
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Subroutine name - $RGCKN

Function: to verify a variable length EBCDI C numeric string and to convert
it to binary.

Inputs: RG points to the parameter |ist containing the following information:

Byte
0-1 pointer to Eginning of string
2-3 size of field in bytes

| 4-7 used to return information
|

Outputs: the following information is placed in the parameter 1ist starting
at byte 4:

Byte
4-5 return code; one of the following values:

0 - field is blank
2 = vaid number
4 = not a valid number

6-7 numeric value of the string converted to binary.

Notes: 1) sign or decimal point are not allowed.
2) the string must be right adjusted in the field.
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Subroutine name = SRGLFN

Function:

Inputs:

Outputs:

To look up the File Description Table for a given file name.

RG points to the parameter list that contains the following information
Byte

0-1 pointer to 1-8 character file name (left adjusted, padded
with EBCDI C blanks)

2-3  Unused

4-7 used to return information

The following information is placed in the parameter list starting
at byte 4.

4-5 return code; one of the following values:

0 = name not found
2 = name found

6-7 pointer to entry if found.
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Subroutine name = ZRGCND

Function: To condense a string of EBCDIC characters by stripping off the
high order 2 bits and packing the reduced six-bit characters
next to each other.

Inputs: RG points to the parameter list that contains the following
| information:

Byte

0-1 pointer to the EBCDIC string

2-3  number of characters in the string

4-5 pointer to work area where the condensed characters are to
be placed (calling routine must initialize this area to zero)

Outputs: Condensed string in the specified work area.

f Note: The input characters are not checked for validity.
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SUBROUTINE NAME:  $RGETC
FUNCTION:  To read a card from card reader.

INFUT: RG points to a parameter |ist in which the following information
will be placed.

OUTPUT:  Byte
0-1 Return code; one of the following

0 - successful
1-ed of file

2-3 Buffer address

DESCRIPTION: A card is read from the card reader into a physical
buffer whose address is placed in bytes 2-3 of the
parameter |ist.

-~
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SUBROUTINE NAME:  $RGDMP
FUNCTION:  To meke readable dump of resident tables

INFUT: RG contains one of the following:

zero - Dump all of file table
Dump all of field table

non-zero - pointer to field name table entry to dump
OUTPUT:  Output goes to printer - dump of tables

DECRIPTION:  The file description table will be printed as follows:

cols 1-2  hex file number
4-11 file name
14-17 switches (hex)
19-20 file type (hex)
22-23 linked file (hex)
25-28 pointer (hex)
30-31 seg limit on overflow in (hex)
33-34 high match red level (hex)
36-39 record length (hex)

The field description table will be printed as follows:

cols 1-4 table address (hex)
- field name (uncondensed)

13-18 field type and switches in hex

20-23 blank or zero ind and field size in hex
25-28 storage address in hex

30-33 hex FF and table entry in hex

35-38 number of table entries (hex)

40-43 storage address (hex)
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SUBROUTINE NAVE $RGET
FUNCTION: TO READ A RECORD FROM DISC.

INPUT: RP points to parameter list which contains following information:

Byte

0-1 FILE IDENTIFICATION NO.
1 = Condensed Record Descriptions

2 = Source Records
3 = Entries and Extrns ‘
‘ 4 = Condensed Record Descriptions (pingponged with #1)
| 5 = Preliminary Object Code
5 2-3  RECORD ADDRESS
pUTPUT: 4-5 RECORD LENGTH IN BYTES
i 6-7 RETURN CODE
0 = Successful
1 - EOF

2 = Unsuccessful
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SUBROUTINE NAME: $RGPUT
FUNCTION: WRITE A RECORD TO SPECIFIED DISC FILE
INPUT: ng points to parameter list that contains the following information:
Byte

0-1 FILE IDENTIFICATION NO..
1 - Condensed Record Descriptions
= Source Records
Entries and Extrns
= Condensed Record Descriptions (pingponged with #1)
= Preliminary Object Code
3 RECORD LENGTH IN BYTES
5 ADDRESS

ab~rwN

2-
4-

:
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SBROUTINE NAME:  $RGING

FUNCTIONS 1. Return relative address of indicator in Object code
group 21 (see page VI(7)).
2 Return status showing whether indicator is undefined
or unreferenced.

INFUT: RG points to the parameter |ist that contains the following
information

Byte
0-1 Indicator (as defined on page I1I1(0)).

OUTPUT:  The following information is placed in the parameter 1ist
starting at byte 2:

2-3 Return code; one of the following values

0 = Indicator defined and referenced
2 = Indicator not defined
4 = Indicator not referenced

4-5 Relative address of indicator in code group 21.

DESCRIPTION:  $RGING checks the defined and referenced indicator bit
maps (X$INDF and X$INRF) to determine if the indicator
had been defined and referenced. It then OR's the two
indicator maps together and computes the number of bits
on before it gets to the one currently being converted
and that number is the relative address in the indicator
group (21) for the current indicator.
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V. A Resident File Name and Description Table

Column Field

YENAME 0 File Name

YZSWT16&2 8 Switches

YZTYPE 10 File Type

YSLINK 1 Linked File (RAF or ADDROUT)

YZRID 12 Record ID or Line Counter Chain
YBSEQL 14 Sequence Limit or Overflow Indicator
YSMTCH 15 High Matching Record Level

’YBRCDL 16 Record Length

This table is built down from the top of core.

Length

‘NI—‘I—‘N'—‘I—‘NCO

18 bytes

It is created bv the

File Description Scan, added to by the File Extension and Input
Specification Scans and used by the Calculaticn Scan, Output Scan and
Input/Output Generator. Some fields contain different information
depending on whether it is an inout or an output file.

Field Descriptions

Columns Description
Y BANAME 0-7 File Name - same as it appears on File Description Form
YZSWT1 8-9 Switches
Column 8 Rit Primary File
Secondary File
) Chained
RAF/ADDROUT
Table/Array
Demand
Print File
Variable Lenqgth File
YBSWT2 Column 9 Bit Ascending Seauence

~NoOoO TR WN~DIOTRWNRO

LT T 1 T T | O O I VI R T T B T Y|

el el ol el e e g e il T

Card file

Descending Seauence

File Extensions necessary

Line Counter Neeessary

New record will be added to file
Alphanumeric keys

Packed decimal keys
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YZTYPE 10 File type 0 = Input
2 = Output
4 = Update
6 = Display
8 = (Combined) not implemented
YZLINK 11 Linked File (for RAF or ADDROUT files)
File Table Entry Number (by order of entrv into table)
that this file is linked to by the File Extension Spec.
YZRID 12-13 Record ldentification pointer (for Input files) or line
counter pointer (for output files)
- a minus one indicates not used
= initialize to minus one
This entry is filled in by the Input Specifications Scan
or the Line Counter Scan, with the relative address of
the record identification table/line counter table for
this file
7'\ This is used by the Input/Output generator to help build
the File Control Table
’ N
YASEQL 14 \f.D,E,.DSPLLﬁJ es is set to zero when referenced, Key field

Tength for indexed files or overflow indicator.

The overflow indicator and key field length both come from
the file description scan.

_YBMTCH 15 High Matching Record level - from Input specifications.

YBRCDL 16-17 Record Length - for checking maximum record positions in
input and output specifications
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Subject RESDENT TABLES

IV.B. Resident Field Nare and Description Table

Col umn Field Length
ZINAME 0 Field Nare (compressed) 5
Z3TYPE 5 Field Type 1
Z3SWT1 6 Switches 1
ZESWT2 7 Switches 1
Z8BZ1 8 Blank or Zero Indicator . 1
Z3SI1ZE 9 Field Size 1
Z3ADDR 10 Storage Address 2
T2 bytes
The Field Nare and Description Table i s a randomly addressable table
occupying all the area available below the File Table. It is built and
referenced by the Input Specification, File Extension and Calculation
Scans, and referenced by the Qutput Scan. If this table fills up before
all newv field names are processed then a special field Table overflow
routine is used.
Field Descriptions
Columns Description
Z3NAME 0-4 Field Nare (condensed) Ca. 7
The field name is packed 6 bits to a character (total of
36 bits or 4 1/2 bytes) by simply removina the high order
2 bits of each character (e.g. A, which in binary is 11000001
becomes simply 000001 )
Z8TYPE 5 Field Type

A

Bit 0=1 Numeric L
1=1 Alpha
2=1 Tag name
3=1 Subroutine Nare

4=1 Code formatter is not to create adcon
e e e
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Z3SWTI 6 Switches
Bit 0 =1 Table Name
1 =1 Array Name
2 =1 Table in Ascending Order
3 =1 Table in Descending Order
z 4 =1 Extrn
5 =1 Field used-as array index (must have zero decimal
positions)
6 =1 Input Data tvpe - packed decimal
[ 7 =1 Input Data type - binary
ZBSWT2 7 Swit ches
§ Bit 0 =1 Redefinable field (PAGE, PAGEL, PAGE2)
| These 3 entries are made by FE scan in field name

table-but may be redefined by input specs or calc spec,s.

1 =1 Entry has been madein table (set when a new field name
is putin field name table)

ﬁ 2 =1 Name is defined

3 =1 Name is referenced

4 =1 RLABL

5 =1 RLABL indicator (INXX) Indicator is in storage address
(right justified)

6 =1 Non Redefinable and Non Alterable field (UDATE, UMONTH,
UDAY, UYEAR or Lookahead)

7 =1 Page Redefined.

-Z$BZI 8 Blank or Zero Indicator
For fields from input specifications or calculation specifications
that have a blank or zero indicator associated with them, that
indicator number is put here. (Code is generated to cause this
indicator to he reskt for a blank after of this field name

on output)
Z3SIZE 9 Field Size _
Alphameric - Lenath of field (1-255)
7~ Numeric - Bits 0-3 Decimal Positions (0-9)

Bits 4-7 Number of diaits in field (1-15)

(for packed decimal or binary fields this is
not the same as field size)
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Z$ADDR

ZSEXT
Z$TABN

Z$ENTS
Z$THLD

I$CTL

To compute the number of bytes the field will occupy in the
work area from this field size use the following:

for Alphameric - field size

for Numeric - field size/2+1

10-11 Storage Address
Relative address of field in work area (where numeric fields
are in packed format) This address is assigned by the scan
phase overlays
If RLABL indicator byte 11 holds indicator number
I[f EXIT orULABL name contains EXTRN ordinal*or Label processing
or SECAL processing
or Table Chain for Table and/or Array fields
If Table/Array, bytes 10-11 point to a 6 byte table entry with
the following format.
Cd umn Description
0 binary 255 (FF) identifies this as a table/array extension
1 Table file entry number (1-60) consecutively assigned in order
of definition
2-3 Numbe of table entries (maximum index val ue)
4-5 Storage Address
For tables this points to last found table element hold
area - The hold area if followed by table proper
For Arrays this points to beginning of array.
For RLABL, EXIT, ULABL or file processing EXTRN see Z$ADDR
description
¥ EXTRN Ordinal - for EXIT or ULABL to get indirect address of field use ordinal
#2 as-displacement in code group (CSECT) 02.

TAG entry:

Bvte
6 Control level on which TAG is defined

6E - 77 LO-L9
/8 LR
FF SR
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Byte
Z$STI 7 Status indicator
Bit1 =1 entry mede in the table
Bit 2 =1 label defined
Bit 3 =1 label referenced
ZSNUMR 8-9 Numba of references to this TAG
Z$CODE 10-11 TAG ordinal
Subroutine entry:
Byte
Z$CTL 6 SR
Z$STI 7 Status indicator
Bit 1 =1 entry mede in the table
Bit 2 =1 label defined
Bit 3 =1 label referenced
Z$NUMR 8-9 Numba of references to this name

Z$CODE

10-11

Subroutine identification code.
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DISK RECORDS

The records kent on Disk are encoded forms of the input records, written by
the scans, and read by the table overflow phase, code generating phases and

cross reference

phase.

Each record begins with information identifying the record type and the
associated input line number as fol 1ows:

Byte 0 - Record Type

X

F
T
L
I
N
C
0
U
G
E

Error Record

File Description

Table and Array Description
Line Counter

Input Record Identification
Input Field Description
Calculations

Output Record Identification
Output Field Descriptions
Generated Code

= Entries and Extrns

Byte 1  Blank not used
Bytes 2-3 = Input Line Numbe
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v.‘A. Field Descriptions in Intermediate Records
| Applies to Record types T, N, C and U
The condensed field descriptions in intermediate records have exactly the

same 12 byte format as the Resident Field Table except for the case of
Tables/Arrays, which is:

TABLE/ARRAY  Intermediate record condensed field description - 16 bytes
Bytes Description

0-9 Sare as Resident Field Table
10 FF
| l 1 Table/Array entry number (1-60)
| 12-13 Numba of table entries

14-15 Storage address

For tables this points to last found table element hold
area. The hold area is followed by the table proper. For arrays
this points to beginning of array.
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X = Error Record

Error records are written for all errors, whether they have been
printed out when found or not.

Columns Description

0 X - Error record

2-3 Record number

4-6 EBCDIC PHASE ID

0=warning, l=serious, 2=disastrous (Binary 0, 1 or 2)

8-9 Phase Numbar in binary (see Schedule for phase number)
10-11 Error number
12-n variable field data - (defined as needed)

CLo 1%
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F = File Description

The file descriptions are created by the File Description Scan and used hy

the 1/0 Generator.

Cad ums Field
0 F - File descriptions
2-3 Record number
4 File type 1=0 Input file
0=2 Output file
U=4 Update file
D=6 Display file
=8 Combined file
5 File designation
P=0 Primary
=l Secondary
C=2 Chained
=3 Record address
T=4 Table or array
D=5 Damad
p=6 No designation
6 Bd of file = N end
= E specified
7 Sequence = N sequence
= Ascendi ng sequence
= Descending sequence
8-9 Block length in binary 1 = 32,767 Bytes) maxi mum depends
10-11 Record length in binary 1 - 32,767 Bytes on device
12 File format 0= Fixed length records
1= variable length records
13 Made of processing
L=0 Sequential within [imits
R=I Random
B=2 Sequential
14-15 Langth of Key or record 'address field in binary (O-?)
16 Record address typ
A=0 Record keys are used
I=1 ADDROUT processing
p=2 other
K=3 360/20 option (Assume A)
17 File organi ration
1=0 Indexed file

11 ADDROUT file

Additional 1/0 areas
0 Us one 1/0 area
2 360/20 option (Assume 1)
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18 Overflow indicator
Blank=0
OA =1
0B =2
06 =7
oV = 8
19 Extension code
p=0 N extensions
E=l File extensions
L=2 Line counter used
20-21 Key field starting location in binary
22 Device 0 - PRINTER
1 = READ
2 = TAPE
3 - DIC
4 - CONSOLE
5 = PUNCH
6 - SECIAL
S 23 Labels §=0 No labels
S=| Standard labels
E=2 Standard labels followed by user labels
N=3 Non standard labels
24-25 CRONAL of label exit from file description card or user's written
subroutine name (if device = special )
26 FHle addi tion/unordered
B=0
A=l Nsv records will be added to file
U=2 Load in unordered sequence
27 Tape rewind
p=0 Rewind only
N=I M rewind
U=2 Rewind and unload
28-29 Core (ijndex - number of bytes (in binary) reserved for core
index
30 File condition indicator or zero
blank = 0
Ul =1
U2 =
U3 =
8 =8
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T = Table and Array Descriptions
These records are built by the file extension scan and used by the
Input-Output generator to generate table lookup and control tables.
Columns Field
0 T - table and array descriptions
1 Blank (Bit 7=1:do hot generate code)
2-3 Record number
4 Fom file nare table entry (1-20) (0O=compile or execution time
5 To file name table entry (1-20) (0=no run time output)
6-7 Entries per record in binary
8-9 Entry length in binary
10-25 Condensed field description entry
26 Switches
0 = execution time array
1 = pre-execution time table/array
2 = compile time table/array
27 Not used
28-29 Alternating table entry length in binary
A zero entry here indicates end of record
(0=no condensed field description follows)
30-45 Condensed Field description entry
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(r~

L - Line Counter Descriptions - -
Built by Line Counter Scan and used by the Input/Output generator

0 L = Line Counter Description

2-3 Record number

4-5 File name table entry (relative pointer)
6-7 Line Numba

8-9

Channd Numba (1=top of page, 12=overflow line) 14=lines per page

Repeat 6-9 as often as necessary. A zero entry signified end of record.
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| - Input Record Identification

These records are created by the Input Specification Scan from the record

identification portion of the Input Specifications.

Record Handling Generator.

0

2-3

CO SOy O o et

10

1
12-13
14-15

| = Input record identification
(Bit 7=1 DO NOT generate code)

Blank

Record number

They are used by the

AND-O, OR=2, Bd of Alphas-set for first numeric equiv. to AND,

Bd of Table=6, Trailer=8

Option - 0=2, blank=0
Stacker sel ect
Indicator associated with record
Number

0=Not applicable

2=0nly one record permissabl e

4=More than one record OK
Not

0=blank

2=N
Portion of character to test

O=character

2=numeric

4=zone

6=no character to test
Character or portion of to be tested

Displacement within record of character to be tested

File number
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N = Input Field Descriptions

These records are built by the Input Specifications Scan from the field
description portion of the records, and are used by the Record Handling

Generator.
0 N-Input field descriptions
1 blank

2-3 Record number

4-5 Displ acement of field within record
6-7 Input field length

8 Level (0-9)

9 Matching record number (0-9)

10 Field record relation-indicator associated with field
11 Plus indicator
12 M nus indicator

13 Blank or zero indicator
— 11 Switches
1T 0=1 Packed Field
1=1 Binary field
15 Field type
2=Regular field (12 byte entry follows)
_4=Table or Array (16 byte entry follows)
16-n  Condensed field description
ntl zero
nt2 Field type
O0=end of record (no entry fol lows)
2=Index is regular field (12 byte entry follows)
4=Index is table name (16 byte entry follows)
6=Index is constant (2 byte entry follows)
n+3  Condensed field description or 2 byte binary constant

(r

A
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C - Calculation Description Record

Built during calculation snecification scan and used by the following
routines:

1) Table Overflow phase
2) Code Generator

0 C for record type
1 blank not used
2-3 statement number
4 control level indicator
0=detail calculation
6E=L0
6F=L1I
77=19
78=LR
FF=SR
Y
e A Switch
C. 0 =1 operation record
1 =1 indicator record
2 =1 do not aenerate code

3 =1 half adjust . o
Indicator. recards: only one record is written for a set if conditioning

indicators even If AN/OR statements are used.
v o L e JordLeded Gy Iecs |

6-n 8 byte fields for groups of 1-3 indicators as follows:
0 Not switch for indicator 1 (bit 0=1 for NOT)
1 Indicator 1
2 Ma switch for indicator 2
3 Indicator 2
4 Not switch far indicetor 3
5 Indicator 3 o
6-7 AN/OR/end of record [ e R AL R
0 - end of record
X'FD' - AND
X'FE' = OR
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ul &
Calcasfi tion records: one to one correspondence between statements and records.

6 Operation code.
~1-ADD

- 3-BITOF
A ~ 4-BITON
* ~E-CHAIN
_ 6-COMP
2 7-DEBUG
Z8-DIV.. e e T
T~ a-nspLY T
\ - 10-ENDSR /
1-EXCPT ~ -
12-EXIT - .
~ 13-EXSR 7~ /
.« V4-FORCE ~ ;
/2 15-60T0 - | o i
, <16 OKUP— | ;
: [ 17-MHHZO i
e | L~ 18-MHLZ0 o
{ . 19-MLHZO j
7 20-MLLZO
_ 21410VE )
| 22-MOVEL C o
—/ 23-MULT |
~ 24-MVR '
¢ 25-READ
26-RLABL
- 27—5 ETOF
. 28-SETON
~ 29-SQRT .
- ~30-S UB ' -

e

L 31-TAG
.~ 32-TESTB
. 33-TESTZ
- 34-ULABL
 35-XFOOT
. 36-7-ADD
/ 37-7-5UB

{Q N ) A\
L . ; - \r‘!\’}
~
X .
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7-§ Result indicators - high, low, equal
10-1315” Program control (switches for moving error checking to generate or)
16 Y4=n Variable length subfields as follows:
0 I ndicator
bit 0=1 literal
1=1 file name
2=1 other
3=1 factor 1
4=1 factor 2
5=1 result
=1 index for one of the above
P VY 4 o S a4
If all hits are zero, this is the end of the record
1 unused
Literal
2 indicator
bit 0=1 alphameric
1=1 packed decimal
| - 2=1 bit map (1 byte) for BITON/BITOF
L .3 length of literal
4 number of digits
5 number of decimal positions N
6-13 literal (left-adjusted for alpha & 8.byte packed decima for numeric. ’
File name <
2-3 relative location of pertinent entry in the resident file
description table.
Field, table, array, tag or subroutine name
2-13 (2-19 for an array) - dunlicate of the related entry in the
resident field description table.
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0 - Output Record Identification

This is built by the output description scan and used by the Output
Hand1i ng Generator

Columns Field
0 0-Output Record ldentification
1 7 D not generate code
2-3  Record number
4  ANDI/OR relationship with previous record
0=1 OR
1=1 ADD
2=print file
3=card file
4=variable length record
5=file name entered on output spec.
5 Stacker select/Fetched Overflow
for stacker select is hopper number
for fetched overflow = 15
6  Space before
7  Space after
8 Skip before
9  Skip after
10-11  Record length
12-13 File number
14 Group 1=First page
2=Headers and details not conditioned by overflow & and chained
3=Totals not condi tioned by overflow & not chained
4=Totals conditioned by overflow or chained
5=Headers and detai 1s condi tionea by overflow or chained
6=Exception records
15 Nurbe of Indicator sets
16 Output indicator set
bits 0-1 indicator 1 0O=not used
I=must be on
2=must be off
2-3 indicator 2, usage as in bits 0-1
4-5 indicator 3, usage as in bits 0-1
17 Indicator 1
18 Indi cator 2
19 Indicator 3
20+ Sare as 16-19 for each set of 'AND' indicators.

DEVELOPMENT DIVISION SANTA CLARA SYSTEMS PROGRAMMING
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REVISED DATE 4/11/72

U = Output Field Descriptions

This is built by the Output Description Scan and used by the Output
Generator.

0 U=Output Field Descriptions
-1 Dbit 7 do not generate code for this record
2-3 record number
4-7 Field Conditioni ng Indicators - See Output Record Identification

bytes 16-19
8-9 End position in record
10 Switches

0=1 *ARACE speci fied

1=1 Blank after

2=1 P-Packed format

3=1 G-Binar% format
|

4=1 2 byte binary format
' 5=1 Cad print oPtlon
ie

T 6=1 *FRINT speci
i 7=1 4 byte blnary format
11 Edit code from column 38 OQutput Description Specification
: " bits 0-5 bits 2-7 of edit code
bit 6 '§!
PR bit, 7 '*!
( 12 Descriptor
O0=end of record
\ —2=condensed field name description
‘ L— 4=index condensed field neme description
| 6=literal index
\ 8=Titeral
\, 10=edit word
13 Length of following
.—-14n Condensed field description, literal, edit word, or binary index
ntl Repeat 14n as needed

("\

DEVELOPMENT DIViSION SANTA CLARA SYSTEMS PRO GRAMMING
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i
E - Entries and Extrns Record
Entries and Extrns records are written for all fields defined as external
to the RPG or are RPG fields used by external routines. This applies to
exits specified on file description specifications and EXITs, RLABLs, and ULABLs
on Calculation Specifications.
Columns Description
0 E - Entries and Extrns Record
1 Not Usd
2-3 Record N: o
14-15-0r-15 Condensed Field Description Entry for field
L-s5 H-(9




REACTIVE DESIGN Pge V (15)
COMPUTER SPECIFICATION Date ~ 8/16771T

SYSTEMS
Subject DISC_RECORD FORMAT

E = Entries and Extrns Record

Entries and Extrns records are written,for all fields defined as external

to the RPG or are RPG fields used by external routines. This applies to
exits specified on file description specifications and EXITs, RLABLs, and ULABLs

on Calculation Specifications.

Columns Description

0 E - Entries and Extrns Record
1 Not Usd
2-3 Record

14-15 or 19 Condensed Field Description Entry for field
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G = Generated Code Record

Generated code records are written by the generators and contain a
preliminary version of the generated program. Control section addresses
are not yet defined. These will be resolved in the code formatter phase.
Note: error records are passed on as x records by the generator.

Columrs Field
0 G - Generated Code Record
1 Blank
2-3 Record Number
4 Group (
5 Length (Group Size - accumulated text length
6-7 Address (Relative)
8 Text Relocation Group 0 = end of record
1-253 = relocation group
254 = The following byte is not to be
relocated and is to be propagated
as indicated the repeat count
255 = The following bytes are absolute
9 Repeat Count either the number of following text words/bytes
(words for 1-253, byte for 255 text relocation
?roup which share the relocation attribute speci-
ied the TEXT relocation group, or the number
of bytes to be propagated
Special case - if repeat count = 255 then reloca-
tion group refers to an external ordinal and the
implied length is two.
10-n Text

n+l = Sare as 8-n
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VI.

RPG_GENERATED OBECT PROGRAM

The RPG generated code consists of a man control routine, several
optional subroutines, interpreted table and in line code.

A.  Man Control Routine

The RPG built in logic is in this routine, |t determines when
records are read, when to do detail and total calculations and
output and calls various subroutines.

|t operates chiefly on the File Control Table. Fom the informa-
tion in this table it controls the RPG program's files.

There are pointers in the File Control Table to other generated
tables (e.g. Record ID, Field moves etc). The control oroaram
passes the addresses of these tables to the appropriate subroutine.

B. Subroutines
1. 1/0 routines - Open, Close, Get, Put, Position

2. Table building - will read a table/array file and usina the
table description(s) in the File Control table will build
the table.

3. Table Output - will write out an array/table according to
File Control table entries.

4. Record ldentification - Processes the record identification
table to identify input records-when a match is found it stores
the record identification table address in the file control
table for future reference.

5. Field moving (Input) - Processes the input field move table
to move fields from input record to work areas.
a. Test field record relation to see if field should be moved.
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b. Pack a decima field, movwe a packed decimal or alpha
field, convert binary fields to packed decima (for
matching field moves-sign in forced to prositive)

(for matching field alpha moves with alternate collating
sequence-translate field after moving it).

c. Set field indicators as needed

6. Field moving (output) - Process the output field move table
to create an output record.
a. Test output field indicators.
b. Perform noe (edit).
c. [ blank.

7. Line counter table processing.
8. Leve break test.
9. Matching Record test.

10. Calculation subroutines (divide, multiply, sguare root, etc.
see Cac code section).
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Page
Date

VI(4)

Do First
Page Output

Do Headina, Detai;\\\\ :

and Fetched Overflow
Output /////

®

®
' Set off overflow
indicators for total
Output & if on for 2nd
time throuah Took-set

of detail Output over-
flow indicators.

J

Operator Y€s Halt?
Option

no

yes

Continue? Set off record ID !
& 1P, L1-L9, H]—H9§

. |

yes

ast Record

no

Read from file just
Processed -

"Ist time only-move

all look ahead fields
*Identify record read

*If record just processed
has look ahead - do not
read now

O,
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(ﬁalt—Operatoﬁ} no
Option /

no En;\;;>\\
: (iif;~"“ Job?
7N

. ‘ yes

%
r\

o Controlled m
' W/

7 yes tehi > Y
- MatéHYng Fiel no
Perform Table t of Sequence2—">
and Array _ N d/,//”/ﬁpf/
Output ' '
/ Turn on Record yes
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equence Erro
Halt
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Priority record
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Content

I~

O
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i
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( End of Job ) |1eve1 Indicator
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Generated Code Groups

Each of the generation overlays generates code in one or more of the
compile time Groups. The size of each Group is kent track of and the
code formatter assigns the correct address to generated code b,
resolving the starting location of each Group.

Bdow is a list of each Group by the number that identifies it in the
generated code. Included with each Group is a 1ist of all the
generators that produce code in that Group. The generators are
identified as follows:

Control Program Generator <+ s<nie
Input/Output Generator

Fil e Extension/Line Counter Generator
Input Handling Generator
Calculations Generator

Output Handling Generator

The CECIS are as follows:

)
ouhwnhE

Na  Description Generated by
1 2 3 456
] ubject Time Communications Region X X X X X X
2 Not Usd
3 1/0/8BDT X
4 File Control Table X X X X
5 Table Lookup/Line Counter Table X
6 Input Field Moves-Level/Matching Field X
7 Input Field Moves-Other X
8 Input Record ID Table X
9 Calculation X
10 Output Moves X
11 Not Used
12 Constants, Literals X X
13 Output ldentification Table - Group 1 X
14 Output ldentification Table = Group 2 X
15 Output ldentification Table - Group 3 X
16 Output Identification Table = Group 4 X
, 17 Output Identification Table - Group 5 X
% 18 Output Identification Table - Group 6 X
19 Data Hod Area X X X
20 Forviard References S X
21 Indicators X X X X \X

22 Buffers and record area , X
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i SUBJECT R. P. G, Generated Object Program_ ORIGINAL DATE 11/17/71
REVISED DATE 4/31/73
1. HLE CONTROL TABLE
Oe per file - fixed length 40 bytes each.
The File Control Table has a different format for Input, Output, Update,
Record Address and Tables/Arrays.
Following is the portion of the table that applies to all file types.
Filled in T0 BY
TO v=variable
Bytes Description BY ph?s? number (see pg.
VI(7
F$TYPE O File Type Switches - Mare than one bit mey be on
Bit 0=1 Input file v 2
1=1 OQutput file _ o v 2
2=1 Record Address File (Limits) v 2
i 3=1 Record Address File (Record Numbeas or keys) v 2
— 4=1 RAFed file - file RAF links to vooo2
5=1 Chaned File v 2
6=1 Combined/Update file v 2
7=1 MFCU File v 2
F$TYPZ 1 File Type Switches (continued)
Bit 0=1 Table/Array File v 2
1=1 Console File v 2
2=1 Dearad File v 2
3=1 Rawom by keys v 2
4=1 Radom by Record Number v 2
5=1 Unusd 0 2
6=1 E Specified (when all E's reach end of file-LR) v 2
7=1 End of file reached 0 2
F$TYP3 2 H1le Type SmM tches
Bit 0=1 Cad File v 2
1=1 Print File v 2
2=1 Special File v 2
3=1 Matching Records Specified vooo2
4=1 Matching F1d in current RCD 0 2
5=1 Matching Records found 0 2
6=1 Trailer in current RCD 0 2
7=1 Lev 1 Flds in current RCD 0 2
["‘\

DEVELOPMENT DIVISION
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SECTION PAGE VI(8a)
SuBJECT RPG_Generated Object Program ORIGINAL pDATE __11/17/71
REVISED DATE 4/21)77
Bytes Description Filled In 10 _B_Y_
F$TYP4 3 Level 2-9 Present Switches
Bit 0=1 Lev 2 FLDS in current RCD 0 2
1=1 Lev 3 FLDS in current RCD
2=1 Lev 4 FLDS in current RCD
3=1 Lev 5 FLDS in current RCD
4=1 Lev 6 FLDS in current RCD
5=1 Lev 7 FLDS in current RCD
6=1 Lev 8 FLDS in current RCD
7=1 Lev 9 ADS in current RCD
F$BDT 4-5 Buffer Description Table (BDT) address or address of
SFECIAL device support routine v 2
F$LRAD;6—7 Logical Record Address v 2
FSRLEN 8-9  Record Length (Madmum for Variable Length Records) At
| object time this is changed to actual record length v 2
~ "F$TRAN 10-11 File Translation Table Pointer v 3
FSUSER 12-13 User Indicator Address v 2
FSLINK 14-15 Pointer to next input or prnt FCT v 2
" F$UNT  16-17 Unused 0 2
F$UN2 18  Unused 0 2
FSUN3 19 Unused 0 2
Bdow the portions referring to Input and Output files combine for
update files. .
Following is the portion of the table that pertains to Input files.
(except RAF and Table/Array files.)
Bytes Description Filled in To By
F$PRI 20-21 FHle Priority (0=Primary, 1-19=Secondary) Vv 2
F$RID 22-23 Record ldentification Table Address v 2
F$LOOK 24-25 Lok ahead field Mowe Pointer T v o4
e F$MACH 26-27 Matching Record Hold Area Pointer v 4
g 4

FSLEV 23-29 Levd Control Fields hold area Pointer v

]
DEVELOPMENT DIVISION » SANTA CLARA SYSTEMS PROGRAMMING
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%

SUBJECT _RPG Generated Object Program ORIGINAL DATE 11/17/71

REVISED DATE 12/9/77 & 4/21]72

Byte Description Filled in 10 BY
F$CRID 30-31 Current Record Identification Table Entry Pointer 0 4
F$RAFP 38-39 RAF File Pointer (from RAFed File)

Following is the portion of the table that pertains to output files.
FSLINE 20-21 Line Counter Table Pointer v 3
FSHAD 22-23 Output Record Identification Table chaining pointer -
Header and Detail Records v 6
FST 24-25 Output Record Identification Table chaining pointer -
Total Records v 6
) F$UPT 26-31 Left for possible update file
FSMFCU 32-33 MFCU interpret area address v 2
F$WORK 34-35 Wak area - Last Line Numbe (Print files only) 0 6
or relative key location in record (indexed files only)
F§SKIP 36 Switches
Bit 0=1 Last Line had a skip after 0 6
or 36-37 Pointer to Law Trailer Displacement
F$STAT 37  Oveflow Status 0 6
0=0Overflow work not yet done
1=Fetched overf Tav done _
Output will change this to 2 instead of doing norma overflow
2=A11 overflow work done - exec should turn off overflow
indicator and this switch set by output routines after
overflow processing.
F$OVER 38-39 Pointer to Overflow Indicator v 2

or Trai ler Displacement

Following is the portion of the table that pertains to Record Address Files (RAF)

F$ELEN 20-21 RAF Element Length - v
~l F$CLOC 22-23 RAF current location in record 0
F$FPTR 24-40 RAF FHle FCT Pointer v

DEVELOPMENT DIVISION SANTA CLARA SYSTEMS PROGRAMMING
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£~ secTioN pace (VI(8c)
sussect RPG Generated Object Program ORIGINAL DATE 1717771
REVISED DATE 4/21/72

Following is the portion of the table that pertains to Table/Array files.

-

Byte Description ' Filled in 10 BY
26-27 Pointer to Table Control {alternate v 3
table pointed to by TACT chain)
)
F§TCON<%W€M%W&W¢M»%M)* v—3_

SANTA CLAM SYSTEMS PROGRAMMING

DEVELOPMENT DIiVISION
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SUBJECT RPGﬁGEHERATED CBECT PROGRAM

ORIGINAL 3/2/71
REVISED DATE 12/8/7

2. Input Record Identification

The input record identification routine must:
A, Identify Record Type _
B. Check for proper sequence of input records

To accomplish this the Input Record ldentification routine interpretively
processes the Input Record Identification Table.

The beginning of the table is pointed to by a field in the file control
table. Also there is a wok area in the file control table for saving the
location of the last identified record identification entry, and a switch to
indicate whether alpha or numeric sequence is being processed.

Processing of the table always resumes where it had last left off. |If the

alpha sequences are being processed, all of them must be checked in a

circular chain before going to the numeric sequences. The numeric sequences
directly follow the alphas - when numeric sequences are reached, the position

Is marked and the routine returns to the beginning of the table, when all alphas
~ are processed, the routine tnen goes to the numeric sequences. If a non-
optional numeric sequence is passed in the table an error switch is turned on but
the search continues till all table entries are checked.

INRUT RECORD IDENTIHCATION TABLE
Bytes Description

R e O Type of record
0

= AND
2 = OR
4 = First Numeric Entry (an assumed OR)

6 = End of Table
8 = Trailer Description

T 1-2  Switches
R fsw Bit O=1 Option = 0
1=1 Numeric Entry
2=1 Only O Record Permissable

3=1 Not = N _
d=4 3e PRAThA of reword id
edlss 3 Stacker Select

edlznn 4-5 Pointer to Indicator associated with record

{@i»oN% 6 Portion of Character to test

0 = Character
2 = Numeric
4 = Zone

6 =

N Character to test - Record Identified i

DEVELOPMENT DIVISION : , SANTA CLARA SYSTEMS PROGRAMMING
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supECT PG GENERATED OBJECT ORIGINAL DATE ,/f:/
REVISED DATE __ '¢/8//1

Qslcﬂmz 7 Character or Portion to be tested .

R3$Ipzsg  8-9 Displacement within record of character to be tested
e¢lmeve  10-11 Pointer to field moves table

R3MV  12-13 Pointer to level/MR moves table

i

DEVELOPMENT DIVISION : ’ SANTA CLARA SYSTEMS PROGRAMMING
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3. Output Record ldentification Table

1 And/Or relationship with previous table entry
Bit 0=1, And, Bit 1=1, OR, Bit 2=1 ADD, Bit 3=1 End of Table

Field description pointer for this record type
File control table pointer

3% {‘1 l=presence is required, 2=must be off (NOT)

1 Indicator to be tested

1 Stacked Select/Fetched overflow, 15=Fetched overflow
1 Space before

1 Space after

1 Skip before

1 Skip after

2

2

4, Input Field Moe

This table is in three sections:

a. Level/Matching fields move (10 bytes entries)
b. Regular field moves (10-13 byte entries

c. Lok Ahed field moves (10-13 byte entries)

1 Levd Moe
1 Matching Field Moe
1 Array Moe - constant index
1 Array Moe - variable Index
1 Packed Decimd
1 Bytes 2-3 of this entry point to TR (trailer) moves?
1 Field indicator trailers
= 1 End of table (no entries follow)

[] Field Record relation indicator (or zero)

Instruction 1 Moe operation code (PACK, MOVX, binary)

[ L O U U I I | B N1 |

~NOoOuoTh~hwWNE

image for\ 1 507 (M=5, R=0)
all but Index 5 will contain the address of the input record
binary 2 Fam displacement in record
Imoves 2 To address
1 Fam length
1 To length

‘ Array, index (present only for array move)
group of 1 Plus field indicator or zero
3 is 91 Minus field indicator or zero
optional 1 Zero/blank field indicator orzero
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5. Output Field Moves

Type of data in table entry

value = 0 Field conditioning indicators

2 Edit (edit word must be moved to OP then edit operation)

4 Binary OP field

6 Regular move

8 Unpack

10 Blank after

12 Array element
| Full array loop control
1 8 *piace
| 18 End of moves

The above precedes each of the following formats

~--- Field conditioning indicators

3 Bit 0 =1 Not specified (N)
1-7 = Indicator
The above is repeated 3 times zero means no indicator to test.
--~- Edit
1 Switches

Bit 0 =1 floating dollar sign

From location

to location

Edit word pointer
From length

Edit word length

P RFRPDNDDN

---= Binary field
From length

1
2 From location
2 To location
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==== Regular move or Unpack

1 Not used
1 Qé:)eratlon Code
1 16 - Register 6 is record base
2 Fom location
2 To displacement in record
1 Fom length
1 To length
Blank after
1 Blank after indicator

---~ Array Element

1

Switches _ _ .
Bit 7=1 Immediate Binary value i s index

Bit 6=1 Pointer to binary value is index

Address from - (Address of array table)

Indes (Immediate value or pointer to binary or decimal index)
(Note - result of this operation is the Fon Address
for the next move entry in table - the result of this
array operation will be put in a work area - which will
be pointed to by the next operation).

---- Full Array Loop Control

1

NN

- ¥ PLACE

1

Not Usd

Array index increment in binary

Pointer to array index (in previous table entry)
Madamum index value

Transfer address

Sm tch
Bit 6=1 * PLACE currently in process (set at execution time -
if off then register 6 must be incrernented, if on
register 6 must be decremented).
Increment/Decrement to register 6 in binary
Transfer address -
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SUBJECT_BEG_Q_QDB_QQQ_QDLQQL_&QQKQH__; ORIGINAL DATE 11/5/71
REVISED DATE 12/9/71
Table and Array Processing
Tables and arrays require a run time control table in Code Group 5. The
location in Group 5 of the control table for a table/array can be found
by taking the table file entry number (from the field description table)
minus one times 24. The result is the relative location in Code Group 5
The format of the table/array control table is:
Bytes Description
T$TYFP 0 Bit 0=0 Table Nare
~ 0=1 Array Nare
1=1 Ascendi ng
2-1 Descending _
3-1 Input Data - packed decimal
4-1 Input Data - binary
5-1 Numeric
6-1 Alpha
7-1 Alternati g table
TiILE’\) 1 Not=tsed Pgter y inp? (ew)ﬂ\ QA\
T§STRT  2-3 Pointer to beginning of table/array
TdNExT_ 4-5 Pointer to byte fol Towmg table/array
TILENL  6-7 Entry length :
Ttent 1 8-9 Number of entries
Siteim  10-11 Pointer to last element found area
TeNUm  12-13 Numba of entries per record
TN 14-15 Chaining input TACT address
TdouT  16-17 Chaining output TACT address
TALAST  18-19 Last entry address of upper search table
TsuPER 20 Power 2 of upper table length +1
T bWk 21 Power 2 of lower table length +1
TEFRST 22-23 First entry address of lower search table

DEVELOPMENT DIVISION SANTA CLARA SYSTEMS PROGRAMMING
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< V'suBJECT RPG GENERATED CBECT PROGRAM ORIGINAL DATE 1719172

REVISED DATE

MEM@REX Design Specification L.$
WRITER

| =

Object time line counter table.

The Object time Line Counter Table is pointed to by FELINE in the File
Control Table. The Line Counter table has the following format.

Byte Description
, 0-1 Line Numbe

| 2-3 Channd number (1 = top of page, 12 = overflow line, 14 = line
number contains lines per page.)

i
|0-3 are repeated as often as necessary (a madmum of 11 times)
5 the terminating entry is a word of zeros.

vl n L
i :

— o LINE  NUMBER

+2 CHANME L thpses

LiNE  numdid @

e

CoMEORIIT L , N EER

~
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SUBJECT SPECIAL FILE LINKAGE ORIGINAL DATE 3/8/72
‘ REVISED DATE

SECAL HLE LINKAGE
Special Device types are read in a program external to the RPG. This
external program must provide all the interfaces with data management and
the record buffer(s) and GET logical record area.
Linkage to the external routine from the RPG uses the standard linkage.

¢ the parameter |ist address will be in register six (6)

e the save area address wi11 be set in register seven (7)
e the return address will be set in the first word of the save area.

The format of the parameter list is:

Wad Contents
1 Length of List (always 11)

2 Bits 0 - 7 - function code
=0 GET 4 = OPEN
=1 PUT 5=-0CE
Bit 12 = 1 variable length records are specified,
and word 7 must point to the record size.
Bit 13 =1 end of file return address specified in word 9.
3 Error return code - set by the external routine
(if non-zero the job wi11 be stopped and the error return code
printed out)
4-6  Not used.
7 Record size address - Points to a one word (2 byte) location which
will contain the record size.
(Bit 12 of word 2 must te = 1)
For GET, the record size address and record size are set hy
the external program. For PUT they are set by the RPG.
8 . not used
9 End of file return address (always specified - bit 13 of word 2
will always be = 1)
& 10-11 not used.

DEVELOPMENT DIVISION SANTA CLARA SYSTEMS PROGRAMMING
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7 SECTION VI PAGE 16

SUBJECT ORIGINAL DATE _3/8/72

REVISED DATE

Wad Contents

12 Address of record
o For Get this address is supplied by the external routine.

e For Put this addres's is supplied by the RPG compiler.
The Save Area (pointed to by register seven) format is:

Wad Contents
1 Return address

2-9 Usd by called program to save registers.

¥

DEVELOPMENT DIVISION SANTA CLARA SYSTEMS PROGRAMMING




4

[ 4
Mg V;{ @g N ELS/\Z RPG GENERATED OBJECT PROGRAM
7~ SECTION PAGE 17
{ SUBJECT Run Time Error Message ORIGINAL DATE 3/17/72
REVISED DATE
The Linkage to the run time error routine is:
LODD error number F6 -
LOD variable field (or ptr) Rl
JSR W$ERR R7
~If the operator specifies the continue option, control w11 be returned
) ' to the instruction following the JSR.
k If there is no optional field, R1 need not be initialized.
A tentative list of run time error messages follows. Please supply ne with
any changes or addi tions.
f",'
_ _ Cntld Immed.
Err No Message Variable Field Continue By Pass Cancel  Cancel
1 Indicator—— is on HO-H9 X X X
2 Negative Square Root line number X X X
at line number . (in binary)
3 Arithmetic Overflow 1ine number X | ' X X
at line number (in binary)
4 Divide by zero line number X X X
at line number——_. (in binary)
5 Variable index is not line number X X X
within array bounds (in binary)
(zero,minus or too
large) at 1ine number—
6 Table/Array out of ptr to 6 byte X X X
sequence, from file field with
TIA number file ID ptr
within fi Ie and T/A number
') record number Within  in files 8
T/A record #

DEVELOPMENT DIVISION SANTA CLARA SYSTEMS PROGRAMMING
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RPG GENERATED OBECT PROGRAM

PAGE 18

SUBJECT _Run Time Error Message

ORIGINAL DATE 3/17/72

REVISED DATE

Err No Message

7

10
11

12

13

14
15

16

Table/Array not found
from file s
T/IA number wi thin
file

Too may entries for
a table/array

Available partition
size exceeded

P Forms Alignment

Record out of
Sequence for file

File Out of Matching
Record sequence for
file

Unidentified Record
from file

Invalid Numerica
Data at iine

Channd not defined
on Line Counter for
file

Binary conversion
overflow at
Tine number

17-n 10 Errors (not defined) ptr to

_ ) ) Cutld  Immed.
Variable Field Continue By Pass Cance Cancel
ptr to 4 byte X X X
field with file
ID ptr & TA
number in file.

(same as for 7) X X X
none ) X
none X X

ptr to X X X
file name

ptr to X X X
file name

ptr to X X X
file name

line number X X X
(in binary)

ptr to X X
filename

line number X X
(in binary)

filename

¥

DEVELOPMENT DIVISION
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0000
0004

0C0s
00086
0008

- 000A

0006C

- 000

0C10
o012
B0l4

0016

0018
NnolA
001C
O0C1E
0020
0022
0024
0026
oozs
002A
oo2cC
Q02€
0030
0032
0034
0036
0038
C03aA
Cco3c
003+
0040
0047

%

ﬂﬁi

+ %

+%

%

+%
+WIFA
+WESWT
+ %

3%

+ %

+%

+ 3k

+ %

+ %

4+ 3
+WISWTZ
+WEFCT
+WHWFCTE
+WIHALT
+WL0nG1
+Wi0DG2
+Wi0G3
+4Ut0G4
+HW G055
+WiNG6
+WiLFEVH
+WHEMTCL
+WHIMTCH
+4 1IN0
+WHDATE
+WsTACT
+WHCALC
+WLLO
+Wall
+W L2
+Wil 3
+Wil 4
+Wtl S
+Whl 6
+WeL7
+WSLR
+WiLO
+WELR
+WOMNPUT
+WEPRNT
+WEFORC
+WHALTS

atQuU
aEQU

AEQU

DEGU
o EQU
a &)
aEQU
BEQU
FIRRINY!
abtQu
aEQU
DFQU
ot QU
Aoy
AEQU
abu
arnQu
aEQU
aEQU
LU
aENY
atou
aEGU
2 EQU
aEOU
akCu
2EQU
afbou
atQU
atnu
wFO
aEOU
AEOU
DEQY

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38

40

42
44
46
48
50
52
54
56
58
6EC
62
64
66

OBJECT TIMEC COMMUNICATijS AREA

FOLLOWING ARE FILLFD IN

JUN $RGE

SWITCHES

BIT 0=1

1=1 SIGN FORCING

1]

7=1

SWITCHES

oWV N WN
oo
PR e

RY GENERATORS 09 FORMATTER

XEC — 1ST EXECUTABLE RPG INS

MATCHING FIELDS IN CUR KCD
ON INPUT TEBLS
HALT ON OVERFLOW

FIRST CYCLE

LOW SEQ MTCH FLDS PRI FILE
(ONE OF MTCH FLUS SEC FILE
MTCH FILES IN OESC SEQ

NOT DCMESTIC FORMAT

HEGINNING FCT POINTER
NUMBER OF FCT ENTRIES

POINTER
POINTER
POINTER
POIYTFK
POIYTEK
POIMTER
PGINTER
POINTER
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REACTIVE DESIGN Pege VII G (1)
COMPUTER SPECIFICATION Dae 8/2/721

SYSTEMS : . . : e
Subject Detail Design - Calculation Specifications

VIlI. G Calculation Specification Scan

Internal tables:

Parameter Definition Table (PDT)

Numbea of entries = 35
Entry size = 12 bytes

Byte Bit Description

0-4 Cammad name
5 Index into BT (0 = o special processing)
6 Bit mgp. Meaning of each bit: bit=0, field must

be blank; bit=1, field does not have to be blank.
conditioning 1ind.

field length

decimal position

half-adjust

result indicator

factor 1

factor 2

result field

7 Bit'map. Meaning of each bit: bit=0, field my be
blank; bit=1, field must be present, .

0-7 For bit assignment see byte 6.

8 Indicators for factor 1. Meaning of each bit:
bit=0, type not allowed; bit=1, type allowed.

literal

field or element

entire table or array

special name

TAG or subroutine name

file name

alphameric

numeric

9 Indicators for factor 2. For specifics, see byte 8.

Al
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Page VII G (2)

REACTI VE DESIGN
COMPUTER 8/2/7——

Subject Detail Design - Calculation Specifications

10 Indicators for.result field. For specifics, see byte 8.

1 Miscellaneous indicators
0=1 control level must be SR
1=1 only AN/OR is acceptable

Special Requirement Branch Table (SRBT)

Nunber of entries: 15
Entry size: 2 bytes

Branch addres:es to routines that perform specific command-related processing.

For details, see flow chart pp. 10-16.
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Run Time Executive Root
Run Time Executive - Initialization Place
Run Time Executive - Run Phase
Run Time Executive - End of Job Phase
Matching Record Processing
Level Processing
Binary to Packed Conversion
Numberic Field Test Routine
Alpha Field Test Routine
Array Processing
Finish Pack Routine
Field Indicator Processing
Convert to Binary Routine
Array Output Routine
*PLACE Processing
ADD/SUB with half adjust
Z-ADD/Z-SUB with half adjust
Sign forcing for unpacked decimal
Half adjust routine
Test bit routine
Test zone routine
Chaining routine

processing
Divide routine
Multi ply routine
Display Routine
Read routine (from cal culations)
Binary Lookup of table/array
Sequential Tookup of table/array
Square Root Routine
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RPG MODULE DESCRIPTIONS
Compiler Modules - $SYSLODLIB

Load Library Object Library Source -
Mamba Mamba indicates Description
same
RPG $RGCNTL - Compi Ter Executi ve
e $RGHSN - Gomm Initial ization
- $RGHSI - Header Card Scan, File Allocations
- $RGSES EX s - Scan Govmn Subroutines
$RGFDS - - File Description Scan
$RGXLS - - File Extension /Line Counter Scan
$RGIPS - - Input Description Scan
$RGCLS - - Calculation Description Scan
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$RGIOG $RGBES Xy - Generation Gamm Subroutines
"o $RGIOG - Input/OQutput Generator
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$RGIPG - - Input Processing Generator
$RGGLG - = - - Calculation Generator - Pass 1
$RGGLET <+ - - Calculation Generator - Pass 2
$RGOPG - - Output Generator
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- $SRGCFY i1 4. - Code Formatter - Listing
- $RGCFE Mt - Code Formatter - tna of job processing
- $REBLG s - Buffered Library Generator
$RGXRF - - Cross Reference - Pass 1
$RGXRP - - Cross Reference - Pass 2
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SECTION PAGE _ VI (8)
SUBJECT R. P. G. Generated Object Program ORIGINAL DATE 11/17/71
REVISED DATE 4/21/72

1. FLE CONTROL TABLE
Ore per file - fixed length 40 bytes each.

The File Control Table has a different format for Input, Output, Update,
Record Address and Tables/Arrays.

Following is the portion of the table that applies to all file types.

Filled in T0  BY

TO v=variable

Bytes Descri ption BY phfiS()e number (see pg.
M (7

FSTYPT O File Type Switches - More than one bit mey be on
Bit O=1 Input file
1=1 OQutput file _ o
L 2=1 Record Address File (Limits)

< g < <<
PPN MNP N

=1 Record Address File (Record Numbers)
=1 RAFed file - file RAF links to
5=1 Chained File
6=1 Combined/Update file
7=1 MFCU File
F$TYP2 1 File Type Switches (continued)

Bit 0=1 Table/Array File v 2
1=1 Console File v 2
2=1 Demad File v 2
3=1 Rendom by keys v 2
4=1 Random by Record Number v 2
5=1 Unused 0 2
6=1 E Specified (when all E's reach end of file-LR) v 2
7=1 Bd of file reached 0 2

FSTYP3 2 File Type Switches

Bit 0=1 Cad File v 2
1=1 Print File v 2
2=1 Special File v 2
3=1 Matching Records Specified v 2
4=1 Matching FId in current RCD 0 2
5=1 Matching Records found 0 2
6=1 Trailer in current RCD 0 2
7=1 Lev 1 Flds in current RCD 0 2

DEVELOPMENT DIVISION ' SANTA CLARA SYSTEMS PROGRAMMING



AMIEMIOREEX
(" SECTION PAGE VI(8a)
suBJECT RPG_Generated Object Program ORIGINAL DATE 11/17/71
REVISED DATE _4/21172
Bytes Description Filled In 10 BY
F$TYP4 3 Level 2-9 Present Switches
Bit 0=1 Lev 2 FLDS in current RCD 0 2
1=1 Lev 3 FLDS in current RCD
2=1 Lev 4 FLDS in current RCD
3=1 Lev 5 FLDS in current RCD
4=1 Lev 6 FLDS in current RCD
5=1 Lev 7 HDS in current RCD
6=1 Lev 8 HDS in current RCD
7=1 Lev 9 HDS in current RCD
F$BDT 4-5 Buffer Description Table (BDT) address or address of
SFECAL device support routine v 2
FSLRAD 6-7 Logica Record Address v o2
FSRLEN 8-9 Record Length (Maximum for Variable Length Records) At
object time this is changed to actual record length v 2
¢~ F$TRAN 10-11 File Translation Table Pointer v 3
F$USER 12-13 User Indicator Address v 2
F$LINK 14-15 Pointer to next input or prnt FCT v 2
FSUN1  16-17 Unusd 0 2 .
F§UN2 18  Unusd 0 2
FSUN3 19 Unused 0 2
Bdow the portions referring to Input and Output files combine for
update files. .
Following is the portion of the table that pertains to Input files.
(except RAF and Table/Array files.)
Bytes Descri pti on Filled in I
F$PRI 20-21 Fle Priority (0=Primary, 1-19=Secondary) v 2
F$RID 22-23 Record ldentification Table Address v 2
F$LOOK 24-25 Look ahead field Moe Pointer v
f" F$MACH 26-27 Matching Record Hold Area Pointer v 4
FSLIV 28-29 Level Control Fields hold area Pointer v 4
1

DEVELOPMENT DIVISION

SANTA CLARA SYSTEMS PRO GRAMMING



AMIEMOCREX
¢ SECTION paGE  VI(8b)
SUBECT _RPG Generated Object Program ORIGINAL DATE _11/17/71
REVISED DATE 13/9/71 & 4/21]72
Byte Description Filled in I0 BY
F$CRID 30-31 Current Record Identification Table Entry Pointer 0 4
F$RAFP 38-39 RAF File Pointer (from RAFed H le)
Following is the portion of the table that pertains to output files.
FSLINE 20-21 Line Counter Table Pointer v 3
FSHAD 22-23 Output Record Identification Table chaining pointer -
Header and Detail Records v 6
FSr 24-25 Output Record Identification Table chaining pointer -
Total Records v 6
F$UPT 26-31 Left for possible update file
FSMFCU 32-33 MFCU interpret area address v 2
FSWORK 34-35 Wak area - Last Line Numba (Print files only) 0O 6
F$SKIP 36 Switches
Bit 0=1 Last Line had a skip after 0 6
F$STAT 37 Overflow Status 0 6
0=Overflow work not yet done
1=Fetched overflow done
Output w11 change this to 2 instead of doing norma overflow
2=A11 overflow work done - exec should turn off overflow
indicator and this switch set by output routines after
overflow processing.
FSOVER 38-39 Pointer to Overflav Indicator v 2
Following is the portion of the table that pertains to Record Address Files (RAF)
FSELEN 20-21 RAF Element Length v 2
F$CLOC 22-23 RAF current location in record 0 2
FSFPTR 24-40 RAF File FCT Pointer v 2

DEVELOPMENT DIVISION SANTA CLARA SYSTEMS PROGRAMMING
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MEMIOREX
r“\
"~ SECTION pace (VI(8c)
' RPG Generated Object Program ORIGINAL DATE 11/17/71
' REVISED DATE 4/21/72
Following is the portion of the table that pertains to Table/Array files.
Byte Description * Filled in T0 BY
(2/6 27 Pointer to Table Control (alternate v 3
table pointed to by TACT chain)
FSTCON{ 26=27Pointer—to—FtAET{tabtetarray—control-tabte)- 3

DEVELOPMENT DIVISION

SANTA CLARA SYSTEMS PROGRAMMING



MEM@REX

WR!TER SECTION
| SUBJECT

PAGE

ORIGINAL DATE

REVISED DATE

Generated Code Summary

tables. In line code consists of

Description

File Control Table

Buffer Description Table

Line Counter Table

Table/Array Control Table
Compile Time Tables/Arrays

Input Record ldentification Table
Input Field Moves

Level /Matching Field Moves

Cd cul ations

Output Moves

Constants

Output Record ldentification Table

© O N Ok wDdE

B
N B2

There are two major categories of %enerated code; In line code and interpreted
oth subroutine calls-and ‘straight line code.

Interpreted tables require run time subroutines to process them.

Following is a short summay of code generated by RPG Compiler:

Type  Generated By

T 1/0 Generator
T 1/0 Generator
T FE/Line Counter Generator
T FE/Line Counter Generator
T FE/Line Counter Generator

T Input Handling Generator
IL Input Handling Generator
IL Input Handling Generator
IL Cd cul ati on Generator

IL Output Generator

T Calc. & Output Generators
T Output Generator

Sl Tl B I B I S L Rt




E REACTIVE DESIGN Page _ VI(7)

COMPUTER
SYSTEMS SPECIFICATION Date —8/2/71

Subject _RPG GENERATED OBECT PROGRAM

Generated Code Groups

Each of the generation overlays generates code in one or more of the
compile time Groups. The size of each Group is kent track of and the
code formatter assigns the correct address to generated code b,
resolving the starting location of each Group.

Bdow is a lis't of each Group by the number that identifies it in the
generated code. Included with each Group is a list of all the
generators that produce code in that Group. The aenerators are
identified as follows:

Control Program Generator
Input/Output Generator

File Extension/Line Counter Generator
Input Handling Generator
Calculations Generator

Output Handling Generator

The CECTS are as follows:

ouklrwnE

No. Descrintion Generated hy

1 2 3 45 6
1 Object Time Communications Region X x X X X X
2 Not Usd
3 1/0/BDT X
4 File Control Table X X X X
5 Table Lookup/Line Counter Table X
6 Input Field Moves-Level/Matching Field X
7 Input Field Moves-Other X
8 Input Record ID Table X
9 Calculation X
10 Output Moves X
11 Not Usxd
12 Constants, Literals X X
13  Output ldentification Table - Group 1 X
14 output ldentification Table - Group 2 X
15 Output ldentification Table - Group 3 X
16 Output Identification Table - Group 4 X
17 Output Identification Table - Crouo 5 X
18 Output ldentification Table - Group 6 X
19 Daa Hold Area X X X
20 Not Usd
21 Indicators X X X X X

22 Buffers and record area X
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BLOCK DIAGRAM OF R.P. G. COMALERS

[ ' Source Input )
SYNTAX PHASE (builds resident field nare & file
(one overlay for each card type) description tables)

condensed - -

record : (Source

descriptions . To Code

\ 7y Formatting
r-»%, Entries ?i?étﬁgécgqg@ions (} Phase

TABLE OVERFLOW PHASE and Calculations

(optional - only of table overflow)

o e e i o
—— e o §,

-’

- —— m— - . w— g ]

) condensed - * Alternate Collatina Seauence
' . record .| * File Translation Tables
\ ' descriptions * Compile Time Talblles & Arrays
SE—— ] , ”
i d ‘ ) [N}
CODE GENERATION PHASE _ I/0,FE, Red Yoves, (uses resident' file
(5 overlays-Subrouti ne Generation, Calcs, OP) { description table)
_____________ 41
/ Prelimi nary ENTRIES
Object And ource
Code : XTRNS
\ Y
. ¥ 4
CODE FORMATTING RHAE
J ¢ .
. Source
%tr’gef;m Meamay ?lap
q o Error” Messages
1 L ‘
CROSS REFERENCE PHASE
- ‘ "] cross Reference
List




#ANPUT Cards
~~ Program Overlay in"Source Size Read _
MAX Normal(%) Bytes (Size) Write (Size)

Phase 1 - Scan
Compiler Executive 2,000 Open 0,1,2,3
Header Card Scan 1 1 750 0(80) 2(84)
#INS=1050/1i ne
File Description Scan 20 2or3 4,400 - 0(80) 1(40,2(84),3(20)
#INS-1230/1i ne pnts very few=0
File Extension Scan 60 0 to 2 )orer™d 0(80) 1(46),2(84)
#INS-1000/1i ne 3,900
Line Counter Scan 8 1 0(80) 1(20),2(84)
#INS=700/11ine
Input Spec. Scan o (33) 4,200 0(80) 1(27),2(84)
#INS=1000/1ine
Calculation Spec. Scan = (33) 4,164 0(80) 1(50),2(84),3(20)
#INS=1200/11ne very few=0
Output Spec. Scan 0o (33) 3,770 0(80) 1(28),2(84)
#INS=1000/1i ne (*Note: Close 3.keading and writing 1&2is a
1—1 relationship)
Phase 2
Overflow Phase (Optional) 2,000 1(as above) 4(Same as input length)
Phase 3 = Code Generation
1/0 Generator 3 3 4,000 1(40 5(300)in 8 geconds
#INS=1500/1i ne » open 5
Table/Array/Line counter Gen 3 3 2,000 0(80),1(46),1(20)  s5(50)
#INS=600/}]ne C|ose 2’0
Input Hand1ing Generator < (33) 4.168 1(27) 5(40),2(84)
#INS’—'800/]1H@ open 6
CALC.GEN,SUB. FHASE | o
#INS=700/11ine (33) 3,876 1(50)  6(50)
Calc.Gen.Sub.Phase | @ (33
SIS 600711 ne (33) 5,356 6(50)  5(50)
Output Handl}'ng Generator <« (33) 5.630 ](28) 5(60) in 2 records
#INS=700/1i ne closel,6: OPEN 2,3, OBECT & PRINTER
Phase 4 .
Code Formatter 4,500 5(50),2(84),3(20) , OP(50),List(132)
#INS=600/11ne close 2,3,5
Phase 5
Cross Reference (optional)
Not used

¢~ FILES: 1,2,3,4,5,6 = work files; 0 = source™file; OP = object program; |ist = source liting

4

(Reads in any compile time tables or arrays)



Iv.

MEMORY ALLOCATION

A. Minmunm buffer sizes

File:

0 Esource input)* - 84
1 [intermediate output)** -140
2 ésource intermediate) - 84
3 (extrns, entries) 24
4 (alternate intermedi a’ce}k 140
5 5generated code; -140
6 (Inter. gen.code -140

* 1 or 4is closed at end of Overflow
reopen 1 or 4.

Header Scan T/A,LCGen.

Header Scan Output G

Header Scan T/A,LC Gen.
Header Scan Output Scan
Overf 1av Phase * %k

1/0 G End of Job

Calc G | Output Gen.

Phase cross reference must

** The size buffer needed for file 0 (source input) is gotten from
data management. ,

| nput Source Buffer Size Init.
Card Reader 84
Teletype 124
Spooled Dynamic Nore
Library Dynamic Nore

|
]

1.

Init first 4 bytes as CSD header
Init first 4 bytes as C® header

‘B Memay Allocation - Partition Size greater than &.

Available free storage for tables and buffers =

High core address - 7000 bytes

Allocate other buffer sizes as:

File:

Allocate File 0 (source input buffer) same as & system

1 =16% of available free storage

2 =16% of available free storage

3 = 48 bytes ava

4 =168%00f available free storage
5 =/6% of available free storage
6 = ¥50f available free storage

Allocate remainder of available space to tables:



~92

768t)

min.

thytes

6580

2400

1580

Y

C Memory Allocation = Partition Size = 8K

SCANS

JCT, FDT
System Tables

BUFFER FILE 1
BUFFER FILE 2
BUFFER FILE 3
BUFFER FILE O

-

FILE NAME/DESC TABLE

FIELD DESCRIPTION
TABLE

SCAN
OVERLAYS

SCAN
COMMOM
SUBROUTINES

COMPILER
EXECUTIVE

COMMUNICATIONS AREA

8192

7680

4540
4400

2400

180

OVERFLOW
JCT, FDT
Systern Tables
BUFFER FILE 1 = (140)
'BUFFER FILE 2 = (84)
BUFFER FILE 3 = €24)
BUFFER FILE 0 = (?)

FILE NAME/DESC TABLE

FIELD DESCRIPTION
TABLE

BUFFER - FILE 4 (140)

OVERFLOW
PHASE

SCAN
GOMMON
SUBROUTINES

COMPILER
EXECUTIVE

”
“

COMMUNICATIONS AREA

8192

7680

7230

6380

1780
1580

180

GENERATORS

JCT,FDT
Systern Tables

BUFFER FILE 1 = (140)
BUFFER FILE § = (140)
BUFFER FILE 6 = (140)

FILE NAME/DESC TABLE

BUFFER FILE O
BUFFER FILE 2

GENERATOR
OVERLAYS

GEN. COMMON SUBROUTINES

COMPILER
EXECUTIVE

COMMUNICATIONS AREA




C. (Continued)

8192
7680

7432

1780
1580

CODE FORMATTER

JCT, FDT, PDT

BUFFER FILE 2

BUFFER FILE 3
BUFFER FILE 5

(84)
(24)
(140)

o

-

CODE
FORMATTER

(contains own buffer:;
for print and object
output-includes 600
byte BLIGEN sub-
routine)

GEN GOMMCN SUBROUTINES

COMP LER
EXECUTIVE

COMMUNI CATIONS AREA

CROSS REFERENCE

8192 ﬂ

JCT, FDT, PDT

7680

BUFFER FILE 1 = (140)
BUFFER FILE 5 = (140)
BUFFER FILE 6 = (140j

1780

CROSS
REFERENCE

(contains own buffer
for print file)

1580

GEN QOMMON SUBROUTINES

COMPILER
EXECUTIVE

COMMUNICATIONS AREA
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Preface

intent of the Manual

Thispublicationisintended asareferencefor programmers
writing RPG II specificationsfor the IBM System/3, Disk
System. Before using this manual, the reader must under-
stand the concepts and terms described in the following
publications:

1. IBM System/3 Disk System Introduction

2. IBM System/3 Card and Disk System RPG I
Fundamental sProgrammer’'s Guide

Division of Chapters

This publication hasten chapters. Chapter 1 isthe intro-
duction. Chapter 2 containsinformation commonto al
RPG coding sheets. Chapters 3-9 describe the seven types
of RPG specificationsin the order required by the RPG I
compiler. Chapter 10 contains supplementary information
on subjectsreferenced in other chapters. The subjects
presented in thislast chapter arein alphabetical order.

First Edition

Column Descriptions

Specificationsfor each coding sheet are described column
by column asa programmer would write them. Informa-
tion in every column descriptionis presentedin thisorder:

1. Lig of possibleentries.

2. Generd discussionof use of columnand considera
tionsfor al possbleentries.

3. Specificdiscussion of each entry

4.  Chartsand examples.

Page and Figure Numbers

Figure numbersand page numbersconsist of two numbers
separated by ahyphen. Thefirst number identifiesthe
chapter, and the second number identifiesthe figure or
peage within the chapter. For example, Figure 4-10 refers
to the tenth figurein Chapter 4.

Someillustrationsin thismanual have acode number in the lower comer. Thisisa publish-

ing control number andisnot related to the subject matter.

Changes are continually made to the specificationsherein; any such changewill be reported in

subsequent revisionsor Technical Newdetters.

Requestsfor copiesof IBM publicationsshould be made to your IBM representative or to

the IBM branch office serving your locality.

A form for reader's commentsisprovidedat the back of thispublication. If theform
has been removed, comments may beaddressed to IBM Corporation, Programming

Publications, Department 425, Rochester, Minnesota 55001.

© Copyright International Business Machines Corporation 1969
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FUNCTION CF RPG Il

The RPG II language consistsof a symbolic programming
language and a compiler program. The RPG II symbolic
language is designed asa highly flexible, problem-solving
language. It alows programming solutionsto a wide variety
of data processingproblems. The compiler program trans-
lates the symboliclanguage program (source program) into
amachinelanguage program (object program). The object
program is used by System/3 to processinformation
according to the programmer's specifications.

Basicdly, then the program you have written undergoes
two basic processes.

Chapter 1. Introduction

1. Compilation (source program translated into object
program).

2. Execution (object program used to processdata).

In the first case, program specificationsdefined by the
programmer are used to produce machine-languageinstruc-
tions. Storage areasare automatically assigned, constants
or other referencefactors areincluded, and program rou-
tinesfor checking, for input/output operations, and for
other functions are produced.

In the second case, the machine-languageinstructions are
combined with the input data filesand both are processed
through the system to produce the desired reports and
output files.
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USING RPG i

The preparation of areport by meansof RPG 11 consists of
the general operationsillustrated in Figure 1-1 and
described asfollows. (The circled numbersin Figure 1-1
refer to the numbersin the following text.)

1.

1-2

The programmer evauates the report requirementsto
determine the format of the input filesand the layout
of thefinished report. For example, he determines
what fieldsin theinput recordsare to be used, what
calculationsare to take place, where the dataisto be
located in the output recordsand how many and
what kind of totals must be accumulated.

After the programmer hasevaluated the requirements
of the report, he providesthe RPG I1 program with
information about these requirements.

a. He describesdl files used by the object program
(input files, output files, table files, etc.) by
making entries on the File Description Specifica
tions sheet.

b. If the programmer uses record address files, tables,
or arraysin hisobject program, he furnishesin-
formation about them through entries on the
Extension Specificationssheet.

¢. He describeshisinput (record layout fieldsused,
etc). Thisisdone by making entries on the Input
Specificationssheet.

d. He states what processingisto be done (add,
subtract, multiply, divide, etc.) by meansof entries
on a Calcul ation Specificationssheet.

e. He definesthe layout of the desired report (print
positions, carriage control, etc). Thisisaccom-
plished by making entries on the Output-Format
Specificationssheet.

After the specificationshave been written on the
appropriate forms, the data on the formsis recorded
in punched cards. Each line on the form is punched
into one card.

These punched cards(called a source deck) are
preceded by the RPG II control card. The source
deck and the control card are placed into a card-read-
ing device and processed by the RPG II compiler
under control of the Disk System. At the end of this
processing run (referred to asthe compilation run),
the object program is produced and stored in the
working storage areaof the disk. Thisprogram
contains al! the machine instructions required to pre-
pare the desired report.

The programmer may now have the object program
punched into cardsfor storage or he may proceed
directly to processingof the object program.

The input filesare then read into the system and
production of the report begins. Thisisknown as
the object run.

MACHINE REQUIREMENTS

The minimum Syster/3, Disk System machine require-
ments for use of the RPG 11 language are;

® 12K bytesof core storage

5424 Multi-Function Card Unit

5203 Printer

5444 Di Storage Drive
5410 Processing Unit

The optional machine devices alowed are;

¢ 16K, 24K, or 32K bytes of core storage

® Two 5444 Disk Storage Drives

® 5471 Printer Keyboard

RPG Specification Sheets

The RPC specification sheets are used when coding an

RPG II program. The format and column headingson each
of these sheetsguide you in making the appropriate entries.
The sheetsare designed so that one card is keypunched
from each specificationline. There are five specification
sheets:

1.

Control Card and File Description Sheet. Thissheet
containstwo types of specifications:

a. Control card specificationsprovideinformation to
the RPG 11 compiler.

b. File description specificationsprovide information
about al files used in the program.
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Figure 1-1. Reparation of a Report Using RPG 11
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RPG Controt
Card

Extension and Line Counter Sheet. Thissheet con-
tainstwo typesof specifications:

a. Extension specificationsprovide information
about tables, arrays, and record addressfiles.

b. Line counter specificationsprovideinformation
about the number of linesto be printed on the
formsthat are used.

Input Sheet. Thissheet isused to describe the records
inaninput file.

Output

Calculation
Specifications

input
Specifications

Extension and
Line Counter
Specifications

Description
Specifications

Figure 1-2. Card Arrangementin the RPG II SourceDeck
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File Translation
Specifications

Specifications

Calculation Sheet. Thissheetisused to describeall
operations that are to be performed on the data.

Output-Format Sheet. Thissheet isused to specify
the arrangement and type of data that will be written
or punched on printed reports or cards, or stored on
disk.

Theinformation on the specification sheetsis
recorded in punched cardsto form your source
program. The arrangement of the cardsin asource
program deck isshown in Figure 1-2.

Table or Array
Loaded at
Compilation Time

Alternate
Cottating Sequence
Specifications

4 = blank

Some of these specifications
are optional, dependingon the
requirements of your program.



Thischapter definesthe entries which are common to all
RPG coding sheets. Each coding sheet containsthe follow-
ing entries:

1.  Columnsl1-2 (PAGE)

2. Columns3-5(LINE)

3. Column 6 (FORM TYPE)
4.  Column 7 (COMMENTYS)

5. Columns75-80 (PROGRAM IDENTIFICATION)

COLUMNS 1-2 (PAGE)

Entry Explanation

01-99 Page number

Columns 1-2 in the upper right corner of each sheet are used
to number the specificationssheetsfor your job. 'Y ou may
use more than one of each type of sheet if you need to, but
keep dl sheetsof the same type together. When all the
specifications sheets are filled out, arrangethem in the
followingorder:

1. Control Card and File Description

2. Extension and Line Counter

Chapter 2. Common Entries

3. Input
4. Calculation
5. Output-Format

Number the sheetsin ascendingorder.

COLUMNS 3-5 (LINE)

Entry Explanation

Any numbers Line numbers

Columns 3-5 are used to number the lineson each page.
Columns 3-4 are preprinted on each sheet, so in most cases
line numberingisaready done for you. For instance, the
Control Card and File Descriptions sheet containsline
numbersfor lines01-07. If you need more than 7 lines

on one sheet, enter 08 in columns 3-4 below line07. Then
09 can be entered if it isrequired. The blank areas below
the preprinted numbers can be used to insert aline between
two linesyou have completed (see Example).

The control card specification lineisawaysline 01. Any
other lineson the sheets can be skipped. The line numbers
you use need not be consecutive, but should be in ascending
order.
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Example

Figure 2-1 showsthe insertion of aline between two lines

that are already written. To show that aline belongs

between line 02 and line 03, a5 is placed in column 5 (any

number 1-9 can be used). Line 025 should be inserted
between 02 and 03. All lines inserted between existing
lines should be written after the last line with a printed
line number.

Note: After the source cards have been punched, cards
frominsert lines must be placed in proper sequence.

COLUMN 6 (FORM TYPE)

Entry Explanation

Entry

m

—

Explanation

Extension specifications
Line counter specifications
Input specifications
Calculation specifications

Output-Format specifications

Column 6 contains a pre-printed letter on al sheets. The
letter identifies the type of specificationsfor each line of
coding. TheH entry in column 6 of the Control Card

H Header card (control card specification)
P standsfor header card. The header card must dwaysbe the
, - N first card in the RPG II source program deck (Figure 1-2).
F File Description specifications
IBM International Business Machines Corpatation Form X21-8082
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Figure2-1. Insertion of Lines
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COLUMN 7 (COMMENTS)

Entry Explanation

#* Comment line

Y ou often want to write comments that will help you
understand or remember what you are doing in a certain
section of coding. RPG II alowsyou to use an entireline
for these comments. The comment line isidentified by
placing an asterisk in column 7. Any charactersin the
character set may be used in acomment line. A cardis
punched from thisline and the comments appear in the
source program listing.

Commentsare not instructionsto the RPG II program.

They serve only asameansof documenting your program.

A comment line cannot be written in the Control Card
specificationsline.

Note: To be compatible with other RPG systems, the
specification sheets show only 80 card columns that are
used for RPG I coding.

COLUMNS 7580 (PROGRAM IDENTIFICATION)

Entry Explanation

Any Programidentification.

characters

Blank RPGOBJ is assumed.
Control Cards

Columns 75-80 of the control card are used to name your
object program. This nameisused in a program directory
which containsthe location of your programon disk. You
may use any combination of charactersin these columns.
The compiler placesthe first four characters (columns
75-78) into positions 89-92 of each record in your object
program. If columns 75-80 are left blank, the compiler
assumesthe entry isRPGOBJ. (The compiler uses columns
93-96 of each abject program record for consecutive num-
bering of the records.)

All Other Source Cards

Columns 75-80 on al source program cards, except the
control card, may contain any characters. These columns
may use the program name in the control card, or the
column may contain any other charactersto identify a
certain portion of the program. Theseentries are ignored
by the compiler, but will appear in the source program
listing.






One control card isrequired for every program. It provides
specid information about your program and describesyour
system to the RPG H compiler. Without thisinformation
your source program cannot be tranglated into an RPG 1I
object program. To help you code the control card, one
specificationlineis provided on the Control Card and File
Description sheet (Figure 3-1).

COLUMNS 1-2 (PAGE)

See Chapter 2.

Chapter 3. Control Card Specifications

COLUMNS 35 (LINE)

See Chapter 2.

COLUMN 6 (FORM TYPE)

An H must appear in column 6. A control card with an /7
in column 6 must be entered for every program even if dl
the other control card columnsareleft blank.

International Business Machines Corparation Form X2% 9002
IBM Printed m US.A,
¢
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Figure 3-1. Control Card and File Description Sheet



COLUMNS 7-9 (CORE SIZE TO COMPILE)

Columns 7-9 are not used. Leavethem blank. Any entry
in these columnsisignored by the compiler. The program
iscompiled in the available core storage.

COLUMN 10 (OBJECT OUTPUT)

Entry Explanation
Blank Object program iswritten temporarily in
the object library.
{/‘« A
L c o . Object programiswritten permanently
e in the object library.
P Object programis punched into cards.

Column 10 isused to indicate the output you want asa

result of compilingthe source program. The object program

isalwayswritten in the same object library in which the
compiler resides.

Y ou will usualy want the object program written tem-
porarily in the object library until you have corrected any
severe errorsin your program. When a program iswritten

Column 11 providesfor listing optionsat the time your
source program is compiled. Compilation will cease after
the program ligting is complete if any severe errorsare
found.

The blank entry isthe usual case, producing an object
program (if no severe errorsare found), an object program
listing, and acore map. The program listing consists of the
source program and error messages. The core map lists
relative addresses of fields, constants, 1/O areas, etc.

The D entry meansthat no object program will be
produced; however, a program listing with error messages
and acore map are printed. Thisentry can be used if you
think the program has many initial errors. In such acase,
it isnot advisable to produce an object program until these
errorsare reduced in number. The D entry overridesany
entry made in column 10 of the Control Card Specifica
tionsline.

temporarily in the object library, it will be overlaid by the ..i _coLumns 12-14 (CORE gjzg TO EXECUTE)

next program written in the object library.

COLUMN 11 (LISTING OPTIONS)

Entry Explanation
Blank . Theobject programis produced (if
no severe errors are found).
2. A programlistingis printed.
3. Acoremapisprinted.
D 1 The object programisnot produced.

(The D entry overridesany entry in
column 10 of the Control Card
Specifications.)

2. Theprogramlistingis printed.

3. A core mapisprinted.

Entry Explanation

Blank The core storage available for object pro-
gram execution isthe same asthat used to
compilethe program.

001-029 The core storage availablefor program

execution (if different from core storage
availablefor object program generation).

Columns 12-14 define the core storage availablefor program
execution. Theentry must end in column 14. The entry
issomemultiple of 1K bytesof storage(K=1,024).

Thisentry may be different from the core storage avail-
ablefor object program generation for two reasons: |)

Y our program may be executed on a different system from
the one that compiled your program, or 2) You are using
the Dual Program Feature.

If the system used for program execution is different from
that used for compilation, subtract the amount of core
storage occupied by the supervisor from the total core
storage of the system used for execution.

If you are using the Dud Program Feature, subtract the
amount of core storage occupied by the second object
program and the supervisor from the total core storage of
the system used for program execution.



COLUMN 15 (DEBUG)

Entry  Explanation
Blank  DEBUG operation is not performed.
1 DEBUG operation is performed.

Use column 15 to indicate whether or not the DEBUG opera
operation is performed. In order to perform a DEBUG
operation:

1 A I must appear in column 15 when the source pro-
gram is compiled,

2.  The DEBUG operation code must appear in calcula
tion specifications.

See Operation Codes, Debug Operationin Chapter 10 for
more information.
COLUMN 16

Column 16 isnot used. Leaveit blank.

~ - COLUMNS 17-20 (STERLING)

Columns 17-20 are used to describe the format of the
sterling fields used in sterling currency. |If you are not using
sterling, these columns must be left blank. See Serlingin
Chapter 10 for more information.

- . COLUMN 17 (INPUT—SHILLINGS)

Entry Explanation

Blank Sterling currency is not being used.
1 Input shilling fieldisin IBM format.
2 Input shilling field isin BS (British

Standards institute) format.

wu ... COLUMN 18 (INPUT—PENCE)

Entry Explanation

Blank Sterling currency is not being used.
1 Input pencefieldisin IBM format.
2 Input pencefieldisin BS format.

COLUMN 19 (OUTPUT—SHILLINGS)

Entry Explanation

Blank Sterling currency is not being used.

0 Output shilling field is to be printed only.

1 Output shillingfield isto be punched in
IBM format.

2 Output shilling field isto be punched in
BSI format.

COLUMN 20 (OUTPUT-PENCE)

Entry Explanation

Blank Sterling currency isnot being used.

0 Output pencefield isto be printed only.

1 Output pencefieldisto be punched in
IBM format.

2 Output pencefieldisto be punched in
BY format.

The same fieldsmay be both punched and printed. Although
they are dwayspunched in the selected format (IBM or

BSl), the printed output is not affected by the selected
format. Printed fields always have two positions in both the
penceand shilling fields. See Serlingin Chapter 10 for
more information.

".~COLUMN 21 (INVERTED PRINT)

Entry Explanation

Blank Domestic format.

I World Trade format.

J World Trade format (leading zero remains
for zero balances).

D United Kingdom format.

Use column 21 to describe the format and punctuation used
in numeric and UDATE fields. The blank entry specifies
the domestic format of month/day/vear for UDATE fields
(10/15/69), and a decimal point for numeric fields (183.55).
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Thel entry specifiesthe World Trade format of
day.month.year for UDATE fields(15.10.69), and adecimal
commafor numeric fields(183,55).

The J entry specifies the same World Trade format asthe
| entry with one exception. When the Jentry isused, zero
balancesare alwayswritten or punched with one zero to
the left of the decima comma(such as0,00). Also this
leading zero appearsfor the Jentry when there is somevaue
in the field, but thereisno value to the | eft of the decimal
comma(such as0,04 or 0,10). The Jentry overridesany
edit codes used for zero suppression; that is, the leading zero
that appearsfor the J entry cannot be removed by an edit
code.

The D entry specifiesthe United Kingdom format of
day/month/year for UDATE fields(15/10/69), and a
decimal point for numeric fields(183.55).

COLUMNS 22-25

Columns 22-25 are not used. Leave them blank.

COLUMN 26 (ALTERNATE COLLATING SEQUENCE)

Entry Explanation
Blank Normal collating sequenceis used.
S Alternate collating sequenceis used.

Use column 26 only if you are altering the normal collating
sequencefor thisjob. See Alternate Collating Sequencein
Chapter 10 for more information.

COLUMNS 27-36

Columns 27-36 are not used. Leave them blank.

COLUMN 37 (RPG INQUIRY SUPPORT)

Entry Explanation

Blank This program cannot be interrupted (does
not recognize an inquiry request).

B This program can be interrupted (does

recognize an inquiry request).
This programisan inquiry program that

can only be executed when an inquiry
request is made.

34

System/3 Disk System allowscertain programsto be
interrupted while they are being processed. A request for
interruption iscalled an inquiry request (made by depres-
sion of theinquiry key on the printer-keyboard). Programs
are usualy interrupted to permit another programto run
and then control isgiven back to the first program.

A blank entry in column 37 indicates that the program
cannot be interrupted (does not recognize an inquiry
request).

A ""B" entry indicates that the program can be interrupted
(will recognizean inquiry request).

An I entry indicates that the programisan inquiry pro-
gram that isexecuted only when the inquiry request is
made. Usudly thistype of programisreadin only whena
B type programisinterrupted. In thiscasethel type pro-
gramwill not recognizean inquiry request. However,if an
| type program isloaded in the normal manner (not because
of aprograminterrupt) it can only be executed when an
inquiry request ismade. Whilethis programisrunning, it
will not recognizean inquiry regquest.

The RPG inquiry request isoutlined in these steps:

1. Only aBtype programwill recognize an inquiry
request.

2. When the program recognizeson inquiry request,
a""Roll-Out" routine movesthe interrupted program
from main storageto disk.

3. The programfor which the interrupt was requested
isprocessed. Theinterrupting program may be any
type (blank, B, or I). Thisinterrupting program can-
not be interrupted no matter what type it may be.

4.  After theinterrupting programisexecuted, the
interrupted program movesback into main storage
using a'* Roll-In" routine. Theinterrupted program
beginsexecution at the point of interruption and
terminatesin anorma manner.

Note: In the dual program mode the same specifications

apply except that only level | programscan be interrupted
and "' Rolled-Out™.

COLUMNS 38-40

Columns 38-40 are not used. Leave them blank.



COLUMN 41 (FORMS POSITIONING)

Entry Explanation

Blank

P

I First 1P line can be printed repeatedly.

First 1P lineisprinted only once.

When formsarefirst inserted in the printer, they may not
alwaysbein perfect dignment. Sometimesit requiresthe
printing of several linesto determine the correct positioning
of the form. Sinceyou do not want to print severd lines of
your report before you get the forms positioned correctly,
you have the option of repeatedly printing the first line
conditioned by the first page (1P) indicator. Each time the
1P lineis printed, the program halts so you may reposition
the forms if needed.

COLUMN 42

Column 42 isnot used. Leaveit blank.

COLUMN 43 (FILE TRANSLATION TABLES)

Entry Explanation
Blank No file translation is needed.
F Input, output, update, or combined files

are to be trandlated.

Use column 43 only when information contained in an
input, output, combined, or update file isin aform which
isnot usable by your program. When file trandation is
specified for an update or combined file, both the input
and output portion of thefileistrandated.

An Fin column 43 indicates either or both of the follow-
ing: The character code used in the input data must be
trandlated into aform that can be used by your program,
or the output data must be in a character code different
from that used by your program.

The specificationsfor forming afile trandation table are
discussed under File Trandation in Chapter 10.

COLUMN 44 (LEADING ZERO SUPPRESSION]

Entry Explanation
Blank Leading zeros are removed.
1 Leading zerosare used.

Thiscolumn appliesonly to output on the MFCU. If the
column isleft blank, al numeric output fields on the MFCU
will have leading zeros removed. Enter a 7 in column 44
when you wish to have leading zeros on fields punched or
printed by the MFCU.

If an edit word or edit code isdefined for recordstc be
printed or punched on the MFCU, the edit word cr code
will override column 44. See Editing in Chapter 10 for the
other waysin which to suppressleading zeros.

| COLUMN 45 (UNPRINTABLE CWARACTER OPTION}

Entry Explanation

Blank Program haltsif an unprintable character
isto be printed.

1 No program halt for such unprintable
characters.

Column 45 isused to bypass machine halts for unprintable
characters. Thiscolumn appliesto the printer and the
printer keyboard, All charactersare known to the system
by a numeric code. if a numeric code isformed whichis
not known to your system (not in your character set) and
that character isto be printed. the machine will halt with-
out attempting to print.

If you wish to bypassthishalt, enter 1 in column 45. An
unprintable character will be printed asablank and no halt
will occur. Note, however, that this option could make
sometypes of output data meaningless.

COLUMNS 46-74

Columns46-74 are not used. Leave then blank.

COLUMNS 75-80 (PROGRAM IDENTIFICATION)

See Chapter 2.
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Chapter 4. File Description Specifications

File description specificationsare required for every file COLUMNS 1-2 (PAGE)
used by a program. Write these specifications on the Con-
trol Card and File Description sheet (Figure 4-1). Only one
lineis needed to describeafile.

At the end of this chapter isaseriesof charts showing
dl possiblefilesthat can be defined on the File Description
sheet (see Figures4-14 through 4-20). The chartsare
arranged by device, showing the basic entries for all possible
disk, card, console, and printer files.

See Chapter 2.

COLUMNS 3-5 (LINE)

See Chapter 2.
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Figure 4-1. ControlCard and File Description Sheet



COLUMN 6 (FORM TYPE)

An F must appear in column 6.

COLUMNS 7-14 (FILENAME)

Use columns 7-14 to assign a unique name to every file used
inyour program. Every file must be named, with two
exceptions:

1. Compiletimetablesor arraysare not described, and
must not be named on the File Description sheet.
Compile time tablesor arrays are described on the
Extension sheet.

2. Execution time tables and arrays are described on the
File Description sheet. However, if more than one
execution time table or array isassigned to the MFCU,
only one of the tables or arrays need be named and
described on the File Description sheet. Note, how-
ever, that all execution time tables and arrays must
have a unique name and must be further described on
the Extension sheet.

The filename can be from 1-8 characters long, and must
beginin column 7. Thefirst character must be an alpha
betic character. The remaining characters can be any com-
bination of alphabetic and numeric characters (specia
characters are not allowed). Blanksmay not appear between
characters in the filename.

COLUMN 15 (FILETYPE)

Entry Explanation

| Input file

O Output file

U Update file
“c Combined file

D Display file

Use column 15 to identify the way in which your program
uses the file,

4-2

Input files are recordsthat a program usesasa source of
data. When input filesare described in a program it indi-
cates that records are to be read from the file. All Input
filesmust be further described on the Input sheet with two
exceptions: Table filesand Record Addressfiles must be
further described in the Extension sheet.

QOutput files are records that are written, punched, or
printed by a program. All Output files, except table output
files, must be further described on the Output-Format sheet.

Update filesare disk filesfrom which a program reads a
record, updates fields in the record, and writes the record
back in the location from which it wasread. Updatefiles
must be further described on both the Input and Output-
Format sheets,

A Combined file isafile which isboth an input file and an
output file. A combined file must be assigned to the MFCU
or the console. A program reads records from a combined
fileand includes output data on the recordsin the file.

The result isone file that contains both input and output
data. Combined filesmust be further described on both
the Input and Output-Format sheets.

ADisplay file isa collection of information from fields
used by a program. The DSPLY operation code must be
used on the Calculation sheet in order to print afield or
record directly from storage and/or key datainto afield
or record in storage. Display filesneed only be described
on the File Description sheet. The device associated with
adisplay file must be a console. See Operation Codes,
Display, in Chapter 10 for more information.

COLUMN 16 (FILE DESIGNATION)

Entry Explanation

P Primary file

S Secondary file

C Chained file

R Record address file

T Tablefife (execution time tables or
arrays)

D Demand file

Use column 16 to further identify the use of input, update,
and combined files. Leave the column blank for display
files,and dl output filesexcept chained output files(direct
load).



Primary File

Aprimary fileisthe main file from which a program reads
records. In multifile processingthe primary fileisused to
control the order in which records are selected for process-
ing. It canbeaninput, update, or combined file. In pro-
gramsthat read records from only one file, that file isthe
primary file. Every program must have one, and only one,
primary file. If more than orié primary file is specified, all
but thefirst primary file named are considered secondary
files.

If no Pentry ismade in the file description specifications,

the first Secondary file defined will be taken as the Primary
file. When no Secondary filesare present in the program,
the first Demand file will be used asthe Primary file. If
none of the above are present, awarning isissued and the
program cannot be executed.

Secondary Files

Secondary filesapply to programsthat do multifile proc-
essing. All of the filesinvolved in multifile processing
except the primary file are secondary files. A secondary
file can be an input, update, or combined file. Secondary
filesare processed in the order in which they are written
in the file description specifications.

Note that table, chained, record address, and demand
filesare not involved in record selection in multifile proc-
essing.

See Multifile Processingin Chapter 10 for more informa-
tion on primary and secondary files.

Chained Files

A chained file isa disk file that uses the CHAIN operation
code to:

1. read records fandomly"

2. loada {iirect file

A chained file can be an Input, Output, or Update file.
See Column 28 /Mode of Processing), Random, in this
chapter, and OperationCodes, CHAIN, in Chapter 10.

Record Address Files

Arecord address file 1s an input file that indicates (1}
which records are to be read from a disk fileand (2) the
order in which the records are to be read from the disk file.
You cannot use more than one record address file in a pro-
gram. All record address files must be further. defmed in
extension specifications. -

Record address files contain record-key limits or disk
addresses. Record address files that contain record-key
limits can be disk files, card files, or can be entered by the
printer-keyboard.

Record address files that contain disk addresses can only
be disk files. Those files that contain limits are used with
indexed files only. See Column 28 (Mode of Processing),
Sequential Within Limits in this Chapter for more informa-
tion.

Record address files on disk that contain disk addresses
are called ADDROUT {address outpui) files. They are
produced by the Disk Sort program and can be used with
any type of disk file. See Column 28 {Mode of Processing),
By ADDROUT File in this chapter for more information.

Table Files

A table file is an input file that contains table entries. The
entries can be read into the program during the compilation
or execution of the program. Only execution time : tables
are described on the File Description sheet. However “both
execution and compile time tables must be described in
extension specifications.

Entries read during compilation become a permanent
part of the program. Both compile and execution time
tables may be changed at execution time. Compile time
tables, however, can be permanently altered only by
recompiling the program. Execution time tables can be
permanently altered each time the program is executed.

Table files are not involved in record selection and proc-
essing. They are only a means ¢ of supplying entries for o
tables used by the program. | When table files are read dur- |
fing /“ing the execution of the pmgram the program reads all of |

| the entries from the table files before it begins record
: _ processing. I table filesmust be further defined in
extension spemﬁcatzom

e

Demand Files

Demand files can be Input, Update, or Combined files.
The FORCE operation code must be used in calculation
specifications in order to read from a Demand file. See
Operation Codes, FORCE, in Chapter 10.

4-3



COLUMN 17 (END OF FILE)

Entry Explanation

E All records from the file must be proc-
essed before the program can end.

Blank I.  Theprogram can end whether or

not all of the records from the file
have been processed.

[

if column 17 is blank for dl of the
files, al recordsfrom every fiie
must be processed before the pro-
gram can end.

Columan 17 applies to programs that perform multifile
processing. Use it to indicate whether or not the program

can end before all of the records from the file are processed.

It applies only to input, update, and combined files that
are used as primary and secondary files.

A program that performs multifile processing could reach
the end of one file before reaching the end of the others,
It therefore needs some indication of whether it is to con-
tinue reading records from the other files or end the pro-
gram. An entry in column 17 in the descriptions of the
files provides that indication.

if the records from all of the files must be processed,
column 17 must be blank for all files, or contain £’s for all
files.

COLUMN 18 (SEQUENCE)

Entry Explanation

A Sequence checking isto be done. Records
in the file are in ascending order.

D Sequence checking is to be done. Records
in the file are in descending order.

Blank No seguence checking Is to be done.

Column 18 applies to update files, combined files, and all
input files except table files. Leave column 18 blank for
output, display, record address, or table files, and for all
random processing (R in column 28). Use it to indicate
whether or not the program is to check the sequence of the
records. Use columns 61-62 on the Input sheet to identify
the record fields containing the sequence information.

Sequence checking is required when match fields are used
in the records from the file. When a record from a match-
ing input file is found to be out of sequence, the program
halts, and the operator will have three options:
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1. bypassthe record out of sequence and read the next
record from the same file, or

2. bypassthe record out of sequence, turn on the LR
indicator and perform al end-of4ob and final total
procedures, or

3. cancel the entire program.

If column 18 is blank and matchingfieldsare used, the
compiler assumes that the entry is4 and prints a warning
message. For more information, see Columns 61-62
(Matching Fields) in Chapter 7.

COLUMN 19 (FILE FORMAT)

Entry Explanation

F Fixed-length records
Column 19 must contain an F entry. Thisentry indicates

that dl of the recordsin the file are of the samelength. A
blank entry isassumed as 7.

COLUMNS 20-23 (BLOCK LENGTH}

Entry Expl anati on

A number Recordsare blocked. The number is
that isa some multiple of the record length.
multiple of

record length

A number Records are unblocked. The block
that equals length equalsthe record length.
record length

Use columns 20-23 to indicate the block length. An entry
must be made in these columnsfor every disk file. For

the MFCU, printer, or console enter avalue equal to

record length. The block length isa multiple of record
length, indicating the number of recordsyou want the
programto read or write on disk at one time. If the record
length is 120, you might have a block length of 480,
indicating that you want 4 recordsread or written on disk
a onetime. The program runsmore quickly when records
are blocked. Blockingdoesnot affect the order of records
stored on disk. The entry must end in column 23, and
leading zeros may be omitted.



The block length must be amultiple of the record length.
If the record length is 120, the block length must be 240 or
360 or 480 and so on. However, the system must read and
write data from the disk in multiplesof 256 characters. If
your block length is 80, the system must actually read in
256 characters. If your block iength is 260, the system must
read in 512 characters (2 x 256).

Therefore, the most efficient blocking you can do isto
have your block length as close as possibleto a multiple
of 256. For arecord length of 120,240 isamore efficient
block length than 120, since 240 iscloser to 256. Also, for
the same record length, 480 isamore efficient block length
than 360 because 480 is closer to amultiple of 256 (512).
If you specified 360 asa block length, 512 characters must
be read in by the system, so you might aswell include
another record, making your block length 480.

COLUMNS 24-27 (RECORD LENGTH])

Entry Explanation

1-4096 The number of charactersin each record,
limited by the device used.

Blank The maximum record length of the device

isassumed.

Use columns 24-27 to indicate the length of the recordsin
the file. Any entry must be madein these columnsfor a
disk file.

All of the recordsin one file must be the same length.
(For update files, the length of a record after the record is
updated must be the same asit was before the record was
updated.) The maximum length allowed depends upon the
device assigned to the file.

Device Maximum Length

MFCU 96

Printer 96,120, or 132 (depending on the size
of the print positions)

Disk 4096

Console 125

The record length may be shorter than the maximum
length for the device, but not longer.

The entry you placein these columns must end in column
27. Leading zeroscan be omitted. If columns 24-27 are
left blank for adisk file, awarning isissued and the program
will not be executed. If these columnsare |eft blank for
any other devices, the maximum record length of the device
is assumed.

COLUMN 28 (MODE OF PROCESSING)

Entry Explanation
L Sequential Within Limits
R 1 Random By Relative Record
Number
2. Random By Key
1}*‘5 By ADDROUT File

4.  Direct fileload (random load)

Blank 1. Sequential By Key

2. Consecutive
Use column 28 to indicate the method by which records

areto be read from the file or to indicate that a direct file
load (random load) is to take place.
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.\ For disk files specified as primary, secondary, or chained
| files, the possible methods depend upon the organizations
of the files (Figure 4-2). For the other types of files, conseC-
~utive processing is the only possible method.
" Column 31 is used to further identify the method for the
program. See Column 31 (Record Address Type) in this
chapter.

To indicate a direct file load (random load) enter an R ~__
in column 28.

i
|
¢
<.

Consecutive

The consecutivemethod appliesonly to sequential and
direct files. During consecutiveprocessing recordsare
read in the order in which they physically appear in the
file. The contentsof spacesleft for missing recordsin
direct filesare read asthough the records were there.
(When adirect file isloaded, such spaces are filled with
blanks.)

PRIMARY AND SECONDARY FILES

Organization Possibie Methods
Sequential 1. Consecutively
2. By ADDROUT file

Direct 1. Consecutively
2. By ADDROUT fife

Indexed 1 By ADDROUT file
2 Sequentially by key
3. Sequentially within limits.

CHAINED FiLES

Qrganization Possible Methods

Sequential Randomly by relative
record number

Direct Randomiy by relative
record number

indexed Randomly by key

Figure 4-2. Possible Record-Retrieval Methods for Disk Files
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The program readsrecordsfrom the file until either the
end of that fieisreached or the program ends dueto the
end of file condition of another fie. SeeColumn 17, End
of Filein thischapter for more information about the
second condition.

By ADDROUT File

An ADDROUT (addressoutput) fileisa record address
file on disk produced by the Disk Sort program. It contains
addressesof recordsin adisk file.

When an RPG II program usesan ADDROUT file, it reads
adisk addressfrom the ADDROUT file. The program then
locatesand readsrecordslocated at that addressin the
original disk file. Recordsare read in this manner until
either the end of the ADDROUT fileisreached or the
program ends due to the end of file condition of another
file. SeeColumn17, End of Filein this chapter for more
information about the second condition.

Sequential By Key

The sequential-by-key method of processing appliesonly
to indexed disk files that are used as primary or secondary
files

Recordsare read in ascending key sequence (the order in
which the record keys are arranged in the index portion of
thefile). The programreadsrecordsuntil al recordsin the
fieare processed or the program ends due to the end of
fiecondition of another file. See Colunn 17, End of File
for more information about the second condition.

Sequential Within Limits

The sequential-within-limitsmethod appliesonly to indexed
disk filesthat are used as primary and secondary files.
Recordsthat areidentified in certain segmentsof theindex
areread. The segmentsareidentified by setsof limitsin
recordsfrom arecord addressfile. A record addressfile
using limitscan be located on disk, punched in cards, or
entered by the printer-keyboard. A set of limitsidentifying
asegment consistsof the lowest record key and the highest
record key from the segment.

The program usesone set of limitsat atime. Records
are read in the order in which the record keys are arranged
in the segment of theindex identified by the limits. When
the recordsidentified in one segment have been read, the
program readsanother set of limitsfrom the record address
file. The program continues reading recordsin this manner
until either the end of the record addressfile is reached or
the program ends due to the end of file condition of another
file. SeeColumn 17, End of Filein thischapter for more
infomation about the second condition.



The format of the recordsin arecord addressfile contain-
ing limits must conform to these rules:

1.  Onlyoneset of limitsisallowed per record in the
record addressfile. Thelength of the RAF record,
therefore, must be twice the length of the record key.

2. Thelow record key must begin in position one of the
record. The high record key must immediately follow
the low record key. A record key can be from 1-29
charactersin length. No blanksare alowed between
the two keys.

3.  Thelow record key and the high record key must be
equa in length and each key must be equal in length
to the key field length specified in columns 29-30.
Therefore, leading zeros may be necessary in speci-
fying numeric record keys.

4.  Anaphamericrecord key may contain blanks.

The same set of limitscan appear in more than one record
addressrecord, Datarecords, therefore, can be processed as
many times asyou wish.

The two record keysin a set of limits can be equal. The
segment of the index in this case contains only one record

key.

Random

The two methods, random by relative record number and
random by key, apply to chained files only. They require
the use of the CHAIN operation code. The recordsof afile
to be read or written must be processed by the CHAIN
operation code. The recordsare read or written only when
the CHAIN statementsthat identify them are executed.

For sequential and direct files, relative record numbers
must be used to identify the records. Relative record num-
bersidentify the positionsof the recordsrelativeto the
beginning of thefile. For example, the relative record num-
bersof the first, fifth, and seventh recordsin afile are 1,
5, and 7 respectively.

For indexed filer;,record keysmust be used to identify
the records. A record key isthe information from the key
field of arecord. Theinformation isused in the index por-
tion of the file to identify the record.

Records are read during the calculation phase of the pro-
gram. Therefore, they can be executed during detail or
total calculation. Note then, that fields of recordsread
from chained update files can be read and atered during
total calculationsand the recordscan be updated (written
back on the file with alterations) during total output; the
same aso appliesto detail calculationsand detail output.

COLUMNS 29-30 (LENGTHOF KEY FIELD OR
RECORD ADDRESSFIELD)

Entry ==  Explanation
Number Length of record key or disk address

Columns 29-30 appiy only to indexed disk filesand record
addressfiles. Useit to indicate:

1. Thelength of the record keysin indexed files and
record addressfilesthat contain limits.

2.  Thelength of the disk addressesin ADDROUT files.

Sy

“ All of the key fieldsin the recordsin an indexed file
.._must be the same length. The maximum is 29 characters. |

“All of the disk addressescontained in an ADDROUT file
are three characterslong.

COLUMN 31 (RECORD ADDRESS TYPE)

Entry Explanation
A Record keysare used in processing and
loading indexed files.

Thefileisbeing processed by using disk
addressesfrom the ADDROUT file or the
fileisan ADDROUT file consisting of
disk addresses.

Rdlative record numbersare used in
processing sequential and direct files.

Blank 3.
2. A sequential or direct fileisbeing
loaded.
3. Recordsare read consecutively.
Column 31 applies to disk files specified asinput, update,
or chained output files. It indicates the way in which
records in the file are identified (see Figure 4-3). Together,
columns 28 and 31 indicate:
1. themethod by which recordsare read from thefile

2. adirect fileload.

For ADDROUT files, column 31 must containan I. It
indicatesthat disk addressesare used in processing.




PRIMARY AND SECONDARY FILES
Method Column 28 Column 31
Consecutive Blank Blank
By ADDROUT R 1
Sequential By Key  Blank A
Sequential Within L A
Limits

CHAINED FILES

Method Column 28 Column 31
Random By Relative R Blank
Record Number
Random By Key R A
Direct File Load R Blank *
(Random Load) .

* A direct file load requires an O in column 15 and a € in column 16.

Figure 4-3. Specificationsldentifying Methods for Retrieving Records

COLUMN 32 (FILE ORGANIZATION OR ADDITIONAL
1/0 AREA)

Entry Explanation

| Indexed file

T ADDROUT file

19 Sequential file or direct file. Use two
input/output areasfor the file.

Blank Sequential file or direct file. Use one

input/output areafor thefile.

» in ascending sequence or keysin non-ascending sequence.

Use column 32 to (1) identify the organization of dl files
except ADDROUT files(2) identify ADDROUT files, and
(3) indicate whether one or two input/output areasare to

be used for sequential filesor direct files.

File Organization

File organization is the arrangement of recordsin afile.
The three types are indexed, direct, and sequential. Files
organizedin these waysare called indexed files, direct files,
and sequential files, respectively.

Indexed Files

An indexed fileisadisk filein which the location of records
isrecorded in a separate portion of the file called an index.
The index and its associated file occupy adjacent positions
on disk. Theindex contains the record key and disk address
of every record (Figure 4-4).

A record key isthe information from the key field of a
record. The record key can be used to identify the records
of anindexed file. Record keysare dwaysrequired in an

_indexed file. {Indexed filesmay beloaded with the keys ~ 7

" After afileisloaded in non-ascendingkey sequence, the
" keysin theindex are placed in ascendingsequence. See
Column 66 of the File Description sheet for a definition of
the unordered load function.

g |



Record Key

Records are stored in the data portion of the
file in the same order in which they are read.
When a record is stored in the data portion,
an entry for the record is made in the index.
After the last entry has been made in the
index, the entries are sorted into ascending
order according to the record keys.
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‘Entries are of the form record-key/disk-location (D1=1st disk location, D2=2nd disk location,and so on)

The order of the records in the data portion remains
unchanged when the entries in the index are sorted.
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Figure4-4. Indexed File Organization



Direct Files

Direct files are disk filesin which records are assigned
specific record positions. Regardlessof the order in which
the records are put in the file, they awaysoccupy a speci-
fic position (a specific disk addres~) Relative record num-
bers identify the relative position of arecord within the
file.

Before a direct file is loaded the entire disk areafor the
direct file is cleared to blanks. Spacesarereservedin a
direct file for records not available at the time thefileis
loaded. (See Figure 4-5.)

Sequential Files

Sequential filesarefilesin which the order of the records
is determined by the order in which the recordsare put in
the file. For example, the tenrh record put in thefile
occupiesthe tenth record position.

Filesother than disk filesare dwayssequentia files.
Disk filescan be sequential, direct, or indexed files, except
when the filesare used as demand files. Demand filesmust
be sequential files.

Hetative Record Number® // \

* The programmer usually derives relative record numbers from information in the records.

Figure 4-5. Direct File Organization
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Additional input/Output Area

Normally the program usesone input/output areafor each
file. A second area, however, can be used for sequentia
and direct disk fifesand non-disk files, specified asinput

or output filesin column 15. Additional input/output
areas cannot be used for table or demand files. The devices
associated with these filescan be the disk and MFCU for
input or output files, and the printer for output filesonly.
If you want two areasto be used for acard file, do not
specify stacker selection for the recordsin the file. Stacker
selection is described under Column 42, Stacker Select

in Chapter 7.

The use of two 1/O areasincreasesthe efficiency of the
program. However, it aso increasesthe size of the program.
Therefore, before you indicate that two areasare to be used
for afile, be surethat the increasein sizewll not make
your program exceed the capacity of your system.

ADDROUT Files

When describingan ADDROUT file, you must placeaTin
column 32. The ADDROUT file must be adisk file.

Records are gored an disk in the arder indicated by the
relative record nunber s. Spaces are feft an disk for missing
records {in this case, records Sand 7).




COLUMNS 33-34 (OVERFLOW INDICATORS)

Entry Explanation

OA-OG,0V  Anoverflowindicator is used to condition
recordsin thefile. Theindicator specified
isthe one used.

Blank No overflow indicator is used.

Columns 33-34 apply to output filesassigned to the printer.
Use these columnsto indicate that you are using an overflow
indicator to condition records being printed in the file. Any
overflow indicators used in a program must be unique for
each output file assigned to the printer. The use of overflow
indicatorsis described under Overflow | ndicatorsin Chapter
10. Note that only one overflow indicator can be assigned
toafile. Do not assgn overflowindicators to a consolefile.

COLUMNS 35-38 (KEY FIELD STARTING LOCATION)

Entry Explanation

1-4096 Record position in which the key field

begins.

Columns 35-38 apply to indexed disk filesonly. An entry
must be made in these columnsfor an indexed disk file.
Use them to identify the record position in which the key
Gdd begins. The key field of arecord isthe field that con-
tains the information that identifies the record. The infor-
mation isused in the index portion of thefile. The key
Gdd must bein the same location in &l of the recordsin
thefile.

The number you place in these columns must end in
column 38. Leading zeroscan be omitted.

COLUMN 39 (EXTENSION CODE)

Entry Explénazion

E Extension specificationsfurther describe
thefile.

L Line counter specificationsfurther

describe the file.

Column 39 appliesonly to (1) table and array filesthat

are to be read during programexecution and (2) record
addressfilesand (3) output filesthat are assignedto the
printer. Useit to indicate whether the fileisfurther
described on the Extension sheet or the Line Counter sheet.
Output filesthat are assigned to the printer must be
described on the Line Counter sheet. Table, array, and
record addressfiles must be described on the Extension
sheet.

COLUMNS 40-46 (DEVICE)

Entry Explanation

MFCUI1 Multi-Function Card Unit.
The cardsare in the primary hopper.

MFCU2 Multi-Function Card Unit.
The cards are in the secondary hopper.

PRINTER Printer (whole carriage). If the dual car-
riage feature is used, thisentry refersto
the left carriage.

PRINTR2 Right carriage of the printer (dual carriage
feature only).

CONSOLE Printer-keyboard,

DISK Disk unit.
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Use columns 40-46 to identify the input/output deviceto
be used for thefile. All entries must beginin column 40.
The devicesthat can be used depend upon the form of the
records (Figure 4-6).

Conscle

Records entered from a consolefile will be treated as any
other records. Every character to be entered must be keyed
in. Key theinformation into the fieldsasyou would into
acard. Fieldsmust be properly right-justified and left-
justified by you. The system does not do thisfor you.

Y ou must space where blanks appear in arecord.

If the operator hitsthe " cancel™ key, those characters of
the record already accepted will be " erased”, the keying
element will return to column |, and the operator may
begin to key the recordin again.

If the operator keysin more characters than are specified
possiblefor arecord, the record isautomatically ** cancelled”
and the operator isnotified to key it in again.

Printer Files

The dual carriagefeature alowsyou to produce two
separate printer output filesin one program. The two out-
put filesassigned to the printer must be named PRINTER
and PRINTR2. Theforms used for the two filesare
specia forms that are both narrower than the regular form
for your printer (such as checksor invoices). Oneform is
controlled by the left carriage of the printer (device name
PRINTER) and the other form is controlled by the right
carriage (device name PRINTR2). Thetwo printer files
are considered as separate output filesand must be de-
scribed as such. There are no programming restrictions for
thesefilesthat are different fromanormal printer file
(spacing and skipping are independent for each carriage).
Note, however, that care must be taken when describing the
location (end position) of output fields, to avoid printing
in positions where there isno form.

Figure 4-7 showsthe columnsthat cannot be used for the
devicesnamed. The shaded columns must be blank for the
device named in the specificationline. (MFCUisMFCUI
or MFCU?2, and PRINTER isPRINTER or PRINTR2.)
COLUMNS 47-59

Columns47-59 are not used. Leave them blank.
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POSSIBLE DEVICES

FILE FORM
Primary or Secondary Cards MFCU1 or MFCU2
Input Files
Disk DISK
Keyed in by CONSOLE
operator*
Record Address Files Cards MFCU1 or MFCU2
Zontaining Record-Key
Limits
Disk DISK
Keyed in by CONSOLE
operator*
Record Address Files Disk DISK
(Zontaining Disk Addresses
(ADDROUT File)
Demand Files Cards MFCU1 or MFCU2
Disk DISK
Keyed in by CONSOLE
operator*
Table Files Cards MFCU1 or MFCU2
Disk DISK
Keyed inby CONSOLE
operator*
Chained Input Files Disk DISK
Update Files (Primary, Disk DISK
Secondary, or Chained)
Combined Files (Primary Cards MFCU1 or MFCU2
or Secondary)
Keyed in by CONSOLE
operator**
Qutput Files Cards MFCU1 or MFCU2
Disk DISK
Printed PRINTER, PRINTR2,
pages or CONSOLE
Display File Printed CONSOLE
pages

* Records are not typed when they are keyed into the program.
** Records are typed when they are keyed into the program.

Figure 4-6. Device Assgnment



Fite Description Specifications
Fite Type Mode of Processing Fite Addition/Uncrdersd
- - tengtn of Key Field or . i Number of Tracks
File Designation of Record Address Fisid Braont Exit for Cylinder Overfiow
€nd of File Record Address Type Number of Extents
Type of File Symboii N £ Tape
B " uence = N ymbolic ame o 4
Line Fitename S Organization o Gevice Device ol LbetEa P Rewind
- File Format or Additional Area § 5~ e
2 ol 2 L overtiow tndicator] ¢ z Cylinder index Condition
2| Siz 5 £ < in Gore MR
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Figure 4-7. ColumnsThat Do Not Apply to Device Named

COLUMNS 60-65 (CYLINDER INDEX IN CORE) Cylinder Track Record Keys
. 10 20 1-30
Entry Explanation 21 3160
1-9999 Number of bytes reserved for the cylinder 1 29 61-90
index 23 91-120
Columns60-65 apply only to indexed files processed ran- 12 g; :g::gg
domly. Entries must be right-justified. Leadingzerosare .

not required. An entry should be madein columns 60-65 if
you are processing an indexed file randomly. Y ou can
specify up to 9999 bytesfor the cylinder index in core.

The cylinder index isatable containing entries for tracks
in the index portion of a datafile. Each entry containsa
track number and the highest key field associated with that
track. Figures4-8 through 4-10 show the layout of an
indexed file, INDEXT, and its associated cylinder index.
Figure 4-8 shows how the index portion of the file, INDEXT,
might be laid out on disk. Thelocation of specific record
keys by cylinder and track isshownin Figure 4-9.

Figure4-9. Location of Recordsfor INDEXT by Cylinder and Track

Highest Key

Track Number

lind
inder 0 1 a2 30 20(60 21|90 221120 23y150 24{180 25
Track 20 |22 | 24
e —— T — N — ~— " —"
21123125 Cylinder 10 Cylinder 11 Cylinder 12
Figure 4-8. Disk Layout Form for INDEXT Figure4-10. Cylinder Index in Corefor INDEXT
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The use of the cylinder index significantly reducesthe
amount of time needed to processan indexed file because
it enablesthe system to go more directly to the specific
record you want. With the cylinder index, the system can
find a specific record by searchingonly asmall portion of
the fileindex. Without the cylinder index, however, dl
index entries which precede the record you want must be
searched. Using the cylinder index shown in Figure 4-10
the record with key field 125 can be found in this manner:

& Searchthe cylinder index until the first key field higher
than 125 islocated. In thisinstance that key is 150; it
hastrack 24 associated withit.

e Search track 24 in the fileindex until key 125 islocated.
@ Chain directly to the associated data record.

In columns 60-65 you specify the number of storage
positions (bytes) you wish reserved for the cylinder index.
Using the amount of core storage you specify, the system
buildsthe most efficient cylinder index it can for you. The
cylinder index is built immediately before your RPG 1t
program is executed.

For efficient processing the cylinder index should be large
enough to contain one entry (key and track number) for
each track of index in the datafile. Eachentry isequal to
key field length plus 2 multiplied by the number of tracks
in the fileindex. Therefore, for an indexed file having akey
length of 4 and 10 tracks of fileindex, the most efficient
cylinder index requires 60 bytes of storage (4 plus 2 times
10).

If the storage space you specify in columns 60-65 is not
large enough to contain one entry for each track of file
index, the system will construct d table containing one entry
for every cylinder of fileindex. Or the cylinder index might

only contain one entry for every other cylinder. Asthe num-

ber of entriesin the cylinder index become fewer, the
amount of processing time increases.
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COLUMN 66 (FILE ADDITION)

Entry Explanation

A New recordswill be added to thefile.

U Recordsare to be loaded for an indexed
filein unordered sequence (non-ascending
sequence),

Column 66 appliesto sequential disk and indexed disk files
only. Thiscolumn indicates:

1.  you want the programto add new records to the file,
or

2. recordsareloaded in unordered (non-ascending)
sequence.

Records added to a sequential file are added at the end of
thefile. Recordsadded to an indexed file are added at the
end of the file and entries for the new records are madein
theindex. Theindex isthen reorganized so that the record
keys(including the new ones) are in ascendingorder.

File additionin column 66 cannot be specified for (1)
direct files, or (2) indexed filesfrom which recordsare
read using the sequential-within-limitsmethod. (New
recordsmay be inserted in adirect file by specifyingthe
file as an update file processed consecutively or by the
CHAIN operation code.)

After afile has been loaded on disk, it may become
necessary to add recordsto the file. Records can be added
at detail, total, or exception time during the program cycle.
The records to be added may:

1. Contain keysthat are above the highest key presently
in the file (in this case, the records constitute an
extension of thefile), or



2. Contain keysthat are either lower than the lowest key
presently in the file, or fall between keys already in

Column 18 Column 66 Function

thefile. O Blank Load records in ascending
key sequenceto an
indexed file.
o] U Load records in unordered
To add arecord, the program searchesthe index of the file key sequence to an indexed
to determine if the record ison thefile. If the record is on file.
the file a halt occurs; otherwise, the record isadded. The .
. . . . ! O A Add recordsto an
following optionswill be given if ahalt occurs: existing indexed file.
1. Bypassthe duplicate record, or | Blank Read records of an indexed

file without adding new
records or updating records.

2. Bypassthe duplicate record and turn on the LR indi-

cator and perform all end-ofob and final total pro- | A Read records of an indexed file
CedureS, or and add new records to the
file that are not presently
3 Cancd the enti rejob there. No updating is performed.
U Blank Update records of an

indexed file without
adding new records.

U A" Update records of an
indexed file and add new
| recordsto the file.

An A in column 66 requiresan ADD entry in
columns 16-18 of the Output-Format sheet.
In Figure 4-11, combinations of entriesin File type (column
15) and File Addition (column 66) show the functions that

: . . Figure 4-11. Various Functions Performed on Indexed Fil
can be performed for indexed files(I in column 32]. gure arious FUnctions Ferformed on fhdexed Hies
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Example There may be recordsin CARDIN that do not belongin
that file, or some records may have a keypunch error. These
Figure 4-12 shows how records can be added to an indexed records are identified on the Input sheet as not having the

disk file. The new records are contained in acard file, character A in position 80. These recordswill turn on
CARDIN. Thefile INDEXED isthe existing disk file to indicator 02, and are not to be added to the disk file
which new recordswill be added. A printer file, PRINT, INDEXED. However, these records are printed on the file
will provide areport showing al the recordsin CARDIN, PRINT for avisual report, but they must be identified in
with an indication of which records were added to INDEXED  the printed report as recordsthat were not added to the
and which records were not added. disk file INDEXED. On the Output sheet, the constant
On the File Description sheet, an A must appear in column  'RECORD NOT ADDED' is printed only on indicator 02,
66 for the file INDEXED, and on the Output sheet ADD indicating a record that was not added to the disk file. In
must appear in columns 16-18 for the new record to be this manner, there will be a printed report of al records
added. in CARDIN, and the records not added to INDEXED are
Asdefined on the Input sheet, dl the cardsin CARDIN identified by the constant'RECORD NOT ADDED'.

should have an A in position 80. The code identifies a
record to be added to the disk file, and this record typeis
assigned indicator 01. On the Output sheet, notice that

when Ol ison, the data from the card is written on the COLUMN 67
disk file INDEXED and isaso printed on the file PRINT
to keep avisua report of new records. Column 67 isnot used. Leaveit blank.

File Description Specifications
Fite Type Made of Processing Fife Addition/Unordered
. y N Length of Key Fieid or Exi Number of Tracks
File Designation of Recard Address Field Dxtent Exit for Cylinder Overfiow
£nd of File Record Address Type Number of Extents
Type of File 8 Name of Tape
i ;i Sequen ol " Symbolic iame of
Line Filename Squence Organization w Device Device o Label Exit Rewind
R Fite Format mcrAddnmnalAreﬂ : 5] File
g} alr < [Overflow Indicstor] ¢ = Cylinder Index Condition
- gle 5 2 < in Core U8
; 3{o 5 Biock Record =ik Key Field | & :§ R R g |
£ Sl& > « 5 4 2
5 g g N b= s Length Length £ % g S!ar[urxg & 3 >y 3
Location
3 4 Blel? 8 2 1031 32 13 3¢ hispieliviigfi0izo 22'{(})24 25 26 2722‘2930313_2_)3334353537363960414243444546474349505152535455_5221585950616253646566676859 70171 72173 74
o2 IlclaRlpli (o | 111Plel 1F| | Igle] | le] | ] MFCloL
o3| FI/ NDEXED o Fl 1256 | 64 LBA 1] Dy Sk A4l iBL
o4 IFIPRINT Ol Fl|1312] 132 OA LIPRIINTIER
oisi |F
ols| |r
017 J§F
F
€
i h
-
Line Counter Specifications
1 2 3 4 5 6 7 8 ] 10 1 12
tine | ¥ Fitename & g o N
N - R . . = [ . . & [ o -
z EA0E B ITE| (B (R BUEH B EH Bl _zle BTy Bi®R| EURE plE| B |id
5 IR IR NI NI IR IR RIS NI R ARSI NI AR I R
I Sz @2l G2 e 52 |62 L2 |62 52 |82 32 {62) 52|62 52162 32162 52 2] S2|8z2| 52|82
3 4 5 7 B 9 10 11 12 13 14445 16 17 1&192021222324252@2?33&3331323334‘3‘5383738@40414243“46464?48495{)51525354555657&5963816253646556676869?0?1 72473 74
o [ IPIRINT llelFL] Telgo
112 ¢
113t

Figure 4-12. File Addition (Part 1 of 2)

4-16



IBM tnternationsl Business Machines Corporation gom XZ1-5084
rinted in US.A.
*
RPG  INPUT SPECIFICATIONS . e
i 75 76 77 78 75 &
Dste i P Program H
eroars i:;::u;:?on Sraphie [d identificstion L.L},.,A_ [
rogram Punch i
& Hecord Identification Codes e
% Field Locstion ‘ei‘d
£ 5 2 3 - ~ . ledicators
Z g ] £
Z. & £ 508 3 .
. L b £ e = 8yl = Seerting
Line Filename Zy o1gs iz g Field Name T 1EE Sign
g =I5l . LAET £ golEin Zero | position
> P ;: Position | o § Position | - § Position || gg E Fram To 3 %‘ gg & | Pius (Minus g‘m{
r B Bt B il TR £ s i El =z
3 4 51617 B 9 30 1Y 12 13 W15 B {ITIIB 19 20121 22 23 24{25126]27) 28 29 30 31|32033134]35 36 37 3Bi3040[411492]43 144 45 46 47]48 49 50 B1{B2|53 B4 58 B8 57 SBIEQ GO{61 6267 6465 68167 cBlEs O[T T¥ 3 4
1
o[ [I/AlRDlIN] | 1Al | 18] | Bl lela
ofzi |1 o) B2, 8 (BNICA
sls| |1 1 | 18 |KEY
o] |1 L2 | 14 [FIELDL
ofsl |1 21 [ 3¢ FiELp2
ole| l1 31 64 IMORE
07 I
elsl i1
ols |1
P
IBM International Business Machines Carporation Form X21-8060
{ Printed in US.A,
RPG OUTPUT - FORMAT SPECIFICATIONS
12 75 76 77 78 79 80
P — Punching | Graphic Page T Program
Program instruction | p identification
&
é Space]  Skip Output Indicators r it Cordes
5
Lo o oo [ rosmn [on [ e ||
. ~13 8 Sign
Line Fitename ] Ahd Al Field N =| End = Y Y 3 A |y Y= Dae y
e Els eteme 2l poston |7 Yoo No 2 B K Fieldt Edit Position
g gisl, ® 218 @ No Yes 3 ¢ L |2+ Zeo
= Zile|sl 21 & | " o 1 Cuper |3 No No 4 D im Suppress
£ gleig|El &1 £ |2 2 E S1E hecord |2
I & =l SiE| Record |E
& &' Constant or Edit Word
3 4 616)17 8 9 10 11 12 13 apiseiirie]1o 2021 22jes(24i25f26 27io8)e0130 (31 f32 33 34 35 38 A7 38&9 40 41 42 43144145 46 47 4B 49 50 B1 62 53 64 BE 56 57 58 50 60 G1 62 63 64 65 66 67 68 69 0|7t 72 13 14
o1 lo|tNiDlelXlE D IDjADD] PL
ool fo KIEY 18
ols lo Fl1 ELD 2.
ARED FlELD2 39
615 1° MORE b 4
o8l 101PRINIT Hi | 13193 1P
ol7] o OIR OA
ol |o 84| |'SlUMMAIRY oF RECORDS ADDED'
oje) |0 L@d |' TO 1 wDEXED |FIILE!’
ile| lo D @ 1
11l o oR F 2
0 KEY 5¢ ]
© F1EL Q’é
i1 O Fi{EL D2 i
- MORE 1o4
16 0 P2 125 |'RECORD NOT ADDED'
o
[
o
o

Figure4-12. File Addition (Part 2of 2)
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COLUMNS 68-69 (NUMBER OF EXTENTS)

Entry Explanation

01-80 Number of volumes(disks) that contain

the disk file.

Columns 68-69 must contain an entry for each disk file.
The entry must end in column 69. These columns define
the number of volumes(disks) on which the disk fileis
located. A disk file must occupy consecutive cylinderson
eachvolume. For instance, adisk file could not occupy
cylinders 20-30 and 41-50 on one volume. The file could
occupy cylinders 20-40 on that volume, or the datain
cylinders41-50 could be placed on another volume.

The number of volumesyou can use dependson the mode
of processing and number of drives used. For singlevolume
filesthe entry in columns 68-69 isalways01. For multi-
volumefiles, determine the entry asfollows:

1. Consecutive processng. All disk files processed
consecutively must be located on removable disks.
If amulti-volumefileis to be processed consecutively,
the entry in columns 68-69 can be from 2-80. (If 1
driveis used for multi-volumefiles, only 1 volume
can be on-lineat any given time; and if 2 drivesare
used, only 2 volumescan be on-line at any given time.)

2. Sequential or RandomProcessng. Adisk fileto be
processed sequentially or randomly can be located
on afixed disk, aremovable disk, or both. To process
amulti-volumedisk file sequentialy or randomly, the
entire file must be availableto the system at any given
time. Therefore, the entire file must be on-line. (This
is unlike consecutive processing of multi-volumefiles
in which portionsof the file can be off-line.) If 1 drive
isused for multi-volumefiles, the entry in columns
68-69is2. If 2 drivesare used for multi-volumefiles
the entry in columns 68-69 can be 3or 4 Figure4-13
shows the maximum number of volumesallowed for
each processing method and number of drives available

COLUMN 70

Column 70isnot used. Leaveit blank.
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ONE DRIVE TWO DRIVES

Maximum | Maximum }| Maximum | Maximum
number of | number of || number of | number of
volumes volumes volumes volumes
allowed on-line allowed on-line

Consecutive

processing 80

(removable 1 80 2

disks only)

Sequential

or Random

Processing 2 2 4 4

(removable

or fixed

disks) {

Figure 4-13. Number of Volumes Allowed for Multi-Volume Files

COLUMNS 71-72 (FILE CONDITION)

Entry Explanation

Ul1-us Thefileisconditioned by the specified
external indicator.

Blank The fileis not conditioned by an external

indicator.

Columns 71-72 apply to input (excluding table input files),
update, output, and combined files. These columnsindicate
whether or not thefile is conditioned by an external indi-
cator. A fileconditioned by an external indicator is used
only when theindicator ison. When the indicator is off,
thefileistreated asthough the end of the file had been
reached. (No records can be read from or written in the
file) Seelndicators, External Indicators, in Chapter 10 for
more information.

COLUMNS 73-74

Columns 73-74 are not used. Leave them blank.

COLUMNS 75-80 (PROGRAM IDENTIFICATION)

See Chapter 2.



FILE DESCRIPTION CHARTS

The File Description charts in the following pagesare for:

1

Disk files, presented by disk file organization and
processing method.

MFCU, Console, and Printer files.

e Theentriesin the chart must be made for the
processing method and type of file describedon
that line.

® The shaded columnsmust be blank for the file
described on that line.

® The other columnsmay be required or optional,
but cannot be indicated on the chart because the
entries represent information that changesfrom
program to program.

Example

If you are updating an indexed disk file using the CHAIN
operation code, look at the chart for: indexed disk files,
random processing by CHAIN operation code. Then choose
the chained update file with or without record addition.

The entries on the chart must be made for the file you are
describing. The shaded columnsmust be blank for that file.

The remaining columns represent information that changes
from program to program. For instance, in thisexample
these columnsare required but may change from one pro-
gramto another: Line, Filename, Block Length, Record
Length, Length of Key Field, Key Field Starting L ocation,
and Number of Extents. Optional entriesare: End of File,
Sequence, and File Condition.
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Chapter 5. Extension Specifications

Extension specificationsare needed to describe the record COLUMNS 1-2 (PAGE)
addressfiles, tables, and arrays you may usein your job.
Enter these specificationson the Extension and Line See Chapter 2.

Counter sheet (Figure 5-1). Record address files require
eatrieson the Extension sheet in columns11-26.
Execution time tablesand arraysare describedin columns  ~ COLUMNS 35 (LINE)
11-45. Compiletime tablesand arraysare describedin
columns 19-45. If an dternating table or array isto be See Chapter 2.
specitied with another table or array, it is described in
columns 45-57 of the sameline asthefirst.
A chart showing possible Extension sheet entriesisat the COLUMN 6 (FORM TYPE)
end of this chapter (see Figure 5-6).

See Arraysin Chapter 10 for moreinformation about An E must appear in column 6.
arrays.
sM P& Business Machines Corporation Form Xavao.
#PG EXTENSIONANDLINE COUNTER SPECIFICATIONS
i 2 7% Y6 77 1B 19 B0
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£ e 1515
e L8 {2 354 L% 3 1o
3 4 5F617 B9 10§11 12 13 14 15 18 17 18 1920212223242‘.'5%?728&&&3233&15_.%3738&340"42[43'444566174869505152_5_3_5“‘56'56575859606!82636465866758697071727374
i E
02 E
03 E
o4 E
0i5 E
88 E
o7 £
ai8 13
[RR:) [
10 E
Line Cournter Specifications
1 2 3 4 5 & 7 8 4 10 11 12
H
el H i
tine | 2 Filerame 5 . %s . . . N
[ ® 3 ER k1 G I B g 2 1% ¥ 1% % 13 %
el G Bl L ER L EIRY LTIRY R R L EEE L ERE R LR
& 52|22 52182 52163 52 |62 52|82 52|82 52182 52182 5282 52|82 Bzlg2| 82 é:
3 4 516 17 8 8 1011 12 13 14115 18 17 18192021nmﬁ{iﬁ?ﬁ27&33}&32!%343536373339&0414?_“3“4«546474349586152535‘35556575859606162636465%67&8&&?07!727374
111 i
1i2 L
112 L

Figure 5-1. Extension and Line Counter Sheer
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COLUMNS 7-10

Columns 7-10 are not used. Leave them blank.

COLUMNS 11-18 (FROM FILENAME)

Entry Explanation

Record The name of the Record Addressfde.

Address

filename

TableArray 1 Tableloaded at execution time.

filename

2 Array loaded at execution timeif

thereisan entry in Number of
Entries per Record (columns 33-
35).

Blank 1. Tableloaded at compilation time.

2 Arrayloaded at compilation time
if thereisan entry in Number of
Entries per Record (columns
33-35).

3. Arrayloaded viainput or calcu-
lations specificationsif thereisno
entry in Number of entries per
Record (columns 33-35).

Columns 11-18 are used to name a table file, array file, or
record addressfile. Filenames must beginin column 11.
The record addressfilename must alwaysbe entered in
these columnsand in the file description specifications.
Leave columns 11-18 blank for compile time tables or
arraysor for arraysloaded viainput or calculations
specifications.

These columns must contain the table or array filename
of every execution time table or array used in your pro-
gram. When the table or array isloaded at compilation
time, it is compiled aong with the source program and
included in the object program. Thus, atable deck is not
needed in addition to the object deck every time the pro-
gramisrun. Only those tablesand arrays which do not
change often should be compiled with the program.

When tablesor arrays are being compiled with the pro-
gram, table fde records must alwaysfollow the RPG II
source program. A record with /* in columns 1 and 2 must
follow the table file input records. A record with **p in
columns 1-3isalso needed to separate the table or array
records from the RPG II source program. Tablesor arrays
must be separated from each other by records with **p in
columns 1-3 (Figure 1-2).

Each table or array loaded at execution time must be
followed by arecord with /* in columns 1-2. Short tables
(tables which are not full) may be compiled with the pro-
gram but awarningisissued. See Columns 36-39in this
chapter for moreinformation.

COLUMNS 1926 (TO FILENAME)

Entry Explanation

Nameof an  Thefile processed viathe Record

input or up-  Addressfile named under From File-
datefile name.

Nameof an  Theoutput fileto whichatable or array
output file isto be written or punched.

Columns 19-26 define the relationship between afile named
in these columnsand afile named in columns 11-18. File
names must begin in column 19.



If arecord addressfileis named under From Filename,
columns 11-18, the followingentry should be made under
To Filename, columns 19-26; the name of the input or
update filethat containsthe data recordsto be processed.
Do not enter the record addressfilenamein these columns.

If you wish atable or array to be written or punched,
use columns 19-26 to enter the filename of the output file
you will use to do this. Thisoutput file must have been
previousy named in the file description specifications. A
table or array can be written on only one output device.
Leave columns 19-26 blank if you do not want the table
or array written or punched.

If atable or array isto be written or punched, it isauto-
matically written or punched at the end of the job after all
other records have been written or punched.

Sincethe table or array will be written or punched in the
same format in whichiswas entered, you may want to re-
arrangethe output table or array through output-format
specifications. Y ou may format table or array output by
using exception linesto write out one item at atime (see
Operation Codes, Exception in Chapter 10). Tablesor
arrays should be written or punched only after dl records
have been processed (Last Record indicator ison).

COLUMNS 27-32 (TABLE OR ARRAY NAME)

Entry Explanation

Table or
Array name

Name of eachtable or array usedin the
program.

Use columns 27-32 to name your table or array. No two
tables or arrays may have the same name. The name can
be from 1-6 characterslong, and must beginin column 27.
Thefirst character must be aphabetic. The remaining
characters can be any combination of alphabeticand
numeric characters (no specia characters are alowed).
Blanks may not appear between charactersin the name.

Table Name

Every table used in your program must be given a name be-
ginning with the letters TAB. Any namein these columns
which does not begin with TAB is considered an array name.
Thistable nameis used throughout the program. However,
different results can be obtained depending upon how the
table name is used. When the table name isusedin Factor 2
or Result Field (on the Calculation sheet) with LOKUP
operation, it refersto the entiretable. When the table name
is used with any other operation code, it refersto the table
item last selected from the table by a LOKUP operation.

See Operation Codes, Lookup in Chapter 10 for morein-
formation.

Table filesare processed in the same order asthey are
specified on the Extension sheet. Therefore, if you have
more than one tablefile, remember the files are to be load-
ed in the same order asthey appear on the sheet. When
you have only one short table, you should specify it after
al other tables.

If two related tables are in aternating form in one table
file, the table whoseitem appearsfirst must be namedin
columns 27-32. The second tableis named in columns
46-51 (see Example).



Arvay Name

Every array used in your program must be givena name.
Anarray name cannot begin with the letters TAB. This
array nameis used throughout the program. See Arrays
in Chapter 10 for moreinformation.

Example

Figure5-2, insert A, shows two related tables (TABA and
TABB) described in alternating form on a table input card.
Anitem for TABA appearsfirst. Thus, in insert B, TABA is
named in columns 27-32 of the Extension sheet: TARB IS
named in columns 46-51.

Table A Table B h
{account number) (amountdue) T2 302 % 6 7 8 9 %0 Gi E T3 WIS W 17 I8 W 2021 2 I3 XIS M 27N BN R
........... — Corresponding 33 34 35 36 37 S8 3 40 €1 42 &3 44 45 48 &7 4B 4% 5O 51 52 53 54 9% 56 5Y 56 89 60 €1 62 €3 &4
03240 39.00 Table Items 65 65 67 SR A9 TOTE T2 YI VA TS VE 77 TH T 80 K B2 83 84 85 85 87 35 66 90 ¥ ¥2 63 84 53 94
B 87 95 99 500 101 107 100 104 KIS K08 107 108 108 N0 TR N2 NI N4 15 TN 1T M BB U0 U W2 1l 140 6T R B
03648 156.72 p 1 2 2 A
8 , Mms
<« TAB , TAB , TAB | TAB | TAB4
16632 17.98 Al 8 toA B 1 I B 2
1 i ' 1, i,
52345070: nxxuuuun'umtoz\zzzsu 2% 3% 27 M 3R 30 M 32
A
28887 2,97 " _— ,\ ~ o s
s TAB , TAB TAB TAB TAB 4
29821 290.98 2 g ! ! ' : ! H
‘B333‘JS!&IJ?!03!(0‘5'42‘)4445“‘7“'1)505\52!354555‘ !7“59655‘62&1.48
6 7 A
30001 579.95 B e e A
4y TAB \ TAB ¢ TAB 4
2
I i RN S ?: B : A : B : ]
65 66 67 68 69 73 71 72 TS T4 TS U 77 TR 76 BO S BZ 8% B4 43 86 87 @5 89 90 ¥ B2 93 64 8% 9%
5. i 7 . % TN 376 j
Positions Positions
The corresponding items from the related
tables are punched in alternating format on
@ the table input card. The corresponding
items from the two related tables are
consideredas one entry.
Intemuetionst Business Machines Corporation
RPG EXTENSIONAND LINE COUNTER SPECIFICATIONS
1 2
Punching | Graphic Page l I
Instrugtion | pyunch
e Extension Specifications
e R
&le EIP RS
NLI ber | Number © - o by
Table o - ;. - Length | & ;§ §] Tabie or Array o‘-"f nath 18 ;.E-i g
To Filename Array Narme Emnes Entries of % gz ?23:; (émemmm; oy |3 g H
Record Per Table | Entry gg <§ 3 E1 5
» 4
or Artay " g -é " g §
LN =31 N o 1Y
44 52535“551_5&6?58596
i

Table whose items are punched first on the card
is pamed in columns 27 32

®

Figure 5-2. Related Tables
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Tabe whose items are punched second on the card
is named in columns 46-51.

®

This entry indicates the number of table entries
on each card. Remember the correspondingitems
from two related tables are considered as one entry.



COLUMNS 33-35 (NUMBER OF ENTRIES PER RECORD)

Entry Explanation

1-999 Number of table or array entries found

in each table or array input record.

Indicate in columns 33-35 the exact number of table en-
triesin each table or array input record. Every table or
array input record except the last must contain the same
number of entries asindicated in columns 33-35. Thelast
record may contain fewer entries than indicated, but never
more.

When two related tablesare described in one file, each
table input record must contain the corresponding items
from each table written in alternating form. These table
items are considered as one entry (see Example). The num-
ber entered must end in column 35. Corresponding items
from related tables must be on the same record. If there is
room, comments may be entered on table input record in
columnsfollowing table entries.

When loading an array the following must be considered:

1. Toloadan array at execution time, a filename must
be entered in columns 11-18 and an entry must be
madein Number of Entries per record (columns 33-
35).

2.  Toload an array at compiletime, the filename entry
(columns 11-18) must be blank, but an entry must
be made in Number of Entries per Record (columns
33-35).

3. Toload an array viathe input and/or calculations
specifications, the filename(columns 11-18) entry
must be blank and the Number of Entries per
Record (columns 33-35) must be blank.

Example

Figure 5-2, insert B, showstable entries for the two re-
lated tables, A and B. A1 and BI, the corresponding
itemsin tables A and B, are considered one entry. Even
though there are 14 tableitemson the card, there are
only 7 table entries.

COLUMNS 36-39 (NUMBER OF ENTRIES PER TABLE
OR ARRAY)

Entry Explanation

1-9999 Maximum number of table or array
entries.

Use columns 36-39 to indicate the maximum number of
table items which can be contained in the table named in
columns 27-32, or the maximum number of array items
which can be contained in the array named in columns
27-32. Thisnumber may apply to one table or to two re-
lated tables. Any number entered in these columns must
end in column 39.

5-5



If your tableor array isfull, thisentry givesthe exact
number of itemsinit. However, if the table or array is
not full, the entry givesthe number of itemsthat can be
put into it (Figure 5-3). A tablethat isnot full isknown as
a short table.

TABPRT TABAMT TABPRT TABAMT
(Part Number )  (Price) (Part Number)  (Price)
001 127.62 001 127.62
002 198.32 002 198.32
003 .27 003 77
004 .01 004 01
005 1.98 005 1.98
009 3.79
010 5.67
014 2.33
026 14.67
045 29.33
096 29.34
097 .05
098 .09
099 1.19
100 2.22
101 126.73
110 536.74
115 393.75
126 697.75
137 1.92

If this datais punched
on table input cards
and entered into the
machine, TABPRT and
TABAMT will be full
(20entriesfill the
table).

If this datais punched

on table input cards and
entered into the machine,
TABPRT and TABAMT
will not be full.

International Business Machines Corporation

RPG EXTENSIONAND LINE COUNTER SPECHCATIONS

g
|

Punching Graphic
instruction | Pynch

Extension Specifications

Number
f Table or Array Length
Name {Alternating] of
ormat} Entry

46 4?;48 45 58!51 52 B3 54155156
TABAMT | 5 2
:

I

Table or
Array Name

of
Entries

per
Record

P = Packed/B = Binar
Table Sequence {A/D)
P = Packed/8 = Binary
Decimal Positions
Table Sequence (A/D}

Decimal Positions

@
9

26127 28 2 30 31 32la3 34 35)a6; 58 50-6

TIABPIRT 12 ks

This entry indicatesthat TABPRT and TABAMT may both havea
maximum of 20 entries.

&
&
i
&

Figure5-3. Table Entries(Number per Table)
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Since the number of table itemsfor two related tables
must be the same, the entry in these columns aso givesthe
number of table itemsin a second table (columns 46-51).

If atableisto be compiled, it should be afull table. How-
ever, if itisnot afull table (a short table), the table is com-
piled with the program and awarning isissued. The short
table is completed in storage by fillingin with blanksor
zeros(for alphameric or numeric table, respectively). An
execution time table need not be afull table. All execu-
tion time tablesand arrays must be followed by a record
with /* in columns 1 and 2 when they are |oaded.

COLUMNS 40-42 (LENGTHOF ENTRY)

Entry Explanation

1-999 Length of entry.

Use columns 40-42 to give the length of each entry in the
table or array named in columns 27-32. The humber
entered must end in column 42. For numeric tablesor
arraysin packed decimal format, enter the unpacked decimal
length in columns 40-42. For numeric tables or arraysin
binary format, enter the number of bytes required in storage
for the binary field. For a2 character binary field, the entry
in columns 40-42 is4; for a4 character binary field the
entry is9.

Al tableitemsmust have the same number of characters.
It isalmost impossible, however, for every item to bethe
samelength. Therefore, add zerosor blanksto the front
of numericitemsto makethem the samelength and add
blanksto aphameric items. For alphameric items, blanks
may be added either before or after theitem (see Examples,
Examplel).

If two related tables are described in one table file, the
specification in columns 40-42 appliesto the table whose
item appearsfirst on the record (see Examples, Example 2).

The maximum length of anumeric tableitemis 15
characters. The maximum length of an aphameric table
item is 256 characters. However, the use of table or array
input cardslimits you to alength of 96 characters per table
item. SeeArraysin Chapter 10 for more information.

Examples

Example1l: Figure5-4showsatable, caled TABMO,
whichliststhe months of the year. The name SEPTEMBER,
having nine characters, isthe longest entry. Becausethe
lengths of the entries must be the same, blanksare added

to the remaining namesto make each of them nine charac-
terslong.



JANUARY
FEBRUARY :éggﬁiz\?g All entries must
MARCH MARCHbbbb have the same
w APRILDbbbb length, Those
INE ’jg;gggggg items that are
Iy not as long as
JULYbbbbb
AUGUST bbb the longest
SEPTEVBER N
OCTOBER SEPTEMBER item must be
NOVEVBER OCTOBERDD added with
NOVEMBERD B
DECEMBER b lanks (b).
List of Months Table of Months
Figure 5-4. Length of Table Entries
2 6
\
132 2 2 sEs 7 & 8 0 1 12 13 M 1% 16 $7 U E 2O XY 2T XY 24 35 26 G726 28 30 3 12
33 D4 35 30 37§38 39 40 41 A2 43 44 A% A6 47 40 48 3G S5t 52 33 %4 %5 55 37 58 A €O & 62 €3 S4
s Pes oy 68 6370 Y1 72 Y3 74 IS 76 TT YR TR 8O M B2 83 84 8% 85 87 AW B8 $0 91 92 #) 94 35 W
Bnnn‘oommmmuosmmmmmmvnumusmmunt‘zcmuzwzrzuzsvrsmmB N
A OSSN A
-] "} [ [ v ;e
¢c! b jc; D icg D iCi D 3
; 1 l‘ 3 4 3 &7 I' » I)'“ 12913 418 " ” !l’lI 0 M 222y 24'15 t; 27 1% 29 3B N !2';
A A
a ; ' b ! :3
4 1 i 1
2 Gy D 1G4 D : c | b : 2
él) 34’”)617M3’40"l 61"!‘445“47“"50‘51 $2 53 54 35 56 57 S8 $9 50 &) 62 63 &4 18
A A
8 8
4 4
2 2
1 63 0 E7 G5 &3 TC T T2 I VA MZ TE YT TR TR 8O & 82 23 B4 95 86 87 85 M PO 91 52 53 44 95 85 1
\ /

Example 2 Figure5-5 showsentriesin atableinput card
for related tables, C and D. Eachitemin table C istwo
characterslong; each itemin table D issix characterslong.
Since table C appearsfirst on the card, itslength, 2,is
specified in columns 40-42. Thelength of itemsin table D
isindicated in columns 52-54.

Business Machines C

RPG EXTENSONAND LINE COUNTER SPECHCATIONS

Punching Graphic Page Dj

instruction | pynch

Extension Specifications
— B
F M
Number | Number 4 B CI B3 A
Table or of of 21 8] Table or Array Length 14 .2 g
e able Entries ) %1 §] Name {Adternating] of 35
Array Name | per Entries of & | &] Format) Entry 1E1& g
Record | Per Table BIE g P x|
or Array Eise Elw
F18-] LK
S afo|r
(XX kR R R as a6 47 48 49 50 51182 53 salssiselnrles 5o 60 @
Tlal2)e 7 7] ; TIABD
; P’

The length Of the table item which appeared first
on the table input card is entered in columns 40-42,

Figure 5-5. Length of Corresponding Table Items
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COLUMN 43 (PACKED OR BINARY FIELD)

Entry Explanation

Blank Datafor table or array isin unpacked
decimal format or is aphameric.

P Data for table or array isin packed
decimal format.

B Datafor table or array isin binary for-
mat.

COLUMN 44 (DECIMAL POSITIONS)

Entry Explanation
Blank Alphamerictable or array.
0-9 Number of positionsto theright of the

decimal in numeric table or array items.

Column 44 must alwayshave an entry for a numeric table
or array. If theitemsin atable or array have no decimal
positions, enter a 0.

If two related tablesare described in one table file, the
specification in this column appliesto the table contain-
ing the item which appearsfirst on the record.

5-8

COLUMN 45 (SEQUENCE)

Entry Explanation

Blank No particular order.
A Ascending order.

D Descending order.

Use column 45 to describe the sequence (either ascending
or descending) of the datain atable or array file.

When an entry is madein column 45, the table or array
is checked for the specified sequence. If acompiletime
table or array isout of sequence, a severeerror occurs.

The program will halt after compilation. If an execution
time table or array isout of sequence, a severe error occurs
and the program halts immediately,

Ascending order meansthat the table or array itemsare
entered starting with the lowest data item (according to
the collating sequence) and proceedingto the highest.
Descending order meansthat the table or array itemsare
entered starting with the highest data item and proceeding
to the lowest.

If two related tables or two related arrays are described
in one file, the entry in column 45 appliesto the table or
array containing the item which appearsfirst on the record.

When you are searchinga table or array for anitem
(LOKUP) and wishto know if the itemis high or low com-
pared with the search word, your table or array must bein
either ascendingor descendingorder. See Operation Codes,
Lookup in Chapter 10 for more information. When a spec-
ific sequence has been specified, RPG II checksthe datain
the table or array to seeif it really isin that sequence.



COLUMNS 46-57

Use columns 45-57 only when describinga second table or
array which relates to and corresponds with the table or
array named in columns 27-32. All fieldsin thissection
have the same significance and require the same entries as
the fieldswith corresponding titlesin columns 27-45. See
the previousdiscussion on those columns for information
about correct specifications.
Leave these columns blank for asingle table or array.

COLUMMS 58-74 {COMMENTS)

Enter any information you wish in columns 58-74. The
comments you use should help you understand or remem-
ber what you are doing in each specification line. Com-
ments are not instructionsto the RPG II program; they
serve only asa means of documenting your program.

COLUMRNS 75-80 (PROGRAM IDENTIFICATION)

See Chapter 2.
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Chapter 6. Line Counter Specifications

Line counter specificationsmust be used for each printer COLUMNS 35 (LINE)
file in your program. If the dual carriage feature is used.
two specification lines must be completed. Line counter See Chapter 2

specificationsindicate at what line printingisto begin and
end on forms used in a printer. Write these specifications
on the Extension and Line Counter sheet (Figure 6-1).

COLUMNS 1-2 (PAGE) COLUMN 6 (FORMTYPE)

See Chapter 2 AnL must appear in column 6.
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Figure6-1. Extenson and Line Counter Sheet
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COLUMNS 7-14 (FILENAME)

Use columns 7-14 to identify the output file to be written
on the printer. Thefilename must beginin column 7.

Any filename entered in these columns must be afilename
previously defined on the File Description sheet. The out-
put deviceassigned to the file on the File Description sheet
must be a printer.

COLUMNS 15-17 (LINE NUMBER-NUMBER OF LINES
PER PAGE)

Entry Explanation
Blank Number of printing linesavailableis66.
1-112 Number of printing linesavailableis

from 1-112.

Columnsi15-17 specify the exact number of linesavailable
on theform or pageto be used. Theentry must endin
column 17. Leadingzerosare not necessary.

COLUMNS 18-19 (FORM LENGTH)

Entry Explanation

FL Form length

Columns18-19 must contain the entry FL. Thisentry in-
dicatesthat the precedingentry (columns 15-17) isthe
form length.

CQLUMNS 20-22 (LINE NUMBER)

Entry Explanation
Blank Line60isthe overflowline.
i-112 A line number from 1-112 isthe overflow

line.

6-2

Columns 2822 specify the line number that isthe overflow
line. Theentry must endin column 22. Leadingzeros
may be omitted.

When the line which you have specified as the overflow
lineis printed, the overflowindicator turnson to indicate
that the end of the pageis near. When the overflow
indicator ison, the following occur before formsadvanceto
the next page:

1  Detall linesare printed (if this part of the program
cycle hasnot aready been completed).

2 Totad linesare printed.

3. Total linesconditioned by the overflow indicator are
printed.

Because dl these linesare printed on the page after the
overflowline, you haveto specify the overflow line high
enough on the pageto allow al these linesto print. You
know the data you will be printing out after the overflow
lineisreached. Thus, you can judge what line should be
the overflow line on thisbass. See Overflow Indicators
in Chapter 10for more information.

COLUMNS 2324 (OVERFLOW LINE)

Entry Explanation

OL Overflowline

Columns 23-24 must contain the entry OL. Thisentry
indicates that the precedingentry (columns 20-22) isthe
overflow line.

COLUMNS 2574

Columns 25-74 are not used. Leave them blank.

COLUMNS 7580 (PROGRAM IDENTIFICATION)

See Chapter 2



Chapter 7. input Specifications

Input specificationsdescribe the data files, records, and COLUMNS 1.2 (PAGE)
fieldsof the recordsto be used by your program. These
specificationsmay be divided into two categories: See Chapter 2.

1. Fileand record type identification (columns 7-42)
describesthe input record and its relationship to
other recordsin thefile, COLUMNS 3-5 (LiNE}

2. Field description entries (columns 43-74) describe See Chapter 2,
the fieldsin the records.

The specificationsare written on the Input sheet (Fi gare COLUMN & (FORM TYPE)
7-1). Thefield description entries must start oneline

lower than file and record type identification entries. An i must appear in column 6.
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COLUNMNS 7-14 (FILENAME}

Columns 7-14 identify the input file you are describing.
The input filename must beginin column 7. Use the same
filename given in the file description specifications. The
name of every input file described in the file description
specifications must be entered at least once on this sheet.
The filename must appear on the first line that contains
mformation concerning the cardsm that file. If the file-
same is omitted. the last filename entered is assumed to be
the file being described.

COLUMNS 15-16 {SEQUENCE])

Entry Explanation

Any two Do not check for special sequence.
alphabetic

characters

Any two-digit Check for special sequence.
number

Columns 15-26 may contain a numeric entry which assigns
aspecial sequencero different record types in a file.

If different typesof records do not need to be in any
special order, use two aphabetic characters (see Examples,
Example ). Alphabetic characters must be used for
chained files. Do not use alphabetic entriesND and R
{Rblank) because the computer may mistake them for the
ND or R in an AND or OR line. Within one file, al record
types having alphabetic entries in columns 15-16 must be
specified before those types with numeric entries.

Use colunins 15-16 to assign sequence numbers to
different typesof records within afile. Your job may re-
quire that one record type (identified by arecord identifi-
cation code) must appear before another record type with-
in asequenced group. For instance, you may want a name
record before an addressrecord. You must provideare-
cord identification code for each type of record and then
number the record typesin the order that they should
appear. The program will check this order asthe records
areread, Thefirst record type must have the lowest
sequence number (01}, the next record type should be
given a higher number, etc. (See Examples, Example 2.)

Numeric sequence numbersonly ensurethat al records
of record type 01 precedeal records of record type 02,
etc,, in any sequenced group. The sequence numbers do
not ensure that records within a record type arein any
certain order. Numeric sequence numbers have no relation-
ship with control levels, nor do they providefor sequence
checkingof datain fieldsof arecord (see Examples,
Example 3).

Capsin sequence numbers are allowed, but the numbers
used must be kept in ascending order, The first sequence
number must be O1.

A record type out of sequence causesthe programto
stop. The program may be restarted by pressingthe start
key on the Processing Unit. The record that causesthe
halt is bypassed and the next record is read from the same
file

Recordsinan ORline cannot have aseguence entry in
these columns. The entry in these columnsfrom the
previousline aso appliesto the card in the OR line. See
Columns53-58in this chapter for information on OR re-
lationships.

Examples

ExampleI: Figure 7-2, insert A, showsa file havingtwo
types of records(part number and item number) which may
appear in any order. Sincethey are not to be checked for
sequencing, they are assigned two alphabetic characters (AA
and BC, respectively) instead of numbers. See Figure 7-2,
insert B, for the coding of thisexample.

Example2 Figure 7-3, insert A showsthe order of four
different types of recordswithin afile. The recordsare
arranged in groupsaccording to some control field.

The name record isfirst in each group and is assgned
sequence number 01. Street record is next and isassigned
02. City/state record is03. ltem numberislast andis
assigned 07. (Remember gapsare dlowed.) See Figure
7-3, insert B for the coding of this example.
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Example 3: Figure7-4 showsthree groupsof four different
record types. Each groupisin proper sequence according
to the assigned sequence numbers (01, 02, 03 and 07).
Notice, however, that the city/state record for group B is
ingroup C and vice versa, The sequence entry which you
specify in columns 15-16 will not catch this mistake since
the sequence entry does not cause the data on the record
to be checked.

COLUMN 17 (NUMBER)

Entry Explanation

Blank Record typesare not being sequence
checked (columns 15-16 have alphabetic
entries).

1 Only one record of thistypeispresentin
the sequenced group.

N One or more records of thistype may be

present in the sequenced group.

C ttem Number (07}

B City/State (03}
C Street {02) l

C Name (01)

These two cards, even though in the proper
sequence, are in the wrong data group.

A sequence entry in columns 1516 does
not check for this type of ervor.

8 1tem Number (07)

C City/State {03)

B Street (02)

B Name (01)

A item Number (07}

A City/State {03}

A Name (01)

' 51611

Figure 7-4. Correct Card Sequence (Incorrect Data in Each Group)
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Use column 17 only if sequence checkingisto be done
(columns 15-16 contain numbers). Often, when sequence
checking, you may have more than one record of a par-
ticular type within the sequenced group (see Example).
Thus you must indicate by an entry in column 17 that a
certain number of records of one type may befound in
the sequence group.

OR lines(columns 14-15 have the letters OR) should not
have an entry in this column. It isassumed that the num-
ber of records of thistype to be found in the sequenced
group is the same as the number entered in column 17 of
the previousline. See Columns 53-58in this chapter for
more information on OR lines.

Example

Figure 7-5 shows a sequencedrecord filein which there is
more than one record per type in agroup. The record type
called item number appears three times.

Thereisno reason for a name, street, or city/state record
to appear more than once in one group. A I isentered in
column 17 toindicate that these record typesappear only
oncein each group. However, sSince one person may have
purchased more than one item, there may be two or more
item number records per group; an vV isentered in
column 17 for thisfield. SeeFigure 7-3, insert B, for the
coding of thisexample.

B {tem Number (07}
B item Number {07}

B ttem Number (07}
B City/State {03)

B Street {02}

8 Name (01)

‘ 51612

Figure 7-5. Sequenced Card File (Morethan One Record per
Typein a Group)



COLUMN 18 (OPTION)

Entry  Explanation

Blank  Record type must be present (if sequence
checkingis specified).

0O Option. Record type may or may not be

present.

Column 18 is used when record types are being sequence
checked. A blank entry specifiesthat a record of this
record type must be present in each sequenced group.

The O entry specifiesthat a record of this record type may
or may not be present in each sequenced group (see
Example). If al record typesare optional, no sequence
errors will be found.

OR lines should not have an entry in thiscolumn. The
entry in this column on the previousline also appliesto
thisrecord in the OR relationship. See Columns53-58in
thischapter for moreinformation on OR lines.

Example

Figure 7-6 showsa sequenced card filein whicha card
type may beoptional. For instance, the street or item
number records may not beincluded. Sinceitisnot a-
way's necessary to havea street address, this record is op-
tional. Suppose thisjob required alist of al items purchas-
ed during one month by the individual named in the name
record. Itispossiblethat a person might not buy anything
during the month. In this case, there would be noitem
record; therefore, the item record would also be optional.
(See Figure 7-3, insert B for a coding example.)

B City/State {03}

B Name (01)

A ttem Number (07}

A City/State {03}

A Street (02}

I 51613

Figure 7-6. Sequenced Card File (Optional Record Types)

COLUMNS 19-20 (RECORD IDENTIFYING INDICATOR,

**)

Entry  Explanation

01-99  Record identifying indicatozr.

L1-L9  Control Ievel indicator, used for arecord identi-
fying indicator when arecord type rather than
acontrol field signalsthe start of a new con-
trol group.

LR Last record indicator.

H1-H9 Halt indicator, used for arecord identifying
indicator when checking for a record type
that causesan error condition.

*k Look ahead field,

Columns 19-20 may be used for two purposes:
1. to specify record identifying indicators, or

2 toindicate alook ahead field.

Record identifying Indicators

Use columins 19-20 to assign an indicator to each record
type. When you have different typesd recordswithina
file, you often want to do different operationsfor each
record type. Therefore, you must have some way of know-
ing which type of record hasjust been read. To do this,
you assign different record identifying indicators to each
record type. Whenever arecord typeis selected to be pro-
cessed next, Its corresponding identifying indicator is turned
on (al other record identifying indicators are off at this
time). Thisindicator signasthroughout the rest of the
program cycle which record type hasjust been selected.

Because the record identifying indicator ison for the rest
of the program cycle, you may useit to condition calcu-
lation operations(see Columns 917 in Chapter 8) and
output operations (see Columns 23-31in Chapter 9).

Record identifying indicators do not have to be assigned
in any order.

You may assign the same indicator to two or more
different record types provided you want the same opera-
tions performed on thesetypes. Do this by using the OR
relationship (see Columns 21-41 in this chapter)

No record identifying indicator may be specified in the
AND lineof an AND relationship, Resulting indicators
for OR lines may be specified for every record type in the
OR relationship that requires special processing. See
Columns21-41 in this chapter for information on AND
lines, See Columns 53-58 in this chapter for information
on OR lines.
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Look Ahead Fields

Use asterisksin columns 39-70to indicate that fields named
in columns 53-55in following specificationsare look ahead
fields. Alook ahead field alowsyou to look at information
m afield on the next record that isavailable for processing
in any input, update, or combined file. Because of this
capability vou are ableto usethe information from the
fook ahead field to determine what operations should be
done next.

Through the use of alook ahead ficid, you are able to:

I.  Determine when you are processing the last card of a
control group.

2. Do jobswhich the RPG I marching record capability
cannot do.

SeeLook 4kead in Chapter 10 for information on when
and how to use thelook ahead fidds.

COLUMNS 21-41 (RECORD IDENTIFICATION CODES)

Use columns 21-41 to describe the information that
identifies a record type.

When you have many record typesin one fiie, you often
want to perform different operations for each type. There-
tore, you must identify each type by giving each a special
code consistingof a combination of characters in certain
positions in the record. Thiscode must be described in
columns 21-41 so0 that when arecord is read the record
type can be determined by these specifications.

When more than one record type is used in a file, only
one record type will be selected for processing in each
cycle. The récord identifyingindicator for that record type
will be turned on at the time of selection. When all records
are t0 be processed dlike regardlessof their type, or if
there isonly one type, leave columns 21-41 blank.

AND Relationship

A maximum of three identifying characters may be des-
cribed in one specification Iine, Thus, if the identification
code consists of more than three characters, an AND line
must be used. This means that the first three identifying
characters are described in the first line. The additional
identifying characters are described in as many following
linesasare needed. Write the word AND in columns 14-16
toindicate an AND line (see Examples, Exemple 1).

You may specify as many AND linesas you need in order
to describe the record identifying code. The record must
contain all the charactersindicated asits record identifica-
tion code before the record identifying indicator will turn
on.

76

OR Relationship

A particular record type may be identified by two different
codes. If thisisthe case, OR lines must be used to indicate
that either one of the codesmay be present to identify the
record. A maximum of twenty OR lines may appear for
each record sequence. Write the word OR in columns
14-15 to indicate an OR line (see Examples, Example 2).

Seven columnsare set asidefor the description of one
character in the record identification code. Each specifica
tion line contains three setsof seven columns: columns21-
27, 28-34, and 35-41. Each set consists of 4 fields:
Position, Not, C/Z/D, and Character. Codingisthe same
for al three sts.

Position
Entry Explanation
Blank No record identification code is needed.
1-4096 Record position of one character in the

record identification code.

Use columns 21-24, 28-31, and 35-38 to give the location
in the record of every character in the identification code.
Entriesin these columns must end in columns 24, 31, and
38 respectively.

Not (N}
Entry Explanation
Blank Character is present in the specified
column.
N Character is not present in the specified
column.

Use columns 25, 32, and 39 to indicate that acertain
character should not be present in the specified posticin.

C/Z/D
Entry Explanation
C Entire character.
z Zone portion of character.
D Digit portion of character.



Use columns 26, 33, and 40 to indicate what portion of a
character is used as part of the record identifying code.
Only the zone portion, only the digit portion, or both
portions (the whole character) may be used (see Examples,
Example 3, and Example 4). When establishing record
identifying codes, remember that many characters have
either ths same zone or the same digit portion. For alist
of charactersthat have identical zoneor digit portions see
Character Sructurein Chapter 10.

Character

Use any alphabetic character, specia character, or digitin
columns 27, 34, and 41 to identify the character that was
used in the record to serve asthe code or part of the code.

Note: If none of theidentifying codesyou have specified
isfound on arecord, processingstops. You may continue,
however, by pressing the start key on the Processing Unit.
Therecord that caused the halt is not processed, and the
next record in that file is read.

Examples

Example I. Figure 7-7, insert A showsa record identifica
tion code consisting of five characters. The first character
islocated in position 1, the other four in positions93, 94,
95and 96. Sinceonly three identifying characters may be
described on one line, the word AND must be used on the
next line to indicate that the last two characters of the cade
are part of the preceding record identification entries.

Example 2. Figure 7-7, insert B, showsthe use of an OR
lineto describerecord type identification codes. The
record assgned resultingindicator 12 can be identified by
two different codes. The record can beidentified by a code
consistingof a5in position 1 and a6 in position 2 or a
code consistingof a6in position 1.

Example 3: In Figure 7-7, insert A, the entry in column 32
indicatesthat the digit 9 must not be present in position
93 for record type 12.
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Example 4. Figure 7-7, insert A, showsthat only the zone
portion of the character 7' tocated in position 94 is part of

the identifying code. In position 96 only the digit portion
of the character Eispart of the code.

COLUMN 42 (STACKER SELECT)

Entry Explanation

Blank Cardsautomatically fall into a predeter-
mined stacker.

1-4 Stacker into which the card type is

stacked.

Column 42 is used to indicate that certain types of input
cardsmust be stacked in a specificstacker. If you make no
entry, all cards will go into a predetermined stacker
{primary hopper--stacker |, secondary hopper--stacker 4).
Only input file and combined file cards may be stacker
selectedin the input specifications.

Y ou may stacker select cardsfrom theinput fileininput
specificationsonly. However, cardsfrom a combined file
may be stacker selectedin either input specificationsor
output-format specifications(see Column 16 in Chapter 9).

Any card type that is stacker selected on the input
specificationsshould not have an output operation specified
for it. If an output operation isspecified, however, the
input stacker selection specification isoverridden (see
Column 16 in Chapter 9} if the output is performed.

When the same stacker is indicated for both input and
output files, a card from the output file is put in the stacker
before a card from the input file. Thisprocedureisreversed
(input card before output card) if Look Ahead Fieldsor
dual 1/O areas are specified for the input file.

The card typein an OR line may be sel ected for a specid
stacker by an entry in column 42. If the card typein an OR
line has no entry in column 42, the card goes into the pre-
determined stacker. {See Column 53-58 in this chapter for
more information on OR lines.} AND lines may not have
an entry in stacker select.

COLUMN 43 (PACKED OR BINARY FIELD)

Entry Explanation

Blank Field is in unpacked decimal format or
is alphameric.

P Field is in packed decimal format.

B Field is in binary format.

7-8

Column 43isusedto indicate that an input fieldisin
packed decimal or binary format. Packed decima and
binary fieldsare converted into unpacked decimal format
for use by the system. The conversion ignores decimal
points.

Column 43 must contain aPif theinput field namedin
columns53-58isin packed decimal format.

Column 43 must contain a B if theinput field named in
columns53-58isin binary format. Binary fieldscan only
bereadin from disk. The binary input field can only be
2 or 4 charactersin length. The highest decimal number
that can be expressed with 2 binary charactersis 32,767,
thus, 4 bytes of storage are set aside for a two-character
binary field. The highest decimal number that can be ex-
pressed with 4 binary charactersis 2,197,483,608; thus, 9
bytes of storageare set aside for afour-character binary
fidd.

Note Column 43 beginsthe field description entries
(columns 43-74) which must begin one line below thefile
and record identification entries (columns 7-42) for each
file.

COLUMNS 44-51 (FIELD LOCATION)

Entry Explanation
Two 1-4 digit Beginning of afield (From) and end of a
numbers field (To).

Use columns44-51 (From and To) to describethelocation
on the record of eachfield containinginput data namedin
columns53-58 (Field Name). Enter the number of the
record positionin which the field beginsin columns44-47.
Enter the number of the record positionin which the field
endsin columns48-51.

A single position field is defined by putting the same
number in both From (columns 44-47) and To (columns
48-51). If afield of morethan one position is defined, the
number entered in From (columns 44-47) must be smaller
than the number entered in To (columns 48-51).

The maximumfield length for a numericfield is 15 digits.
The maximum field length for an alphamericfield is 256
characters.

Entriesin these columns must end in columns47 and 51.
Leading zeros may be omitted.



COLUMN 52 (DECIMAL POSITION)

Entry Explanation

Blank Alphamericfield.

0-9 Number of decimal positionsin numeric
fied.

Use column 52 to indicate the number of positionsto the
right of the decimal in any numeric field named in columns
53-58. Column 52 must aways have an entry when the
field named m columns 53-58 is numeric. If you wish to
define afield as numeric with no decimal position, enter
ao. If afieldisto be used in arithmetic operationsor isto
be edited, it must be numeric. If the number of decimal
positions specified for afield exceedsthe length of that
field, the number of decimal positionsisassumed equal to
the length of the field.

COLUMNS 53-58 (FIELD NAME)

Entry Explanation
1-6 aphameric Field name, array name, or array element.
characters

PAGE

PAGE1 Specia words

PAGE2

Use columns 53-58 to name a field, array, or array element
found on your input records. If you are referencingan array,
additional entries may be needed in these columns (see
Arrays in Chapter 10). Use this name throughout the pro-
gram whenever you refer to thisfield. You must indicate
the names of the fieldsfor ali types of records. However, you
should name only the fieldsthat you will use.

A field name can be from 1-6 characters long, and must
begin in column 53. The first character must be an
alphabetic character. The remainingcharacters can be any
combination of aphabetic and numeric characters (specia
charactersare not dlowed). Blanksmay not appear
between charactersin the name.

All fieldsin one type of record should have different
names. If two or more fieldson the same record type have
the same name, only the field described last isused. How-
ever, fieldsfrom different record types may have the same
name if the fieldsare the samelength and contain the same
typeof data. Thisappliesevenif the fieldsarefound in
different locationsin each record type. Duplicate field
names should not be used if matching fieldsare specified
in your program.

Numericfields may havea maximum length of 15 charac-
ters. Alphamericfields may have a maximum length of 256
characters. However, fieldswhich are read in from acard
arelimited to the length of one punched card.

Fieldsthat are used in arithmetic operations (see Oper-
ation Codesin Chapter 10) or fieldsthat are edited or
zero suppressed (see Editingin Chapter 10) must be defin-
ed as numeric. This meansthat column 52 must have a
decimal position entry.

A separate lineisused for each field description.

OR Relationship: Even though two or more record types
contain identical fields, you must describe each field. This
may require duplicate coding. To eliminate duplicate cod-
ing of identical fieldsfrom different record types, you may
use the OR relationship. A maximum of twenty OR lines
may be used for each record sequence group.

An OR relationship meansthat the fields named may be
found in either one of the record types. You may use OR
lines when:

1 Two or morerecord types have the samefieldsin the
same positions (see Example).

2. Two or more record types have somefieldswhich are
identical and somefieldswhich differ in location,
length, or type of data. See Columns 63-64 in this
chapter for sample coding of such record types.

Writethe word OR in columns 14 and 15 to indicate an OR
line (see Example). If there are several AND or OR lines,
field description linesstart after the last record identification
line,

PAGE: If your printed report has severd pages, you may
want to number the pages. The special word PAGE alows
you to indicate that page numberingis to be done. When
you use a PAGE entry on the Output-Format sheet, page
numbering automatically startswith 1 (see Columns32-37
in Chapter 9).
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If you want to start at a page number other than 1, you
can enter that page number in afield of an input record
and namethat field PAGE in columns 53-58. The number
you enter in the PAGE field of theinput record should be
one number lessthan the starting page number. If your
numbering should start with 24, enter a 23in the PAGE
field. The PAGE field can be of any length, but cannot
have decimal positions (Figure 7-8). Any entry you make
in the PAGE field should be right justified, such as 0023.

Page numbering can be restarted during a program run
by entering a number in a PAGE field of any input record.
The PAGE field can be defined and used in calculations
like any other field.

The three possible PAGE entries. PAGE, PAGE1, and
PAGE2, are provided for naming different output files.

Do not use the same entry for two different output files.

Example

Figure 7-9 shows how the use of OR lines can save dupli-
cate coding. Thetwo different record types (one identified
by a5 in column 1, the other by a6 in column 1) both
have identical fieldswhich must be described. Figure 7-9,
insert A, shows one way of doingthis. Figure 7-9, insert B,
showsthe use of OR linesto do the same thing with less
coding. Thecodingin Figure 7-9, insert B, saysthat all
four fieldscan be found on either the record type identified
by the5in column 1 or the record type with a6 in column
1.

COLUMNS 59-60 (CONTROL LEVEL)

Entry Explanation

Li-L9 Any control level indicator.

Use columns 59-60 to assign control level indicators to in-
put fields. (Control level indicators may not be associated
with achained file.) Control level indicators are used to
specify the point at which specified operationsare to be
done. You may assgnacontrol level indicator to any field;
thisfield isthen known asacontrol field. 1t ischecked for
achangeininformation. When information in the control
field changes, a control break occurs. All records havingthe
sameinformation in the control field are known asa control
group.

Whenever arecord containing a control fieldisread, the
datain the control field is compared with data in the same
control field from the previous record. When a control
break occurs, the control level indicator turnson. Operations
conditioned by the control level indicator are then done (see
Columns 917 in Chapter 8 or Columns23-31 in Chapter
9.

There are nine different control levels (L1-1L9). Whena
certain control leve indicator turnson, al control level
indicators lower than it aso turn on. For example, if con-
trol level indicator 3 turnson, control leve indicators 1 and
2dsoturnon.

Figure 7-8. Page Record Description
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re ranked in order of importance. The
larger numbers mﬁ}: higher than lower numbers. L4 hasa
higher rank than L1, The importance of a control field in
relation to others should determine how you assign indica-
tors. For example, the type of data which demands a sub-
total has a lower control level indicator than data which
qeeds 2 grand total. A field containing department numbers
is given a higher control level indicator than a field contain-
ing employee numbers. (See Examples, Example I).
Control level indicator L0, since it is always on, cannot
be assigned to a control field. Nevertheless, you may use it
to condition operations (see Columns 7-8 in Chapter 8).
Normally control level indicators are used to:

The indicators

ot

1. Condition certain calculations to be performed when
the information in the control field changes.

2. Condition certain punching {summary punching) or
printing {total printing} to be done after totals have
been found for one control group.

3, Condition certain operations to be done on the
record that causes a change in s control field (first
record of anew control grougp).

When assigning contro! level indicators, remember:

same control level indicator is used in different

types or in different files, the control fields

f the
ord
ociated with that control level indicator must be
san

o
m w: o

o

?‘8

m

ae Fxamples, Fxample 2,

2. In the same record type, record columns in control
fields asagﬁci different control level indicators may
overlap (Figure 7-10), However the total number of
colurmnns assigned as control fields {counting each
control level only once) must not be greater than
144, In Figure 7-10 for example, a total of 15
columms is assigned to control levels.

3. Field names are ignored in control level operations.
Therefore, fields from different record types which
have been assigned the same control level indicator
may have the same name,

Lo

. Control levels need not be written in any sequence.
L2 entry can appear before L1, Also, there may be
gaps in the control levels assigned.

5. When numeric control fields with decimal positions
are compared fo see if a control break has occurred,
they are always treated as if they have no decimal
positions.
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Figure 7-10. Overlapping Control Fields

6 If afieldisspecifiedas numeric, only the digit
portion is used to determine if acontrol break has
oceurred. Thismeansthat afield isalwaysconsider-
ed to be positive. A -5isconsidered equal to a+5s.

7. Ali control fieldsgiven the same control leve indi-
cator are considered numericif any one of those con-
trol fieldsis described as numeric (column 52 hasan
entry). This meansthat when numeric control fields
are compared to seeif the information has changed,
only the digit portion of each character is compared.

8.  Control fields areinitialized to hexadecimal zeros.

9. Acontrol break is highly probable after the first
record containing acontrol fieldisread. The control
fieldsin this record are compared to an areain
storage which isvoid of any type of data. Since
fields from two different recordsare not being com-
pared, total calculationsand total output operations
are bypassed for thiscycle. A control break does
occur, then, but it isnot considered to be a true con-
trol break.

Total calculations and total output operationsare
bypassed until the first cycle following a cycle involv-
ing arecord with control fieldsspecified.



Split Control Fields

If acontrol field is made up of more than one field of are-
cord, it isthen known asasplit control field. A split con-
trol field is created when the same indicator isassigned to
two or more connected or unconnected fieldson the same
record type.

Al fieldsin one record that have the same control level
indicators are combined by the programin the order
specified in the input specificationsand treated as one con-
trol field (see Examples, Example 3). Some special rules
for split control fieldsare:

1 For onecontrol leve indicator, afield may be split
in some record typesand not in othersif the field
namesare different. However, the length of the field,
whether split or not, must be the same in dl record

types.

2.  Thelength of the portionsof a split control field may
vary for different record typesif the field namesare
different. However, the total length of the portions
must alwaysbe the same.

3. Noother specification lines may come between lines
which describe split control fields.

4 If one section of asplit control field is numeric, the
wholefield is considered numeric.

5. A numeric split control field may have more than 15
charactersif any one portion of the split field does
not exceed 15 characters and the sum of &l control
fields(counting each control level only once) is not
greater than 144 characters.

6. Agplit control field cannot be made up of a packed
decimal field and an unpacked decimal field. Both
portions of the control field must be packed, or
both unpacked.

Note: Additional rulesapplying to control leve indicators
when used with indicators in the Field Record Relation
columnsare discussed in Columns 63-64 in this chapter.

Examples

Example1: Figure7-11 showsthe assignment of three
indicators. The namesof the control fields(DIVSON, DEPT,
EMPLNO) give an indication of their relative importance.
The divison (DIVSON) is the most important group. It is
given the highest control level indicator used (L3). The de-
partment (DEPT) ranks below the corporation; L2 isassign
edtoit. Theemployeefield hasthe lowest control level
indicator (L.1) assigned.
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Example 2. Figure 7-11 showsthat the same control level
indicators may be used for different record types. Notice,
however, that the control fields having the same indicators
arethe samelength. EMPLNO, in both cases, is6 columns
inlength, DEPT is4, and DIVSON isone.

Example 3. Figure 7-12 showsa split control field made up
of three portions. The control level indicator (L4) whichis
used for all three portionsindicatesthat they aredl to be
treated as one control field. Thefield can be pictured as
follows:

CUSNO ACCTNO REGNO

1 679 8 6 53917 111

Thefirst field assigned the same control level indicator
beginsthe control field; the last endsit.

COLUMNS 61-62 (MATCHING FIELDS)

Use columns 61-62 to specify matching fieldsand sequence
checking. Matching fieldsand sequence checking cannot
be specified for chained files.

An entry in columns 61-62 indicates:

1 Matchingfieldsand sequence checking when you have
two or more input or combined fileswith match
fields.

2. Sequence checking only when you havejust onein-
put or combined file.

Matching Fields

Make an entry in columns 61-62 when you wishto compare
recordsfrom two or moreinput or combined filesin order
to determine when records match. Records can be matched
by matching one field, many fields, or entire records. You
can indicate as many as nine matching fields(M1-M9).
Whenever the contents of the match fieldsfrom recordsof
the primary file are the same as the contents of the match
fieldsfrom a secondary file, the matching record (MR)
indicator turnson. M1-M9 are used only to identify fields
by which recordsare matched. The valuesM1-M9 are not
indicators, but do cause MR to turn on when a match occurs.
You can then use the MR indicator to condition those

Enery Explanation operations which are to be done only when records match
(see Columns 9-1 7 in Chapter 8 and Columns 23-31 in
MI1-M9 Any matching level Chapter 9).
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When assigning matching field values, remember:

1. Sequence checkingisautomatically done for all
record types with matching field specifications.
The contents of the fieldsto which M1-M9 have been
assigned are checked for correct sequence. An error
in sequence stopsthe program. The record which
caused the halt is not processed. When the machine
isrestarted, the next record from the samefileis
read, Thus, al matching fields must bein the same
order, either all ascending or all descending (see
Column18in Chapter 4).

2. Notal files used in the job must have matching fields.
Not al record types within one file must have match-
ing fields either. But at least one record type from
two filesmust have matching fieldsif filesare ever
to be matched.

3. Thesame number of matching fields must be
specified for al record typeswhich are used in match-
ing. The same matching record values must aso be
used for all types (see Examples, Example 1).

4. All match fields given the same matching record
value (MI-M9) must be the same length and type
(alphameric or numeric).

5. Record columns of different matching fields may
overlap, but the total length of all fields must not ex-
ceed 144 characters.

6. If morethan one matchingfield is specified for a
record type, dl the fields are combined and treated
as one continuous matching field (see Examples,
Example 2). They are combined according to ascend-
ing sequence of matching record values.

7. Matching fields may not be split. This means that the
same matching field value cannot be used twice for
one type of card.

8.  Matchingfields may be either alphameric or numeric.
However, al matching fields given the same matching
record value (M1-M9) are considered numericif any
one of those matching fieldsis described as numeric.

9.  When numeric fields having decimal positions are
matched, they are treated asif they had no decimal
position.

10.  Only thedigit portions of numeric match fieldsare
compared. Even though afield isnegativeitiscon-
sidered to be positive since the sign of the numeric
fieldisignored. Thus, a-5 will match with a+35.

1. Whenever more than one matching record value is
used, al match fields must match before the MR in-
dicator turnson. For example, if matching fields M1,
M2, M3 are specified, all three fieldsfrom one record
must match al three fields from the other record. A
match on only theM1 and M2 fieldswill not turn on
the MR indicator (see Examples, Example I).

12. Field namesareignored in matching record operations.
Therefore, fields from different record types which
have been assigned the same match level may have the
same name.

13. If you have defined an alternate collating sequence
for your program, alphameric fields are matched
according to the sequence you have specified.

Note: Additional rules applying to matching records when
used with entriesin the Field Record Relation columns are
discussed in Columns 63-64 in this chapter.

Matching records for two or more files are processed in
the following manner:

1. Whenever arecord from the primary file matchesa
record from the secondary file the primary file re-
cord is processed first. Then the matching secondary
filerecord is processed. (Remember, the record
identifyingindicator which identifies the record type
just selected ison at the time the record is processed.
Thisindicator isoften used to control the type of
processing that takes place.)

2. Whenever records from ascending files do not match,
the record having the lowest match field content is
processed first (Figure 7-13). Whenever records from
descending filesdo not match, the record having the
highest match field content is processed first.

3. Arecord type which has no matching field specifi-
cation is processed immediately after the record it
follows. The MR indicator isoff. If this record
typeisfirstin thefile, it is processed first even if
itisnotin the primary file (see Figure 7-13).

4. The matching of filesmakesit possible to enter data
from primary recordsinto their matching secondary
recordssince the primary record is processed before
the matching secondary record. However, the trans-
fer of datafrom secondary records into matching
primary records can only be done through look
ahead fields(see Look Ahead in Chapter 10).

For additional information on matching recordsfrom more
than two files see Operation Codes, Force, in Chapter 10.
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No Match Field

Match Field

;S

Primary File Secondary File

Last Record Pr

The recordsfrom the two files are processed
in the order shown here. The single, merged
card deck is shown mainly for iliustration
purposes Aithough the decks could be
merged, they are usually separated by the
stackers.

is processed immediately after
the card it follows, regardless
of file.

When cards have no match.
(7)) the cardwith the lowest

) " sequence number is processed
4_'1_ ‘r_/ ________ ) first, regardless of file.

-..-/—----—\
The card with no match field
g (D is processedimmedietely after
... the cardit follows, regardiess
of file.

— o——————— -

First Record Processed

Figure7-13. ProcessngOrder Accordingto MatchingRecords
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Sequence Checking

Make an entry in columns 61-62 when you want to sequence

check records within one input or combined file. This entry
causes sequence checking of the data in the fieldsto which
M1-M9 have been assigned (see Columns 15-16 in this
chapter for sequence checking of record types). You may
use as many as nine fields(M1-M9} to sequence check, The
sequence (ascending or descending) of your record file

must be specifiedin the file description specifications(see
Column 18in Chapter 4). An entry in columns 61-62 indi-
catesthat the recordsare to be checked to seeif they really

are in the sequence specified (see Examples, Example 3).

Examples

Example 1. Figure 7-14 showsthree record types that
are used in matching records. All record types have three
matching fields specifiedand al use the samevaues(M1,

M2, M3} to indicate which fields must match. The MR
indicator turnson only if al three match fieldsin either
of the record typesfrom the MASTER file are the same
asall three fields from the record in the WEEKLY file.

Example 2 Figure 7-14 indicates three matching fieldson
onerecord. Thesethree are combined and treated as one
matchingfield organized asfollows:

DIVSON DEPT EMPLNO

M3 M2 M1

The order in which the fieldsare specified on the input
specifications does not affect the organization of the
match fieldsin the computer.

IEM et ey
RPG INPUT SPECIFICATIONS - 75 76 77 78 79 80
— e ~ e LT
‘g Record ldentification Codes ik Losstion f'e! "
3 : 2 3 - - 5 ndicators
:c; H % g :J:: c_k;‘!: Sterting
Line « Filename g“ § 5 . . ;g % E Fieid Name g g o gﬁ?ﬁm
ks 3 »»Qg» T | ostion |2t g rostion || | B paston |5 .§‘§ 3 From L 'Sf % Plus [Minus| o«
3 & sfel7 8 9 1w 2 13 4w e i8N0 20021 27 23 24178 26]27] a8 20 50 3V {S2ia3{34]35 08 37 3B[39]40141 {47344 45 4B 4742 4% 5O BIISZ|ED 54 8O 86 57 GRISO 606 GZES 64165 G6{6Y B[E9 YD{TY 72 U3 74
ohi 'MASITIER @1 | 95 s
ol21 1 1 5| [EMPILLNG | M1
ol 1 1¢ | 115 |PAYRAT
oj4) |1 36| | 4@ D vison M3
ols] |1 3111 | 135 PEPT 14412,
olsl |1 B8 | vl | 35 lcr
sl7) |t i 51 [EMPILINO| | M1l
°ofp It g | 115 |HRS WD
ool 1 28, | 24 DEPT M1
ol 15 @ 29 TYISON | M3
b wegkdY | DLl | o3 %
el 1 5 EMPLNO | M1
ta gt b 1@ DIVSON | M3
NARP 111l | 115 [DEPT ML
15) iy 24 | 256 HRS WK_&D
I
1
I
1
1

Figure 7-14. Match Fields
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Example3: Aninput file called MASTERisto besequence ~ COLUMNS 63-64 (FIELD RECORD RELATION)
checked using three fields (Figure 7-15). Data from two

cardsis shown below: Entry Explanation
01-99 Record identifying indicator assgned to
arecord type.
i L1-L9 Control level indicator previoudy used.
Data fromFirst Card Data from Second Card
MR Matching record indicator.
DEPT 008 DEPT 003
U1-U8 External indicator previously set.
REGION 051 REGION 025
HI-H9 Halt indicator previously used.
DIVSON 003 DIVSON 005

Columns 63-64 have severd uses which are discussed
after these generd rules:

1 All fields, including matching or control fields, that
have no field record relation specification should
come before those that do.

I'n sequence checking, all fieldsare treated as one contin-
uousfield. Thus, the matchingfieldslook like:

2. Allfieldsrelated to one record type (that is, having

M3 M2 Mi the same Field Record Relation entry) should be
entered asa group in specification linesfollowing one
card 1 003 051 008 another for more efficient use of core storage. These
card 2 005 025 003 fieldscould, however, be entered in any order.
3 All portionsof asplit control field must be assigned
The matching field from card 1 iscompared with the match- the samefield record relation indicator and must be
ingfield from card 2 If thefileisspecified to be in ascend- entered asa group in specification linesfollowing
ing sequence, the cardsare in order since 005025003 is one another (see Examples, Example ). For more
higher than 003051008. However, if thefileis specifiedas information on split control fields, see Columns
having a descendingsequence, card 2 isout of order. 59-60in this chapter.
IBM Internationat Business Machines Corporation ;':,2: ?l-\sf;}:
RPG INPUT SPECIFICATIONS 7576 77 78 76 80
Puncing | G re[ 1] T [T
Program Instruction Punch -
5 Record identification Codes el Locstion * Field
§ T 2 3 % Fld Locat 5 ‘ é Indicators
::;: “E ‘g é 2% i‘f Sterling
€ %Qé';g Position zlo § Position 2o % Position 2o gg :g From To Té ;;” gg ; Pius {4 o
g HEH 5|8l5 31515 HEEHA s §128) ¢
3 4 si6l7 8 ¢ 1011 12 13 1415 witriiahe 2oz 22 23 24{2s{26]27] 28 20 30 31[32{30134{35 36 37 36]30]40]41{a2|43 |44 46 A€ 47148 49 BO 5152|535 54 &5 BE 57 GB|5H BOIET S2{63 G416 66{87 BE{EB YOV TZ VI M
BORACNEREE l
ofa| |1 1 110l INAME
olal 11 11 1i5] INUM
ols] |1 11 19| DEPT M1
05| |1 2/@ | 122] REG/OIN | M2z
ols| |1 2.3 | 25 DI VisSoN | M3
07 1

Figure 7-15. Match Fidlds(Sequence CheckingWithin a File)
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Record Identifying indicators (01-99)

Columns63-64 are commonly used when several record
types have been specifiedin an OR relationship. Fields
which have no field record relation indicator are associat-
ed with dl the record typesin the OR relationship. Thisis
fine when al record types have the same fields. But if the
record typesin the OR relationship have somefieldsthat
are the same and some that are not the same, you do not
want to associate every field with dl records. Therefore,
you must have some way of relatingafield to acertain
record. To do this, placein columns 63-64 the record
identifying indicator found in columns 19-20 of the record

type on whichthe field isfound (see Examples, Example 2).

Control fields(indicated by entriesin columns 59-60)
and matching fields (indicated by entriesin columns 61-62)
may also be related to a particular record typein an OR
relationship by afield record relation entry. Control fields
or matching fieldsthat are not related to any particular
record type in the OR relationship by the field record rela
tionindicator are used with al record typesin the OR re-
lationship.

When two control fields have the same control level indi-
cator or two matching fields have the same matching level
entry, it ispossibleto assgn afield record relation indicator
to just one of the control fieldsor to just one of the match-
ing fields. In this case, only the specification havingthe
field record relation indicator isused when that indicator is
on. If none of the field record relation indicators are on for
that control field or matching field, the specification with-
out afield record relation indicator isused. Control fields
and matching fieldscannot havean L1-L9 or MR entry in
columns 63-64.

Control Level {L1-L9) and Matching Record {MR)
Indicators

Another situation for which you may use these columnsis
when you wish to accept and use data from a particular
field only when a certain condition (such as matching
records or a control break) occurs. You indicate the con-
ditions under which you accept datafrom afield by
indicator L1-1.9 or MR. Data from the field named in
columns 53-58 isaccepted only when the indicator ison
(see Examples, Example 3).

External Indicators (U1-U8)

Y ou may also use these columns to condition a specification
by an external indicator (U1-U8). The external indicator,
whichyou set prior to processing, controls whether or not
the specification isdone. When the indicator ison, the
specification is done; when it is off, the specification is not
done.

Externa indicators are primarily used when file condition-
ingis done by an entry in columns 71-72 in the file descrip-
tion specifications. However, they may also be used to
condition when a specification should or should not be done
even though file conditioning is not specified. See
Indicators, External Indicators, in Chapter 10.

Halt Indicators {H1-H9)
A halt indicator isused to relate afield to arecord that is

inan OR relationship and also hasa halt indicator specified
in columns 19-20.
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Examples

Example 1: Split control fieldson one record type must

have the same record relation entry. Figure 7-16, insert A,

showssevera record types with split control fieldsin each.

The record identified by al in column 95 hastwo split
control fields:

FLDI Aand FLD1B
FDL2A and FLD2B

Therecord witha 2 in column 95 hasthree split control
fields.

FLD1A and FLDI B
FLD2A and FLD2B
FLD3A, FLD3B, and FLD3C

The third record type, identified by the 3in column 95,
also hasthree split control fields:

FLDI Aand FLD B
FLD2A and FLD2B
FLD3D and FLD3E

/ T2 3 4 5 6 7 8 9 0 IZ 13 W 516 17 18 19 20 21 22 23 24 25 26 27 26 29 30 31 32 / T2 03 4 5 6 7T 8 9 W N 13 M S 16 17 18 19 20 21 22 23 24 IS 26 ¥7 28 28 39 W 32
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€% 66 67 68 §9 70 Yt JZ 73 T4 Y5 Y6 YT 78 7% 60 8 82 83 64 BS 86 87 88 89 90 ¥ 52 93 94 ¥S §6
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8
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2 2
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Record identificationcode = 1

Record identificationcode = 2
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Figure 7-16. Field Record Relation (Split Control Fields) (part 1 of 2)
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All portions of the split control field must be assigned the
same control leve indicator and all must have the same
field record relation entry. Figure 7-16, insert B, showsthe
field record relation required for the three record types.

Form X21-9084 '

2 Business Machines O b
mn Printed in US.A,
*
RPG INPUT SPECIFICATIONS 12 75 76 77 78 79 80
Date . . # i H Prw&“
Punching | Grephic e Identification
o Instruction Punch
Record Identification Codes Field
Field Location Indicators
B 2 3 > e 3
£ ! § RTINS
2. 3 2 <13 13 )
£ “ 8 . = gal Sterling
P £ E5 Sim % ield Name FREE IR Sign
Line . Filename Z g 8 3 g §leil s  JZero | position
=3 ~el= Position | B8] position |l [B| Position |- ~ Erom To E ZJER] & |Ples M
- Blsle AN 2ol Zlol55 IR g B lEg| S Blank
2 p <t SIS E MTH g ig8] 3
g HHE HE 30518 35125 z 5|23 &
3 4 BIE]7 & 9 1011 1213 14i1s 16{17[18{10 20 2% 22 23 24|25{26{27| 2R 29 530 31 3% 36 37 38i30]40fa1a2]aiea 45 46 47]48 49 50 51[52]53 54 55 56 57 58|59 80{61 6263 6465 86167 68[69 70|71 72 I3 74
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017 1
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T control field must have
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1
1
H
1
1

Figure 7-16, Field Record Relation (Split Control Fields) (part 2 of 2)
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Figure7-17. Fied Record Relation
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Example 2 Figure 7-17 shows how record identifying
indicators are used to relate afield to arecord. Thefile
contains two different typesof records, one identified

by a5 in column 1 and the other by a6 in column 1.
FLDC isrelated by record identifying indicator 14 to the
record type which isidentified by a5in column |. FLDD
isrelated to the record type havinga6 in column 1 by re-
cord identifying indicator 16. Thismeansthat FLDC is
found on only one type of record (that identified by 5in
column 1) and FLDD isfound only on the other type.
FLDA and FLDB are found on both typessince they are
not related to any one type by arecord identifying
indicator.

Example 3. Suppose you were printing a monthly report
showingall itemssold in each department in your company.
Y ou also want the report tolist the name of the manager

of each department. Eachinput record then hasthe depart-
ment number {DEPT), the manager's name (MANAGR),
and oneitem (ITEM) that wassold by that department.
Fieldsare described asshown in Figure 7-18. The records
are arranged in order by department.

In the report it is not necessary to print the manager's
name for every item that was sold in hisdepartment. In-
stead, it should be printed only when the first record con-
taining an item sold in a different department isread. The
field called DEPT is established as a control field.

Remember that the manager's name is printed only when
information in the control field changes. Thustheinfor-
mation from thefield called MANAGR is not used often.

It would be wasted time to accept that information every
timearecord isread. TheL1 entry in columns63-64
indicatesthat the data from the field caled MANAGR isto
be accepted and used only when a control break occurs.

COLUMNS 65-70 (FIELD INDICATORS)

Entry Explanation
01-99 Field indicator.
H1-H9 Halt indicator (when checkingfor an

error condition in the data).

Usefield indicators 01-99 when you wish to test afield
for a condition of either plus, minus, zero, or blank. The
indicator specified turnson if the condition istrue;it re-
mains off or turnsoff if the conditionis not true. You
usually use these same indicatorsto control certain calcu-
lation or output operations(see Columns 9-17 in Chapter
8 or Columns23-31 in Chapter 9).
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Figure7-18. Field Record Relation: Accepting Data From a Field
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The three conditions you may check for are:

1. Plus{columns 65-66). Any validindicator entered
hereisturned on if the numericfield named in
columns53-58 isgreater than zero.

2. Minus(columns 67-68). Any vdid indicator entered
hereisturned on if the numericfield in columns
53-58islessthan zero.

3, Zeroor blank (columns69-70). Any vdid indicator
entered hereisturned on if a numericfidld namedin
columns53-58isall zerosor if an aphamericfield
isall blanks.

A numericfield whichisall blankswill turn on an
indicator specifiedfor al zeros. However,if an
alphamericfieldisall zeros, the field will not turn on
anindicator specifiedfor al blanks.

In the input specifications, you specify theindicators that
will be used to condition operations. 1n the calculation
specificationsand output-format specifications, you
actually use theseindicators. When conditioning operations,
you must know when the indicators will be off and when
they will beon. When assigning and usingfield indicators
in columns 65-70 remember:

1. Indicatorsfor plusor minusare off at the beginning
of the program. They are not turned on until the
condition (plus or minus) is satisfied by the field be-
ing tested on the card just read.

2. Anindicator assgned to zero or blank is off at the
beginningof the program. It remains off until the
field being tested iszero or blank.

3. Oneinput field may be assigned two or three field
indicators. However, only the one which signasthe
result of the test turnson; the othersare turned off.

4,  If thesamefieldindicator isassigned to fieldsin
different record types, its statusis aways based
on thelast record type selected.

5. When different field indicators are assigned to fields
in different record types, afield indicator turned on
will remain on until another record of that typeis
read. Similarly, afield indicator assigned to more
than onefield within a single record type will always
reflect the status of the last field defined.

6. Fedindicatorsassigned in these columnsmay be
SETON or SETOF in calculation specifications.

7-24

Halt Indicators

Specify any halt indicator (H1-H9) in columns 65-70 when
you wish to check for an error condition in your data. For
example, if afield should not be zero, you can specify a
halt indicator to check for that zero condition. If azero
fieldisfound, the halt indicator turnson and the job stops
after the record with the zero field has been processed.

Indicators H1-H9 cause the program to halt after the
record which caused the indicator to turn on is completely
processed.

COLUMNS 71-74 (STERLING SIGN POSITION)

Entry Explanation

Blank Sterlinginput is not being used.

S Sgnisin normal position.

1-4096 Number of the column which containsthe

dgnif thesgnisnot in normal position.

Use columns 71-74 only when processing sterling currency
amounts. The position of thesgn (+ or -) for thefield
named in columns 53-58 must be indicated in these columns.
The normal position of thesgnin afield having decimal
positionsisin the rightmost decimal position of the pence
fidd. If thefield hasno decima positions, the normal

sgn positionisin the last column (units position) of the
poundsfield. See Sterling in Chapter 10 for more infor-
mation.

COLUMNS 75-80 (PROGRAM IDENTIFICATION)

See Chapter 2.



Chapter 8. Calculation Specifications

Calculation specifications describe the calculationsyou 3 Wha testsare to be made on the resultsof the

want performed on your dataand the order in which you operation (columns 54-59). Theindicatorsentered

want them performed. Each calculation specification can here signal the result of the operation and may

be dividedinto three parts: serve to condition other operations.

1. Whentheoperation isto be performed (columns Write these specificationson the Cal cul ation sheet
7-17). Theindicators entered in these columns (Figure 8-1).

determine under what conditions the operation
specifiedisto be done.

2 What kind of operation isto be performed (columns

18-53). Entriesin these fieldsdescribe the kind of COLUMNS 1-2 (PAGE)
operation to be done. They also specify the data
upon which the operation is to be performed. See Chapter 2
IBM Busnes Metines Corports vy
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Figure8-1. Calculation Sheet
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COLUMNS 3-5 (LINE)

See Chapter 2.

COLUMN 6 (FORM TYPE)

A C must appear in column 6.,

COLUMNS 7-8 (CONTROL LEVEL)

Entry Explanation

Blank Calculation operation is not part of a
subroutine and may only be performed
for detail calculations.

10, L1-19 Calculation operation is done when the
appropriate control break occurs:

LR Calculation operation is done after the
last record has been processed.

SR Calculation operation is part of asub-
routine.

AN, OR Establishes AND and OR relationships

between linesof indicators.

If you leave columns 7-8 blank, the operation specified
on the samelineis done every time arecord isread, pro-
vided indicatorsin columns9-17 alow it (see Columns
9-17in this chapter).

Control Level Indicators (LO, L1-L9)

The LOindicator ison during the entire program. Y ou need
never assign thisindicator, but you may useit. The
indicator isoften used when no control fields have been
assigned. Remember that when a control break occurs,

all operations conditioned by control level indicatorsare
done before those that are not conditioned. If you have no
control field but want total calculationsto be done and
total output recordsto be written or punched, you may use
the LOindicator to condition those operations (see
Examples, Example ). Linesconditioned by LO must
appear beforelinesconditioned by L1-L9 or LR.

Use control level indicators L1-L9 to sgnal when certain
operationsare to occur. If you specify a control level
indicator (L1-L9) in columns 7-8, the operation described
on the same specificationslineis done only when that
indicator ison. Remember that a control level indicator
turnson when information in a control field changes(see
Columns59-60in Chapter 7).

82

A control break for a certain level causesall lower con-
trol level indicatorsto turn on. Thus, if you used indicators
L3, L2, and L1 inyour program, and L3 turnson, L1 and
L2 will dsoturnon. All operations conditioned by L3, L2,
and L1 will be done.

An exception isasfollows. when acontrol level indicator
used asa record identifying indicator turnson to reflect
the type of record read or when a control level indicator
turns on by the SETON instruction, only that one control
levd indicator turnson. All lower level indicators remain
off.

Last Record Indicator (LR)

Thelast record (LR) indicator automatically turnson
when thelast recordisread and processed. You may
have certain operations which are to be done only when
the last record has been read. Condition these operations
with the LR indicator. Thelast record causesthe LR
indicator and al other control level indicators specified
(LI1-L9) toturn on.

Subroutine Lines {SR)

Use columns 7-8 to indicate that alineis part of asub-
routine (see Subroutinesin Chapter 10). Subroutine lines
must be specified last.

AND/OR Lines (AN,OR)

Columns 7-8 can be used to specify that linesof indicators
arein an AND/OR relationship. By usingthe AND/OR
relationship, many linesof indicators may be grouped
together to condition an operation. A maximum of
twenty OR linesmay be used to condition an operation.
Thereisno limit to the number of AND linesthat can be
used.

Thefirst line of such agroup contains blanksin columns
7-8, 0or an LO-L9, LR, or SR entry if the group of linesis
conditioned by a control leve indicator or is part of a
subroutine. All linesafter the first linein the group must
have an AN or OR entry in columns7-8. Thelast line of
the group contains the operation and the necessary
operands. All linesin the group prior to the last line must
contain blanksin the columnsfor Factor 1, Factor 2,
Operation, Result Field, and Resulting Indicator (see
Examples, Examples2and 3).



Examples

Example 1. Figure 8-2 showsthe format of the report
printed by the job describedin Figure 8-3. The job
showshow total operationscan be performed even though
there isno control field (no L1-L9 indicators). Thejob

requires:
1.  Alist of itemssold in each district.
2 A total of dl sdesfor each district.

3  Agrandtotal of al sdesinal districts.

The input records have ITEM and COST fieldsand a
one column record identification field. The recordsare
grouped in ascending sequence by district. The record
identification code is used to tell which district arecord
isfrom. For example, recordsfrom district one are
identified either by a7 or an M in column 1. Records
from district two areidentified by either a2 or an N in
column 1 (Figure 8-3, insert A).

No field on the records can serve asa control field.
Certainly, ITEM and COST cannot. The record identi-
fying field cannot either since one district can beidenti-
fied by two different codes. Thismeansthat the contents
of thisone column identifying field can change even
though the district number cannot. Therefore, in order

J102 4.50

J202 37
K450 298
B231 9.08
031 *
G10H 9279
G1OK  98.89
Al126 429
195.97 *
216.28 **

Figure8-2. Format of a Printed Report

to get total operationswithout the use of acontrol field,
LO must be used (see line 05 of Figure 8-3, insert B).
Assume that the five records shown in Figure 8-4 are read.
Refer to Figure 8-3 as you read the description of opera
tions performed for each record read.

®

Figure8-3. Usedf theLO Indicator (Part1cof 2)
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tdentifying l

Code |

M l
e J

Figure 8-4. Data Cardswith No Contral Fields

Record  IndicatorsOn  Operations Performed

(1) LO 01 turnson.
No total operations are

performed because condi-

tionsinlines5 and 6 (Calcu-

lation sheet) are not met.
(Remember that operations
conditioned by control

level indicatorsin columns
7-8 are performed first.)
COST isadded to DISTOT.
2lisseton.

ITEM and COST are printed
out.

0l isturned off.

21 remainson.

Record

2

3

4

&)

IndicatorsOn

LG 21

LG 21

LO

LR

OperationsPerformed

0l isturned on.

No total operationsare
performed.

COST isadded to DISTOT.
ITEM and COST are printed
out.

01 isturned off.

21 remainson.

02 turnson.
DISTOT isadded to GDTOT.

(Conditionsfor the total
operation in line 5 have been
met.)

DISTOT isprinted out.
COST isaddedto DISTOT.
21 isset off.

ITEM and COST are printed
out.

02isturned off.

02isturned on.

No total operationsare
performed.

COST added to DISTOT.
ITEM and COST are printed
out.

02 isturned off.

DISTOT added to GDTOT
(LR indicator is on).
DISTOT and GDTOT
printed out.
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Example 2. Figure 8-5, insert A showsthe use of AN Exanmple 3: Figure 8-5, insert B illustrates a case in which
and OR entries to group lines of indicators. When indi- three conditionswill cause the L4 total calculationsto
cators 01, 02, 03 and 04 are on, or when indicators 01, be performed: 01 and 02 are on, but not 03; or 01 and
02, 03 and 05 are on, the calculation will be performed. 03 are on, but not 02; or 02 and 03 are on but not O1.
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COLUMNS 9-17 (INDICATORS)

Explanation

Blank Operation is performed for every card
read.

01-99 Resulting indicators used elsawhere in
the program.

L1-L9 Control level indicators previously
assigned.

LR Last record indicator.

MR Matching record indicator.

H1-H9 Halt indicators assigned elsewhere.

Ui-Us External indicators previously set.

OA-OG,0V  Overflowindicator previoudy assgned.

Use columns 9-17 to assign indicators that control when
an operation isor isnot to be done. You may use from
one to three indicators on aline. By using AN or OR
entries in columns 7-8, many indicators can be used to
condition one operation. A maximum of twenty OR
lines may be used to condition an operation. Thereis
no limit to the number of AND linesthat can be used.

There are three separate fields(9-11, 12-14, and 15-17)
on eachline, one for each indicator. If the indicator must
not be onin order to condition the operation, placean
N before the appropriate indicator (eolumns 9, 12, 15).

All three indicators on oneline arein an AND relation-
ship with each other. The indicators on oneline, or indi-
catorsin grouped lines, plusthe control level indicator
(if usedin columns7-8) must dl be exactly as specified
before the operation isdone. See Examples, Example 1.

Use any record identifying indicators previously speci-
fied in columns 19-20 on the Input sheet to condition
an operation that isto be done only for acertain type of
record (see Examples, Example 2).

Use any field indicators previoudy specifiedin columns
65-70 on the Input sheet to condition an operation that
isto be done only after the status of afield has been
checked and has met certain conditions (see Examples,
Example 3).

Use any resultingindicators specified in columns 54-59
on the Calculation sheet to condition operationsaccording
to the resultsof previous calculation operations(see the
examplein Columns54-59 in this chapter).

Use any halt indicators previously used in columns
65-70 on the Input sheet or in columns 54-59 on the
Calculation sheet to prevent the operation from being
done when a specified error condition has been found in
the input data (see Columns19-20 in Chapter 7) or on
previouscalculations. Thisis necessary because the
record that causesthe halt condition will be completely
processed before your programstops. Thus, if the opera
tion is performed even on an error condition, the results
arein error. Itisdso possbleto useahalt indicator to
condition an operation that isto be done only when an
€rror occurs.

Use the matching record (MR) indicator to condition
an operation that isto be done only when matching
records have been found.

Use any external indicator, includingany previously
specified in columns 71-72 on the File Description sheet,
to condition which operationsshould be done and which
filesshould be used for a specific job.

Usethelast record (LR) indicator to condition all
operations that are to be done at the end of the job.

Use any control level indicators specified in columns
59-60 on the Input sheet, or in columns 54-59 on the
Calculation sheet. If control level indicators are used in
these columnsinstead of in columns 7-8, the operation
is performed on only the first record of anew control
group.

Use any overflow indicators previoudy specifiedin col-
umns 33-34 on the File Description sheet to condition
operationsthat are to be done when the last lineto be
printed on a page has been reached. Seelndicatorsin
Chapter 10for moreinformation.

The relationship between columns 7-8 and columns
9.17 isexplained in the following discussion.

When acontrol level indicator (L1-L9) isspecifiedin
columns 7-8 and MR is specified in columns 9-17, MR
indicates the matching condition of the previousrecord
and not the one just read that caused the control break.
After dl operationsconditioned by control level indicators
(specified in columns 7-8 of the Calculation sheet) are
done, MR then indicates the matching condition of the
record just read.

When a control level indicator isused in columns 9-17
and columns 7-8 are not used, the operation conditioned
by the indicator is done only on the record that causes
that control bresk or any higher level control bresk.

I'n one program cycle all operations conditioned by
control level indicators in columns 7-8 are done before
operationsthat are conditioned by control level indicators

in columns 9-17 (see Examples, Exanples 4).
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Examples

Example4 Figure 8-6 showsthe use of control level
indicatorsto condition calculation operations. The
operationin line 03 may be done when the L 2 indicator
ison provided the other conditionsare met. Indicator 10
must be on. The L3 indicator must not be on.

The operation conditioned by both L 2 and NL3 isdone
only when acontrol level 2 bresk occurs. Thesetwo
indicatorsare used together becausethis operation is not
to be done when acontrol levd 3 break occurs, even
though L2isaso on.

Date ST
Program
P
indicators
5
Line .,335 And And £
3 i}
JES oot
BEH
LRI
2 4 Sf6 17 81 gHoinI234h 517118 18 20 21
ol1} jc 2i8] LY B
ajz) et 1iGINILI3)
i3] jc
6ial |C
015 c

Figure8-6. ConditioningOperations(Control Leve Indicators)
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Example2 Figure 8-7 showshow arecord identifying
indicator isused to condition an operation. When a
record isread that hasa T in column 1, the Ol indicator
turnson. If thisindicator ison, the field named SAVE is
added to SUM. When arecord havingno T in column 1
isread, the 02 indicator ison. The subtract operation,
sinceit isconditioned by 02, isthen doneinstead of the

add operation.
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Record identifying indicators @1 and 02
are assigned on the input specifications.
They are used here to condition calculation
operations.

Figure 8-7. Conditioning Operations (Resulting Indicators)

8-9




Example 3 Figure 8-8 showsthe use of field indicators
to condition operations. Assume the job isto find weekly
earningsincluding overtime. The overtimefield ischecked
to seeif any overtime hasbeen put in. |f the employee
has worked overtime, the field is positiveand indicator

10 turnson. In all casesthe weekly regular wageis
calculated. However, overtime pay iscalculated only if
indicator 10 ison (lines 03.and 04).

Example 4. Line 02 of Figure 8-8 showsthe use of a
control ievel indicator in columns 9-17. Assume that

indicator 25 representsarecord type and that a control
level 2 break occurred when record type 25 was read.

L1 and L2 are both on. All operations conditioned by
the control level indicatorsin columns 7-8 are performed
before operations conditioned by control level indicators
in columns 9-17. Thus, the operation in line 03 occurs
before the operation in line 02. The operation in line 02
is done on the first record of the new control group
indicated by 25, whereasthe operation inline 03isa
total operation done for al records of the previous control

group.
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\ Field indicator 10 wasassigned on the input specifications.

It isbeing used here to condition calculation oper ations.

Figure 8-8. Conditioning Operation (Field Indicators)
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COLUMNS 18-27 (FACTOR 1) AND COLUMNS 33-42
(FACTOR 2)

Use columns 18-27 and 33-42 to name the fields or to
givethe actual data(literals) on which an operation isto
be performed. Theentriesyou can use are;

1. Thenameof any field that has been defined.
2. Any aphameric or numericliteral.
3. Any subroutine, table, or array name.

4. Any datefield names(UDATE, UMONTH, UDAY,
UYEAR).

5. The specia namesPAGE, PAGE1, or PAGE2.

6.  Alabel for aTAG or ENDSR operation (Factor 1
only). A label for aGOTO operation (Factor 2

only).

7.  Afilenamefor aCHAIN, DEBUG, DSPLY, or
FORCE operation (Factor 2 only).

Anentry in Factor 1 must begin in column 18; an entry
in Factor 2 must begin in column 33.

The entries you use depends upon the operation you
are describing. Some operations need entriesin both
sets of columns, some need entriesin only one, and some

need no entriesat dl. See Columns28-32 in this chapter
for more information on operation codes. If you are
naming a subroutine, see Subroutinesin Chapter 10.

Literals

A literal isthe actual data used in an operation rather
than the field name representing that data. A literal may
be either aphamericor numeric.

Consider the followingrules when using an a phameric
literal (Figure 8-9, insert A):

1. Any combination of characters may be usedin an
alphamericliteral. Blanksare also vaid.

2. The maximumlength of an aphamericlitera is8
characters.

3.  Alphamericliterals must be enclosed by apostrophes
-

4. Anapostrophe required as part of aliteral isrepre-
sented by two apostrophes. For example, the
literal OCLOCK would be written asO”’CLOCK.

5. Alphamericliterals may not be used for arithmetic
operations.
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Consider the followingrules when using a numeric 3. Blanksmay not appear in the literal.
literal (see Figure 8-9, insert B):
4. Thesdgn, if present, must be the leftmost character.

1. Anumericliteral consistsof any combination of An unsignedliteral istreated as a positive number.
the digits0-9. A decimal point or sgn may aso be
included. 5  Numericliterals must not be enclosed by apostro-

phes(’).
2  Themaximumtotal length of aliteral is 10 char-

actersincludingsignsand decimal points. 6. Numeric literals are used in the same way asa
numeric field.
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Figure 8-9. Alphameric and Numeric Literals
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COLUMNS 2832 (OPERATION!

Use columns28-32 to specify the kind of operation to be
performed using Factor 1, Factor 2, and/or the Result
Field. The operation code must begin in column 28,

A specia set of operation codes have been defined which
you must useto indicatethe type of operation desired.
Every operation code used requires certain entrieson

the same specification line. See Figure 8-10 for asummary
of dl possible codesand the additional entries required
for each code. For further information on the operations
that can be performed, see Operations Codes in Chapter
10.

The operations are performed in the order specified on
the Calculation shest.

All operations conditioned by control level indicators
in columns 7-8 (except those which are part of asub-
routine) must follow those that are not conditioned by
control level indicators.

COLUMNS 4548 (RESULT FIELD)

Entry Explanation

Resultfield Field, table, array, or array element.

Use columns43-48 to namethefield, table, array, or
array element that Wl hold the result of the operation
specified in columns 28-32. Y ou may use the name of a
field, table, array, or array element that hasalready been
defined either in the input specificationsor elsewherein
the cal culation specifications. (See Arrays in Chapter 10
for moreinformation on arrays.)

Otherwiseyou may defineanew field by entering a
field name that has not already been used. Any field you
define here Wl be created at the time the program is
compiled. Thefield you name may be either numeric or
alphameric. A field used in arithmetic operations(see
Columns 28-32 in this chapter) or numeric compare,
or afield edited or zero suppressed in output-format
specificationsmust be numeric.

The result field name must begin with an alphabetic
character in column 43 and contain no blanksor specid
characters.

If you are entering the name of afield that has not
been defined e sewhere, columns 49-52 should also contain
entries.

If you are entering the name of afield that has been
defined, entriesin columns49-52 are not necessary but if
specified must agree with the previousdefinition of that
fidd.

COLUMNS 49-51 (FIELD LENGTH)

Entry Explanation

1-256 Result Field length.

Use columns49-51 to give the length of aresult field that
has not been defined previousty. If you are naming a new
field (one that has not been used before), you must con-
sider the form your datawill be in and thelength it wiil
have after the operation has been performed.

Whenever the field length is specified for aresult field,
you should be careful to make the result field long enough
to hold thelargest possibleresult. If theresultfieldis
too small, significant digitsmay belost. For example,
you may wishto add field A (eight characterslong, four
decima places) to field B (ten characterslong, Sx decimal
positions). FieldsA and B havefour charactersto the
left of the decimadl, but the result field, field C, must
aliow for more charactersto theleft of the decimal.

9999.0000 Field A
0001.111111 Field B
10000.111111 Field C (result field)

In this case, Field C wasdefined as 11 characterslong
with 9x decimd positions. Some of the numbersto the
right of the decimal could belost without changing the
meaning of the result greatly. However, if field C were
defined as 10 characterslong with six decimal positions,
adgnificant digit to theleft of the decimal would be
lost. Field C in thiscase would be 0000.111111 and
the meaning of the result has greatly changed.

Numeric fieldshave a maximum length of 15 characters.
Alphamericfieids may be up to 256 characterslong.

Y ou may indicate the length of afield that has been
previoudly described either in the input specificationsor
in calculation specifications. However, if you do so,
you must specify the same field length and number of
decima positionsas was previoudy given to the field.

If the result field contains the name of atable or array,
an entry in these columnsisoptiona. If used, it must
agree with the length described in the extension specifi-
cations.

COLUMN 52 {DECIMAL POSITIONS)

Entry Explanation

Blank Alphameric or numericfield described
elsawhere.

0-9 Number of decimal placesin a numeric
result field.
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Type of Operation _ g -l a . gg
i © = - - T £
Operation z:(:)?jmns §3 g181l¢ :gE Eg’ Eg - g %g
| B | 8| 8| 8225|388 55| 8B
28-32) O] £l |k it lAllTgigE
Arithmetic Add Factor 2 to Factor 1. ADD 0] 0O R R R|]OI10j0}| O
Operations Clear Result Field and add Factor 2. Z-ADD 0} 0} B R RIO!1O0O 10} O
Subtract Factor 2 from Factor 1. SuB 0O 0O R R RIOJ]OJ0O01] O
Clear Result Field and subtract Factor 2. Z-SUB o150 B R R 0|0 0O ;0
Multiply Factor 1 by Factor 2. MULT o] o] R R R 0O 10 010
Divide Factor 1 by Factor 2. DIV O (0] R R R 0010 (o]
Move remainder of preceding division to a Result Field. MVR 0 [o] B B R O (o] R O
Sum elements of an array and put sum in Result Field. XFOOT 0| O B R R Cjo0oj0}| 0O
Derive the square root of Factor 2. SORT 0] 0} B R]R]O}|0O0 ;0B
Move Factor 2 into Result Field, right justified. MOVE O, O.B R R ' O . O . B . B
Operation Move Factor 2 into Result Field, left justified. MOVEL O, 0 B R R O 0 .B.B
Move zone from low-order position of Factor 2 to MLLZO O, O, 6B R . R,O O B B
low-order position of Result Field. l ] l
Move zone from high-order position of alphameric MHHZO O, O B R R.O B B B
Factor 2 to high-order of alphameric Result Field.
Move zone from low-order position of Factor 2 to high- MLHZO {0} B RI RI| O B B B
order position of alphameric Result Field.
Move zone from high-order position of alphameric MHLZO o] (o] B R R (o] (o] B B
Factor 2 to low-order position of Result Fieid.
Compare Compare Factor 1 to Factor 2. COMP ol O R R B B B B R
and Zone Identify the zone in the leftmost position of an TESTZ (0] (0] B B R (o] B B R
Testing alphameric Result Field.
Operations
Binary Set on specified bits. BITON (o2 BN o] B R R o] B B B
Field Set off specified bits. BITOF 00} B R RO | B B B
Operations Test specified bits. TESTB (o] (o] B R R o] B B R
Setting Set one, two, or three specific indicators on, SETON (e Be] B B B B B B R
indicators Set one, two, or three specific indicators off. SETOF 0] (o] B B B8 B B B R
Branching Branch to another RPG il calculation specification line. GOTO o] (o] B R B B B B B
Within ldentify the name in Factor 1 as a destination labe! TAG [0 2 B 1 R B B B B B B8
RPG i to which GOTO may branch.
Lookup Table Lookup. LOKUP (o] o] R R (0] [ Ne B R
QOperations Array Lookup. LOKUP o}l 0 R R B B B B R
Subroutine Beginning of the subroutine. BEGSR * B R B B B B B B
End of the subroutine, ENDSR * B 0! B B B B B B
Call to execute the subroutine, EXSR 10| 8B R B B B B B
Program Forcing record to be read next. FORCE B o] B R B B B B B
Control Forcing output printing. EXCPT O}l 0| B B B B B B B
A field is printed on the printer-keyboard and/or data DSPLY 0O} O0O}|O}|R|O|B |B|B |B
is entered via the printer-keyboard into a field.
A record is read from a disk file. CHAIN 0] O R R B B **
Debug Aid in finding programming errors. DEBUG 0o} 0 R B iB|B | B
Function
O - Optional
R - Required
B - Blank

* Columns 7-8 must have an SR entry for ail subroutine lines.
** See columns 54-59 in this chapter for more information.

Figure 8-10. Operation Codes
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Use column 52 to indicate the number of positionsto COLUMN 53 (HALF ADJUST)
theright of the decimal in anumeric result field. If the

numeric result field contains no decimal positions, enter Entry Explanation
a g (zero).

Thiscolumn must beleft blank if the result fieldis Blank Do not half adjust.
alphameric. Thiscolumn may beleft blank if the result
fieldis numeric but has been previously describedin the H Half adjust.
input or calculationsspecifications.

The number of decimal positionsmust never be greater Use column 53 to indicate that the contents of the result
than thelength of thefield. The number may, however, field are to be half adjusted (rounded). Haf adjustingis
be larger or smaller than the number of decimal positions done by addinga5 (-5 if the field is negative) to the
that actually result from an operation. If the number of number at the right of the last decimal position specified
decimal positions specified isgreater than the number for thisfield. All decimal positionsto the right of the
of decimal placesthat actually result from an operation, position specified for that field are then dropped (see
zerosarefilled in to theright. If the number specified Example).
issmaller that the number that resultsfrom the operation, The hdf adjust entry isalowed only with arithmetic
the rightmost digitsare dropped. operations(see Columns 28-32in this chapter).

Figure 8-11 showshow the contents of aresult field
after amultiplication operation may change according
to the Decima Positions(column 52) and Field Length Example

(columns 49-51) specifications.
Thisexample showsaresult field being haf adjusted to

two decimd positions{2 in column 52 and A in column
53).

Multiplication: 98.76 X 1.234 = 121.86984

Field Length {columns 49-51)
Decimal Positions
{column 52)
10 9 8 7 6 5 4 3 2 1
]
A
8 | Hy
7 121.8698400 | 400 , A, 7
6 0121.869840 | 121.869840 | 21.86984
5 00121.86984 | 0121.86984 {
4 000121.8698 | 00121.8698 | 0121.8698 | 121.8698
3 0000121.869 | 000121.869 | 00121.869 | 0121.869 | 121.869
2 00000121.86 | 0000121.86 | 000121.86 | 00121.86 | 0121.86
1 000000121.8 | 00000121.8 | 0000121.8 | 000121.8 | 00121.8
0 0000000121 | 000000121 | 00000121 | 0000121 | 000121

W / ﬂ Not permitted

Permitted but inaccurate

{ ] Recommended

Figure 8-11. Result Fidld ContentsBased on Various Field Length and Decimal Position Specifications
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2nd Position

35.7968 Result of an add operation.
5 Add 5 to the number at the right of
thelast decimal position specified.

35.80XX Drop dl decimd positionsto the right
at the position specified.
35.80 Result after hdf adjusting.

COLUMNS 54-59 (RESULTING INDICATORS)

Entry Explanation

01-99 Any two digit number.
H1-H9 Any halt indicator.

Li-1.9 Any control level indicator.
LR Last record indicator.
OA-OG,0V  Any overflowindicator.

Columns54-59 are used for three different purposes:

(1) totest the value of the result field after an arithmetic
operation (2) to check the outcome of aCHAIN, LOKUP,
COMP, TESTB, or TESTZ operation (see Operation Codes
in Chapter 10) and (3) to specify which indicatorsto set
on or off.

Test Results

By entering an indicator in columns 54-59, you specify
that the result field isto be tested after the operation
specifiedin columns 28-32 has been performed. (Normally,
only indicators 01-99 and H1-H9 are used for testing.)
The indicator specifiedisturned on only if the result
fidld satisfiesthe condition being tested for. Thisindicator
may then be used to condition following calculations
or output operations(see Example). |If the sameindicator
isused to test the result of more than one operation, the
operation last performed determinesthe setting of the
indicator.

Noticethat three fields{columns 54-55, 56-57, and
58-59) can be used for this purpose. Eachfieldisused
to test for different conditions: columns54-55, plusor
hi gh; columns 56-57, minus or low; columns 58-59, zero
or equal, You may test for any or al conditions at the
sametime.

Columns 54-55 (Plus or High): Place an indicator in
these columnswhen testing to find:

1 If theresultfield in an arithmetic operation is
postive.

2  If factor 1lishigher than Factor 2inacompare
operation.

3,  If factor 2ishigher than Factor 1inatable or
array lookup operation.

4 The resultsof aCHAIN, TESTB, or TESTZ opera
tion.

Columns56-57 (Minus or Low): Placean indicator in
these columnswhen testing the result field to find:

1 If theresultfield in an arithmetic operation is
negetive.

2  If factor 1 islower than Factor 2in a compare
operation.

3 If factor 2 islower than Factor 1in atable or
array lookup operation.

4 Theresultsof aCHAIN, TESTB, or TESTZ
operation.

Columns58-59(Zero or Equal): Placean indicator in
these columns when testing the result field to find:

1 If theresultfield in an arithmetic operation is zero.
2. If factor 1lisequal to Factor 2in acompare operation.

3  If factor 2isequal to Factor | in atableor array
lookup operation.

4.  Theresultsof aCHAIN, TESTB, or TESTZ
operation.

Setting Indicators

Y ou may enter the indicators that you want to turn on

or off by the operations SETON or SETOF. See Operation
Codes, Setting Indicators in Chapter 10 for more informa-
tion on these operations. Any indicators to be turned on
or off by the SETON or SETOF operations are specified
from left to right in the three resulting indicators fields
(Figure 8-12. Column headingsin columns 54-59 have no
meaningfor SETON, or SETOF operations.
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Example

Figure 8-13 showsthe entry of two indicatorsthat are
used to test for the different conditionsin acompare
operation. Theseindicatorsare used to condition the
calculationswhich must be performed for a payroll job.
Indicator 10isturned on if the hours worked (HRSWKD)
are greater than 40 and isthen used to condition all
operations necessary to find overtime pay. Indicator 20
isturned on if HRSWKD islessthan 40. Itisasousedto
condition other operations. Inline 03if 20isnot on
(the employeeworked 40 or more hours), regular pay
based on a40 hour week iscalculated. Inline 06 if 20
ison (employee worked lessthan 40 hours), pay based

COLUMNS 60-74 (COMMENTS)

Enter in columns 60-74 any meaningful information you
wish. The comments you use should help you understand
or remember what you are doing on each specification
line. Commentsare not instructions to the RPG 11
program They serve only asa meansof documenting your

program.

COLUMNS 7580 (PROGRAM IDENTIFICATION)

on lessthan a40 hour week is cal culated. See Chapter 2
IBM Internatianat Business Machines Corporation :::*; :3‘!329;*
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Figure 8-13. ConditioningOper ations(Resulting Indicators)
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Output-Format specificationsdescribe your output records.
These specificationsmay be divided into two genera cate-
gories.

1. Record description entries (columns 7-31) which
describethe output file records to be written or
punched.

2. Fidd description entries (columns 23-74) whichin-
dicate the position and the format of data on the
output record.

Write the specificationson the Output-Format sheet
(Figure 9-1). Thefield description entriesstart oneline
lower than record description entires.

Chapter 9. Output-Format Specifications

COLUMNS 1-2 (PAGE)

See Chapter 2.

COLUMNS 35({LINE)

See Chapter 2.

COLUMN 6 (FORM TYPE)

An O must appear in column 6.
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Figure 9-1. Output-Format Sheet




COLUMN 7-14 (FILENAME) 1IBM IBM
Use columns 7-14 to identify the output file you will be oo ouse
using. The filename must beginin column 7. Use the same
filename given in the file description specifications. You
need to specify the output filenameonly once. That name,
however, must be on thefirst line that identifies the file.

Program Program

Si

Line Filename Line Filename

Retnre

Type (H/D/T/E}
Before

Type (H/D/T/E}
@ Stacker Select/Fotch Overflow (F)
T %

5. Stacker Select/Fetch Overflow {F)

o

CIOIC{OIQIOIO(QIC|Q OO0 IQ[O{OIO[O[{QO O {a FormType
T

10 11 12 13 14

COLUMN 15 (TYPE) .
LIEA

10011 12 15 14

LE

o

Ol o oo OO0 [OIRIO{O{C[CIO[O[O0{O[{O[C (a0 FomType

Fil ali

Entry Explanation

O _xF

H Heading records.

D Detail records.

T Total records.

E Lines to be written during
calculationtime.

- - - - - - [ [~ <« o« [~ © [~ o [~ 3 4

w o WA - [~ w @ ~ o™ o >~ w8 wt fan
=]

- - - B - - f-3 [~ i~ o [~ [~ < o o fe

o & w N - < @w o ~ -3 w - w N -

L Y e | \v] LTS =~ L XxlE

Use column 15 to indicate the type of record that isto be
written, Thisrecord may be printed, written on disk, or
punched or printed on a card. Perhapsthe clearest method
of describing output filesisto enter the recordsfor each |
filein thisorder: heading, detail, total, and exception
(see Figure9-2, insert A).

Another method isto enter al heading recordsfor dl out- @
put files, then, al detail recordsfor dl output files, etc.
The program is compiled faster when recordsare listed in Figure9-2. Order of Output Record Types
this manner (see Figure 9-2, insert B).

Heading records usually contain unchangingidentifying
information such as column headings, as well as page and
date.

Detail recordsare closely connected with input data. Mogt
datain adetail record comesdirectly from the input record
or isthe result of calculationsperformed on data from the
input record.

Total records usualy contain data that is the end result COLUMNS 16-98 (ADD A RECORD)
of specificcalculations on severa detail records. Total out-
put may not be specified for update files, which are not Entry Explanation
processed randomly.

Exception records are written or punched during calcula ADD Add arecord.
tion time. Thisisan unusual case and can be indicated only
when the operation code EXCPT is used. £ may nhot be Columns 16-18 may be used to specify that arecordisto
specified for acombined file. See OperationCodesin Chapter  be added to an Input, Output, or Updatefile. The output
10 for further information on the EXCPT operation. device for these filesmust be adisk.




COLUMN 16 (STACKER SELECT/FETCH OVERFLOW)

Entry Explanation

Blank Cardsautomatically fall into certain
stackers(primary hopper—stacker 1,
secondary hopper—stacker 4).

14 Indicate stacker you wish.

F Fetch overflow.

Column 16 may be used for two different purposes:

1.  To select aspecid stacker into which certain cards
aretogo.

2. Toindicatethat the overflow routine can be used at
this point for a printer file.

Stacker Select

Use column 16 toindicate that certain cardsare to be
stacked in aspecificstacker. If you make no entry, cards
gointo apredetermined stacker (primary hopper—stacker1;
secondary hopper—stacker 4).

Only combined or output filesmay be stacker selected
in the output-format specifications. If any output operations
areto be performed on cardsfrom a combined file that
are also to be stacker selected, stacker selection should be
done by the output-format specificationsnot by theinput
specifications. Stacker selectionin output specifications
overrides stacker selectionin input specifications.

If stacker selectionisdone on the basis of matching
records, it should only be done for detail output (D in
column 15). Itisonly at thistimethat the MR indicator
signasthe matching status of the card that should be stacker
selected.

OR linesmay have different entriesin column 16; AND
linesmay not. An OR line containing ablank in column 16
causes cards to fall into the normal stacker associated with
the hopper used. The stacker select entry on the previous
lineis not assumed.

Fetch Overflow

When the fetch overflow routine is not used, the following
usually occurswhen the overflow line is sensed:

t.  All remaining detail linesin that program cycleare
printed (if a printer operation spaced or skippedto
the overflow areq).

2. Al remainingtotal linesin that program cycleare
printed.

3. Alllinesconditioned by an overflow indicator are
printed.

4. Formsadvanceto anew pageif askipto anew page
has been specified.

If you do not want dl of the remainingdetail and total
linesprinted on the page before overflowlinesare printed
and forms advance to the new page, you may cause overflow
linesto be printed ahead of the usua time. Thisisknown
asfetching the overflow routine and isindicated by the entry
incolumn 16. Overflow isfetched only if dl conditions
specified by the indicatorsin columns23-31 are met and an
overflow has occurred. See Overflow Indicatorsin Chapter
10for detailed information and examplesof a fetched
overflow routine.

The fetched overflow routine does not automatically cause
formsto advance. A skip toline 01 (new page) must aso
be specified on aline conditioned by the overflow indicator.

Fmust be used in an OR line if you want that line to
condition arecord with the overflow indicator.

COLUMNS 17-22 (SPACE/SKIP)

Columns 17-22 are used to specify spacingand line skipping
for aprinter file. Spacing may be specified for a console
file, but not line skipping. If these columnsare blank, single
spacing occursautomatically after each lineis printed.

Line spacing and skipping may be specified both before
and after printing of aline. There may be as many assix
spaces(three before, three after) between two lines of
printing.

If both spacing and skipping are specified on the same
ling, they are done in this order:

1.  Skip before.
2. Spacebefore.
3. Skip after,

4.  Spaceafter.
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Spacingto or past the overflow line causesthe overflow
indicator to turn on. Skipping past the overflowlinetoa
line on the next page, however, does not cause the overflow
indicator to turn on. If you want to turn on the overflow
indicator to condition overflow operations when you skip
to alower line number (higher position) on the next page
from aline above the overflow line, you may either use a
SETON operation or specify two skips(a skip to the over-
flow line, then to the first printing line on the next page).
Thisis necessary because the overflow indicator will not be
turned on if the skip to a new page occurs on a non-overflow
line.

Y ou may savetime by specifyingthat spacing or skipping
should be done after printing. Thismeansthat the output
file does not haveto wait for paper movement beforeit can
print.

Y ou may specify different spacing and skipping on OR
lines. If there are no spacing or skipping entriesin the OR
line, spacing and skippingis done accordingto the entries
in the line precedingthe OR line.

A zeroindicates no movement of the paper. If azero
isindicated for al output lines, the lineswill print on top of
each other. No spacing may be useful in some cases, how-
ever. For example, when you desire two or more output
itemson the sameline but in different positions, you do not
specify spacing for oneitem.

COLUMNS 17-18 (SPACE)

Entry Explanation

0 No spacing.

1 Single spacing.
2 Double spacing.
3 Triple spacing.

Spacingis used in reference to the lineson one page. You
may indicate that spacing should be done before (column 17)
or after (column 18) alineis printed.

COLUMNS 19-22 {SKIP}

Entry Explanation
0-99 Lines0-99.
AOQA9 Lines 100-109.
BOB2 Lines110-112.
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Entriesin columns 19-22 must correspond to those entries
for the same file on the Line Counter sheet. Theskip entry
must not be greater than the line number of the overflow
lineindicated on the Line Counter sheet. Skipping refers
to jumping from one printing line to another without
stopping at linesin between. Thisis usually donewhen a
new pageis needed. A skip to alower line number means
advance to a new page. Skipping may a so be used, how-
ever, when agreat deal of space is needed between lines.
The entry must be the two-digit number which indicates
the number of the next lineto be printed. You may in-
dicate that skipping should be done before (column 19-20)
or after (columns 21-22) alineis printed. If you specify a
skip to the same line number asthe forms are positioned on,
no movement of the paper occurs.

COLUMNS 23-31 (OUTPUT INDICATORS)

Entry Explanation

01-99 Any resulting indicator, field indicator,
or record identifying indicator previously
specified.

M-L9 Any control level indicators previously
specified.

Hi-H9 Any halt indicators previously specified.

U1-U8 Any external indicator set prior to program
execution.

OA-OG,0V  Any overflowindicator previously assigned
to thisfile.

MR Matching record indicator.

LR Last record indicator.

1P First pageindicator.

Use output indicators to give the conditions under which
output operations are to be done. More specifically, use
them totell:

1.  Whenyou want to output aline (see Examples,
Examplel).

2. When youwant to output afield (see Examples,
Example?2).



When you use an indicator to condition an entire line ineachfield. If theseindicators areon, the output oper-

of print, placeit on the line which specified the type of ation will be done. An# in the column (23, 26, or 29)
record (see Figure9-3, insert A). Place anindicator which preceding each indicator meansthat the output operation
conditions when afield isto be printed on the same line as will be done only if theindicator isnot on. No output line

the field name (see Figure 9-3, insert B). may be conditioned by al negativeindicators (at least one

There are three separate output indicator fields(columns of theindicators used must be positive).
23-25, 26-28, and 29-31). Oneindicator may be entered
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Figure9-3. Output Indicator




AND and OR tines

If you need to use morethan three indicators to condition
an output operation, you may usean AND line. Enter

the word ANDin columns14-16 and as many indicators as
needed. The condition for d| indicatorsin an AND rela-
tionship must be satisfied before the output operation is
done. Thereisno limit to the number of AND linesthat
can be used for an output operation.

Output indicators may aso bein an OR relationship. If
one or the other condition ismet, the output operation will
bedone. ORlinesareindicated by the word OR in columns
14-15. A maximumof twenty OR linesmay be used for an
output operation. Both AND or OR linesmay be used
together to condition an entire output line. They may not
be used, however, to condition afield (see Examples,
Example 3).

External Indicators

A file named in the output-format specificationsmay be
conditioned by an external indicator in the file description
specifications. In this cage, every output record for that
file must be conditioned by the same external indicator
used in the file description specifications.

Overflow Indicators

Overflow indicatorsare used to condition output operations
on the printer. The operations conditioned by the overflow
indicator are done only after the overflow line (end of page)
has been reached.

If you have not assgned an overflowindicator to the
printer filein the file description specifications, you may
not use an overflow indicator in the output-format specifi-
cations. In this case, advancing the formsto a new pageis
handled automatically, even though no overflow indicator
has been assgned. If any specification line not conditioned
by an overflow indicator specifiesaskipto aline on anew
page, overflow indicators turn off before formsadvanceto
a new page.

An overflow indicator may appear on either AND or OR
lines. However, only one overflow indicator may be
associated with one group of output indicators. That
overflow indicator must also be the sameindicator asso-
ciated with the file on the File Description sheet.

When the overflow indicator is used in an AND relation-
ship with arecord identifying indicator, unusual results
are often obtained. Thisisbecause the record type might
not be the one read when overflow has occurred. Thus,
the record type indicator is not on and all lines conditioned
by both overflow and record type indicatorsdo not print.
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If atdl possible, use overflow indicators and record type
indicatorsin an OR relationship when conditioning output
lines.

An overflow indicator cannot condition an exception
line (E in column 15), but may condition fieldswithin the
exception record.

First Page Indicator

Thefirst page (1P) indicator is usualy used to allow printing
onthefirst page. It may aso be used in connection with
the overflow indicator to alow printing on every page (see
Examples, Example4). Theinformation printed out on the
line conditioned by the 1P indicator is usually constant
information used as headings. The constant information is
specified on the Output-Format sheet.

The 1P indicator is used only with heading or detail
output lines. It cannot be used to condition total or excep-
tion output lines. Usethisindicator only when other indi-
cators(control level or resultingindicators) cannot be used
to control printing on every page.

The 1P indicator cannot be used inan AND or OR rda
tionship with control level indicators.

Error Conditions

On certain error conditions, you may not want output
performed. Indicators can be used to prevent the data
that caused the error from being used (see Examples,
Example5).

Examples

Examplel: Figure9-3,insert A, showsthe use of one
indicator to condition an entire line of printing. When 44
ison, the fields named INVOIC, AMOUNT, CUSTR, and
SALSMIN are dl printed.

Example2: Figure9-3, insert B, showsthe use of acontrol
level indicator to condition when onefield should be printed.
Whenindicator 44 ison, fieldsINVOIC, AMOUNT, and
CUSTR are always printed. However, SALSMN is printed
only if 44and L1 areon.

Example3: The useof indicatorsin both AND and OR
linesto condition an output lineis shown by Figure 9-4,
insert A. The specificationsin lines 01-04 say that the
detail lineis printed if either one of two setsof conditions
ismet. If 21, 40, 01, and 16 aredl on, the lineis printed,
or if 21 and 40 are on and 01 and 16 are off, thelineis
also printed.



A maximum of threeindicators may be used on the
Output-Format sheet to condition afield snce AND and
OR linesmay not be used to condition an output field

(see Figure 9-4, insert B).

However, you can condition an output field with more
than three indicatorsby using the SETON operation in

calculations. For instance, indicators 10, 12, 14, 16 and 18
areto condition an output fidld named PAY. In calculation
specifications, you can SETON indicator 20 if indicators

10, 12, and 14 are on. Then condition the output field

sheet.,

PAY on indicators 20, 16, and 18 on the Output-Format
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Example4 Figure9-5, insert A, shows how the 1P indica-
tor is used when headingsare to be printed on the first
page only. Figure 9-5, insert B, showsthe use of the 1P
indicator and overflow indicator to print headingson every

page.

Example S Figure 9-6 shows coding necessary to check for
an error condition and to stop processing on and printing

from the card in error. If FIELDB containsall zeros, halt
indicator H1 turnson (see line 03 of Figure 9-6, insert A).
In the calculation specifications, if H1 ison, resulting
indicator 01 turns off (see line 01 of Figure9-6, insert B).
On the output-format specifications, FIELDA and FIELDB
are printed only if 01 ison (see lines04 and 05 of Figure
9-6, insert C). Therefore, if indicator 01 isoff, fieldsA and
B are not printed. Usethisgenera format when you do not
want information that isin error to be printed.
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COLUMNS 32-37 (FIELD NAME)

In columns 32-37, use one of the followingto nameevery
field that isto be written out.

1.  Any field name previously used in this program.

2. Thespecia words PAGE, PAGE1, PAGE2, *PLACE,
*PRINT, UDATE, UDAY, UMONTH, and UYEAR.

3.  Atable name, array name, or array element.

Thefield names used are the same asthe field nameson
the Input sheet (columns 53-58) or the Calculation sheet
(columns 43-48). Do not use these columnsif aconstant is
used (see Columns45-70 in thischapter). If afield nameis
entered in columns 32-37, columns 7-22 must be blank.

Fieldsmay be listed on the sheet in any order since the
sequencein which they appear on the printed form is deter-
mined by'theentry in columns 40-43. However, they are
usualy listed sequentialy. If fieldsoverlap, only the last
field specifiedis printed.

The sgn (+ or-) of anumeric fieldisin the units position
(rightmost digit). Either sgn (+ or -) in the units position
prints asaletter unlessthefield is edited (see £diting in
Chapter 10 or Column 38 in this chapter).

PAGE: PAGE isagpecia word, which, when used, causes
automatic numbering of your pages. Enter the word PAGE,
PAGEL1, or PAGE2 in these columnsif you wish pagesto

be numbered. When aPACE field is named in these columns
without being defined elsewhere, it is assumed to be afour
column, numeric field with no decimal position. Leading
zerosare suppressed and the sgniis printed in the rightmost
position unless an edit word or edit code isspecified. The
page number startswith 1 unless otherwise specified, and 1is
automatically added for each new page. See Colunins53-58
in Chapter 7 for information concerning page numbering
starting at a number other than 1.

It ispossibleat any point in your job to restart the page
numbering sequence. To do thisset the PACE field to
zero before it is printed. One method of setting the PAGE
field to zeroisto use Blank After (see Column 39 in this
chapter). Another way isto use an output indicator. If the
status of the indicator isas specified, the PACE field is
reset to zero. Remember that 1 isadded to the PAGE field
beforeit is printed (see Examples, Example 1).
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The three possible PAGE entries. PACE, PAGEL, and
PAGE2 may be needed for naming different output files.
Do not use the same namefor two different output files.

Note: A PAGE field named only in output specifications
must be four characterslong, and need not be defined else-
where. However, aPAGE field can be defined in input or
calculation specificationsand may be of any length. Despite
the difference in length, these PAGE fieldsare treated
exactly asif they were named in output specificationsonly.

*HACE "PLACE isaspecid RPG II word which makes
it possibleto write or punch the same field in severa loca
tions on one record without having to name the field and
give its end position each time the field isto be written or
punched. The fieldsare written or punched in the same
relative positions ending in the column specified by
*PLACE. For example, if youwish FIELDSA, B, and C
to appear twiceon one ling, you can specify thisin two
ways:

1. Defineeach field and its corresponding end position
eachtimeit isto be printed (Figure 9-7, insert A).

2. Usethe specia word "PLACE (see Figure 9-7, insert B).

Both coding methods produce aline which lookslike this:

(Print Positons) 10 20 30 40 50 60
(Fields) FIELDA FIELDB FIELDC FIiELDA FIELDB FIELDC

However, it iseasy to see that using the special word
*PLACE saves extra coding.

When using *PLACE, dl Gelds named for each record type
(H/D/T/E) are written or punched as usua in the locations
specified. The entry *PLACE then causesdl of thesesame
fieldsto be written or punched ending at the position speci-
fied in the *PLACE statements.

When using "' PLACE, remember:

1.  *PLACE must be specified after the field nameswhich
are to be placed in different positionsin one line
(see Examples, Example 2).

2. *PLACE causesall fields(in a record type) above the
*PLACE entry to be written or punched, not just the
field named on the fine above "PLACE.




3. *PLACE must appear on a separate specification line 5 Theleftmost position of the fieldsto be moved by the
for every additional time you want the field or group *PLACE specification isalwaysassumed to be position
of fieldswritten or punched. 1

4. Anend position must be specified for every *PLACE 6. When *PLACE is specified for card output, thefields
line. Besureto allow enough space for ali fields prior named above " PLACE will be repunched. Any printed
to the *PLACE to be printed again (see Examples, output on the cards will not be reprinted unlessan
Example 2). Otherwise overlapping occurs. * isentered in column 40 of the sameline as*PLACE.
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Figure 9-7. Printing Fields Twice on the Same Line
9-11




*PRINT: *PRINT isaspecial RPG I word which causes

fieldsthat were punched in the card to be printed on the

card. Thisenablesyou to more easily determine what infor-

mation isfound on the card. *PRINT prints the field in the

positions which correspond one-for-one to the columnsin

which the field is punched (see Examples, Example3).
When using "' PRINT, remember:

1. *PRINT may be used only once for each record.

2. "PRINT must be specified after all punch fieldswhich
are to be printed on the card are named.

3. The*PRINT specification may be conditioned by
indicatorsin columns 23-31. Columns7-22 and 38-74
may hot be used.

4.  *PRINT may be used on acard file only.

If you want to print the fieldsin positions other than those
which correspond to the punch positions of the fields, you
must use the card printing option (see Columns40-43in
this chapter).

DateFed Often you want the date to appear on your
printed report, punched card, or programlisting. Use
specia words UDATE, UMONTH, UDAY, and UYEAR to
get the date field you desire. The followingrulesapply

to datefields:

UDATE givesa six-character numeric date field in one
of three formats:

a. Domestic (rnrnddyy).
b. United Kingdom (ddmmyy).
¢. World Trade (ddmmyy).

The format is specified by an entry in Column 21 of
the control card.

UDAY may be used for daysonly, UMONTH for
months only, and WEAR for yearsonly.

Thesefields may not be changed by any operations
specifiedin the program. Thus, these fieldsare usualy
used only in compare and test operations.

Examples

Examplel: Figure 9-8 showshow an output indicator can
be used to reset aPAGE field to zero. Whenindicator 15is
on, the PAGE field is reset to zero and a 1 added before the
fieldis printed. When 15 isoff, al isadded to the contents
of the PAGE field before it is printed.

Form X21.9000

Figure9-8. Resettingthe PAGE Fidd to Zero
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Example 2 Figure 9-9 showsthe use of the special word D, which appears on the total record, is not affected by

* PLACEto print the same fieldsseveral times on the same *PLACE.

line. FieldsA B, and Careto be printed four times on one Notice aso that an end position is given for every * PLACE.
line (see Figure 9-9, insert A. They are printed once when FieldsA B, and Chave atotal length of 15 characters. Thus
they are named and once for every " PLACE entry. In Figure  the end positions given for the" PLACE entriesdl allow room
9-9, insert B, *PLACE is specified after the fieldswhich for the printing of 15 characters. Thiseliminatesanv over-
are to be printed several times on the sameline. All fields lapping.

towhich" PLACE appliesappear on the same record. Field

i FIELDA l FIELDB l FIELDC_] Fields to be placed on the same line
several times.

*PLACE Final
Printed

Detail

FiELDA | FIELDB | FiELDC | FIELDA | FIELDB | FIELDC | FIELDA | FIELDSE FIELDCiFIELDAIFIELDBlF!ELDCl Line
0 5 10 15 20 25 30 35 40 45 50 55 60

®

*PLACE

*PLACE
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Figure9-9. *PLACE
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Example 3: Figure 9-10 shows how the special word *PRINT (line 09) is punched but not printed because it is written

may be used to cause printing of the output fields on the after the ¥PRINT entry.
punched cards. The fields EMPLYE, SERNUM, and PAYRT
are to be punched on the card (specification lines 05-07). Notice in Figure 9-10 that *PRINT is specified after the

The *PRINT entry in line 08 causes the three fields written fields which are to be printed. All fields to which *PRINT
above the *PRINT entry (EMPLYE, SERNUM, and PAYRT)  applies appear on the same record. Therefore, the *PRINT
to print on the card in positions corresponding one-for-one entry applies only to fields specified in lines 05-07, not to
to the punch positions (see Figure 9-10). The UDATE field fields specified in lines 02 and 03.

f 0z 3 4 5 6 7 B 9 10 12 3 W 5 16 17 15 19 20 21 22 2% 24 25 26 27 18 29 30 3 32

321 942

33 34 3% 36 37 38 30 A0 41 A2 43 44 45 46 47 4B 49 50 5t 52 ¥3 54 55 56 §7 55 58 60 61 62 €3 64

/ JACK JACOBSON 74 )

€5 €6 67 68 63 70 7L V2 73 74 TS 76 77 78 76 BO 8t 32 83 84 65 B BY 85 89 9O W U2 93 H3 45 96

57 96 99 100 101 102 103 164 105 106 107 106 108 1O 1 12 KX B4 WS U6 (7 U8 U5 120 121 €2 123 124 135 126 127 €8
0000 CS0060 09

8 8
A (2] o oo A
8 8
4 * L 2 ] e 6 4
2 [ X ] S0 608 ® =2
1 e0 0 eGe® e ® 1
B 1 2z 3 & 5 6 7 8 § W H 11314158 18 W 20 21 22 23 24 25 26 27 28 29 30 3 32 B
A A
8 [ [ ] [ ] 8
4 L ] B J 4
2@ . [ 2 2
16 @ L] | X 4 1
B33313536373539‘0“‘2‘31415‘647404950555253545556575859606Y526364B
A A
8 8
4 4
2 2
1
65“676869707372T!?l?ﬁ‘lﬁﬁ?ﬂ??wﬂ!623364858607808991)9!92939(95961
\ 1BM 3700 s/
International Business Machines Corporation Form X21-8090
Printed in U.S.A.

RPG OQUTPUT - FORMAT SPECIFICATIONS
75 76 77 78 79 8O

12
Date . Pro ™
e R G Qgram
Punching eehe Page D] laem&ﬁcmmm _L L
Program tnstruction | puonon i
i
é Space]  Skip Output Indicators Edit Codes
3 Zera Bal : -
= l ] = Commas | 70 St | NaSign | CR | - | X ?ﬁ?‘é?; Sterling
) ) 18 ) : 2 : Y - Date Sign
Line Filename § & A And Field Name & g:zwn = 52 :{e; ; »; ‘J( Ffm Eit Position
& < ; @ ® § in o No Yes 3 c |t = Zero
| Zlalslsl 8] 8 |. o - § €| output | B No No 4 D im Suppress
£ glelalg] &2 |2 b Z clx ¥
£ g2 Z1E] Recod |2
[ = g ut o ¥ Constant or Edit Word
345B789?Qﬂ1213‘415‘IS?7?31920212223742525272329@3“323334%333738 40614247‘4‘4&47484950575253545556575858506152536‘55%&?688@76?172737d
¥ —J T
o[ T ol RDs | [ |oja 61 | |
ol Jo EMPIL YE] 3
o3 |o DEPT 40
i
sla; Jo D1 P2 | |
1
ojs o EMPIL Y E 39|
el SIERN UM 35| |
o e PAlYRIT ad|
olsl |o pCPIRIINT
o8 |0 UDATE 52 |
1in] jo Pl
. o b :

Figure 9-10. *PRINT




COLUMN 38 (EDIT CODES)

Use column 38 when you want to:

1.  suppressleading zeros

2. omit aggn from thelow order position of a numeric
fied

3. punctuate a numericfield without setting up your own
edit word.

A table summarizing the edit codesthat can be used is
printed above columns45-70 on the Output-Format sheet
(see Figure9-10). Each edit code punctuates differently.

If you use an edit codein column 38, columns 45-70 must
be blank except for the following condition. If asterisk

fill or afloating dollar signisrequired, enter < * or “ § *

in column 45-70. When an edit codeis used to punctuate an
array, two spacesareleft betweenfieldsof the array to the
left of each element. Only numericfields can be edited. For
moreinformation on edit codes, see Editingin Chapter 10.

COLUMN 39 (BLANK AFTER)

Entry Explanation
Blank Fieldisnot to be reset.
B Field specified in columns 32-37 isto be

reset after the output operation is complete.

Use column 39 to reset afield to zerosor blanks. Numeric
fieldsare set to zero and alphamericfieldsare set to blanks.
This column must be blank for Look-Ahead and Udate
fields.

Resetting fieldsto zerosis useful when you are accumu-
lating and printing totals for each control group. After
finding the total for one group and printing it, you want to
start accumulatingtotals for the next group. Beforeyou do
this, however, you want your total field to start with zeros,
not with the total it had for the previous group. Blank After
will reset the total field to zero after it is printed.

If thefield 1s 1o be used for output more than once (i.e.,
punchingand printing), be sure the B isentered on the last
output line for that field, Otherwise, the field isblanked
out before ail required output isfinished.

COLUMNS 40-43 (END POSITION IN OUTPUT RECORD)
Disk, Punched Cards and Printed Reports

Use columns 40-43 to indicate the location on the output
record of the field or constant that isto be written. You
enter only the number of the punchingor printing position
of the rightmost character in the field or constant.

Thelargest number to be used toindicate end position
for disk output is4,096. The largest number for punched
card output is96. The largest number for printer output
depends upon the number of print positionson the printer
you have.

When *PLACE isspecified for the printer (see Columns
33-37in this chapter), end position indicatesthe end posi-
tion of thelast field of the group that isto be printed.
Thus you must be sure you have indicated an end position
that allowsenough room for all specified fieldsto be printed.

Be sure to alow enough space (as indicated by end posi-
tion entries) on your output record to hold edited fields.

Printing on Cards

The MFCU prints and punchesfieldsin the same positions
onacard by using *PRINT in columns32-37. If youwant
to print fieldsin positionsother than those which correspond
to the punch positionsof the fields, you must:

1. name the field in columns 32-37.

* in column 40.

2. placean
3. gpecify an end position for that field in columns41-43.
The maximumentry for an end positionis 128.

Thefield will be printed in the upper portion of the card
in the position you have specified.

All lineswith an * in column 40 should follow al lines
specifying punchingonly and al *PRINT linesfor that record
(see Example). All the punchingfor acard isdone before
the printing.

Note: If Blank After (column 39) is specified for afield

to be punched and printed, the B entry must be entered on
the last line specifying printing for that fieid. All the printing
isdone for acard after dl the punching, so be careful not

to blank out a punch field and then try to print it later. If
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*PRINT isthe last line specifying printing for afield, the

B entry ismadein the last punching specification line for
that field. If an * isused in column 40 to print afield

after it is punched, the B entry ismadein the last print
specification linefor that field. A Blank After entry is
correctly entered for a punch and print field in Figure 9-11.

Example

Figure 9-11 shows several examplesof printing on a card.
The coding showsthat the name field will be punched and

printed in the same card columns. The account humber
field is punched only. The amount due field is punched in
columns 75-80, but for ease of readingit is printed with an
edit word in columns 44-52. For the same reason, a con-
stant is printed to identify the amount due field.

In Lire 06, the field AMTDUE is blanked out after it is
printed by a B entry in column 39. If the Bentry appeared
in column 39 of line 05, the field would be blanked out
after punching and would not be availablefor printing.
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COLUMN 44 (PACKED OR BINARY FIELD)

Entry Explanation

Blank Fieldis unpacked numeric data, alpha-
meric data, or isto be printed.

P Field isto be written on disk or punched
in the packed decimal format.

B Fieldisto be written on disk in the binary
format.

Column 44 must have an entry if anumericfieldisto be
written on disk or punched in cardsin the packed decimal
format, or written on disk in the binary format. Packed
decimal fieldscannot be printed, and binary fieldscannot
be printed or punched.

Fieldsof 4 or less bytes are converted to 2 bytes of binary
data for output, and fieldsof 5-9 bytes are converted to 4
bytes of binary datafor output. The output devicefor
binary fields can only be disk.

Column 44 must be blank if an asterisk (*) appearsin
column 40 of the same field specification. Column 44 must
also be blank for fieldsin arecord that precede *PRINT with
an MFCU file or *PLACE with a printer file.

COLUMNS 4570 (CONSTANT OR EDIT WORD)

Use columns 45-70 to specify aconstant or an edit word.

Constant

A constant isany unchanging information that isentered
by a specification. Constants are usually words used for
report headings, column headingsor card identification.
To print aconstant on acard, an * must be entered in
column 40 (see Columns 40-43 in this chapter for printing
on cards).
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The following rules apply to constants. (Refer to Figure 3.  An apostrophein aconstant must be represented by
9-12,insert A for examples.) two apostrophes. For example, if the wordyou're
appearsin aconstant it must be coded as YOU”RE.
4.  Numericdata may be used asa constant.

5. Upto 24 characters of constant information can be

1.  Field name (columns 32-37) must be blank. placed in oneline. Additional linesmay be used, but
each line must be treated as a separate line of con-
2. A constant must be enclosed in apostrophes. Enter stants. Theend position of each line must appear in
the leading apostrophe in column 45. columns 40-43.
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Edit Word

Usean edit word in place of an edit code when you want
to punctuate the field named in column 32-37 according
toyour own format. Edit words can be used to suppress
leading zeros, punctuate with decimal points, commas,
dollar sgnsand asterisks, insert spacesand identify negative
totals. Figure9-12, insert B, showsexamples of edit words.
For further information on edit words see Editingin Chapter
10.

The following rules apply to edit words:

1. Fied name (columns 32-37) must contain an entry.

2. An edit word must be enclosed in apostrophes. Enter
leading apostrophe in column 45. The edit word
itself must beginin column 46.

3. Any printable character isvaid, but certain characters
in certain positionshave specia uses(see Editingin
Chapter 10).

4.  Anedit word cannot be longer than 24 characters.

5. Thenumer of replaceablecharactersin the edit word
must be equal to the length of the field to be edited.
See Editing, Edit Words, in Chapter 10 for a discussion
of replaceable characters.

COLUMNS 71-74 (STERLING SIGN POSITION)

Use columns 71-74 only when processing sterling currency
amounts. For detailed information see Sterlingin Chapter
10.

Printer

Entry Explanation

All blanks Fieldis printed in pence only.
Sincolumn  Fiddisprinted in pounds, shillings, and
74 pence.

Output Devices Other Than the Printer

Entry Explanation

Blank Sterlingoutput is not used.

Positionin Number of the column which contains

record the 9gn if thesgnisnot in the normal
position.

Sincolumn  Sgnisin the normal position.

74

For output devices other than the printer, these columns
are used toindicate the position of the sign of the field.
The normal position of the sgn in afield having decimal
positionsisin the rightmost decimal position of the pence
field. If thefieldshave no decimal position, the normal
dgn positionisin the last column (unit position) of the
poundsfields.

COLUMNS 75-80 (PROGRAM IDENTIFICATION)

See Chapter 2.
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This chapter further explainstopics which wereintroduced,
but not fully explained, in the preceding chapters. Because
the discussion of each topic is complete, the sectionsare
arranged al phabetically by section title.

ALTERNATE COLLATING SEQUENCE

Every alphabetic, numeric, or special character holdsa
specia positionin relation to al other characters. This
special order isknown as the collating sequence. System/3
uses a collating sequence based on the way charactersare
represented in the machine (Figure 10-1).

Y ou may change this collating sequence if you wish. If
you want charactersto appear in asequenceother than the
one used by System/3 or if you want two or more charac-
tersto have the same position in the sequence(this means
they are considered equal), you must describe an alternate
collating sequence.

Note: An aternate collating sequence applies to:
1.  matchingfieldsand sequence checking.

2. dphamericcompare operations (COMP).

Defining an Alternate Collating Sequence

To define an aternate collating sequenceyou must first
indicate that a sequenceother than the normal oneisto be
used. Do thisby entering an Sin column 26 of the RPG 1I
control card specifications.

A table also must be entered whichlists the changesyou
wish to make in the normal collatingsequence. Thefol-
lowing entries are needed for each table card entered:

Chapter 10. Supplementary Information

Columns 1-6: Enter ALTSEQto indicate that you are
atering the normal sequence.

Columns 7-8: Leave these columns blank.

Columns9-10: Enter the hexadecimal number of the
character being taken out of sequence. Thetablein Figure
10-1 lists charactersand their hexadecimal equivalents.

Columns 11-12: Enter the hexadecimal number of the
character that is replacing the character taken out of se
quence.

Columns13-16, 17-20, 21-24, etc: These columnsare used
the way columns9-12 are used. Thefirst two columnsgive
the character to be replaced by the character specifiedin
the next two columns. There may be as many four-column
entries as necessary. Additional cardsmay be used with the
aboveformat. Thefirst blank column terminates the card.
A ** or /* ends the table.

The alternate sequence table deck must be preceded by a
card with *& in columns1-3. The remaining columnsof
the card may be used for comments. Thisdeck must follow
the RPG I specificationdeck and file trandation cards, if
used. Figure 1-2 showsthe arrangement of cardsin an
RPG H source deck.

Translation Table and Alternate Collating Sequence Coding
Sheet

The Trand ation Table and Alternate Collating Sequence
Sheet (Figure 10-2) can be used for coding an alternate
collatingsequence. It helps you more easly determine the
entries needed for the aternate collating sequence tablein-
put cards.

10-1




- m

Collating Character Hexadecimal
Sequence Equivalent
1 Blank 40
2 ¢ 4A
3 48
4 < 4c
5 ( 4D
6 + 4E
7 | 4F
8 & 50
9 ! 5A
10 $ 58
11 * 5C
12 ) 5D
13 ; 5€
14 — 5F
15 - {minus) 60
16 / 61
17 , 6B
18 % 6C
19 — (underscore) 6D
20 > 6E
21 ? 6F
22 7A
23 78
24 @ 7C
25 ' 7D
26 = 7E
27 " 7F
28 A c1
29 B c2
30 C Cc3
31 D ca
32 Ccs

Collating Character Hexadecimal
Sequence Equivalent
33 F cé
34 G Cc7
35 H c8
36 i Cc9
37 } Do
38 J D1
39 K D2
40 L D3
LY M D4
42 N D5
43 0 D6
44 P D7
45 O D8
46 R D9
47 S E2
48 T E3
49 u E4
50 A EB
51 w E6
52 X E7
53 Y E8
54 z E9
55 0 FO
56 1 F1
57 2 F2
58 3 F3
59 4 F4
60 5 F5
61 6 F6
62 7 F7
63 8 F8
64 9 Fg

Figure 10-1. Normal Collating Sequenceand Hexadecimal Equivalentsof Characters
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Figure 10-2. Trandation Tabband Alternate Collating Sequence Coding Sheet



Causing Characters to Be Considered Equal

If you want one character to be considered the same as
another character, the characters must hold the same posi-
tion in the collating sequence. For example, you may wish
a blank to be considered asa zero. Therefore, you heed to
define an alternate collating sequencein which the blank

is the same as the zero becauseit holds the same position
in the sequence. The alternate collating sequenceinput
card lookslike this:

Column Entry

1-6 ALTSEQ

7-8 Blanks

9-12 40F0 (blank takes the zero's position)

Now whenever ablank isread and used in acompareit is
considered asa zero. Thus, if you were comparing numbers
to 0036 to find an equal condition, 0036 and bb36 (where
b=blank) both compare equal to 0036.

Altering the Normal Collating Sequence

Y ou may after the normal collating sequencein a number

of ways. For example, you may insert acharacter between
two existing characters, you may take a character out of

the sequence, or you may change characters(put A where
Zisand Z where A is). Regardlessof how you dter the
sequence, you must specify every character that isto be
changed by the alteration. For example, if you want the
dollar 9gn (8) to be positioned in the collating sequence
between A and B, the normal sequenceis changed asfollows:

Normal Sequence Altered Sequence

TOTMED O W >
T OMmME O W e s
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Notice on the Tranglation Table and Alternate Collating
Sequence Coding Sheet that there are many characters
between | and } ,Rand S, Z and 0. These characters can
be represented in the computer and on records by a certain
code. However, they have no printable graphic symbol.
Due to this particular arrangement of graphics, nongraphics,
graphics, etc. in the collating sequence, a character, when
inserted between A and B, changesonly the position of
graphics B-I. All other graphicsare not affected. B-l all
move down one position causing the | to take the place of
the nongraphic represented by hexadecimal CA. Thisdoes
not matter, however, since the origina character CA cannot
be printed anyway. See Figure 10-3 for the entries on the
Trandation Table and Alternate Collating Sequence Coding
Sheet.

The alternate sequenceinput card is punched asfollows:

Column Entry

1-6 ALTSEQ

7-8 (blanks)

9-12 5BC2 ($ takes Bs position)

13-16 C2C3 (B takes Cs position)

17-20 C3C4 (C takes D's position)

21-24 C4CS5 (D takes E’s position)

25-28 C5C6 (E takes F’s position)

29-32 C6C7 (F takes Gs position)

33-36 C7C8 (G takesH's position)

37-40 C8C9 (H takes I’s position)

41-44 C9CA (I isgiven anew position held by

no other printable character.)

ARRAYS

An array is acontinuous seriesof data fieldshaving like
characteristics, that is, samefield length and same number of
decimal positions.

There are three kinds of arrays. compile time arrays,
execution time arrays, and those arrays loaded or created
by input and/or calculations specifications.

A compile time array is compiled with the source program
and becomes a permanent part of the object program. A
compiletime array can, then, be permanently changed only
by recompiling the source program with the revised
array.

An execution time array isloaded with the object program
before actual execution of your RPG 1I program begins
(that is, before any input files are read, calculations per-
formed, or output function performed).

An array loaded or created by input or calculation speci-
fications, which might be calied adynamic array, isloaded
into the computer after actual execution of your RPG 11
program has begun (it is read asinput data) or is created
during the calculation phase of your RPG 11 program. Such
adynamic array must nonethel ess be described on the
Extension sheet.




International Business Machines Corporation

TRANSLATION TABLE AND ALTERNATE COLLATING SEQUENCE CODING SHEET

System/3 Replaced System/3 Replaced Systern/3 Replaced Systern/3
N Code Graphic Entry 3% Code Graphic Entry 8y Code Graphic Entry By Coxle Graphic
n 00110011 01100110 66 10011001 99 11001100
] 00110100 01100113 67 10011010 9A 11001101
3 00110101 1101000 () T0GTTa1Y 98 11001110
B 00110110 1101001 69 10011100 3¢ 11001111
N 00110111 1101010 6A 10011101 90 11010000 |}
N 00111000 p110%01T |, 68 10011110 9E 11010001 | 4
] 00111001 01101100 | % 6C 10011111 9F 11010010 | K
1 oot1ia10 6iig11G1 | — | & 10100000 AD 11010011 | L .
] 00111011 01101110 | > 6E 10100001 Al 11010100 [ M
] 00111100 01101111 | 7 6F 10100010 A2 11010101 | N
N 00111101 01110000 70 10100011 A3 11010110 {0
7 00111110 B1110001 71 16100100 A4 1010111 _| P
] ooy | 61110010 72 TOV00101 A% 11011000 | Q
01000000 | Bisak I gTi10017 73 16100110 A6 11011001 | R
N 01000001 01110100 74 10100111 A7 11011010
] 01000010 01770101 75 10101000 | AB 11011011
7 01000011 01110110 76 10161001 | Ag 11011100
1. i ovo0ion 01110111 77 601010 AR 11011101
n 01000101 91111000 78 10701011 Al 11011110
61000110 91111001 79 10161700 AC 11011111
n 01000111 01111610 7A 16161101 AD 11100000
01001000 0TI1611 | # 78 6161110 AE 11100001
1 [“oiccioon 61711100 [ & 7 ] TGTOTTT AF 1100016 15
7 01001010_| ¢ 01111101 i) 10110000 B0 [1g001y [T
N otoot01t | - 0H111110 | = 7E 10110001 B1 11100100 | U
N 01001100 | <€ ot - 7F T 10110010 B2 11100101 |V
] 01001101 | ¢ 10000000 80 10110011 83 11100110 [ W
] 0190110 | + | 10000001 81 10110100 84 [ Tnooniy 1 x
01001111 | | 10000010 | 82 10110101 BS 11101000 | Y
] 01010000 | & 10000011 83 10110110 — 86 1110100112
» 01010001 | 10000100 84 10110111 | 11101010 | L
] 01010010 10000101 85 10111000 11101011
] 91010011 [ 10000110 86 [ 10711001 [ honeo |
] 01010100 11101101
Q1010101 1 AN 1nene
B 0101011 10111100 g
B 01010113 10001010 BA 10111101 | 11110000
] 01011000 | | 10007013 | 11110001
a 01011001 Tweoorie | 1
4 [_omwm010 | . .
| 01011011 | ¢ $ takes B's position. 1A
. 2T RAL:. T N p_aMuiee 4 8 }p B takes C's position,
] Qoo | ) < — R,
. [3) § X
b ,.g.:g::::? = b FE \Ctakesosposc on.
- 01100000 | - 80 | 10010011 | F AR R
N Q1100001_{ / 61 | 30010100 [ 1100011 |G | _Tiii010
» 01100010 62 10010101 11001000 | H
N 01100011 63 10010110 11001001 | )
01100100 64 10010111 11001010 | ]
n 01100101 65 10011000 11001011 | 11111110
1] 111 "

Figure 10-3. Alteringthe Collating Sequence
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Defining Arrays—Extension Specificatons

Every array must be defmed on extension specifications.
The entriesare asfollows:

Column Entry

6 E

7-10 blank

11-18 Filenameof execution time array. Blank
for compiletime array or for array created
by input and/or calculation specifications.
19-26 Filename of output file on which array is
written at end of job. Blank—arrayisnot
written out at end of job.

27-32 Name of the array. Thearray name can-
not begin with the letters TAB. (See
Array Nameand Zrdex.)

33-35 Number of array elementsfound in each
input record for execution or compile
timearrays. Leavethese columnsblank
for an array defmed in input and calcu-
lation specifications.

36-39 Number of elementsin the array. This
entry must end in column 39. Leading
zerosare not required.

4042 Decimal field length of array element. All
elementsin thearray must be the same
length. If the array isin packed, binary,
or BS shillingformat, this entry must be
the converted decimal length.

43 P
Array elementsarein packed format.
B
Array elementsarein binary format.
Blank
Array elementsarein alphameric or dec-
imal format, Leave this column blank for
an array defined in input and calculation
specifications.

10-6

Column Entry

44 For numericfieldsenter the number of
digitsto theright of the decimal point.
Thisnumber can be 0. For aphameric
fieldsleave column 44 blank.

45 A

Array isto be checked for ascending
sequence.
D
Array isto be checked for descending
sequence.
Blank
No sequencecheckingisdone. This
column must be blank for any array
created in input and cal cul ations speci-
fications.

46-57 Use these columnsto describe an alter-

nating array.

Figure 104 showsthe necessary extension specifications
for each type of array. Line 1 specifiesacompiletime
array, ARRAYC. Thisarray hasatotal of eight elements
(three elements per record). Each element hasan unpacked
length of 12 positions, including4 decimal places. Line2
specifiesan execution time array ARRAYE, to be read
from file CARDINP. ARRAY E has 250 a phamericelements
(10 elements per record); each element is5 positionslong
and higher in collating sequencethan the previouselement.
Line 3 specifiesan array, ARRAY |, to be read from input
records. ARRAYT has 10 numericelementseach 10 posi-
tionslong.

Any of these specificationsmay include entriesin columns
19-26 (to define afilenameof afiletowhich the array
would be output at end of job) and in columns46-57 (to
define an alternating array).




IBM . Internstional Business Machines Corporation :m ;1::9;
RPG EXTENSION AND LINE COUNTER SPECIFICATIONS .
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Date i Graphi . H Program
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Extension Specifications
Record Sequence of the Chaining File = ] 5
Number of the Chaining Field ;l{umber Number t—g § % T Length g § %
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Figure10-4. Varietiesof Arrays
Input Specifications specifications. How the entries are made depends on whether
the array information is contained in one or more records.
If you are reading array information frominput records;
that is, if columns11-18, and columns 33-35 of the Ex- Note: An array name with avariableindex cannot be de-
tension sheet are blank, you must describe that informa- fined as alook-ahead field.
tion in your input specificationsas well asin the extension
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Array /nformation in One Record Column Entry

If dl of the array information isin one record, it can oc- 6 I
cupy consecutive positionsin the record or be scattered
throughout the record. 7-42 Blank
If the array elements are consecutiveon the input record,
they may be loaded with a single input specification. 43 P(packed), B (binary) or blank.
Figure 10-5 showsan array, INPARR, of Sx elements
(twelve positions each) being loaded from asingle record 44-47 Field location of either an entire array
from the file ARRFILE. and (consecutive elements) or individua field
If the array elements are scattered throughout the record, 48-51 locations of single elements of the array.
they may be defined and loaded one at atime, oneto a
specification line. In Figure 10-6, an array, ARRX, of six 52 Thiscolumn can be left blank. If a
elements with 12 positions each, isloaded from asingle decimal position entry is made, it must be
record from file ARRFILE; ablank column appears be- the same as that specified on the Ex-
tween each two elements. tension sheet.
Following are the input specifications required for loading
an array from asingleinput record:
I BM Internationat Business Machines Corporation ::;';:;’bgg:'
RPG EXTENSION AND LINE COUNTER SPECIFICATIONS
12 7 18 77 I8 79 80
[357 R — { i raghic a Program
ol w (1]
Program
Extension Specifications
Record Sequence of the Chaining File § § ; §
Number of the Chaining Fietd Number | Number ol g % o:: g -'f;
tine g To Filename ::’::‘:anm %’m’ries ;t’nries ;ength %% § é%aaz%ﬁ;mnzﬁng g::h % % :é:; Comments
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& RHE M E
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o1} | 1NiPlA REI bl 1112
02 E
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IBM ionat Business Machines Ce i §m'2:m
RPG INPUT SPECIFICATIONS
1.2 75 76 77 18 79 8O
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H i 3l 1 f
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o[ [[|ARRFILIE WAl | g1
ol2) |1 1 174 [1INPARR
ol3 1
ni4: T

Figure 10-5. Definingan Input TimeArray with Consecutive Elements
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Array Information in More Than One Record

53-58 The name of the array or the name of a
singleelement (array name with index). If the array information isin two or more records, there
Thisarray name must be the same name are many methods that may be used to introduce the array
asthat used on the Extension sheet. to the system. The method you useis primarily based on
the size of the array and whether the array information is
59-62 Blank all together in the input records.
Examples 1-4 show four methods of loading and sorting
63-64 Field Record Relationindicator. See array information.
Columns63-64 in Chapter 7 for informa Keepin mind that the RPG II program processesone
tion on thisentry. record at atime. Y ou cannot process the entire array until
dl of the records containingthe array information have
65-70 Blank been read and the information moved into the array fields.
It may, therefore, be necessary to suppresscal culationand
71-74 Sterlingfield. See Sterlingin this chapter output operations until the entire array has been read into
for information on thisentry. the system.
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Figure 10-6. Definingan Input Time Array with Scattered Elements
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Figure 10-7 showsthe creation of an array, ARRZ, using established in one RPG cycle, you will want to suppress
fieldsfrom input records. Fieldsare extracted from records ~ (that is, skip) any calculationsor output functions which
from file CARDFILE, and the square root of each of these use ARRZ or any of itselementsuntil d| of the elements

RPG EXTENSIONAND LINE COUNTER SPECIFICATIONS

fieldsismoved into an element of the array. The output are calculated. To suppressthese calculationsand output
file for thisjob isnamed OUTARR. Indicator 25isonwhen  functions you would useindicator 27 asa conditioning
the record containing data for the first five elements of indicator in any calculation or output specification which
ARRZ hasbeenread. Similarly,indicator 26 ison when uses ARRZ or one of itselements. Line 14 of the Calcula
datafor the remainingfour elements has been read. In- tion sheet of Figure 10-7 showsindicator 27 used to con-
dicator 27 isturned on only after d| elements have been dition an operation which should not be performed until
calculated. Becausenot ali the elements of ARRZ can be dl elementsof ARRZ have been calculated.
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Figure 10-7. Asyay to be Built During Calculations (Part 1 of 2)
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Using Arrays

Arrayscan be usad in input, output, or calculation specifi-
cations (see Examples). The elementsin an array can be
referencedindividually, or the array can be referenced asa
whole. Individual elementsare referenced by an array name
plusan index. Thearray name alone referencesthe entire

array.

Array Name and /ndex

The array name must begin in column 27 of the Extension
sheet. Thearray name cannot begin with the letters TAB.

However, the name can contain any other combination of
letters and numbersbut must not begin with theletters
TAB. Thefirst character must be alphabetic. The name
cannot contain blanksor special characters. The name must
not be the same asany other name used in the program.

Thelength of the array name depends on how the array
isbeing used. Thearray name can befrom 1-6 characters
long. Thearray name by itself is used only when referencing
the entire array.

If individual elementsof the array are to be referenced,
the array name will requirean index. The array nameand
index must be separated by acomma. The array hame plus
comma plusindex will never occupy fewer than three char-
acter positions. Tota length of an array name pluscomma
plusindex entry islimited to six positions(input, output
specifications, or Result Field of calculation specifications)
or ten positions(Factor 1 or Factor 2 of calculation speci-
fications).
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Figure10-7. Array to be Built During Calculations (Part 2 of 2)
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Some examplesof array nameswith and without indexes
are as follows:

Valid

ARAYO1

B
AR, (the first element of array AR)

X,YY2 (where YY2isafield name)

Invalid

BALANCE  (array name hasmore than six characters)
6TOTAL (first character not alphabetic)

TOTAL- (name contains special character)
CRTOT (name contains blank)

Al, Al (array is used asindex)

BAL,XX1 (name including comma has more than

six characters. Thisnameisvalid for
Factor 1 and Factor 2 of the calculation
specificationsonly.)

Calculation Specifications

Y ou can reference an entire array or individual elements
inan array using calculation specifications. Processindivi-
dual elementslike normal fields. Remember, if an array

fieldisto be used asaresult field, the array name pluscom-

ma plusindex cannot exceed six characters.

10-12

To reference an entire array use only the array name. You
may useit in Factor 1, Factor 2 or the Result Field. The
operations you may use are: ADD, Z-ADD, SUB, Z-SUB,
MULT, DIV, SQRT, MOVE, MOVEL, MLLZO, MLHZO,
MHLZO, MHHZO, DSPLY (array element only), DEBUG,
BITON, BITOF, XFOOT and LOKW.

The following rules apply when using arraysin calculations:

1. When the factors and the result field are al arrays
with the same number of elements, the operationis
performed using the first element from every array,
then the second element from every array, etc., until
dl elementsin the arrays are processed. If the arrays
do not have the same number of entries the operation
ends when the last element of the array with the fewest
elements has completed processing.

2. Whenone of thefactorsisafield or constant and the
other isan array, and the result field isan array, the
operation is performed once for every element in the
shorter array. The samefield or constant is used
inal of theoperations. If the result fieldisnot an
array, the operation is performed once, using only the
first element of the specified array.

3. Resltingindicators cannot be used due to multiple
operations being performed. Exceptions are XFOOT
and LOKUPwhich allow resultingindicators.

4. You can useindicators (columns 7-17) to condition
the operation.

5. Thearraysyou usein arithmetic operations must be
numeric. You may indicate Haf Adjust (column 53)
if you wish.

Two operations are unique in their handling of arrays.
They are XFOOT and LOKW.




XFOOT

The XFOOT operation code totalsthe contents of all
elementsin the array named in factor 2 and placesthe

total in afield named in the result field. This operation may
be conditioned by indicatorsin columns7-17. You can
half-adjust the total in the result field and use resulting
indicators if you wish.

LOKUP

Since arraysare similar to tables, the LOKW operation
code can be used to determine whether the contentsof an
element in an array matches a searchword. No special
storage areas are required. The specificationsfor arraysare
the same asfor tablesexcept that for LOKW, the result
field cannot be used if Factor 2isan array (see Operation
Codes, Lookup in this chapter).

If you use just the array name in referencing the array, the
search beginsat the first element in the array. Y ou must
use indicators to determine if a match was found.

If you use the array name and an index (which may be a
field name or aliteral), the search beginsat the element
identified by the index. If amatch isfound, the number
of the array element containing the match isplaced in the
field used asan index. If no match isfound, the index
fieldisset to 1.

If aliteral was used asan index, indicators must be used
to determine if amatch wasfound. The content of the
element referenced by the literal is not changed.

Output-Format Specifications

Y ou can reference an entire array or individual element in
an array in output specifications.

Entire Array

If an array is to be punched or printed in an output record,
describe the array along with any normal fieldsfor the
record. The columnsyou use to describethe array and
their contents on the output-format sheet are:

Columns Entry
6 0

23-31 Output indicators. If used, they pertain to
the entire array. See Columns 2331in
Chapter 9 for more information.

32-37 Array name. Thismust be the same name
asthat used on the Extension sheet.

3839 Edit Code and Biank After. These columns
may be used with arrays. See Column 38
and Column 39 in Chapter 9 for more
information.

4043 Enter the record position where the last
field of the array isto end. Be aware that
you must alow room for any editing you
perform.

44 P= pack each element.
B = convert each element to binary.

45-70 Edit word. If you usean edit word, it
pertains to all fieldsin the array. Do not
use an edit word if an edit codeis used.

71-74 Blank.

individual Fields

If an output record isto contain certain fieldsfrom an
array but not the entire array, describethe fieldsthe same
way you do normal fields. Use the array name and index
(separated by a comma) asthe field name. Theindex can
be either afield or anumber. Note that the length of the
array name and index, including the comma, must not ex-
ceed six characters (the maximum length of afield name).

Editing Arrays

In editing arrays, remember that when you referencethe
entire array any editing you specify appliesequally to dl
fieldsin the array. If you requiredifferent editing for
variousfields, you have to reference the fieldsindividually.

When you specify an edit code for an entire array (column
38), note that two blanks are automatically inserted | o the
left of every fieldin the array. When you specify an edit
word instead, the blanks are not inserted. The edit word
must specify all the blanks you want inserted.
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Examples isto contain 12 elements, each 5 positionslong. On the
Input sheets each array element is given a separate field

Example 1: Figure 10-8 showsthe straight substitution name. On the calculation sheet each input field is moved
method of loading an array into the system. Array AR1 into an array element.
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Figure 10-8. Building an Array Using Straight Substitution
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Blanksand other fieldscan appear on the input records
since the From and To entriesidentify the location of the
field. Thearray fieldsneed not bein order. They can be
ordered in the calculation specifications.

The disadvantagesof this method are the amount of coding
required for entering alarge array and the amount of core
required to set up the array.

Example 2 Figure 10-9 illustratesa method of loading

an array usingindexed entries on theinput records. Once
again the exampleshowsa 12-element array with element
length of 5; however, because of the record identifying

indicator the array could be made larger without usng
additional coding. Thisisaccomplished by assgninga
different valueto 11, 12, etc. on each input record. Each
record that turned on 03 would then load another 10
elementsinto array AR. Theshort record (end of the array)
turnson indicator 04 in the example.

Blanksand other fields can appear on the input records
since the array elementsand their index areidentified by
From and To entries.

While this method requiresa minimum of codingand no
calculationsto set up the array, a considerableamount of
work isrequired to set up the indexing scheme for the
input records.
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Figure 10-9. Buildingan Array UsingInput Fieldsas|ndexes
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Example 3 In Figure 10-10 we see a method whereby
eighteen 5-position elements of array AR1 are loaded with
only 2 specification lines. No blanks or non-array infor-
mation can appear on the input record. On succeeding
linesof the Input sheet other elements of AR1 are loaded
one after another until the array isfull. Each additional
element iscoded on a separate line. Each new record re-
quires a separate means of identification. For example, if
another 03 record followed the first, the fields on the
second record would overlay the fieldsread in from the
first record.

The method illustrated in Example 3 workswell for
small arrays.

Example 4: The best method of loading large arrays
requiresthe building of two arrays, one to contain the
fieldsread in from asingle record, the other to hold the
entirearray. In Figure 10-11 we are loading a 22-element

array, each element being five positionslong. Ten elements

areread in from each record. Blanksor other fieldscannot
be mixed with the array information.
On the Extension sheet define two arrays:

ARI - Ten elements, five positionslong, zero decimal
positions.

AR2 - Twenty-two elements, five positionslong, zero
decimal positions.

The first record read must beidentified by al in position
80. Thisturnson resultingindicator 03 and initializesre-
sult field IN which W be used to contain the count of all
recordsread. Asshownin the Calculation sheet in Figure
10-11, the following actions then occur:

1. INissetto 1l and resultingindicator 04 isset on.

2. IN1 is set to 1.

3.  Thecontents of element 1 of AR1 ismoved into
element 1 of AR2.

4. lisadded toIN. IN now contains 2.

5. INiscompared to 22. Sinceitislessthan 22,
continue.

6. lisadded toIN1. IN1 now contains 2.

7. INliscomparedto10. Sinceitislessthan 10,
continue.

8.  Theconditionsof line 10 (04 on, 55 not on) are
met. Goto T1.

9. Thesecond element or AR1 (IN1=2)is moved into the
second element of AR2 (IN=2).

Figure 10-10. Buildingan Array Wi ng Fixed Indexes
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The program continues through the same calculations A new record with a2 in column 80 must now be read.
moving all the fieldsread into AR1 from the first record Thisturnson indicator 04 and starts the calculations. Note
into AR2. When the tenth fieldismoved, IN and IN1 con- oo 1 field [y is not initialized for thispass. 1t con-
tain 11 (they were originally initialized to 1). On this pass, tained 11 when the second record was read and Will pe
the compare on line 9 causes indicator 55 to turn on. Ten stepped to 21 when the 10 fieldsfrom the second record
array elements have been read and moved into processing are loaded.
position.
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In this example we are building a 22-field array; there-
fore, another record containing the last two elements must

beread in. Thisrecord must also contain a2 in column 80.

After the second field of this record has been transferred
into AR2, IN will contain 23. The compareoperation on
line 6 will turn on resultingindicator 12. The conditions
online7 are now met and we will goto T2. The array
(AR2) iscompletely built.

The calculationsshown for this examplecan be used to
build any sizearray. Theonly changesrequired are:

1, Line06. Change Factor 2 tothe total number of
elementsin the array you are building.

2. Line09. Change Factor 2to the total number of
fieldsyou are reading from each record. (If the
last record contains less than thisamount, the total
array Szeinline 06 will handle the short record.)

Useany ailowable record identification codesand re-
sultingindicators.
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Examples: The specificationsin Figure 10-12 perform

the function of tabulating threelevels of totals. Thefields
FIELDA, FIELDB, FIELDC, and FIELDD are added, as
they are read from input records, to thefirst level totals
L1A,L1B,L1C,and L1D. Thesefirst leve totals are added
at the time of an L1 control break to totalsL2A, 1L2B, L2C,
and L2D. Similarly,at an L2 control break the second

level totalsare added to third leve totalsL3A, L3B, L3C,
and L3D. In addition, ascontrol breaksoccur, L1, L2, and
L3 total output is performed; total fieldsare zeros after they
are written on the output device.

Now, Figure 10-13 shows the same functions being per-
formed using arrays. Note the reduction in coding required
to specify thefunction. For example, line 5 of the Calcu-
lation sheet performsthe same function aslines5 through 8
of the Calculation sheet of Figure10-12. Similarly, the
output specificationsare reduced from 15linesto 6.



Figure 10-12. Calculating Totals Without Arravs
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Example6: Thisexampleillustrates the use of three Array Name  Number of Fields Field Length

arraysdefined asfollows. Refer to Figure 10-14.

ARA 4 5
ARB 10
ARC 6 4

n
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Figure 10-14. Using Arraysto Format Field Output
10-21




Array ARA iscontained in the input records corresponding Amy  Location Contents
toindicator 01, ARB in the records corresponding to 02,
and ARC in both typesof records. Array ARC and thefirst ARA 8589 12345
field of array ARA are to beincluded together in an output (fist field)
record as are arrays ARC and afield (identified by field X1)
of array ARB. Every fieldin array ARC isedited according ARC 37-84 b1.23bbb45.67bbb
tothe edit word OB.bb&CR. (where b representsa blank). 89.01.bbb23.45bbb
Assume that the contents of the arraysin the first two 67.89bbb87.65bCR
input recordsare;
For the second output record assume that the contents
of fidd X1 is4. Thelocationsand contents of the arrays

are:
Record Array Array Contents _
Array  Location Contents
1 ARA  12345678901234567890
ARC  01234567890123456789876N ARB ~ 86-95 JIMbKNOTSb
(note that N equalsminus 5) (fourth field)
) ARB  JOHNbDOEbbJOEbSMITHbLEED ARC 37-84 Thesame asin the first record.

MARXbbJIMbKNOTSbTIMbTYLERD

ARC  (Thesameasin record 1) ) -
Example 7: Figure 10-15 showsamethod of writing

short arrays on the output device. The contents of one
element of a 22-element array, AR2, iswritten to the out-
In the first output record, thelocation and contents of the  put file ARFILE each time the specificationin line 3 of the
arraysare (b representsa blank): Calculation sheet is performed.
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Example 8: Figure 10-16 shows a method of writing

a large array on the output device. The number of fields
printed on a line depends on the value assigned to the com-
pare on line 10 of the Calculation sheet. If an edit code is

used, each array field will be separated by two spaces. These
spaces must be considered when computing the end posi-
tion in the output specifications.

Figure 10-16. Printing More Than One Array Element Per Line
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CHARACTER STRUCTURE
Character Grouping by Zone or Digit

When selecting characters for record identification purposes
on adigit or zone only badis, it must be understood that all
characters having the same zone or digit will be selected

by the system as meeting record 1D requirements. The
reason isthat when a character isread into the systemit is
converted into an 8-bit code. It isthe 8-bit code that is
tested to seeif the character meets the requirements of

the record identifying character on the input specifications.
Figure 10-17 liststhe character grouping for zone or digit
only entriesin the Character/Zone/Digit columns (26, 33
or 40) and character columns(27, 34, or 41) of the input
specifications.

Asan example, adigit only entry in C/Z/Dand an A in
character would cause all records havinga / (dash), A, J, or
1.in the specified column to be selected.

Using the same letter A but now selecting records on a
zone only basis, $ and A-1 meet the reguirements and are
selected.

Negative Number

Negative numbers have a different character structure than
positive numbers because negative numbers are formed by
combining aminussgn with the number. Numbers0-9
have only digit portions. A minussgn isB zone entry.
Thus when the zone (minus sign) and the digit (0-9) are put
together, aletterisformed. Therefore, negative numbers
are represented in the computer by the characters J-R.

EDITING

Toedit afield meansto punctuateit by adding commas,
decimal points, negative value Signs, dollar sgns or constant
information. Data should be edited before it is printed if
itisto be understandable. For example, take the following
unedited data:

00367964

Isthe amount 367,964? Possibly, but many figuresare
dollarsand cents and are edited with two decimal positions.
A decimal point isautomatic with most edit codes. The
number of decimal positionsis defined on the input or
calculation sheet. For thisexample, let's assume two decimal
positions. If the unedited dataisedited with an edit codeit
can look like this:

3,679.64

CHARACTER GROUPING CHARACTER GROUPING
BY ZONE {2) BY DIGIT (D)
& blank
A H &
blank B a -
c % T
¢ D 8 0
. E
BN
+ H g j‘
\ 1 9
1
- B
/ ¢ K
J S
: ‘: 2
$
. M c
) N $ L
0 , T
- P # 3
Q
R < b
* M
S % U
T @ 4
/ U
, v
% w { S
- X ) v
> Y - 5
? z
0 * g
] - ]
H - 6
# 3
@ 4
a . ' G
" 7 L P
2 X
8 " 7
9

Figure 10-17. Characterslnterpreted asHaving the Same Zone or Digit

If it isedited by an edit word, you can makeit look like
this:

$%%3,679.64
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Thedecimal point printsonly on an editedfield. You can
edit afied by usng an edit code or an edit word.

Note: If theinverted print option isspecified on the RPG II
control card specificationsfor the job, the edited dataiis
converted accordingto the option selected (see Column 21,
Inverted Print in Chapter 3).

Edit Codes
The use of codesisthe easiest and most commonly used

method of editing. You smply enter the code that you
want in column 38 of the Output-Format sheet. The

availablecodesare printed in atable above columns45-70

of the Output-Format sheet. Figure 10-18 further illustrates
these codesand the optionsthey provide. Figure 10-19
illustrateshow datalookswhen it isedited by edit codes.
Each code punctuatesthe fidld alittle differently. Al codes
suppressleading zeros, with the followingexception. One
of the World Trade formatsfor output isaJentry in
column 21 in the control card specifications. For thisJ
entry, all zero balancesand balanceswith zero vauesto the
left of the decima commaare awayswritten or punched
with one leading zero (such as 0,00 or 0,04). The Jentry
overridesany edit codesthat might suppressthe leading
zero; that is, theleading zero for the J entry cannot be
suppressed by any edit codesin the cases mentioned.

Sign For Negative Balance | Print Out On Zero Balance *
Edit Commas Decimal Domestic Zero
Code Point NoSign |CR | — (Minus) | United Kingdom Suppress
World Trade I World Trade J
1 Yes Yes No Sign 00o0r0 0.00 or O Yes
2 Yes Yes No Sign Blanks Blanks Yes
3 Yes No Sign 00or0 0,000r0 Yes
4 Yes No Sign Blanks Blanks Yes
A Yes Yes CR .00or 0 0,000r0 Yes
B Yes Yes CR Blanks Blanks Yes
Cc Yes CR .00or0 0,000r0 Yes
D Yes CR Blanks Blanks Yes
J Yes Yes - .00or0 0,000r0 Yes
K Yes Yes — Blanks Blanks Yes
L Yes — .00or0 0.00 or 0 Yes
M Yes —_ Blanks Blanks Yes
X **
Y xx* Yes
zZ Yes

* Zero balances for the World Trade format are printed or punched in two ways, dependingon the entry made in column 21

of the control card specifications.
*¥* The X code performs no editing.

*** The Y code suppressesthe leftmost zero only. The Y code edits a three to six digit field according to the following

nnfn
nn/nn
nn/nn/n
nninninn

pattern:

Figure 10-18. Edit Codes
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Normally, when you use an edit codein column 38 you
cannot define an edit word in columns 45-70; however,
there are two exceptions:

1.  If youwant leading zerosreplaced by asterisks, enter
“*’in columns45-47 of the line containing the edit
code.

2. If you want adollar Sgn to appear before the first
digit in the field (floating dollar sign), enter '$in
columns 45-47 of the line containing the edit code.

It isaso possibleto have adollar Sgn appear before the
asterisk fill (fixed dollar sign). Thisisaccomplished in the
following manner:

1.  Place™'in column 45-47 of theline containingthe

edit code.

2. Place ‘$’in columns 45-47 of the linefollowing the
edit codeline. Theend position of thefiddisre-
quired in both lines.

Zero Balance- **
Edit Positive Number -| Positive Number - JNegative Number - siNegative Number - % Two Decimal Positions Zero Balance -
Codes |} Two Decimal No Decimal Three Decimal iNo Decimal Domestic No Decimal
Positions Positions Positions Positions United Kingdom Positions
World Trade /  |World Trade J

Unedited || 1234567 1234567 00012} 00012 } 000000 000000 000000
1 12,345.67 1, 234, 567 .120 120 00 0,00 o
2 12,345.67 1,234,567 .120 120
3 12345.67 1234567 .120 120 .00 0,00 0
4 123456.67 1234567 .120 120
A 12,345.67 1,234,567 .120CR 120CR .00 0,00 0
B 12,345,67 1,234,567 .120CR 120CR
C 12345.67 1234567 .120CR 120CR 00 0,00 0
D 12345.67 1234567 .120CR 120CR
J 12,345.67 1,234,567 120 120— .00 0,00 0
K |[12,345.67 1,234,567 .120— 120
L 12345.67 1234567 .120— 120 .00 0,00 0
M 12345.67 1234567 120 120—
X 11234567 1234567 00012 } 00012 } 000000 000000 000000
Y 0/01/20 0/00/00
Z 1234567 1234567 120 120

* The character }is anegative zero.
** Zero balances for the World Trade format
are printed " punched in two ways, depending

on the entry made in column 2L of the control

card specifications.

Figure 10-19. Examplesof Edit Code Usage
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Edit Words

An edit word gives you more freedom in punctuating a nu-
meric field than an edit code. Y ou specify directly whether
commas, decimal points and zero suppression are needed, if
the negative sign should print and, if the output isdollars
and cents, whether you want adollar sign and leading
asterisks. Figure 10-20 showsexamplesof edit words.

Edit wordsare entered in columns 45-70 of the Output-
Format sheet. Eachline that contains an edit word must
have entries in columns 32-37 (Field Name) and columns
40-43 (End Positionin Output Record). Column 38 (Edit
Code) must not be used.

Editing Considerations

Oneimportant thing to keep in mind is that you must leave
exactly enough room on the printed form for the edited
word. If the field to be edited isseven characterslong on
the input card, consider whether seven positions dlows
enough space for it to print on the report. By the time the
field isedited, it may contain many more characters than
seven.

When computing the length of an edited output field
determine how many of the editing characters are replace-
able. The number of replaceablecharactersin the edit word
must be equal to the length of the field to be edited. A
replaceable character isa part of the edit word that does not
require a position in the output file. The replaceable
characters are:

(zero suppress)

(asterisk fill)

(blank)

(when it appearsimmediately to the left of zero
suppress: floating dollar sign)

w R %O

Note: An extra space must be | eft in the edit word for the
floatingdollar sign. Thisensuresa print position for the
dollar 9gnif the output field isfull.

A fixed dollar sign, decimal points, floating dollar sign,
commas, ampersands (representing blanks), negative sgns
(- or CR) and constant informationdl require spacein the
output field.

Certain combinations of edit characters are not allowed.
For example, ‘bb0bb0’ isinvalid. Only one zero suppresscan
be used: ‘bb*bb(’ isinvaid but ‘bb0bb** isvalid. The
asterisk in the last example is considered a constant. The
position of the zero suppress0 isimportant. Consider the
following:

‘OBBBE’ If thefield isfive characters, the first
position can be zero suppressed.
‘OBBBLY’ If the field isfive characters, no zero

suppressionwill occur, because asix
position edit word is represented.

Formatting Edit Words

The Printer Spacing Chart is helpful when forming edit
words. Figure 10-21 shows how an output line can be for-
matted using thischart. Note that X’s and zerosare used

Unedited Edit Words Edited Data Comments
Data
Constant or Edit Word
45 464748 49 5061 5263645556 5758#960616263646_5_ gﬂgg%ﬂ
000743264 ! ’ 000743261 Blank edit word removes negative sign from units position.
000000422/ . . i 421| @ suppresses leading zeros.
24739000743/ . o . ! 247+390,007.41 Two decimal positions.
ooo476222} ! . R %! *%476,222| Asterisk fill,
024421/ $ ol @ $24.42]  Floating dollar sign.
ooooz]! $ ! $ .02 Fixed dolar sign.
ooo22385| /1% . %], ! $#%4223.85] Fixed dollar sign with asterisk fill,
71243281} 7 N $ . bl ' $7,2643,25 - Dollar amount followed by space and minus sign.
rz432N) 7 s $ ¢} . clrl’ $7,243,25CR Dollar amount followed by CR minus symbol.
000615}/ Lisisl.].! iplalozis] 6 LBS.,15 02S.| Editing text and figures.
233z 1§ ol D% AlLls $23.32 OLD BAL| Editing with constant information.
000015 |/ L 8}5 s O1ZiS]. 1! 15 025 Ch s LBS., are in the edit body and are zero suppressed.

Figure 10-20. Examplesof Edit Words
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Unedited Data

Item number - 000241
Item cost - 02000
Selling price - 02200
% profitorloss- 25

Printer Spacing Chart

0 1 2 3 4
__1!7123456789012345678901234567?8901234567890123456789
1 T
2 pPRIIICE (LIS
3
4
5 1TEM VTEM SELLIN P ERCEN|T
6| || NUMBER Cos| Y NEE PROF 1 11 o/ [Lojsls
7
8| || XXXXY $ XX XX | [$IXXig. XX XXICIR
9
10
11
12
Output - Format Sheet
rators Edit Codes
l 5 Commas | 2670 BIances | wo gin | oR | - | X = s,zr:g:,gen
Field Name 51 End & Yes Yes 1 A |4 Y= Date
And Sl positon | Yes No 2 8 | K Field Edit
£ El n @ No Yes 3 c L |Z= Zero
g 815 Outpur g No No 4 oM™ Suppress
= Z1§| PRecords |8
b ' Constant or Edit Word
?8283031323334353637383940414243‘;"3546474869505152535455565758598051625364656657686870
1INU/mB 1| @'
liclolsT] 18 |'1$ S
b PR CE 247 | .
PERC|PIL] 3| leRr!

Edited Output

241 $20.00 $22.00 25

Figure 10-21. Using the Printer SpacingChart to Format Data
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to show field positions. A zeroindicates that all zerosto
the left of this position (leading zeros) are to be suppressed.
An X indicates any number can appear in the position. Use
blanksin place of the X’s when writing the edit words. Two
additional X’s are provided for Percent Profit or Losssince
a negative value must be recognizable.

If it isnecessary to show a negative number, asign must
be included in the edit word. You may use either the minus
sign(-j or theletters CR. These print only for a negative
number; however, the character positions they require must
be taken into consideration when entering the end position
of the field on the Output-Format sheet. Figure 10-21
showsthat for the field PERCPL, CRisto be printed for a
negative balance. Assume the field PERCPL containsthe
negative data 2N (-25%). The printed output lookstike this:

25CR

If PERCPL was positive, CR would not print and the same
field would appear as:

25

Y ou may also use a minus Sgn to indicate a negative
balance. If you want to leave a space between the number
and the negative sign, place an ampersand (&) in the edit
ward before the minussign. PERCPL would then print
as:

25-

If youwishto haveadollar sgn printed, you also indi-
cate thisin your edit word. To print adollar Sgn at the
left of the field called SPRICE, put the dollar sign ($) next
tothe first quote mark and then put in the necessary blanks
and punctuation. Adollar sgnin this position iscalled
a fixed dollar sign The SPRICE field in Figure 10-22,
Line A, can look like any of the following (N standsfor
any number):

$NNN.NN
§ NN.NN
$ N.NN
A NN

Suppose, however, you do not want alot of empty space
between the dollar sgn and the first digit when zero
suppression occurs. (Thisiscommonly the case when
writing checks.) Y ou may fili in this empty space with
asterisks(*). Instead of using ¢ toindicate zero suppresion,
you use the asterisk (*) to indicate that all extra spaces
should be filled with asterisks. The SPRICE fieldin Figure
10-22, Line B, look like any of the following(N stands for
any number):

SNNN.NN
$*NN.NN
$**N.NN
gH*x NN

Intarnations! Business Machines Corporation

RPG OUTPUT - FORMAT SPECIFICATIONS
Vo2

Foren X21-9080
Peinted in US.AL

V5 76 ¥V 78 7% 80

Program T
identiticotion| /l RN

- T
Punching | Grephic . Page gj }

Tostruction o

Revord
Constant o Edit Word

s £dir Godss
""" T Zers Batences ! T e
e Commas < Briv Mo Sign 1 CR g ove Sterting
5 Fius Bign N
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Field Noms &l B S Yes ves | Ay ate S
i 2 positon | v Yes o 2 &8 K Fietd Eait
g i & Mo Yes 3 [ A R
< 1 oM Suppress
ML » to 4 o
5 &
# #
e
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% Edit Codes

ac: 41 47 ailaalas 96 47 48 45 60 51 5 B3 54 55 Be 57 5% 59 €0 61 62 83 B4 65 ER £7 6% 68 J0IVY 2 73 74

SR IcE 8 el [ @ TTTTT

sipRrcE || 27l el e LB L
seRlice | |21 [ $e. 1 ©)]

Figure 10-22. Different Edit Words Used on the Same Fieid
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Y ou may want the dollar sgn to dways be next to the
left-most digit instead of filling in the space with asterisks
or leaving extra blanks. Thisisindicated in the edit word
by placingthe $ next to the zero suppress0. A dollar sgn
which changes positionsdepending upon the number of
positions zero suppressed is known as a floating dollar sign.
When printed, the SPRICE field in Figure 10-22, Line C,
can look like any of the following:

$NNN.NN
SNN.NN
$N.NN
$.NN

Notethat an extra space must beleft in the edit word for
thefloating dollar sgn. Thisensuresa print position for the
dollar ggnif the output fieldisfull.

FILE TRANSLATION

RPG II alowsyou to translate any character code into
another character code. Thiscapability isfile trandation.
Characterscan be trandlated in input, output, update,
and combined files. When update or combined fdesare
trandated, both the input and output portions of thesefiles
are trangdlated.
A different character code used asinput can be translated
into the code used by System/3, and the code used by

System/3 can be translated into adifferent code for output..

Specifications for File Translation

You must first indicate that there arefilesto be trandlated.
Do thisby enteringan Fi n column 43 of the RPG II con-
trol card specifications. Tableinput cardsmust also be
usad to specify how the trandationisto be done. The
following entries are needed for each fde trandlation table
input card used:

Columns 1-6. Enter *FILESto indicate that all input,
output, update, and combined filesareto undergo tranda
tion (both theinput and output portions of update and
combined fileswill be translated). Then use the specifica
tionslisted below, beginningwith columns9-10. Al files
will be translated accordingto the table specified begin-
ningin column 9.

If only certain fdesare to be trandated, they must be named

individually in column 1-8 asfollows:

Columns1-8: Enter the fdename of theinput, output,
update, or combined file to be tranglated (both the input
and output portions of update and combined fileswill be
trandated). Then use the specificationslisted below, be-
ginning with columns9-10.

Columns9-15: Enter the hexadecima number corresponding

to the character which isto be translated or replaced by
another character.

Columns11-12: Enter the hexadecima number of the
character taking the place of the character being trandated
(replaced).

Columns13-16, 17-20, and 21-24, eic. These groups of
columnsare used the same way as columns9-12 are used.
Thefirst two columnsof a group give the character which
isto be trandated to the character named in thelast two
columnsof a group.

All tablesfor onefile must be kept together. Thefile
trand ation table input deck must be preceded by a card
with ##§ in columns1-3. The remaining columnsof this
card may be used for comments. Thefile translation deck
must directly follow the RPG specificationsin the source
program (see Figure1-2).

Example

Assumethat while working for adepartment store,

you must process cardsserving assdesdipsfor al items
sold. Each card contains a punched and printed record of
the actual, or wholesale, cost of itsassociated item aong
with aretail price.

Obvioudy, wholesdle cost must remain confidential,
and so the store usesindividual | etters of acode-namein
place of numbers comprising wholesde costs.

A typical code-namegenerally consistsof a combination
of letters that can be easily remembered by the store's
personnel. Theonly restriction, however, isthat the code-
name must contain ten different letters, one for each of
the numbers zero through nine.

Using the code-name BUCKINGHM to represent num-
bers one through nine and zero, the letter B representsthe
number 1; letter U representsnumber 2, etc. Letter M
representszero. Individua letters are combined to repre-
sent each item's wholesalecost. Thusawholesde cost of
BBU.CC trandatesas 112.33; that is, one hundred twelve
dollarsand thirty-three cents.

In the following chart, hexadecimal equivalentsof each
letter in the word BUCKINGHAM arelisted along with the
hexadecimal equivalentsof numbers one through nine and
Zero.
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Letter in Hexadecimal Hexadecimal See Figure 10-23. Note that if |etters BBU were read and

Codename Equivalent Number  Equivalent never trandated, hexadecimal equivalentsC2, C2, and E4
would be used by System/3. Asaresult, it would beim-
B Cc2 1 F1 possibleto perform an arithmetic operation involving the
wholesale cost, BBU. Therefore, with the aid of file trans-
U E4 2 F2 lation, the computer replacesthe letters BBU with numbers.
Afiletrangdlation table input card specificationsfor letters
C c3 3 F3 in the word BUCKINGHAM isasfollows:
K D2 4 F4
Colum Entry
I C9 5 F5
1-6 "FILES
N D5 6 F6 7-8 Blank
9-12 C2F1
G c7 7 F7 13-16 E4F2
17-20 C3F3
H C8 8 F8 21-24 D2F4
25-28 C9F5
A Cl1 9 F9 29-32 DSFé6
33-36 C7F7
M D4 0 FO 37-40 C8F8
41-44 C1F9
45-48 D4F0
Hexadecimal equivalentsare merely adifferent way of Only the letters of the previous examplewill be specified
representing the 8-bit code that the computer examines for trandation. All other characters will be handled in the
to recognize individual characters in your language. normal manner.

10-32



Intemational Business Machines Corporation

Pri
TRANSLATION TABLE AND ALTERNATE COLLATING SEQUENCE CODING SHEET
Replaced System/3 Replaced System/3 Replaced System/3
Entry 8y Code Graphic Entry By Code Graphic Entry By Code Graphic Entry
01100110 10011001 99 11001100 cc
61100111 [ ootioo 9A 11001101 cD N
01101000 N 013011 98 | 11001110 CE
01101001 10011100 9c 11001111 CF
01101010 10011101 90 11010000 |} og
o1iGI0n_ | | 10011110 ] 9E 11010001 | 4 D1
01161100 | % 10011111 9F | 11010010 | K D2
aTveiio1 | - 16100000 AD 11e1001) Lt 03
(61161710 | > 10100001 A1 | 11010100 | M D4
or1o1111 7 10100010 A2 L 11010101 N DS
01110000 | 10100011 A3 | 11010110 [0 os |
51110001 T N 100 A4 | 11010118 | P o7
01170010 16100101 AS | 11011000 |0 08
Gi1i0011 6106110 A6 11011001 | R by |
G1116100 T6106T11 A7 T | 11011010 oA
61110101 [ "i6i6i000 Ag | 1io110m 0B
Gif10710_ | 16161601 A 11011100 oc
BEICE 10101610 AA [ to1t101 DO
GY111000 10701011 A 11011110 DE
o1T11001 | 16167160 AL L 11011111 DF
01111010 | - 10101701 AD | 11100000 EO
01711011 | # 10101110 AE 11100001 E1 |
61111100 | @ N TOT61T1T AF [ i7100010 |'S £2
o3t101 | | 10110600 80 ] 10001, L
oo | = | 10110001 81 N 11100100
oy |7 10110010 B2 11100101 o |
10110011 83 | 1100110 [w €6 L
- 10110100 84 o011y | x E7
10110101 85 11101000 | Y E8 [
WNoMe | i BE 11101001 | 2 E9
10110711 87 | 11101010 EA
10111000 B8 ] 11101011 EB L
10111001 | Bs 11101100 EC
10111010 BA 11101101 ED |
110111011 BB . 11101110 EE
| 10001 10111100 8C FRITARER I EF
10001010 10111101 ) 11110000 [0 [ L
10001011 7 [ERRTCo L F1
10001100 11110010 |2 F2_ |
10001101 | 11110011 |3 F3
10001110 | 11110100 |4 Fa
10001111 { 1130101 1% B L
10010000 ¥ 10110 |6 F6 |
10010001 by 110111 |7 F7 1
10010010 92 | 11000101 [ E 4\ pes 1 11171000 | 8 Fg
10010011 93 11000110 | F c6 11711001 _[9 F9 L
10010100 94 11000111 | G \| ¢ 11111010 EA
10010101 95 11001000 | H \| cs8 FRERRTSE] FB
| 10010110 9% 11001001 | | [+ 11111100 FC
10010111 97 11001010 CA 11111101 FO
10011000 98 11601011 <8 1111110 FE
T 3

Figure 10-23. Differencesin Character Codes

A
€2, which if translated
would represent the
number 1, is the letter
8in the code used by
the System/3.

E4, which if translated
would represent the

P NUMber 2. is the letter

U in the code used by
the System/3.
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Transletion Table and Aiternate Collating Sequence Coding
Sheet

Y ou will find this coding sheet helpful for determing the
correct entries you wish to make in thefile trandation
tableinput card. Figure 10-24 shows the entries made on
the sheet for the previousexample.

INDICATORS

Indicators are used to sgna when certain conditions occur
or do not occur. After you have assgned an indicator (on
one of the specification sheets) to signd acertain condition,

theindicator assgnedis associated with that one condition
throughout the entire program.

Many times you want operations to be performed only
when certain conditions occur. Becausethe indicator
associated with the condition tellswhether or not the
condition has occurred, you may use theindicator to
signa whether or not the operation should be done. In this
way, indicators condition operation.

The status (on or off) of an indicator assigned on a specifi-
cation lineisdetermined by the resultsof processingthe
instruction on that specificationline. If the condition has
been satisfied, the indicator turnson; if it has not, the indi-
cator turnsoff.

Internstionst Business Machines Corporstion Form X21-9090
Printed i US.A.
TRANSLATION TABLE AND ALTERNATE COLLATING SEWENCE CODING SHEET
Systam/3 Replaced System/3 Replaced System/3 Repiaced System/3 Repisced
Code Graphic Entey By Code Graphic Entry a8y Code Graphic Entry By Code Graphic Entry By
00110011 33 110011 [ 10011001 2 11001100 cc
00110100 34 110011 67 10011010 9A 11001101 co
00110101 35 110100¢ 68 10011011 98 11001110 cE
00110110 36 119100 &8 10013100 oc 11001111 CF
00110111 37 110101 6A 10011101 90 11010000 |} Do
00111000 38 110101 . ) 10011110 9E 11010001 13 [>]]
00111001 38 1101100 | % 6C | _j0011111 9F 11010010 | K 02 F4
[ "oetyio010 3A [ oiigii01 | — ) |_10100000 AD 11010011 [ 03
00111011 38 1101110 [ > E | 10100001 Al 11010106 | M D4 Eo
00111100 3¢ 110111 ? F | 10100010 A2 | 11010101 N 211 Et
00111101 30 1110000 n 10100011 A3 11010110 1 O 08
00111110 3E 01110001 n 10100100 Ad 1101011y | p o7
F 01110010 72 10100101 A5 11011000 ] @ D8
g?c‘x‘u‘x'x;t‘) Blank io G100t 73 10100110 A 110110011 R 0]
01600001 41 01110100 74 16160111 A7 11011010 DA
01000010 42 01110101 75 [ 16101000 A8 11011011 o8B
01000011 43 01110110 78 10101007 A8 11011100 oC
01000100 44 61110111 77 10101610 AR 11011101 oD
1000101 45 G1111000 78 | 16103017 AB 11011110 DE
1000110 46 61711001 79 10161100 AC 1101111Y DF
1000111 47 ontotn | - IA 16101101 AD 11100000 €0
01001000 43 01111011 | # 78 16161110 AE 11100001 3]
| 01001001 49 oriiiiee | e 7c 10161111 AF 11100010 S E2
| 01001010 | ¢ A7 01111101 . 10 10110000 BO . 1110000Y 1 T £3
ctogiott | - a8 ono_|{ = 7E 10110001 Bt 11100100 j U E4 £z
01001100 | © AC oty 7 7F 10110010 B2 11100101 | v €5
01001101 _§ ¢ 4D 10000000 10110011 83 11100110 W EG
| 01001110 | + aE 1 % 10110100 B4 11100911} X €7
10111t | | 4F 10000010 82 10110101 85 11101000 1Y 1]
01010000 | & 50 10000011 83 10110110 66 11101001 [ 2 E9
01010001 51 10000100 84 10110111 B? 11101010 EA
01010010 52 10000101 85 10111000 88 11101011 EB
01010011 53 10000110 85 10111001 89 11101100 EC
01010100 54 10000111 _ 87 10111010 BA 11101391 ED
|-01010101 55 10001000 88 10111011 88 ] 11101110 £E
01010110 56 10001001 8 10111100 BC 1110111 EF
01010111 §7 10001010 8A 10111101 BD 11110000 [0 [
01011000 58 10001011 88 10111110 BE 1111000111 F1
L 01011001 59 10001100 | ac ] [LIRERER) aF | 11910010 ] 2 F2
| _owmpnigng |t 5A 10001101 a0 11000000 11110011 | 3 F3
owgniott | § 58 10001110 8 | 11000007 A 11110100 1 4 F4
| owitee | 5 10001111 &F 1000010 | 8 11136101 15 5
| 01011101 | } 5D 10010000 90 11000011 1 C 11110170 | 6 F§
G010 ] SE | 10010001 _ 81 11600100 | D 1111619117 F7
Lottty 1) 58 10010010 g2 ¥1000101 [ E 11111000 | 8 F8
01100000 | - 80 10010011 93 11000110 | F 111110011 9 Fa
L 01100001 61 10010100 94 110001111 G 11111010 FA
01100010 62 10010101 95 11001000 | H 11111011 £8
D1350012 & Lo % 11001001 14 = 11131100 £
01100100 &4 10010111 g7 11001016 Ok e il 1111110¢ D
01100101 85 10011000 98 11001011 / cB } 11111110 FE
] i i FF l
-~ L
This is the hexadecimat equivalent of the This is the hexadecimal equivalent of the
character to be translated. System/3 character that will be substituted
for the character that is to be translated.
ART: 51758

Figure 10-24. Specificationsfor File Trandation Input Cards
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Usudly indicatorsare set on or off by the conditionsinthe 2.  The status(plus, minus, zero/blank) of an input field

program itself. However, you may also set certain indicators (see Columns 65-76)in Chapter 7).
by the SETON and SETOF operation. At the start of each
program all indicators are off except the 1P indicator, LO 3.  Theresults of acalculation operation (see Columas
indicator, and any external indicators which have been set 54-59 in Chapter 8). See Examples, Example| and
on. Allindicators which you may use areshown in Figure Example?2.
10-25.
Any of theseindicators which you have assigned may then
also be usd to:
01-99 (Field Indicators, Record identifying Indicators, 1. Condition calculationoperations {see Columns 9-17
Resulting Indicators, and Conditioning Indicators) in Chapter 8).
Y ou may assign any of the numbers01-99 to indicate such 2. Condition output operations (see Columns 23-311in
thingsas: Chapter 9).
1.  Thetype of record read (see Columns19-20in 3.  Edablish field record relations(see Columns 63-64
Chapter 7). in Chapter 7).
File Output-
Description Format
Specifications input Specifications Calcuiation Specifications Specifications
{ndicators
*Record *Field Controi
Fiie identifying | Record Field Level Conditioning Resuiting Conditioning
Conditioning Indicator Relation Indicator Indicator Indicator indicator indicator
(71-72) {19-20) {63-64) {65-70) (7-8) {8-17} (54-59) {23-31)
01-99 X X X X X X
Hi-HY X X X X X X
1P X #ww
MR X *e X X
OA-OG,OV X X K wwwy¥
LO X X
L1-L9 X X ** X X X X
LR X X X X X
u1l-U8 X #wrnx X X X

Note: X denotes the indicators that may be used.

* Not valid on look-ahead fields.

rx When field named is not a match fieid or a control field.
***  Only for detail or headinglines.
**x*+  Cannot condition an exception line, but may condition fields within the exception record. AT S1765

*#*#%+ Notvalid for table input files. S

Figure 10-25. Valid Indicators
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Indicators reflect only one condition at atime. When Example2: Figure10-26, insert B, showsthe same oper-

oneindicator isused to reflect two or more conditions, it ation asinsert A. However, this operation is conditioned
isawaysset to reflect the condition in the last operation by indicator 01. The operation isdone only when indica
performed. Therefore, it isnot usua practiceto assign the tor 0lison. Resultingindicator 10isset on only when the
same number asafield indicator and/or resulting indicator result of the operation is negetive.

more than oncein a program. When you use such an indi-
cator to condition other operations, you may get wrong
results since the indicator may not awaysreflect the con- Example 3: Figure 10-26, insert C, showsthe use of the
dition you think it does(see Examples, Example 3). sameindicator (10) in two lines. The status of thisindica

If any indicator 01-99 is set on or off by the operation tor reflectsthe result of each operation. For instance, indi-
codesSETON or SETOF, it remainson or off until anin- cator 10 turns on after the operation inline 05 has been
struction in aspecificationline containing that same indii- done if the result of the opeation is negative. However if the

cator is performed. The indicator is then set to reflect a result of the operation in line 07 is positive or zero, indica
condition from the operation performed. tor 10 turnsoff. It isthen reset only when the operation in

line 05 isdone again.

H1-H9 (Halt Indicators)

You may useany halt indicator to:

Examples o
1. Causethe program to stop after finding an unaccep-
Example1: Figure 10-26, insert A, showsthat resulting table condition.
indicator 10 has been assigned to signal when a minus
condition occurs. Indicator 10 turnson if the result after 2  Condition calculation or output operations that are
the subtraction operation has been performed is negative. not to be performed when such an unacceptable
It then remainson (or off depending upon the result) until condition hasoccurred. Thisisnecessary because all
the same operation is performed again. It isawaysset to calculationand detail output operations are still
reflect the result of the subtraction operation each timeit performed for the record that caused the error before
isdone. processingstops.
IBM International Business Machines Corporation
RPG CALCULATION SPECIFICATIONS ‘2
Date Punching | Graphic Page
Proaram Instruction Punch ¢ E
Resulting
tndicators indicators
Arithmetic
P é . FlusJMimsI Zero
Line g g g And And Factor 1 Operation Factor 2 Result Field i:’t:‘(h § ? Highcirzfverez ot
EEE? fé'j;wzlmz}:z
Elg s - 5 « b ookup
HS =12 = = erF TabfeL(Factar 2is
2 4 elety gioHoNTHR2NSMAIIS B HITII8 18 20 29 22 23 24 25 26 27128 I8 30 37 32]33 34 35 36 3¢ 38 36 40 41 42}43 44 48 4B 47 4_8_“49 soaamgggyg‘gk
ol Je ses [ [ isulg [ RETRs [ [T Wersts) [l | T el (]} @®)
ez c
QaRENh SlALES siuB | [ReTIRNS | | [ INemisicls| [ 7 1 t
014 [ F
ofs] Je SALEES sug | |RETRANS WeTSLS| | pld || 118 l
o J¢ NETSILIS | || DD | [TloTisis, | || [remisids| 1l | ]| ©
T PROFIT slvg | RTRPRF NETPRA | B2l || 16 || )
¢l8 <
0:8 c

Figure 10-26. Indicators01-99
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3. Esablishfield record relations (see Columns 63-64 cycleiscompleted. Thus, the operation in line 03 isdone.

in Chapter 7). If the result of this subtraction operation is positive, H1
turns off. The program does not stop because H1 is not on,
Using the sameindicator to test for two or more error even though an error condition has been found in line 01.

conditionsis not usually good practice. For example,
Figure 10-27,insert A, showsthe use of H1 in two different

specification lines. If the result of the calculation operation The use of two different halt indicators as shown in
inline O is negative, H1 turnson. Thisisan error con- Figure 10-27,insert B, does not allow asituation like the
dition. Processing continues, however, until this program one just described to occur.
IBM tnternstionat Business Machines Corporation :arm X21.9093 i
vinted in US A
RPG CALCULATION SPECIFICATIONS
12 75 76 77 78 18 g
Lo — chiny Graphic e Program
,, s | o0 m[ 1] 11
rogram. - Ung
Resulting
Indicators ndicators
Arithmetic
& 2| [Pus [inus Zero |
tine |g g; And  And Factor 1 Operation Factor 7 Result Field i':,::m § i H;ghctﬂ;imsq.,a. Comments
Slsn stgli>alice|i-2
elg3 £
HEETH s 3 23 Lookup
Table {Factor 2} is
Hag_»t-ow Equal
3 4 651617 819101 1213114115116/17}18 19 20 21 22 23 24 25 26 2728 29 30 3t 32)33 34 35 36 37 38 39 40 4% 42143 44 45 46 47 48149 50 61152153154 661566 57158 69180 61 62 63 64 65 66 87 68 62 70 71 72 73 74
los 5556 57156 o960 o1 g2 63 64 85
of1] Je Rols|s suigl | [plElDeiTin NET] 6 H1
L RS, ADD. .. [TOTHRS, | Sl
AP 1 SRSEETT o 0 S
g4 c
05 <
7"

Y
This operation is not conditioned.
@ It will always be done even when
the halt indicator is on to signal
an error condition.

I BM Internationat Business Machines Corporation Farm X21 9093
Printed n US A
RPG cALcULATION SPECHCATONS
12 75 76 77 78 79 80
Date oo Punching | Graphic Page Program
Instruction 1dentification
Program. Punch
Programmer
" Resulting
indicators Indicators
Arithmetic
z gl Plus [Minus] Zero
B Chd And And . . Field |2 Compare |
Line § ;3‘ < Factor 1 Operation Factor 2 Result Field Length | & High | Low | Equal Comments
E'égi 22'1)21(2 1=2
SESE T T Yol
Table {Factor 2 is
High | Low [Equat
4 51617 #8718 NONTH2 1318 16117118 19 20 21 27 22 24 25 26 27|26 25 30 31 32§33 34 35 26 37 58 30 40 41 43]434445464?4849 50 8iisal6alng 66156 BT g solec §1 62 63 64 6% 66 67 86 69 ¥0 71 12 73 M
ofi] e &Rols|S sloB | IDEDICITW NET 2 || H1
oz e HIR'S ADD! | [TOTHRS TlolTHIRS| | 51
e le BALNCE S GiRI0S S NEWBAL (112 H2
o4 c
a6 <
T : i
If H1turnson as aresult of the operation
in line 01, this operation is not performed.

Figure 10-27. OneHaft Indicator Testingfor Two Error Conditions
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Any halt indicator assigned to test for zero or blank is
off at the beginning of the program.

Note: If ahalt indicator stops processing, it isturned off
when the systemisrestarted. If more than one halt indi-
cator turnson during a program cycle, each halt indicator
must be considered separately. Every time the program
isrestarted, only one halt indicator is bypassed.

1P (First Page Indicator)

Use the first page indicator to condition those lineswhich
areto be printed on only thefirst page. Theselinesare
usually headinglines. Dataisprovided for linesconditioned
by the 1P indicator by constantsentered in columns45-70
of the Output-Format sheet.

All lines conditioned by the 1P indicator are printed out
even before thefirst record from input fileis processed.
Therefore, do not condition output fieldswhich are based
upon data from input recordsby the 1P indicator. You get
meaninglessoutput if you do.

Calculation operations cannot be conditioned by the 1P
indicator either. Thisindicator ison at the beginning of
the program and turns off after the detail output hasbeen
performed on thefirst data record.

MR (Matching Record Indicator)

Use the MR indicator to condition cal culation and output
operations which are to be done only when records match.

The MR indicator turns on when a primary file record
matchesany secondary file record on the basisof the
matching fieldsindicated by M1-M9. The matching record
indicator isalwaysset on or off (according to amatch or
nonmatch field) beforeany calculation operations which
are not conditioned by control level indicators (columns
7-8 of the calculation specifications) are performed. It
retains this setting for one complete cycle. If al primary
file recordsmatch al secondary file records, the MR indica
tor isalwayson.

If record types for which no matchingfieldshave been
specified are read, they are processed asif they belongedto
the same match group asthe record previoudy processed.
MR isawaysoff for these types.

10-38

OA-OG,0V (Overflow Indicators)

Overflow indicators are used only on the printer fie. Use
them primarily to condition the printing of heading lines.
If you intend to use an overflow indicator to condition
output lineson the printer, you must assign an overflow
indicator to the printer file on the File Description sheet
(columns 33-34). Thissameindicator must then be used
to condition al linesthat are to be written only when over-
flow occurs.

If the destination of aspace/skip or print operation falis
within the form overflow area, the overflow indicator is
turned on and remainson until al overflowlinesare printed.
However, if a skip is specified that advancesthe form past
the overflow lineto thefirst line or past thefirst lineon a
new page, the overflow indicator does not turn on. Certain-
ly, you do not want the overflow indicator on to sgnal a
need for anew page when you just skipped to a new page.

If an overflow indicator isused asa conditioning indica
tor, it indicatesthat output isto be performed at overflow
time. Thisappliesregardiessof whether or not theline
conditioned by the indicator isin an AND or OR relation-
ship with other indicators.

When an overflow indicator isused, aform skip specifica
tion should be made on the Iast line conditioned by an over-
flow indicator. Otherwise, forms do not advance. Remem-
ber, they advanceautomatically if you do not use overflow
indicators.

The overflow indicator may be set by the SETON or
SETOF operation code, After al total recordshave been
written, however, the indicator isset asit normally isin
accord with the overflow line. See Overflow Zndicators
in this chapter for further information.

L.1-L.9 (Control Level indicators)

Control level indicators are used to sgnal when achange
inacontrol field hasoccurred. Because they turn on when
theinformation in a control field changes, they may be
used to condition operations(such asfinding totals) that
areto be performed only when al records having the same
information in the control field have been read. They may
also be used to do total printing or to condition operations
that are to be done on only the first record in acontrol
group. Control level indicators awaysturn on after the
first record of acontrol group isread.

Control level indicators may be used in three different
typesof specifications: input, calculation, and output-
format.




Input Specifications

If acontrol level indicator isenteredin columns 59-60
of thissheet, the field describedin columns 53-58is
declared to beacontrol field. This meansthat the field
on each card read ismatched against the samefield on
the previouscard. If theinformation isnot the same,
the control level indicator turnson. All lower level
indicatorsturn on when a higher level indicator turnson.
For example, if L8 turns on, L1-L7 alsoturnon

When a control level indicator isused on the Input
sheet in the Field Record Relation columns{63-64),
the data from the field named in columns 53-58 is accepted
and used only when the control level indicator ison.

If record typeswithout acontrol field are read, they are
treated asif they belongto the same control group asthe
preceding record.  No control level indicator isset for
them Control leve indicators may aso be used to estab
tish field record relations(see Columns63-64 in Chapter 7).

Calculation Specifications

When acontrol level indicator is entered in columns 7-8
of thisshest, it conditions the operation so that it is done
only when acontrol field changes. If any control level
indicator appearsin columns 9-17, the operation isdone
only on thefirst record of anew control group.

A control leve indicator may be turned on or off by
operation codesSETON and SETOF., However, these
operations do not cause all control level indicatorslower
than the one specified to turn on or off. For example,
when L2 isset on, L1 does not automatically turn on.

Output-Format Specifications

Control levd indicators entered in columns 23-31 of this
sheet specify when output recordsare to be written:

1  If thecontrol level indicator isentered along with a
Tin column 15 and no overflowindicator is used,
therecord iswritten only after thelast record of
acontrol group has been processed,

2 |If theindicator isentered along with a2 in column
15 and no overflow indicator isused, the record is
written only after the first record of the new control
group has been processed.

3. If thecontrol level indicator isentered aong with an
overflow indicator, the record is written after the
overflow line has been sensed (provided a control
break hasalso occurred).

LO Indicator

The LOindicator isnever assigned, but it isawaysauto-
matically on. Thus, it can be used to condition certain
calculation or output operations. LOisused in the same
way and for the same purpose as the other control level
indicators. However, it isused only when LI-L 9 cannot
be assigned becausetheinput data recordshave no field
availablewhich can serve asacontrol field.

LR (Last Record Indicator)

Usethe LR indicator to condition ail operations that
areto be done only at the end of thejob Thisindicator
automatically turnson after thelast record of the input
file has been processed. When LR turnson, al other
control level indicators used a so automatically turn on.

If LR ison, the job ends after all total recordshave been
written. Itisalso possibleto turn the LR indicator on by
aSETON operation. This doesnot, however, cause dl
other control level indicators used to turn on. (LR cannot,
however, be turned off by a SETOF operation.)

U1-U8 (External Indicators)

Indicators U1-U8 are external indicators. This means
they are set prior to processing by an operation control
statement. Their setting cannot be changed during
processing. Thus, the program has no control over them.

Y ou may use theseindicators asfile conditioningindi-
cators. They tell whether or not acertain fileisto be
used for ajob. For example, you may have ajob which
one time requiresthe use of two output (or input) files
and another time the use of only one. Instead of writing
two different programs(one using onefile, the other two),
you can condition afile(in thefile description specifi-
cations) by an external indicator. When theindicator is
on, thefile isused; whenit isoff, the fileis not used.

If afileisconditioned by an external indicator, dl output
data handled by the file must also be conditioned by
the sameindicator. Any calculation operations which
should not be done when thefileis not in use should also
be conditioned by the sameindicator.

In addition to using theseindicators asfile conditioning
indicators, you may use them:

1, Tocondition calculation operations.
2  Tocondition output operations.
3. Asfidd record relation indicators(columns 63-64

of input specifications).
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LOOK AHEAD

RPG programs processone record at atime. Normally,
only the information from the record being processed is
availablefor use However, the RPG II look ahead feature
enablesyou to useinformation from records that follow
the one being processed. The fieldscontaining the infor-
mation are called look ahead fields.

Look Ahead Fields

Thelook ahead feature can be used only with input, update,
or combined files. Chained filesor demand filesmay not
use the look ahead feature. To usethelook ahead feature,
you must describe the look ahead fields and reference them
asyou do normal fields. Y ou can describe one set of look
ahead fields per file; the description appliesto al recordsin
the file, regardlessof their type. (The specificationsfor de-
scribing the fieldsare given later.)
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Look ahead fieldsalwaysapply to the next record in
thefile, provided the file isnot a combined or update
file. Thus, if you wish to useinformation both before
and after the record isselected for processing, you must
describe the field twice, once asalook ahead field and
once asanormal field.

For combined and update filesthelook ahead fields
apply to the next record in thefile only if the current
record was not read from that Me Therefore, when you
arereading from only one file and the fileisa combined
or updatefile, look ahead fieldsalwaysapply to the
current record.

Figure 10.28 showsthe processing of three records
from two input files, file A and file B. Thefirst record
from each Meisread (see Figure10.28, insert A). In
Figure 10-28, insert B, record A1 is selected for processing;
in Figure 10.28, insert C, record A2; and in Figure 10.28,
insert D, record B1. Therecordsavailablefor ook ahead
during the processingof these recordsare:

Record Processed Records Available
Al A2and Bl
A2 A3and B1
B1 A3 and B2

In general, when the record being processed isfrom an
input file, the next record in theinput fileisavailable
as are the recordswhich were read, but not selected,
from the other files.
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Figure 10.29 showsthe samefilesas Figure 10.28 with

oneexception: file A isacombined file. The records
availablefor look ahead during the processing of the
threerecordsare:

RecordsProcessed Records Available
Al Al and Bl
A2 A2 and B1
B1 A3and B2

In general, when the record being processed isfrom a
combined or update file, only the records which were

read, but not selected, from the other filesare available
for look ahead. The next record from the combined or
update file isnot read until after the current record has
been processed. Therefore, the next record from the
combined or update fileisnot availablefor look ahead.

After thelast record from afile has been processed,
every look ahead field for thefileisautomaticallyfilled
with9s For example, afield three record positions
long contains999. The 9s remainin the fieldsuntil the
jobends. Noteaso that blank after (8 in column 39
of the Output-Format sheet) cannot be used with look
ahead fields.
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Specifications

You can describe one set of look ahead fields per file. The
deseription applies to all records in the file, regardiess of
their type. Look ahead fieldsmust not be described for
demand files, and they must not be used as array fields.
Describe the fieldson the Input sheet before or after the
field descriptronsfor any of the recordsin the file. To
describe a set of look ahead fields, place ** in columns
19-20 of a line. Leave columns 1-14 and 21-74 blank.
Place any alphabetic characters under Sequence in columns
15-16. Describe thelook ahead fields on separate lines
following the ** line (asin Figure 10-30 Bart 2, insert B).
Describe each field asfollows:

1. Leave columns1-43blank.

10-46

2. Incolumns44-51, identify the record positionsin
which the field islocated.

3. If thefieldis numeric, indicate in column 52 the
number of digitsto the right of the decimal point.
If thefield isnot numeric, leave column 52 blank.

4. Incolumns53-58 identify the field by name. If
thefield isaso one of your normal fields, be sure
to useadifferent name here. Usethis nameto refer
to thelook ahead field.

5. Leave columns59-74 blank.




Examples

Figure 10-30 shows ajob which readsrecordsfrom two

files The primary file is named PRIMARY ; the secondary
file, SECONDRY. If arecord from the primary file matches
one from the secondary file, the information in positions
1-10 of the secondary file recordis placed in positions
31-40 of the primary filerecord. When thereisno match,
a6 isplacedin position 1 of the primary filerecord. The

6 will indicate an unmatched record in the primary file.

Because the primary file record is processed first when it
matchesa secondary file record, the information from the
secondary file record has to be described asalook ahead
field.

MULTIFILE PROCESSING

Multifile processing applies to programsthat read records
from a primary file and one or more secondary files. It
isthe name given to the methods by which the programs
select recordsfor processing. The method used depends
upon whether or not match fields are used in the records.

No Match Fields

When no match fieldsare used, records are sel ected from
onefile at atime. When the recordsfrom one file have
all been processed, the recordsfrom the next file are
selected. Thefilesare chosen in thisorder:

1 primaryfile

2  secondary filesin the order in which they are
described in the file description specifications.
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Match Fields

When match fieldsare used, recordsare selected according
to the contents of the match fields. One record is read
from every file, and the match fieldsin the recordsare
compared. If the recordsarein ascending order, the
record with the lowest match field is selected for proces
dgng. If the recordsarein descending order, the record
with the highest match field is selected.

When arecord isselected from afile, the next record
from thefileisread. At the beginningof the next program
cycle, the new record is compared with the recordsthat
had not been selected during the previouscycle and one
isselected (Figure 10-31).

Recordswithout match fieldscan beincluded in the
files. Such recordsare selected before recordswith match
fiedds. If two or more of the records being compared
have no match fields, selection of those recordsis deter-
mined by the priority of the filesfrom which the records
came. The priority of files is

1 primaryfile

2  secondary filesin the order in which they are
describedin the file description specifications.

When the primary record matches one or more of the
secondary records, the MR (matching record) indicator
isturned on. Theindicator can be used to condition
calculationsor output for the record that is selected.

If one of the matching records must be selected, the
selectionisdetermined by the priority of the filesfrom
which the recordscame.

OPERATION CODES

You are able to perform many different types of opera-
tions on your data using the RPG II language. Specia
codes have been set up which indicate the operation to
be performed. Usudly these are just abbreviationsof
the name of the operation. Y ou must use these codesto
specify the operation to be performed.

Operations may be divided into nine categories; al
codesin each category are explainedin this section.
Examplesare aso given for many codes. Figure 8-10
(Chapter 8) providesa summary of the operation codes.
It also showswhat other specificationsneed to be used
with each code.

Arithmetic Operations

Arithmetic operations can be performed only on numeric
fiddsor literals. Theresult field must aso be numeric. For
arithmetic operationsin which al three fieldsare used:

1 Factor 1, factor 2, and the result field may al be
different fields.

2 Factor 1, factor 2, and the result field may al be
the samefield.

3. Factor 1 and factor 2 may be the samefield but
different from the result field.

4.  Either factor 1 or factor 2 may be the same asthe
result field.

Thelength of any field involved in an'arithmetic operation
cannot exceed 15 characters. If the result exceeds 15
characters, charactersmay be dropped from either or
both ends depending on the location of the decimal
point. The resultsof al operations are signed (+,-). Any
data placed in the result field replaces the data that weas
there previoudy.

Add (ADD)

Factor 2isadded tofactor 1. Thesumisplacedin the
result field. Factor 1 and factor 2 are not changed by the
operation.

Zero and Add (Z-ADD}

Theresult field isset to zeros. Then factor 2 isadded

to the result field and placed in the result field. Factor 1
isnot used.

Subtract {SUBJ

Factor 2 issubtracted from factor 1. The differenceis
placedin theresult field. Factor 1 and factor 2 are not
changed by the operation,

Note: Subtracting two fieldswhich are the sameisa
method of setting the result field to zero.
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field
\;\

Primary file First secondary file Second secondary file

The records from the three input files are
processed in the order shownhere. The single
line of records is shown mainly for illustration
purpdses, and is not meant to imply merging
of records. The records are arranged in
this manner only to show the order of
record selection.

First record
processed \ P
P

Figure10-31. Normal Record Selection from ThreeFiles (Part 1 of 3)
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Step

The first record from each file is read.
The P and Srecords have no match
field, so they are processed before
the T record which has & match field.
Because t he P record comes fromthe
primary fiie, it is selected for proc-
essing first.

Step

T 10

The next Precord s read. 1Tcontains
no match field, and comer from the
primary fite, so the new Precord :s
also selected for processing before
the Srecord.

Step

The next P record read has a match
field. The Srecord has no match
field, so it is selected for processing.

Step

S 20

The next Srecord ssread. Ail three
records have match fields. Because
the value in the match tieid of the T
record is fower than the valuein the
other two, the ¥ record IS selected
for processing

Step

Figure 10-31. Normal Record Selection from ThreeFiles (Part 2 of 3)

T 30

The next T record isread. The match-
ing P and S recordsboth have the low
match field value, so they are proe-
essed before the T record. Since the
matching P record comes from the
primary file, it is selected for proc-
essing first.

ART: 55007.2
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P20 S 2 T30 The next P record s read. Because it
Step contains the same match field and
6 comes from the pimary fite, the new
P record s selected instead of the S
record.
P40 T3 The next P record isread. The value
Step of the match field in the Srecord is
7 the lowest of the three, so the $
record is selected for processing.
The next Srecord is read. Because
P 40 T 30 the S and T recordsmatch and have
Step the lowest match field, they are
8 selected before the P record. Because
the Srecord comes from the first
secondary file, it is selected for
processing before the T record.
P 40 s 30 T 30 The next Srecord isread. Because
Step it also has the same match field as
9 the Srecord just selected, it too is
selected before the T record.
P 40 S 60 T30 The next Srecord isread. The
Step record contains the lowest match
10

field value, and is selectedfor Proc-
essing.

ART: 55007.3
Figure 10-31. Normal Record Selection from ThreeFiles(Part 3 of 3)
Zero and Subtract {Z-SUB) Multiply (MULT)
Theresult fieldisset to zeros. Factor 2is subtracted Factor 1is multiplied by factor 2 The product isthen
from the result field and then placed in the resut field. placedin the result field Factor 1 and factor 2 are not
Thisactually placesthe negativedf factor 2in the result changed When you use(as afactor) afield whichis
field Factor 1isnot used Thisoperation can be used described as a result field, you must be surethe resuit
to changethe gn of afield field islarge enough to hold the product.
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Divide (DIV) Square Root {SQRT)

Factor 1 (dividend) is divided by factor 2 (divisor). The This operation derivesthe square root of the field named
quotient (result) isplacedin the result field. Factor 1 infactor 2 The square root of factor 2is placedin the
and factor 2 are not changed. result field. Do not use factor 1

If factor 1is0, the result of the divide operation will be A whole array can be used in a SQRT operation if factor
0. Factor 2 cannot be 0. If it is, the job stopsimmediately. ~ 2and Result Field contain array names.
Y ou may continue processing, however, by pressingthe The number of decimal placesin the result field may be
start key on the Processing Unit. When processing is con- lessthan or greater than the number of decimal places
tinued, the result and remainder are set to zero. infactor 2 However, the result field should not have

Any remainder resulting from the divide operation is lessthan half the number of decimal placesin Factor 2.
lost unlessthe move remainder Operation ISSPECIfIEd as If thevaue of the Factor 2fieldis negative, tthOb
the next operation, If move remainder is the next opera- will halt. You may continue processing by pressingthe
tion, the result of the divide operation cannot be half start key on the Processing Unit. When processingis con-
adjusted (rounded). tinued, the Result Field isset to zero.

Crossfoot (XFOOT)

Move Remainder fMVR)
This operationis used only on arrays. It addsall the

This operation movesthe remainder from the previous elements of the array together and puts the suminto a
divide operation to a separate field named under Result separate field specified asthe result field. Factor 1is not
Field. Factor 1 and factor 2 must not be used. This used. Factor 2 contains the name of the array.

operation must immediately follow the divide operation.
The length of the remainder isthe same as the length

of factor 2in the divide operation. The remainder has

the same number of decimal positionsas the adjusted

dividend had (the decimal positionsare digned in the Move Operations
remainder). If the result field isshorter than factor 2,
the leftmost characters of the remainder are dropped. Move operations move part or al of factor 2 to the result
Figure 10-32 shows the use of the move remainder field. Factor 2 remains-unchanged, but the result field
operation. is changed.
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Figure 10-32. Move Remainder Operation
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Factor 1 isnot used in any move operations. It must
alwaysbe blank. No resultingindicators may be used.
Numericfields may be changed to alphamericfieldsand
alphamericfieldsmay be changed to numeric fieldsby
the move operations. To changea humericfield to an
alphamericfield, placethe name of the numericfieldin
the Factor 2 columnsand use an alphameric result field.
To change an aphamericfieldto a numericfield, place
the name of the alphamericfield in the Factor 2 columns
and useanumeric result field.

When move operations are specified to move datainto
numericfields, decimal positionsareignored. For example,
if the data 1.00 is moved into a numericfield with one
decimd position, the result is 100.

Move (MOVE)

This operation causescharactersfrom factor 2to be moved
to the rightmost positionin the result field. Moving
starts with the rightmost characters.

If factor 2islonger than the result field, the excessieft-
most charactersof factor 2 are not moved. If the result
fieldislonger than factor 2, the charactersto theleft of
the data just moved in are unchanged.

An alphameric field or constant may be changed into a
numericfield by movingit into anumericfield When
thisisspecified, the digit portion of each character is
converted to its corresponding numeric character and then
moved to the result field. Blanksare transferred as zeros.
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However, the zone portion of the rightmost alphameric
character is converted to a corresponding sign and is moved
to the rightmost position of the numeric field where it
becomesthe sgn of thefield. A numericfield may aso be
changed into an alphamericfield by movingit into an
alphamericfield. All digitsaretransferred. The digit and
zone of the rightmost character are transferred. The
MOVE operation issummarized in Figure 10-33.

Move Left (MOVEL)

Thisoperation causes charactersfrom factor 2to be
moved to the leftmost positionsin the result field. Moving
beginswith the leftmost characters.

If factor 2islonger than the result field, the excess
rightmost characters of factor 2 are not moved. If the
result field islonger than factor 2, the charactersto the
right of the data just moved in are unchanged, In thiscase
the sgn of anumericfieldis not changed either.

An aphamericfield or constant may be changedinto a
numeric field by moving it into a numeric result field.
When thisis specified, the digit portion of each character
isconverted toits corresponding numeric character and
then moved into the result field,

Blanks are transferred as zeros. If the rightmost charac-
ter ismoved, the zone isaso converted and used asthe
dgn of thefiedd. When the rightmost character is not
transferred, the zoneis, nevertheless, still transferred and
used asthe ggn of theresult field.

A numericfield may also be changed into an alphameric
field by movingit into an aphameric field. Ali digitsare
transferred. Both digit and zone portions of the rightmost
character are transferred if that character isto be moved.




Factor 2

Result Field Larger than Factor 2

Result Field

Before MOVE Operation
+

Alphameric 4:2,3:4,5,6,7,8 4,

- o -
After MOVE Operation 3.:2,3:4,7:8,4,2 5

N_umeric or Alphameric
(4 = letter D)

Numeric Result Field

P H(4SIN (5 = letter N)
P, N
12:3:;4,P H 4,8 N; Alphameric Result Field
Result Field Smaller than Factor 2
Factor 2 Result Field

E P 4,8
ASCLEIGIPLHI4,S N

Before MOVE Operation

AICIE G P Hi4:8) Ny

+
Alphameric 5,6,7:18,:4;
_— T —
After MOVE Operation \ 1718
PIHTAIS (N

N#meric or Alphameric
(4 = letter D)

Numeric Result Field
(5 = letter N}

Alphameric Result Field

Result Field and Factor 2 Same Length

Factor 2 Result Field
Before MOVE Operation
+ umeric or Alphameric
P1H 14_/,&}\1/, Alphameric 61647,8:4 (4 = tetter D}
After MOVE Operation \ 7:814,2,5, Numeric Result Field
(5 = letter N)
Pi1Hi4:S N
e cntl
P 1H14,S:iN;  Alphameric Result Field
Result Field and Factor 2 Same Length
Factor 2 Result Field

J1814:12.15;
—_—

Before MOVE Operation

Numeric AL, T151Fs

718 .4,2,5.

. /\/i”\/:.\
After MOVE Operation 1 7181412,5,
i N

(718142, N}

Alphameric

Numeric Result Field
{5 = letter N}

Alphameric Result Field

Fgure 10-33. MOVE Operations
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A summary of rulesfor MOVEL transfersare asfollows.
(See dso Figure 10-34.)

1
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Factor 2isthe samelength asthe result field.

a Factor 2and result field numeric: the sgnis
moved with the rightmost digit.

b. Factor 2 numeric, result field alphameric: the
sign is moved with the rightmost digit. Only
digitsare moved for other positions.

¢ Factor 2 aphameric, result field numeric. zone
and digit portions of rightmost digit are moved.
Zonesin other positionsare not moved.

d. Factor 2and result field alphameric: all charac-
tersare moved.

Factor 2 islonger than the result field.

a Factor 2 and result field numeric: the sgn from
the rightmost position of factor 2is moved over
the rightmost digit of the result fied.

b Factor 2 numeric, result field alphameric: the

result field containsonly digits.

¢. Factor 2 aphameric, result field numeric:. zone
from the rightmost character of factor 2is
moved over the rightmost digit of the result
field; other result field positionscontain only
digits.

d. Factor 2and result field alphameric: only the
number of charactersneeded to fill the result
field are moved.

Factor 2isshorter than the result fidd.

a. Factor 2 either numeric or alphameric, result
field numeric: digit portion of factor 2 replaces
the contents of the leftmost positionsin the
resultfield. Thedgnin the rightmost position
of the result field is not changed.

b. Factor 2 either numericor alphameric, result
field alphameric: charactersin factor 2 replace
the equivalent number of leftmost positionsin
the result field. No change is madein the zone of
the rightmost position of the result field.



Factor 2 Factor 2 and Result Field Same Length Result Field
_ +
7,84,2 5, Before MOVEL Operation 1516784,
a Numeric Numeric
17184 ,2,5, After MOVEL Operation 7 8 42 §
‘ l ‘ 1 4
7,84,2,5 Before MOVEL A K T, 4,D,

b. Numeric _ _ Alphameric
17184125, (5=letterN) After MOVEL J718,4,2,N,
_________________________________________ Fmm -~
(PiH,; 4,5 N Before MOVEL 5,6,7,8,4,

c. Alphameric Numeric
P H 4,5 N After MOVEL 7,8 4 ZLEJ
P H14 S N Before MOVEL A K, T,4,D,
d Alphameric Alphameric
P H.4 S (N, After MOVEL 1P 1H 4,8 (N;
Factor 2 Factor 2 Longer Than Result Field Result Field
- +
10;0;0,0,08 ;4 12,5, Before MOVEL Operation 516;7:8,4;
a. Numeric _ - Numeric
10;0,0,0,08 14 12,5, After MOVEL Operation 0.0,0,0,0,
91013 11,7 8 (42,5, Before MOVEL ALK T, 4,D
b. Numeric - Alphameric
19; 013311718 14 1215, After MOVEL 910,3,1,7
_________________________________________ m —m === -
Bi R W, C X H 4 S N, Before MOVEL 5.6,7,:84,
c. Alphameric Numeric
1B RIW,C i X H 4 SN After MOVEL 2,9 ,6,37,
B RWIC X i H 14 )51 N, Before MOVEL ALKIT 4,0
d. Alphameric Alphameric
B RIW,C X ,H 4 5N, After MOVEL BiRIW,C X
Factor 2. Factor 2 Shorter Than Result Field Result Field
B +
/ 171814 ,2,5; Before MOVEL Operation 11.3,0,9 4,3,2,1,0,
Numeric _ + Numeric
!71814|2!5| After MOVEL Operation Q7.8|4|2|5|3|2|1|0,
g.¢ 7T TT T TS m e s e e e e e T e e e e e =
CIP T 5N, Before MOVEL 1113,0,9,4,3,2,1,0;
Alphameric _ Numeric
\ 1€ P T 45 1N After MOVEL 1317,3,5,5,3,2,1 0,
{ 17,8,4 2,5, Before MOVEL BIRyW,C X, H;4 8 A
Numeric _ Alphameric
", 17: 814 2,5 After MOVEL 1718:4,2,N|H 4,8 A,
1S, P, T 461Ny Before MOVEL BiRIW,Ci X1 H 1 4i8A,
Alphameric Alphameric
\ CiP T BN After MOVEL (CiP Ti5NjH ,4,5,A;

Figure 10-34. MOVEL Operations
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Move Zone Operations

These operationsare used only to move the zone portion
of acharacter. Therearefour varietiesof the move zone
operation(Figure 10-35).

Note: Generally, whenever the word high isused, the field
involved must be alphameric; whenever low isused, the
field involved may be either aphameric or numeric.

Move High to High Zone (MHHZO)

Thisoperation movesthe zone from the leftmost position
of factor 2to the leftmost positionof the result field.
Factor 2 and the result field must be alphameric.

Move High to Low Zone fMHLZO)

This operation movesthe zone from the leftmost position
of factor 2to the rightmost position of the result field.

Factor 2 can be only alphameric. Theresult field may be
either aphamericor numeric.

mphameric | | | ) |y ]y | ] Feewr2

1 ™ MLHZO |
‘ MH"zokcmﬁE\o‘/ llnru'o
Alphameric l‘[ I | l { l i i\ Result Field

Numeric lillllllll]F‘c‘”z
MLHZO MLLZO
womwmarc | 4] ) | ) | ) | ) et
apnameric | 1 | j | ]y | g ] ez
PLLLZO
MHLZO
MNumeric ]lljlilllllkmhﬁe&d
Numeric l:lllx[nln‘]ﬁcw’?

MLLZO

Hesult Fieid

T —
il

) i !
Numeric | I O T I O

Figure 10-35. Function of Move Zone Operations

10-58

Move Low to Low Zone (MLLZO)

This operation moves the zonefrom the rightmost position
of factor 2to therightmost position of the result field.
Factor 2 and the result field may be either aphameric

or numeric.

Move Low to High Zone fMLHZO)

Thisoperation movesthe zone from the rightmost position
of factor 2to theleftmost position of the result fied.
Factor 2 can be numeric or aphameric, but the result

field can only be dphameric.

Compare and Testing Operations

These operationstest fieldsfor certain conditions. The
result of the test isshown by the resultingindicators
assignedin columns 54-59. No fieldsare changed by
these operations.

Compare (COMP)

Thisoperation causesfactor 1 to be compared with
factor 2 Asaresult of the compare, indicatorsare turned

on asfollows.
High Factor 1 isgreater than factor 2
Low Factor 1 islessthan factor 2
Equd Factor 1 equalsfactor 2

Factor 1 and factor 2 must either be both a phameric
or both numeric.

The fieldsare automatically adligned before they are
compared. If the fieldsare alphameric, they areaigned
to their leftmost character. If oneisshorter, the unused
positionsarefilled with blanks(Figure 10-36). The
maximum field length for alphamericfieldsof unequal
length which are to be compared is40 characters. If the
fieldsare of equal length, the maximum is 256 characters.

If the fieldswhich areto be compared are numeric,
they areaigned accordingto the decima point. Any
missing digitsarefilled in with zeros(Figure 10-37).

The maximum field length for numericfieldswhichare
to be comparedis 15 digits.

If an alternate collating sequenceis defined, aphameric
fieldsare compared accordingto that sequence.



i€, C IC,C;C,\
Equal Length
Alphameric Fields

€ic.c,c.c C

Unequal Length

€:€,C,C,CC
} Alphameric Fields

€4€,C bbby

Figure 10-36. Comparisonof AlphamericFields

111516,7;9,5¢
) Equal Length

‘ Numeric Fields
|2,1‘0[5|7‘6,

Unequal Length
Numeric Fields

1010,1;7,5,6).
(
S

2,5,4,3,2,0,,

ARt 51776

Figure 10-37. Comparisonof Numeric Fields

Figure 10.38 shows some specificationsfor compare
operations. 1n specificationline 01, the contents of the
field SLS67 (1967 sdes) are compared with the contents
of SLSs8. If 1967 sdlesexceed 1968 sdes, resulting
indicator 21 turnson; if they areless, resultingindicator
26 turnson; if the two yearshad equal sdes, 30 turns o,
Inline 03 the aphameric constant OCTOBER is compared
againgt the contents of the field named MONTH (which
must aso be defined as aphameric). 1f the MONTH
field does not contain the word OCTOBER, indicator 13
turnson; if it does, indicator 15 turnson after the compare
operation. In line 05 the contents of the field named
GRSPAY (which must be defined as numeric) is decimal-
aligned with numeric constant 1250.00. If thevauein
field GRSPAY isgreater than or equal to 1250.00, indi-
cator 04 turnson; if itsvaueislessthan 1250.00, indi-
cator 05 turnson. In line 08 the contents of thefield
NETPAY (which must be defined as numeric) is decimal-
aigned with numeric constant 0 and then compared to it,
If NETPAY isgreater than zero, indicator H1 remains
off after the compare operation. |f NETPAY iszero
or negative,indicator H1 turnson.

IBM

Date

Business Machines C i Form X21.9093

RPG CALCULATICON SPECIFICATIONS

Printed in LLSA.

o2 76 78 77 78 79 €0

| e 1] e T

Figure 10-38. Compare Operations

Program J
tndicators tq:ds:::(’:?s
Arithmetic
- z PlusiMinuz Zero
e W £
Line e And And Factor 1 . Field 12
§ 5 & aetor Result Fietd Length é‘ Comments
Ely o H
el H
LI I L
3 4 5i6 B 95 an it P23 4l i 1617 FoAN: 3 2 X 3 N
%4 I8 18 30 27 2P 33 24 7R 26 27 38 36 3F 38 30 40 41 42143 44 45 46 47 aulas o s 52353 5 & L9160 BY B7 63 €4 65 6B £7 B8 €5 Y0 71 77 Y3 74
e 55, 81,52 63 64 85 66 &7
© SILiSeT
alz] |
aizl Je i
OCTOBER '
ola 14
[
5 4¢ G RSPAY
0i6 €
al7i le
b NETPAY H1H1
ol8] jc ’
ninl b \ | b b ¢ [ Pl [ P
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Test Zone (TESTZ)

This operation tests the zone of the leftmost character in
the result field. Theresult field must be alphamericsince
this operation can be done only on alphameric characters.
Resultingindicators are used to determine the results of
thetest, The zone portion of charactersé&, A-l causesthe
plusindicator to turn on. The zone portion of the char-
acters-, JR causesthe minus indicator to turn on, All
other characters, when tested, cause the blank indicator
toturnon. Factor 1 andfactor 2are not used in this
operation.

Binary Field Operations

Three operation codes, BITON, BITOF, and TESTB are
provided to set and test individua bits. Theindividua
bits can be used as switchesin a program. Thisallowsa
space saving ability for binary switches.

Set Bit On {B/TONI

This operation code causes specified bitsidentified in
Factor 2, toturn on (set to 1) in afield named as Result
Field. Inthe one position field named in Result Field,
one or more of the 8 bitsmay be turned on. The bitsare
identified by the numbersO-7 for eachfield. The bit
numbers must be enclosed by apostrophes. Toturn on
the first bit in afield, enter ‘0’ in Factor 2, in columns
33-35. Toturnon hits0, 2, and 5 enter '025' in Factor 2
in columns 33-37. From one to eight bitsin afield may
be turned on with each BITON operation.

Thefield that contains the eight bits(numbered 0-7)
isnamed in the Result Fied. 1t must be aone position
alphamericfield. Thefield may be an array element, if
each element isonly one position in length.

The operation code BITON must appear in columns
28-32. Conditioningindicators may be used in columns
7-17, and any entry under Field Length must be 1.

Factor 1, Decimd Positions, Half-Adjust, and Resulting
Indicators are not used, leave them blank.

Set Bit Off (BITOF}

Thisoperation code causes specified bits, identified in
Factor 2, toturn off (set to §) in afield named as Result
Fed.

The operation code BITOF must appear in columns
28-32 All other specificationsare the same as those for
the BITON operation.
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Test Bit (TESTB)

This operation code causes specified bits, identified in
Factor 2, to be tested for an on or off condition in the
field named as Result Field. The condition of the bitsis
known by resultingindicatorsin columns 5459.

The operation code TESTB must appear in columns
28-32. All other specificationsare the same as those for
BITON and BITOF except for the use of resultingindi-
cators.

At least one resulting indicator must be used with the
TESTB operation, and as many as three can be named
for one operation. Two indicators may be the same for
one TESTB operation, but not three. A resultingindi-
cator hasthe following meanings for these columns:
Columns5455: Anindicator in these columnsisturned
on if each bit in Factor 2isoff (¢).

Columns 56-57: An indicator in these columnsisturned
onif two or more bits were tested and found to be of
mixed status, that is, some bits on and other bits off.
Columns58-59: An indicator in these columnsis turned
onif each bitin Factor 2ison ().

If an array nameisused asthe Result Field the bits
specified in Factor 2 aretested for each element of the
array, and the resulting indicators are set for the array as
awhdle.

Setting indicators

These operation codesare used to turn indicators off or
on. Any indicator to be turned on or off isspecifiedin
columns 54-59. The headingsin the ResultingIndicators
field (Plus or High, Minusor Low, Zero or Equal) have no
meaningin these operations. When setting indicators,
remember:

1  Thefollowingindicators may not be turned on by
the SETON operation: 1P, MR, LO, U1-U8.

2  Thefollowingindicators may not be turned off by
the SETOF operation: 1P, MR, LR, LO, U1-U8,

3  If theLRindicator isturned on by a SETON
operation which is conditioned with acontrol
level indicator (columns 7-8 of the Calculation
sheet), processing stops after d| total output
operationsarefinished. If itisturned on by a
SETON operation not so conditioned, processing
stops after the next total output operationis
completed.



4. If the halt indicators (H1-H9) are set on and not
turned off before the detail output operations are
complete, the system stops. Processing may be
continued by pressingthe start key on the
ProcessingUnit oncefor every halt indicator that
ison.

5. Setting on or setting off a control level indicator
(L.1-L9) does not automatically set any other
control level indicator.

6. Indicators 1.1-L9 and the record identifying indi-
cators are alwaysturned off after detail output
operations are completed, regardlessof the previous
set on or set off operation.

7.  Whenever anew record isread, record identifying
indicators(01-99) and field indicators are set to
reflect conditions on the new record. The setting
from any previousSETON or SETOF operation
doesnot apply then.

Set On (SETON)

Thisoperation causesany indicatorsin columns5459

to be turned on.

Set Off (SETOF)

Thisoperation causesany indicatorsin columns5459

to be turned off.

Branching Operations

Operationsare normally performed in the order that they
appear on the Calculation sheet. There may be times,
however, when you do not want the operations performed

in the order they are specified. For example, you may
wishto:

1 Skip severa operations when certain conditions
occur.

2 Perform certain operationsfor severd, but not al,
record types.

3.  Perform several operations over and over again.

Go To (GOTO)

Thisoperation allowsyou to skip instructions by speci-
fying some other instruction to goto. You may branch
toan earlier line or to alater specificationline. However,
you cannot skip from acalculationthat is not conditioned
by acontrol level indicator (columns 7-8) to onethat is
Factor 2 must contain the name of the point to which
you wishto go. The namein Factor 2iscalled alabel.
Thelabel can be from 1-6 characterslong, and must
beginin column 33 with an aphabetic character. The
remaining characters can be any combination of apha
betic or numeric charactersand special characters.
Blanks may not appear between charactersin thelabel.
Factor 1 and the result field are not used in this operation.
The GOTO operation may be conditioned by any indi-
cators. If it isnot conditioned, the operation isaways
done. See Examplesfor use of the GOTO operations.

Tag (TAG)

The operation code namesthe point to which you are
branching in the GOTO operation. Factor 1 containsthis
label. The name must beginin column 18. The same
label may not be used for more than one TAG instruction,
nor can it be the name of afield used in the program.

Factor 2 and the result field are not used. Noindicators
may be enteredin columns 9-17for aTAG instruction.
Control level indicators must be used, however, if branch-
ingisto occur only when the information in a control
field haschanged. See Examplesfor use of the TAG
operation.
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Examples 3. Operationsinlines1 612 are then done. If the
operation in line 12 does not turnindicator 15 on, a
Examplel: Figure 1639 showshow TAG and GOTO branch is taken backwardsto RTN2 (line 05).

may be used to skip operationson certain conditions.
4 Operationsthen goin the order specified again from

1. If theresult of the subtraction inline 01 is minus iines 06-12 Nothingisdoneinline 09 since TAG
(indicator 10ison), abranchistakento RTN1 only givesa name. These same operationsare
(routine 1) named by the TAG operation code in performed again and again until 15 doesturn on.
line09. Noticethat both the GOTO (line 02) and _ _

TAG (line 09) are not conditioned by control 5. When 15ison, the branch to RTN2is not taken.
level indicators The TESTZ operation isthen performed. If this

operation causes 20 to turn on, a branch istaken

2  If the branchis not taken in line 02, the multipli- toline 17(GOTO END). If 20isnot on, the
cation in line 03 is performed. Then the branch to operation inline 16 is done.
RTN1 (line 09) must be taken because this branch
isnot conditioned by indicators.
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Figure 10-39. Using GOTO and TAG (Skipping Operations)
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Example2 Figure 10-40 showshow TAG and GOTO Assumethat you wish to make 20 mailing labelsfor

L : ) .
may be used to eliminate coding when several operations every customer you have, The customer's name and
have to be performed again and again addressare found on an input card. Sinceyou wishto
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write twenty labelsfor each card, you have to use excep
tion linesand the operation EXCPT (see EXCPT operation
in thissection for further information).

This can be coded asshown in Figure 10-40, insert A.
Y ou haveto write the EXCPT operation code for every
mailinglabel. However, by using branching, you can
codeit al infivelines(see Figure 10-40, insert B). An
EXCPT lineis printed out. One isadded to COUNT in
order to keep track of how many times the line has been
printed. Then COUNT iscompared to 20. If COUNT
doesnot equal 20, a branch is taken back to the beginning
(GOTO DOAGIN). If COUNT equals 20, the branch is
not taken. Instead 20 is subtracted from the COUNT
fieldso that it will be zero for the next cycle.

Lookup Operations

Lookup operationsare used when searching through a
table or an array to find a special element.

Lookup (LOKUP)

This operation code causes a search to be madefor a
particular itemin atable or array. The table or array is
factor 2 Factor 1 isthe search word (data for which
you wishto find amatch in the table or array named).
Factor 1, the searchword, may be:

1 Analphameric or numeric constant.

2 Afield name.

3. Anarray element.

4 A table name.

Remember that when atableisnamed in Factor 1, it
refersto the element of the table last selected in a LOKUP
operation, not to the whole table.

Resulting indicators are aways used in connection with
LOKUP. They are used to first indicate the type of
search desired and then to reflect the result of the search.
A resulting indicator assigned to Equal (columns 58-59)
instructs the program to search for an entry in the table
or array equal to the searchword. Theindicator turns
ononly if such an entry isfound. If there are severd
entriesidentical to the search word, the first one that is
encountered is selected.

Anindicator assgned to Low (columns 56-57) instructs
the programtolocate an entry in the table that is nearest
to, yet lower in sequence than, the searchword. The
first such entry found causesthe indicator assignedto
Low to turn on.

The indicator assgned to High (columns 5455) instructs
the programto find the entry that is nearest to, yet
higher in sequence than, the search word. The first higher
entry found causes the indicator assignedto Highto
turnon. In all casesthe resulting indicator turnson only
if the search is successful.

At least one resulting indicator must be assigned, but no
more than two can be used. Resultingindicators can be
assigned to Equal and High or Equal and Low. The
program searchesfor an entry that satisfied either con-
dition with Equal given precedence; that is, if no Equal
entry can befound, the nearest lower or nearest higher
entry isselected. If resultingindicators are assgned both
to Highand Low, the indicator assignedto Low isignored.
When using the LOKUP operation, remember:

1. Thesearch word and each table or array item must
have the same length, the same number of decimal
positions(if used), and the same format (alphameric
or NUMeric).




2 You may searchon High, Low, High and Equal,
or Low and Equal only if your table or array isin
sequence,

3. Noresultingindicator turnson if the entry searched
for is not found.

Using the LOKUP Operation

LOKUP with One Table

When searchinga single table, factor 1, factor 2, and at
least one resulting indicator must be specified. Conditioning
indicators (specifiedin columns7-17) may also be used.

Whenever atable item isfound that satisfiesthe type
of search being made (Equal, High, Low), a copy of that
tableitem isplaced in aspecial storage area Every time
a search issuccessful, the newly found tableitem is placed
in thisarea, destroying what wasthere before. If the
searchis not successful, no table itemis placed in the
storage area Instead the areakeepsthe contentsit had
before the unsuccessful search.

Resultingindicators are awaysset to reflect the result
of thesearch. If theindicator ison, showing a successful
search, you know that a copy of the item searchedfor
isin the special storage area.

LOKUP with Two Tables

When two related tablesare used in asearch, only oneis
actually searched. When the search condition (High, Low,
Equal) is satisfied, the corresponding data itemsfrom
both tablesare placed in their respective specia storage
areasand are made available for use

Factor 1 must be the search word and factor 2 must
name the table to be searched. The result field must
name the related table from which datais made available
for u2 Resultingindicators must also be used. Condi-
tioning indicators(specified in columns 7-17) may be
specifiedif needed.

The two tablesinvolved should be the same length. If
the table that is searched islonger than itsrelated table,
it ispossibleto satisfy the search condition. However,
there will not be a data tableitem in the second table
which correspondsto theitem found in the search table.
Unpredictable results may occur.

LOKUP with an Array

The LOKUP specificationsfor arrays are the same asfor
tablesexcept that if Factor 2isan array, the result field
cannot be used. In addition if the desired item isfound,

it isnot moved to aspecia holding area since these holding
areasare only associatedwith tables. Instead, the indi-
cators will reflect only that the desired item isin the

array; the programmer does not have ready accessto
thisitem

10-65




Figure 10-41 showstwo LOKUP operations performed of this LOKUP indicates only whether or not the desired

withan array. MANNOS, a 2100 element may of em- edement existsin the array. Line05 of the Calculation
ployee numbers, isread in at execution timefrom file sheet showsessentially the same LOKUP operation—
ARRFILE with 9x 10 position elements per record; the indicator 20 will turn on when the fust element higher in
array elementsarein ascending order. Line 01 of the sequence than '100336' isfound. Note, however, that in
Calculation sheet showsa LOKUP of array MANNOS with this LOKUP operation, the array MANNOS isindexed by
the object of finding the element nearest to but higher in thefield INX Thisindex field wasset to | inline 04 0
sequence than the search word '100336".  If thisdesired the LOKW will begin at the first element of MANNOS.
element isfound in the array, indicator 20 turnson and If the desired element isfound, the number of thisele-
the GOTO inline 02is performed, Noticethat the result ment (not itscontents) is placedin thefieldINX In this
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) RPG EXTENSION AND LINE COUNTER SPECIFICATIONS e
RO — Punching | Grephic Page [D Program { I ] f { |
Program instruction | punch
Extension Specifications
Record Sequence of the Chaining Fite ] > 5l
Number of the Chaining Field Number | Number s(‘?g 5"‘2’
M o & 3ining e oum Jh A able or ™ : 8
Line g To Fitename :?;::’am Efmries g’miec aLf"g(h %g § %L) ol d® ‘Z:, t % g § Comments
kS ‘ Rocord | Per Table | Encry 13|18 3ls i
£ From Filename or Array £lEle Ele
8 REE &3
3‘!567B9|0H1213M|5i61715|920212223242528&!_7_&2330322_{234353&3?3839lO‘!"""-‘ ‘4647484959515253_§ﬂm31w596061626364658667886970717273"
ol1] e AIRRIEN L Malninols| 1 1 el | |A
0|2 E
LT 1 T
IBM U Business Machines i :g«:;(.ziﬁg‘si
) RPG CALCULATION SPECIFICATIONS
H . . T2 75 76 77 78 79 80
e Punching _Graphic = l ‘ ‘ | { Paeel:[] Program
Program Instructi)n 77A%, ‘ ,‘u !j
Resulting
Indicators indicators
Arithmetic
- Fia | 5|E[_ Compare
e |olE 0| AN A Factor 1 Operstion Factar 2 Resit Fios | (oo V8N i Toow TEaua Comments
E'—;; 5|3|1>21<2 12
HEIORRERRE Z|5[__Looke
R £ z z Ta‘ble‘(i‘—actor 2 s
34567891011\2!314|516|7i8192&21222324252627282936313233343536373539‘04!4__2143&445464‘!ASGS%S\BZSGS’:’%;ZE;&G_{;_&_&_&&&E&GQ707172?374
ofrl Je Tilpp3i3e '] | [LOKulPMANNOS 2p
olz lc 20 GoTo INEXT
03 4
ojal Jo Z-A4DD1 [N X 44
o I 16@386 | | [LOKUPMANNOS, (NX 2.0
olel lel | INLA GO TO! |END
517 Je OVE IMANNOS, ! NXSAVE 69
ole] o NEXT TAG
(23] C (
tel e { Calcuiation
Firege Operations
112 < )
1i3 C
1i4 52 )

Figure 10-41, LOKUP Withan Array
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way, the actual element which satisfied the LOKUP can be
used in subsequent calculation operations, asin line 07.

If no element wasfound to satisfy the LOKUP, the field
INX would be reset to 1. Refer to Sartingthe Search at

a Particular Array Item in this section for more informa-
tion on indexing an array in a LOKUP operation.

Examples

Figures 10-42 through 10-45 show the use of the LOKUP
operation. Figure 10-37, insert A, shows the contents

of four tables: table A, table B, tableC, and tableD
(loaded at compiletime). Each table has five entries.

Figure 10.42, insert B, showsthe extension specifica
tionsfor these tables. Table A and Table B are described
separately and are, therefore, entered separately. Tables
Cand D arerelated tablesand are entered in aternating
format on the tableinput cards. Figure10.43 shows
the order in which the table input cards are loaded into
the machineat compile time.

Figure 10-44 shows 15 different LOKUP operations
using these four tables. The resultsof these operations
are shown in Figure 1045. Figure 10-45 tells if the
entry searched for wasfound, and if so, what indicator
ison to tell the result of the search, what table item
satisfied the search, what item was taken from arelated
table (when oneis used).

First Second Thirg Fourth Fifiny

Entry Evary Entry Eniry Entry
Table A ol o5 o8 3z 58
Table 8 06.13 02,32 4718 @&8.30 1518
Tsbie C W MNN Lid GGG AAA
Teble O 7 8 3 2 3

Interationa Business Mechines Cocporation
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f iz ti i
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Figure 10-42. Table Lookup (Tables Used)
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TABLEC and TABLED

051302124715
28701516

s TABLEB

TABLEA

Source deck

Figure 10-43.. TABLEA, TABLEB, TABLEC, and TABLED (Loaded at Compile Time)
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Specificetion Entry Indicator Tableitam Table itan
Line Number Found On Satisfying Search Used from
Condition Related Table

o1 yes 01 32 28.70

02 yes 02 05 0212

a3 yes a3 08 47.f5

04 yes 05 08

05 yes 07 03

06 no

07 no

08 yes 10 32 GGG

g yes 12 03 Lib

10 yes 14 NNN 8

i1 yes 15 GGG

12 no

13 yes 17 LLL 3

14 yes 18 2

15 no ; : '

ART: 51783

Figure 10-45. Resultsof LOKUP Operations

Referencing the Table /tem Found in a LOKUP Operation Starting the Search at a Particular Array Item
Whenever atable nameisusedin an operation other than It ispossible, in order to save processingtime, to start
LOKUP, thetable namereally refersto the data placed the LOKUP search at a particular item in the array. This
in the special table storage area by the last successful type of searchisindicated by additional entriesin columns
search Thus, by specifying the table namein thisfashion, 33-42, Enter the name of the array to be searched in
you can use dataitems from atable in calculation opera these columnsfollowed by acommaand anumericliteral
tions. or the name of anumericfield(with no decimal positions).
If thetableisused asfactor 1in aLOKUP operation, The numericliteral or numericfield tellsthe number of
the contents of the special table storage areaisused as the item at which you wish to start the search (Figure
the search word. In thisway adataitem from atable 10-47). Thisnumericliteral or field isknown asthe
can itself become a search word. index becauseit pointsto acertain itemin the array.
The table may also be used asthe result field in opera- All other columnsare used as previoudy describedfor
tions other than the LOKUP operation. In thiscasethe the normal lookup operatian.
contents of the special table storage areaischanged by The search starts at the specified item and continues
the calculation operation. The correspondingtable item until the desired item isfound or until the end of the
in the table itself isalso changed. Thisisaway in which array isreached. When an index field isused, an unsuc-
you can modify the contents of the table by calculation cessful search causesthe index field to contain the vaue
operations(see Figure 10-46). of one. If, however, an item isfound which satisfiesthe
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conditions of the LOXUP operation, the number of that 1 For aliteral index a severe error occurs, and

array item (counting from the first item) is placed in the compilation will cease.

index field. A numericliteral used asan index isnot

changed to reflect the result of the search. 2. For afieldindex the job will halt, allowing the
operator to cancel or restart the program If the

Note: If aliterd or fieldindex for an array iszero, or program is restarted, the field index is given a value

greater than the number of elementsin the array, the of one.

following will result:
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Subroutine Operations

These operation codesare only used for subroutines.

See Subroutinesin this chapter for information on sub-
routines. All subroutine operation codes must be written
in specification Liesfollowingal operationsconditioned
by control level indicators specifiedin columns 7-8.
Subroutine linesare alwaysidentified by an SR in
columns7-8.

Begin Subroutine (BEGSR)

This operation code serves as the beginning point of the
subroutine. Factor 1 must contain the name of the
subroutine.

End Subroutine {ENDSR)

Thisoperation code must be the last statement of the
subroutine. It servesto definethe end of the subroutine.
Factor 1 may contain aname. This name then servesas
apoint to which you can branch by a GOTO statement
within the subroutine. The ENDSR operation endsthe
subroutine and automatically causesa branch back to
the next statement after the EXSR operation.

Execute Subroutine (EXSR)

This operation causesall the operationsin the subroutine
to be performed. EXSR may appear anywherein the

program. Whenever it appears, the subroutine is executed.

After al operationsin the subroutine are done, the
operation in the linefollowing the EXSR operation is
performed.

Thisoperation may be conditioned by any indicators,
meaning the subroutine is executed only when al con-
ditionsare satisfied. Factor 2 must contain the name of
the subroutine that isto be executed. Thissame name
must appear on a BEGSR instruction.

Programmed Control of input and Output

Normally arecord isread, and calculationsare performed
on datafrom that record, Then any datafrom that input
record resultingfrom calculationson data from that
record iswritten. At thistime only the recordsthat have
been specifiedin the output-format specificationswill be
written or punched Programmed control alowsyou to
have more control concerning which recordsfrom the
different filesare to be read next, when recordsare to be
written, and how many should be written.
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Exception (EXCPT)

This operation alowsrecords to be written at the time
calculationsare beingdone. Usethis primarily when you
wigh to have avariable number of smilar or identical
records(either detail or total) written in one program
cycle. (Remember that normally only the exact number
of recordsspecifiedin the output-format specifications
are written on afilein one program cyde) For example,
you might use EXCPT to produce avariable number of
identical mailing labels, to write out contents of atable,
or to produce a number of records having the same infor-
mation punched on them.

When the EXCPT operation is used, EXCPT isentered
in columns 28-32, and columns 7-17 may have entries.
All other columns must be blank. The line or lineswhich
are to be written out during calculation time are indicated
by an E in column 15 of the Output-Format sheet.
Exception linesmay not be used in a combinedfile.

Figure 10-48 showsthe use of the EXCFT operation to
produce avariable number of records having the same
information punched on them. Recordsin the input file
have two fiedlds, NAME and COUNT. The NAME field
isto be entered into acertain number of records. That
number isindicated in the COUNT field.

Every time the operation code EXCPT is performed,
the exception record indicated by the £ in column 15
of the Output-Format sheet ispunched. The field CONSEC
isused to keep track of the number of records punched,
Each time an exception record iswritten, 1 isadded to
CONSEC. CONSEC isthen compared with COUNT,
thefield that tellshow many records should be punched.
If they are not equal (indicator 20 isnot on), a branch
istaken back to DOAGIN. Another record iswritten
out. Oneisadded to CONSEC and CONSEC iscompared
to COUNT. If thesefieldsare now equal, another input
record isread. If not, the same operationsare done
agan. Whenever CONSEC equal sSCOUNT, enough records
have been punched or printed. CONSEC isthen sub-
tracted from itself, making it zero. Thislast operation
is necessary S0 that an accurate count can be kept for
the next record.

Force (FORCE}

FORCE statementsenable you to select the filefrom
which the next record isto betaken for processing. They
apply to primary, secondary, or demand; input, update,
or combined files. They are the only meansby which
recordscan be read from demand files.
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Factor 2in aFORCE statement identifiesthe filefrom
whichthe next record isto be read. If the statement is
executed, the record isread at the start of the next program
cycle. If morethan one FORCE statement is executed
during the same program cycle, dl but thelast isignored.

FORCE statementsoverride the multifile processing
method by which the program normally selectsrecords
However, the first record to be processed is aways selected
by the normal method. The remainingrecords can be
selected by FORCE statements.

Examiple

Figure 10-49 shows part of ajob which uses FORCE
operation codesand look ahead fieldsto simulate normal
record selection. Normad record selectionisnot used
because recordsin the two secondary fileshave two match
fields, CUST and ITEM, and thosein the primary file
have only one, CUST. Normd record selection requires
all three to have the same number of match fields
Indicators20-23 and 26-28 are used to determinewhich
file the next record isto be read from. The conditions
under which the filesare chosen follow. Record 1 means
therecord from the primary files; record 2 the first
secondary file; and record 3, the second secondary file.

Condition

None of the
records match.
Record 1 hasthe
lowest CUST field
vaue.

Record 1 matches 21 and 22

record 2 Record
3 hasahigher
CUST fidd vdue

Record 1 matches 20and 23

record3 Record
2 hasahigher
CUST field vaue.

Recordsl, 2, and 21and 23

3 match (CUST
field vaues).

Record 2 haslower 26
CUST field value

than record 1

Record 2 has

lower CUST and

ITEM fields

(together) vaue

than record 3.
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10-74




mM insernationss Business Machines Corporation Form X21.9084
- Printed in U.8,4,
RPG  INPUT SPECIFICATION: ‘2 %76 77 78 7 80
oute O B A o
s E‘szchmg | Graphic Lo | ] Poge m idemiition
Instruction | i
Prograr o Panen i .
N
g Record tdentification Codes Freid Locstion Fie‘_d
kS Indicators
£ 1 2 3 = . <
> 2 « Il |3
st I s 2 jggl & Sterling
Line Filgname EEE] e § Field Name E E sl D 2 Sign
g k] @ ero it
g SIEIE | resion o] |B] soston | Bl possion o) [3IBIE] oo LS 4 iz ‘g’ Plus [Mine Position
AN Zlalt Zieit ZlalslEls £ 2lEE1 5 Blank
£ Eizlg 5INE 51512 3315135 H EFIE
& 21818 21514 216 Zislsiala 3 S |86 &
3156}8310“‘213‘4}5181?!8 2‘!2;’23?425262?2829383!323334353637383@40414243“45464?48495!)5!5253545556575859606162636485665768697071727374
T 13 T T T v
011 I H
FIIRIST AA Look ahead fieid-match
oi2f 11 field from next record
0l3| Ir in primary file,
o4l 11 A
05 [1ISIECIOND =
a6 1
NEES Look ahead fields--match
L fields from next record in
e first secondary file,
10 1
T HILRD
RJ
112 1 .
: - Look ahead fields—match
13 I . .
|- fields from next record in
ML second secondary file,
16 I [N NI Y
1
’ 1 ®

B Business Machines Conrors Form X21-8003
Printed in US.A,

RPG  CALCULATION SPECIFICATIONS

e 12 75 76 77 78 79 80
Date o — { 'Puicha;.g Pﬂgﬁm Z:z;iaf?;ation
Prosram._ S — T | e
PROGEBVOO oo
Resulting
Indicators. Indicators
) |
tire |y §§ And - And Factor 1 Operstion Faceer 2 Fesuts Fisdd z::m : § Q‘.@Ci:fvmgquap Comments
2z Zli>2j1<z)i=2
£ gg = " . 5 Lookup
e EE Z = Table {Factor 2} is
i.}'fr‘fw Equal
3 A Big {7 8 913\12213?4i&‘kEf?iS!Q}{??)?2?3'242’;362338293031323:‘-34353&%3?38394&7314?43&445664748‘19505!5’553545556575855605‘5263&45586576859707'72737‘
sizi le | BETOF | ! ] | |252e27 ]
joj3; ¢ n i EV§ETOF ‘ - | ] jrg29
o4 Je i} 1. leomp| lcvsiT2 | 1l izez
M NN R 600 |TEST2 e i 1
081 i¢ CUSTIL ICOMP 1CUSIT3 N | BENE 21223
o7 e Ll BOTO TESTZ L |
oja] Ic] Ll | IFORCEFIRST IR INEE
1 _MATCHZ | | | lcoMp MATCH EEES | 5125124
1ol |e fb L [ eorol [ENDTS RN |
e L TESTL L rAe ) L o
et LMATCHL | || ICloMP MATCH IR Ll R82627 1
AL N L FORCESECOND | | || | | L4
A 28 | L1 1 FORCETH I IRD IBEAN L NS INEN
st le 27 cUsST2 COMP icUS T3 29
Lo ol LT T T eWorsie [T Jrae 1101 1117 T T ©
T ! I I i

Figure 1049, FORCE Operation Code (Part 2 of 2
10-75




Condition Indicators Set On File Selected
Record 2 matches 27 First
record 3 (both secondary
CUST and ITEM (SECOND)
fields). Record1

has greater CUST

field vaue.

Record 3 has 28 Second
lower CUST field secondary
vauethan record (THIRD)
1 Record 3 has

lower CUST and

ITEM field (together)

vauethan record 2

In addition, indicators 24, 25, and 29 are set to condition
calculationswhich processthe record selected.

Condition Indicator Set On

Records1, 2, and 3 match (CUST 24
fidds). Records2 and 3 match
(CUST fieldsand ITEM fields).

Records 1, 2, and 3 match (CUST 25
fieds). ITEM fieldsin records 2
and 3 do not match.

CUST fieldvauesin records 2 29
and 3 match; ITEM fieldsdo

not, Record 1 has higher CUST

field value.

All the calculationsshown in Figure 10-49, insert C, are
needed to determine which record isto be processed
next. The operations which are performed upon the data
from the input recordsare not shown. They do, however,
precede the cal culationsshown in Figure 10-49, insert C,
and are conditioned by the indicators set duringthe
previouscycle by the calculationsshown.

Display {DSPLY)

The display operation alowseither or both of the following:

1. " Afield or array element is printed on the printer-
keyboard during program execution without a
program halt.

2 Afield or array element is printed on the printer-

keyboard, and the program halts, allowing that
field to be changed.
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See Figure 10-50for coding possibilitiesand results.
Also see Figure 10-51 under CHAIN operation in this
chapter for an example using the display operation.

When the display operation isused, DSPLY must appear
in columns 28-32, and the filename of the console device
under Factor 2 Indicatorsin columns 7-17 may be
specified. Fieldlength, Decimal positions, Half-adjust,
and Resulting Indicators (columns 49-59) must be left
blank. No input or output specificationsare required
for this operation, However, the File Description sheet
must haveentriesin columns. 7-14, 15, 19, 24-27, and
40-46 (columns 71-72 are optional).

If dataisto be printed but not changed, enter afield
name, an array name plusan index, or aliteral in Factor 1,
and the filename of the console devicein Factor 2
Result Field must be blank in thiscase. Thedatain
Factor 1 will be printed, but not changed, and the
program will continue.

If dataisto be changed during program execution
enter thefield name or array name plusindex under
Result Field, and the filenameof the consoledevice
under Factor 2 Thiscausesthe datato be printed and
then blanked out. Immediately after the field or array
element is blanked out, the program halts. The operator
can now enter datainto the blank field or array element
via the printer-keyboard. There are saverd pointsto
remember when thisis done:

1  Thedataentered must be followed by afunction
key character.

2. Numeric data need not be entered with leading
zeros. However, you must be sure to right-justify
numeric datawhenit iskeyed in.

3, Similarly, alphamericfields must beleft judtified
by the operator when it iskeyed in.

4 Alphamericfieldsare blanked out. Numericfields

are zeroed out.

Chairi (CHAIN)

The chain operation causesa record to be read from a
disk fileduring calculations. This operation allows one
record to be read in when the operation code CHAIN
appearsin columns 28-32 of the Calculation sheet.

Indicators in columns 7-17 may be used, but Result
Field, Field Length, Decima Position, and Half-Adjust
(columns 45-53) must be blank. If the chainedfileis
conditioned in the file description specificationsby an
external indicator, the CHAIN statement must be condi-
tioned by that same external indicator.
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Figure 10-50. Display Operation

Columns54-55 may contain an entry. |If they do, Random Processing
the same entry must be made in columns56-57. If the
record is not found, the indicator specified in these columns
will turn on. No output is permitted to a chained update
file when the specified record isnot found. Columns

In order to read arecord from a sequential or direct file,
the record must beidentified by relative record number.

58-59 must always be blank for chain operations. To read arecord from anindexed file, arecord key is
If anindicator is not specifiedin columns 5457, and used for identification. The relative record number or
the record is not found, the program will halt. Processing key can be contained in afield specified for that purpose.
can be continued by pressing the start key on the The chain operation requiresthe code word CHAIN in
Processing Unit. columns 28-32 of the Calculation sheet. Factor | entries
The chain operation is used for two purposes: must be arelative record number or key, or the name of a
numeric field that contains a relative record number or
1  Random processingof an indexed, sequential, or key. Factor 2 must contain the name of thefilefrom
direct file which the record will beread. ThisMeiscalled thefile
that ischained to, or the chained file(see Examples,
2 Loadingadirect file. Example 7).
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Direct File Load

A direct file load isdefined by specifying the disk fileto
be loaded as a chained output file on the File Description
sheet. In the calculation specifications, Factor 1 must
contain ardativerecord number, columns 28-32 must
contain the operation code CHAIN, and Factor 2 must
centain the name of the direct disk Me to beloaded.

The relative record number of the input record defines
the record position for each record in the direct disk Me
The relative number can bedl or part of afieldin the
input records. Such fieldsare used for record identification
of the input records, as well asfor the disk records after
the disk file is loaded.

When a direct fileisloaded you must define the record
fength and number of recordsin your file. The system
then clearsthe disk space required for the file with blanks.

When arecord is read in, the relative record number is
used to chain to the corresponding relative record posi-
tion in the disk file. The blanksat that record position
arereadin, and the information contained in the input
record isthen written on disk, replacingthe blankswith
data If arecordismissngfrom the input file when a
direct fileisloaded, the space reserved for that record
in the disk file remains blank (until the proper record
isread in later). A direct file isloaded by definingit as
a chained output filein file description specifications
(see Examples, Example 2).

Once the direct file iz loaded, recordsareinserted or
changed in the file by defining the direct file asan update
file processed consecutivelyor by the chain operation.
(Remember that any file defined asa chained output file
will be cleared entirely to blanks beforeany recordsare
processed.}
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Note: Theinsertion of recordsin direct disk filesisvery
different from record addition to sequential or indexed
files. For sequential disk files, the new recordisadded
inat thefirst available position at the end of thefie.

The same processoccursfor an indexed file, except

that the record key and disk addressare added to the
fileindex. Any new recordsinserted in adirect disk file
aiready have a gpace reserved for them. Hence, the record
isinserted in its proper place, not merely added to the
physical end of the Me

Examples

Examplel: Figure 10-51 showsthe coding necessary

to chainto and update an indexed file, MASTINV. The
CARDIN fileconsistsof cardssorted by item number,
each card representing some quantity ordered Item
number isused asacontrol field. When al the quantities
for oneitem number are added, a control break will occur.
At this point in calculations, the master record for that
item number must be found and updated. ITEMNO is
afield containing the item number of the cards presently
being worked on.  The chain operation usesITEMNO to
find the master record for that item number. If it isnot
found, a display operation printsout the item number of
the cards. Note that indicator (20) turnson when the
recordsare not found.

If the master record isfound (20 not on) the total
quantity for the item number issubtracted from the
guantity on hand. After the total calculations, the QOH
fieldin the master record is updated.
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Figure 10-51. Chain Operation (Part 20f 2)
Example2 Assumethat you areloadinga direct file with
customer information such as. customer number, address, Thedirect file of customersisnamed DIRECT on the
year-to-date sdes, balance due, and other data for a File Description sheet (see Figure 1052). Thisdirect
master record.  Each record is 126 characterslong and is file will beloaded from the MFGU. The card file with
identified by customer number. At present there are 200 the customer datais named CARDIN. The printer file
customers, but you plan to have morein the future so PRINT enablesusto print out any cardsthat may contain
space will be reserved on disk for 250 recordsaltogether. errors Or that may be duplicate cards.
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Onthelnput sheet there are two record typesidentified
for CARDIN. Thisis becauseour disk record is 126
positionslong, and two different cardsare needed to
contain 126 positionsof data. The cardseach have a code
in position 1. The first card isfilled with datausing
positions 2-96; the second card hasdatain positions 231.
Together these data positionstotal 125 (position 1 of the
disk record will beleft blank). During the proper output
cycle, these two card fields, FIELD 1 and FIELD 2, are
written in the appropriate record positionson disk.

Three possibilitieswill be consideredin this program:

1. The CHAIN operation issuccessful, and the data
iswritten from card to disk

2  Therecord number in the card has no corresponding
record position on disk.

3 The proper record position on disk isfound, but
already contains data, indicating duplicateinput
cards.

Inthefirst case, assume that the two input cardsare
read in for customer 154 (000154 in the card) turning
onindicator 02 The card field containing the customer
number is named CUSNUM. On the Calculation shest,
02 causes achain operation using the card field CUSNUM
(154) to locate record position 154 in the disk file
DIRECT. Assumethat the proper record position isfound,
90 02 must be on and 30 must be off. On 02 and N30
CUSTNO on disk iscompared to blanks. CUSTNO is
the disk field that will contain the customer number.
Remember that this disk field istill al blank at this
point. (For adirectload, you may use input specifications
to name fieldsin thefile beingloaded.)

The compare operation is checking to make sure that
CUSTNO isequal to ali blanks; that is, checkingto see
if any data hasalready been written in CUSTNO. If
CUSTNO isall blank indicator 50 turnson, and you can
assume the whole disk record isblank and proceed to
writethe card fields onto disk.

On the Output sheet, indicators N30 (indicating the
disk record wasfound) and 50 (indicating the disk record
was blank) are used to condition the loading of the card
fieldsonto disk. The disk record will look like this after
the load:

1 disk position 1 isleft blank for future use
2  disk positions 2-7 contain the 6 position customer

number from CUSNUM in theinput card (in this
case 000154).

| disk positions8-96 contain the data from FIELD1
in theinput card

4  disk positions97-126 contain the data FIELD2
in the input card.

I'n the second case mentioned, the disk record position
isnot found. The card field CUSNUM might contain a2
number for which there is no corresponding record
position in the disk fie DIRECT. For example, suppose
that a card isread in with customer nurnber 260 {000260
inthecard), If suchacard is processed, this error will
be found in calculations; the chain operation wilt not be
successful becausethe fileisonly 250 recordslong (indica-
tor 30 will turn on). On the Cutput sheet, indicator 30is
used to print out the data from the cards with the error.
Also a constant ‘RECORD NOT FOUND' is conditioned
by indicator 30to identify the reason for printing out the
input cards.

In the third case, the proper disk record is found in
the chain operation. However, the disk field CUSTNO
is checked for blanks-with a compare operation, and
CUSTNO has data written in it (it isnot equal to blank).
Such acase would occur if the cardsfor customer 154
were read in again, indicating duplicate cardsin the card
file. If the cards for customer 154 were processed again,
CUSTNO would not be blank and indicator 50in calcu-
lations would rernain off. On the Output sheet, an output
line is conditioned by 30 and N50. Theindicators 30
and N50 signify that the proper disk record position
(154) was found, but that data was occupying the CUSTNO
disk field (the data for customer 154 has already been
loaded).

The duplicate cardswill not be written on disk but
the card fields will be printed with an identifying constant,
‘DUPLICATE CARDS. This constant field isused to
distinguish the duplicatecard fieldsfrom the card fields
printed with the constant ‘RECORD NOT FOUND",

Debug Operation

The debug operation is an RPG 1I function that you may
use to help you find errors in a program which is not
working properly. This code causes either one or two
records to be printed. They contain information which
is helpful for finding programming errors,
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Debug {DEBUG)

The DEBUG operation code may be placed at any point

or at severd pointsin the calculation operations. Whenever
it isencountered, either one or two recordsare printed
depending upon the specificationsentered. One record
containsalist of al indicatorswhichareon at the time

the DEBUG code was encountered. The other showsthe
contents of any one field.

Specifications

Factor 1isoptiona: It may contain aliteral of 1-8
characters which will identify the particular debug opera
tion. The nameentered here is printed on record 1
Factor 2 must contain the name of the output file on
which the recordsare written. The same output filename
must appear in Factor 2for al DEBUG statementsin a
program. The result field may be afield or array whose
contents you wish to appear on record 2 Any vaid
indicator may be used in columns 7-17. Columns49-59
must be blank.

The operation code producesresultsonly if the proper
entry (1 in column 15) has been made in the control
card specifications. If the control card entry hasnot been
made, the operation code DEBUG istreated asacomment.
SeeColumn 15in Chapter 3for more information.

Records Printed for Debug

Record 1 isrequired. Itis printed in the following format:

Print Positions I nformation

1-8 DEBUG=

9-16 Constant entered in Factor 1
(optional)

17-18 Blank

19-34 The wordsINDICATORS ON=

35-37 The namesof all indicators which

are on, each separated by a blank.

Record 2 isoptional and is printed only whenthereis
aresult field. Therecordis printed in the following
format:

Print Positions Information

1-14 ThewordsFIELD VALUE=

The contents of the result field
(up to 256 characters). If the
result field isan array, morethan
one record may be needed to
contain the array.

15-any position
(depending on
length of field)

OVERFLOW INDICATORS

When the printer has reached the end of a printed page,
RPG 1I language allowsyou to do one of three things:

1. Advanceto thetop of the next pageand continue
printing.

2 Ignorethefact that the end of the page has been
reached and keep right on printing.

3. Print specid linesat the bottom of the page and
at the top of the new page.

Y ou automatically get the first option by doing nothing.
You get the second by assigningan overflow indicator
and never usingit to condition output lines. You get the
third by assigningand using overflowindicators. These
three possibilitiesare describedasfollows.

1  For everyjob you do you must determine how
many lines will be printed on each page or form.
Y ou indicate this by line counter specifications.
From these specificationsRPG II determineswhich
lineisthe overflow line. The overflow areaisfrom
the line associated with overflow to the end of
theform.

RPG 1I language is set up so that when the overflow
lineissensed, an overflow indicator automatically
turns on, and at the appropriate point in the program
cycle, the followingsteps occur:

a Detall linesare printed (if this part of the program
cycle has not already been completed).

b. Total linesare printed,

¢. Formsadvanceto anew page

d. The overflow indicator turns off.



Thusyou can print detail and total output lines
without worrying about what will happen at the
end of the page RPG II takescare of that auto-

Now forms will not automatically advanceto a
new page. You haveto specify askip to the first
printing lineon anew page. Thisskipisusually

specified on the first heading line you want printed
on the new page(Figure 10-54).

maticaly. All you haveto doisset up the correct
line counter specifications.

2  If you are not concerned about pagesor skipping
to new pages and want one continuouslisting, you
must make an entry that will cause the automatic
handling of overflow and advancing of formsto be
discontinued. Merely assign an overflow indicator
to the printer filein columns 33-34 of afile des-
cription specificationline. Thisone entry causes o Purching | Srphe
overflow to beignored. Pagesare not taken into Frogram T | e
consideration.

internationat

IBM

RPG OuUTPU"

Output indicators

L

And And

3. If youare concerned about pagesand want certain
linesto appear on each page, you first haveto Line
assign acertain overflow indicator to the printer
file. Thisisspecifiedin columns 33-34 of afile
description specification line (Figure 10-53). Then
use thissameindicator to condition those lines
which you want printed on every page. Usualy
theselinesare total lines which must be printed
at the bottom of every page, or headinglineswhich
must be printed at the top of each new page.

Filename Field Name

Before
After
Before
After
Not

3
Z

Type (H/D/T/E}
& Stacker Sefect/Fetch Overflow (F}
Not

7 8 9 1011 12 13 14

PIRIINIT]

26 127128129130 31§37 33 34 35 56

x5

OO O jo  Form Type

oiolafe
~

Figure 10-54. AdvanceFormsto New Page

File Description Specifications
File Type Mode of Processing File Addition /Unordered
o B Length of Key Field or . Number of Tracks
ile Designation of Record Address Field at%t:“sX|t for Cylinder Overflow
End of File Record Address Type Number of Extents
Type of File i T
i i Sequence o Ed . Symbolic Name of ape
Line Filename Organization o Device Device m Label Exit Rewind
File Format or Additional Area |8 5 -
al - 8 - File
& ofr « | Overflow Indicator| ¢ L Cylinder Index Condition
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Figure 10-53. Assigning an Overflow Indicator
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In the case where you have specifiedan overflow
indicator and areusing it to condition output lines,
the following steps occur when the overflow line
(end of page) has been sensed:

a Detall linesare printed (if that part of the program
cycle hasnot aready been completed).

Total lines are printed.

Total overflow linesare printed if conditioned

by the overflow indicator.

Forms advanceto the next pageif indicated

by the skip specification on aheading line or

total line.

o]

C.

d

by overflow indicators.

Writing Specifications Using Overflow Indicators

Often you want each page to contain information from
only one control group. (Information from one group
may require severa printed pages, however.) You might
also wish each page to have headingsidentifying the type
of information on the page  For these casesyou need to
use both the control level indicatorsand the overflow
indicators. Together they condition when headings
and/or group information are to be printed.

Headingsand detail linesare printed, if conditioned

A new page should advance either when the overflow
line has been reached (the overflowindicator you assgned
ison) or when thereisachangein acontrol field (L
indicator ison). 'Y ou must specify that each indicator
causesa new page to be advanced by specifyingaskip
to thefirst printingline on apage. If the control level
has changed and the overflow condition hasoccurred at
the same time, it is possibleto duplicate an output line
(one called for by the overflow indicator, the other by
the control leve indicator). A blank page can also appear
inyour report asaresuilt.

Figure 10-55 showsthe coding necessary for printing
headingson every page: fust page, every overflow page,
and each new pageto be started because of achangein
control fields(L2 ison). Line 01 alowsthe headingsto
be printed at the top of anew page(skip to 01) only when
an overflow occurs(OV ison and L 2isnot on).

Line 02 allows printing of headingson the new page
only at the beginning of a new control group (L2 ison).
This way, duplicate headingscaused by both L2 and OV
being on at the same time do not occur. Line 02 alows
headingsto be printed on the first page after the first
recordisread. Thisistrue becausethe first record always
causesa control break (L2 turnson), if control fieldsare
specified on the record. (If thefirst record did not have
acontrol field, another OR line would be necessary with
a 1P entry in columns 24-25)

Figure 10-56 showsthe necessary coding for the printing
of certain fieldson every page askip to 01 (first lineon
new page) isdone either on an overflow condition or on
achangein control level (L2). The NL2indicator in
line O1 preventstheline from printing and skipping
twicein the samecycle.
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Figure 10-56. Printing Fieldson Every Page

Fetching The Overflow Routine

When the overflow line is reached, the same sequence of
eventsalwaystakes place. These were described previoudly.
Briefly, remaining detail lines, total lines, and total over-
flow lines(lines conditioned by the overflow indicator)
are printed on the page even after overflow has occurred.
Therefore, you must leave enough room between the
overflowline and the actual end of page to have room for
dl theselinesto print.

However, you can run into problemswhen you do this.
For example, if a different number of detail or total
linescan be printed each time, you may not have allowed
enough room between the overflow line and the end of
pageto take care of dl total lineswhich will print before
the formsadvance. Therefore, printing isdone on the
perforation. You may also have to allow so much room
between the overflowline and the end of page that often
only half a pageisused

To take care of these problems, you may call for the
printing of overflowlinesand aforms advance any time
after the overflow line has been reached Causing overflow
linesto be printed ahead of the usua time isknown as

fetching overflow. When overflowis causedin this way,
the following events occur:

1  Alltotal linesconditioned by the overflow indicator
are printed.

2  Formsadvanceto new page when askip to Ol has
been specifiedin aline conditioned on an overflow
indicator.

3. Headinglinesconditioned by the overflow indicator
are printed.

4  Thelinethat fetched overflow s printed.

5. Any detail and/or total linesleft to be printed for

that program cycle are printed.

For the printer file, an Fin column 16 on the Output-
Format sheet specifiesthat the overflow routine will be
fetched. An Fcan be specified for any total, detail line,
or exception line except those conditioned by an overflow

indicator.

10-87




Figure 10-57 showsthe use of afetched overflow IBM ——
routine (Fin column 16). Thetotal lines03, 09, and 11 ’ RPG  OUTPUY
can fetch the overflow routine. They do this, however, Date . Punching | Graphic
only if the overflow line has been sensed prior to the program nsnscion [
printing of one of theselines. If the overflow indicator rogammer
isturned on before the output line specified in line 03 is =~
printed and if control level indicator L1 ison, forms advance §$w Skip Output indicators
to the new page as specified by the skipentry in the 3 ‘ I
headingline. The headingline and all total linesare tine Filename S % A An Field Namoe
printed on the new page If, however, the printing of the B ggv Sel T TETTE
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3,  Theline specifiedin 09 fetchesan overflow (F in al7| fol BRGRRR L1 B
column 16) and causes the heading line and dl ol |°
total lines(09, 11, 13, and 15) to print on the new oy Z TiF |1 L1 .
page. T Tl 11 L]

If the output lines specifiedin 09 fetched overflow, : z Z ATl L1
line 13 does not fetch a new page again since the overflow el 1o B i
indicator isturned off after line 09 fetched overflow. 1[s] lo 7l Li1] i
(Remember, aline can fetch overflow only when the o il

overflow indicatorison) Line 11 fetchesoverflow only
if the output line specifiedin 09 causesthe overflow
indicator to turn on.

Y ou should fetch the overflow routine (Fin column 16)
only when you fedl that (1) this line, when printed,
could cause overflow and (2) if it did, there would not
be enough roomeft on the pageto print the remaining
detail and/or total output lines pluslinesconditioned
by the overflow indicator.

Figure 10-57. Usesof Fetch

General Consderations

When using the overflow indicator to condition overflow

Overflow Printing with EXCPT Operation Code printing, remember:

1.  Oveflowindicatorsmay be turned on and off by
the operation codes SETON and SETOF.

Overflow indicatorscannot condition an exceptionline,
but can condition fieldswithin an exception record.
The use of the EXCPT operation code withtheEin
column 15 of the Output-Format sheet causesthefields
to be printed during the time calculationsare being
performed (normally they are printed afterwards). Only

2. Spacing past the overflowline causesthe overflow
indicator to turn on.

the specified fields(identified by an £ in column 15) are 3. Skipping past the overflow line to any line on the
printed at that time. Even though these fieldsare not new page does not turn the overflow indicator on.
printed at the usual time, they still have the same effect

on the overflow routine asdll other lines. If the overflow 4. A skipto anew page specified on aline not con-

line is sensed when an exceptionfieldis printed, the ditioned by an overflowindicator causesthe overflow
overflow indicator turns on as usud. indicator to turn off.
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Figure 10-58 showsthe setting of overflow indicators
during the normal overflow routine and during afetched
overflow routine for both normal output and exception
output. Theleft-hand portion of the graph showswhen
the indicatorsare on or off in relation to the general
programcycle. For example, if, during normal output,
adetail lineis printed on the line number specified as
the overflow ling, the overflow indicator turnson. It
remainson until the end of the next program cycle. The
solid blank linesindicate that the indicator ison. The
dashes are used to show a connection between the end
of one cycleand the start of the next.

PROGRAM CYCLE

For each record that is processed, the RPG 11 object
program goesthrough the same generd cycle of opera-

tions. After arecord isread, there are two different
instances in time when calculation operations are performed
and records are written out. First, al calculation opera-
tions conditioned by control level indicators (columns

7-8) and dl total output operationsare done. Second,

all calculation operations not conditioned by control

level indicators (columns 7-8) and all detail output opera-
tionsare done.
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Figure 10-58. Overflow Printing: Setting of the Overflow Indicator




The first instancein time that calculation operations
are performed, they are performed on information from
recordsread prior to the record just read. The second
instancein time that calculationsare performed, they
are performed on data from the record just read. The
following discussion describesthis concept in more detail.

Whenever arecord isread, acheck ismade tc determine
if information in acontrol field (when one has been
specified) isdifferent from the control field information
on the previousrecord. A changein the control field
information indicatesthat d| recordsfrom a particular
control group have been read and a new group is starting.
When all recordsfrom a group have been read (shown by
control level indicators being turned on), operations may
be done usinginformation accumulated from all records
inthat group. Itisat thistimethen that dl calculations
conditioned by control level indicatorsin columns 7-8
aredone. Total output operations are also performed
at thistime. Remember that information on the record
read at the beginning of the program cycleis not used
in these operations; only information from cardsin the
previouscontrol groupis used.

Calculationsare done at the second instancein time
when one of the following occurs:

1 All total calculationand total output operations
have been completed.

2  Theinformation in the control field has not changed
(no total operations have been done).

3. No control fieldshave been specified (no total
operations will be done).

When any one of these three conditions occurs, d| calcula-
tion operations not conditioned by control level indicators
(columns 7-8) are performed. Detail output operations
are also performed at thistime.

The specific steps taken in one program cycle are shown
in Figure 10-59. Theitem numbersin thefollowing
description refer to the numbersin the figure. A program
cycle beginswith step 1 and continues through step 21.

1 Theobject program performsall specified heading
and detail output operations whose conditions are
satisfied. Thisdoesnot include specificationsthat
are conditioned by the overflowindicator. The
object program also performsatest to determine if
the overflow line wasencountered when heading and
detail recordswere written. If it was, the overflow
indicator turnson. Otherwise, the overflow indicator
turns Off.

2  Theprogramteststo seeif the LR indicator ison.
If itis the program branchesto step 14.
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10.

11

12,

13.

Theobject program teststhe halt indicators. |f
the halt indicators are off, the program branches
tostep 5

The execution of the programisstopped if the halt
indicatorsare on. Execution may be restarted, how-
ever, by pressing the start key on the Processing
Unit.

All record identifyingindicators and indicators 1P,
LR, L1-L9, H1-H9 are turned off.

The program readsthe next input record. At the
beginningof processing, if it isa multifilejob, one
input record from each fileis read.

The program performsatest to determineif the
record isan end-of-filerecord. 1f an end-of-file
condition has occurred, the program branchesto
step 22.

If end of file has not occurred, the program per-
formsatest to determineif the input recordsare
in the sequence specified for them on the Input
sheet. If the sequenceisincorrect, the program
branchesto step 30. The program also branches
to step 30if nonsequential input recordsare
specified and the record cannot be identified.

The object program branchesto step 25 if matching
fieldsare specified.

The record identifying indicator specified for the
current record type turnson. Data from the current
record typeisnot availablefor processing until

step 20.

The object program performsatest to determineif
acontrol break has occurred (the contents of this
control field are not equal to the contents of a
previoudly stored control field). 1f acontrol break
has not occurred, the program branchesto step 13.

If acontrol break has occurred, the appropriate
control level indicatorsturn on.

If thisisthe fust program cycle, the program by-
passes the calculationsand the output specifications
conditioned by control level indicatorsand branches
to step 16.

If control fields are specified, calculationsconditioned
by control ievel indicatorsand total output linesare
bypassed for all recordsread until the first record
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Figure 10-59. Program Cycle
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24.
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that contains control field information has been
processed. Thisappliesasoto the calculations
specified with an LO indicator.

All calculationsconditioned by control level indi-
cators(columns 7-8 of calculation specifications)

are performed and resultingindicatorsare turned
on or off asspecified.

All total output that is not conditioned by an over-
flow indicator is performed. The program performs
atest to determineif an overflow condition has
occurred. If an overflow condition has occurred

at any time during this cycle, the overflow indicator
turnson.

The program performsatest to determineif the last
record indicator (LR) ison. If theindicator ison,
the program branchesto step 32.

The program performsactest to determineif the
overflow indicator ison. If no overflow indicator
ison, the program branchesto step 19.

The specified overflow output is performed. 1f no
overflow output is specified, and no overflow indi-
cator isused in file description specifications, the
program performsan automatic skip to line 06

of the next pagein the printer.

The MR indicator turnson if thisisamultifilejob
and the record to be processed isa matching record.
Otherwise, the MR indicator turns off.

Field indicators are turned on or off as specified.
Datafrom thelast record read and from specified
look ahead fieldsis made availablefor processng.

Any calculationsnot conditioned by control level
indicators(columns 7-8 of the calculation specifica
tions) are performed, and resultingindicators are
turned on or off asspecified. Processing continues
with step 1.

If only oneinput file is to be processed, the program
continues with step 24.

The program performsatest to determineif the
processingof all the files to be checked for end of

Me has been completed. If not, the program branches

to step 27.

All control level indicators(L.1-1.9), and last record
indicator (LR) areturned on and processing con-
tinues with step 13.

25. The program performsatest to determineif the
sequence of matchingfieldsiscorrect. If the
sequenceisincorrect, the program branchesto
step 30.

26. The program performsatest to determineif more
than onefileisto be processed. If only oneinput
fileisto be processed, the program branchesto
step 10.

27. Thecontentsof the matchingfieldsare compared.
If the contentsare equal, the program branchesto
step 29.

28. The program determinesthe contents of the new
matchingfields.

29, The program determinesthe next file to be processed
and branchesto step 10.

30. Theexecution of the programis discontinued
because of a sequence or record type error.

31. Restart processingafter eliminatingthe error condi-
tion.

32, End of job occurs.

STERLING

The RPG 11 language is able to handle British sterling data.
The use of sterlingdata, however, must be indicated to
the RPG II compiler. Thisrequiresspecia control card
specifications, input specifications, and output-format
specifications.

System/3 can process pence dataonly. Input data,
however, may bein pounds, shillings, pence, and pence
decimals. RPG II automatically convertsthe sterling
amountsin the input field into pence so that processng
can be done. All recordsare punched or printed in pence
unlessotherwiseindicated by certain specifications.

Since sterling requiresthe use of special entriesin three
different types of specifications, each type will be con-
sidered separately. A column by column descriptionis
used However, only those columnsaffected by the use
of sterlingare described. Those that are not described
have the same entries as describedin the main sections.



CONTROL CARD SPECIFICATIONS (COLUMNS 17-20) ]

Sterling Amount : &£ : 15: 10,5
(onedecimal position, unsigned)

Entry Explanation
0 Recordsare only printed, not punched. - % el | 2

@ ° c

£ £ = | 8 £
1 Indicates IBM format. S S|E|S5| &
2 IndicatesBS format.

IBM/IBM 0 15| - 5

Use columns 17-20 to indicate the format in which the
input datais punched on the card. Two formsare available, IBM/BSI 0 15| ¢ 5
IBM or BY, for data recorded on punched cards. These ¢

two formatsalow variationsin the number of card BSI/BS! 0 E 5
columns used for shilliig and pencefields. Asyou read BSI/iBM 0 El -1 s
about entriesin columns 17-20 refer to Figure 10-60

which shows sterling data punched in variousformats. ART, 51798

Figure 10-60. SterlingFormatsfor Punched Output Records

Column 17 (Input Shilling Field)

IBM Two columnsare used in the shillingfiel d
Thefield may contain a number from 00-19.

BS One columnisused in the shillingfield. Be
cause this one column shillingfield may
contain a maximumvaue of 19, there must be

away of representinga two digit number in a
one column field. The following characters
are used to do this:

09 0-9shillings.
& 10 shillings.
A 11-19 shillings. Column 19 (Output Shilling Field)

Seecolumn | 7 for detailson formats.
Column 18 (Input Pence Field)

IBM One columnisused in the pencefield. The Column 20 (Output Pence Field)
following punchesare used to punch pence
datainto the card: Seecolumn 17 for detailson formats.
09 0-9 pence. When using sterling, remember:
-(minus) 10 pence.
& 11 pence. 1  Itispossibleto combine the two formats(see
Figure 10-60). For example, the shillingfield may
BS Onecolumnisusedin the pencefidd. The beinIBM format and the pencefieldin BS format.
following are used to punch pence datain
the BS format: 2  Sterlingfieldswritten on the printer are not in IBM
or BS format. Instead they are dwaysin print
09 0-9 pence. format which consistsof two shilling positionsand
& 10 pence. two pence positionsin addition to a maximum of
- (minus) 11 pence. three decimal positionsand nine pound positions.
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iNPUT SPECIFICATIONS

Columns 1-43

See Chapter 4for information concerningcolumns 1-43.

Columns 44-51 (Field Location)

Columns44-51 are used to indicate thelocation of the
sterlingfield on the card. Entriesin thesecolumnsare
the same for fieldscontaining sterling dataasfor fields
not containing sterlingdata. Keep in mind, however, that
the total length of any sterlingfield before and after con-
version to pence must not be greater than 15 characters.
(The RPG 1I compiler convertsail fieldsto pence) See
Columns44-51 in Chapter 7 for correct entries,

Thefield length includes pounds, shillings, pence, and
decimal positions. The field length must be large enough
toincludeat least one pounds position, but no more than
nine. The number of positionsin the shilling and pence
fields is determined by the type of format used (see Col-
umns17-20in Chapter 3). Figure 10.48 showsthe
maximumsize of sterlingfieldsfor alt formats.

Column 52 {Decimal Positions)

Use column 52 to indicate the number of decimal pos-
tionsin the pencefidd. The maximum number of pos-
tionsisthree. Therefore, you may enter any number from
0 to 3 in thiscolumn.

Columns §3-58 {Field Name)

Use columns 53-58to name your sterlingfield. Remember
that the same name cannot be used for both asterling
fieldand adecimal fiddd. See Columns53-58in Chapter 7
for ruleson forming field names,

Columns 58-62

Columns 59-62 may not be used with sterling fields.

Leave them blank.

Columns63-70

See Chapter 7 for information concerning columns63-70.

10-94

Columns 71-74 (Sterling Sign Position)

We columns 71-74 to indicate the position of thesignin
the sterlingfield. Normally, when there are decimal
positions, the sign iSin the rightmost decimal position of
the pencefield (see Example 1). Thesdgn of thefield
isfound in the rightmost character of the poundsfield,
however, when there are no decimal positions(see
Example 2).

The 9gn need not appear in these standard positions.

In fact, the sgn does not even need to be within the field.
However, the Sgn position, wherever it is, must not only
contain a zone entry but also avalid digit entry to ensure
that the sign position will be recognized.

Enter an § in column 74 when thesignisin the standard
position. However, when the Sgnisnot in the standard
position, enter the number of the record position (1-4,096)
in which the sgnisfound. The number entered must end
in column 74.

Example|: Figure 10.61, insert A showsthat the correct
position of the 9gn when decimalsare used isin the right-
most decimd position of the pencefield. Noticethat the
minus sign combined with a5 (the number in the last
decimal position) punched out asan V.

Fxample 2. Figure10.61, insert B showsthat the correct
position of the sign, when decimalsare not used, isin the
rightmost pound position. Notice that the minussign,
combined with a1 (number in the rightmost pound
position), punchesout asad

OUTPUT SPECIFICATIONS

Columns 1-37

See Chapter 9 for information on columns 1-37.

Column 38 (Edit Codes)

The RPG 1 compiler automatically causes zero suppression
of theleftmost digitsof the shilling and pence fields. How-
ever, if you wish the poundsfield to be zero suppressed
you must specify editing. A Z in column 38 causesthe
pound portion of the field named in columns 32-37 to be
zero suppressed, |1t also removesthe sign of the field
beforethefieldis printed.




Sterling Amount:-£21 1:3:11.75 Sterling Amount: -£301:0:9
@ {two decimal positions) (no decimal positions)
- - - "
o < | = 912 =1,
v & s £ « 5 2=
g o _E @ E s © E @ E
€ = © = £ < = Q b
5 3 z s | 8 5 3 z § | 2
u o Py a o e [ 7] o Q
—
IBM/IBM 211 03 ¢ 7N IBM/IBM 304 00 9
IBM/BSI 211 03 - 7N IBM/BSI 304 00 9
BS1/BSI 211 3 - 7N Bsi/Bst 304 0 9
BSI/IBM 211 3 ¢ /7N BSI/iBM 30.1 0 9
/

A

Sign of the field

Figure 10-61. Sterling Amountsin All Available For mats

Example: After conversion from penceto pounds,
shillings, and pence, the field containing avalue of
001040201 (00104 pounds, 02 shillings, and 01 pence)
is printed as 1040201 if zero suppression has been speci-
fied. If zero suppressionhasnot been specified, thefield
printsout as00104 2 1

Column 39 (Blank After)

See Chapter 9 for further information.

Columns 40-43 (End Position in Output Record)

Use columns40-43 to indicate the end position of the
field on the output record. The formats(IBM or BS)
which were specified on the control card are not used on
printed output. Printed output requirestwo positions
for pence, two positionsfor shillings, from one to nine
positionsfor pounds, and from zero to three positionsfor
decimals. Keepthisin mind so that you are sureto alow
enough room on the record for the entirefield See
Columns 40-43 in Chapter 9 for correct specifications.
For output devicesother than the printer, thelength
required depends on the format used (see Columns 40-43
in Chapter 3).

Sign of the field

\ oo

Column 44

Column 44isnot used. Leaveit blank.

Columns 45-70 (Constantor Edit Word)

If edit code Z isnot used, columns45-70 may be used to
edit an output field. Each edit word used is composed of
three sectionsor fields: the poundsfield, the shillings
field, and the pencefield. When using edit words, you may
use

1. Floating and fixed pound signs.

2. Zerosuppression of the poundsfield.

3. CRand minus(-) symbols.

4. Adgeriskfill.

5. Anampersandto causea blank in the edit word

6.  Any constant information.
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When editing sterling fields, remember: 4,  Zerosin the poundsfield may be suppressed by
putting a zero suppression zero in the edit word.
The shillingsand pencefieldsare alwayszero
suppressed automatically.
1  Anedit word must be enclosed by single quotes.
5. When specifying the floating pound sign, there must
2  Two positions must be allowed for the shillings be at |east one pound field position precedingthe
field in every edit word. Two positions must be shillingsfield and followingthe pound sign.
allowedfor the pencefield.
6.  Adenisk fill, if desired, must be specified by placing
3. Atlesst onecharacter should be inserted between an asterisk in the pounds field. Thiscausesthe
the pounds and shillingsfieldsand the shillingsand poundsfield to fdl with asterisks.
pencefieldsin order to separate them. Any character
except a blank may be used to separate the shillings Figure 10-62 showsvalid examplesof editing a sterling
and pencefields. A comma, however, is permitted field. £ denotesthe pound sgn. S the shilling sign, and
within the poundsfield and a decimal point is d the pence sign. See Editing in this chapter for more
permitted within the pencefield. information on edit words.
RPG OUTPUT - FORMAT SPECIFICATIONS s 1576 77 78 79 80
e e TP 0] LI
eren e [l L L] -
" ’ Eancodes |
] Commes [ Zoro Batances [ N5 [ € |~ T < rmone | o
Fieid Name 5 &nd % " = pn;’; ; ) ; AT Iy g:;sm Sign
1 gg lr:smon ‘z :Ez ﬁ‘;: i ;3' E g : L. Z:‘: Edit | Pasition
g L H I — te 1 4 loM) e | Column 75
*9130 131 f32 33 34 35 36 37 38{}_‘3 40 41 42 43144145 4B 47 4B 49 50 51 b7 (;‘;n;d;‘; (Z:GE:?:XI;);: 60 61 62 63 64 65 66 67 68 69 Y07 72 73 74 UnediIEd Fleld EdItEd FIEId
amolyINTlz 15 BEEERERERREER Flgl I oonoto3 5 7 3
L 1 SRRRN SReiaR !
T lalMow] 11 T hisl '] & 1S bt I S| | 7551604 755 165 4D
Gl lamountt UL a8l b, L | i i 5| | 6754121155 6,754:12:11.55
AMow N T 7.5 || £ 1, ; lﬂl , ' L §| | ©00MO510 £ 4: 5110
ToTAL s [ el s 's| | oexso0e £6:34: 6
roTAL 15 | x| | | o0o0sN0604 *HX55: b3 4
] 15 ' cRrR' s| | oodiz04 £1 13: 4CR
T ' 0021304 £2 13: 4
i i 1 ) | l ; L
ART: 51796

Figure 10-62. Edit Wordsfor Sterling Fields
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Columns 71-74 (Sterling Sign Position)

For printed output records, column 74 must contain an

S if the pencefield isto be converted to pounds, shillings,
and pence beforeit isprinted. 1t may not contain a numeric
entry. If blank, thefieldisprinted in pence.

For punched card or disk output, the same entriesare
used ason the input specifications. An.S isenteredin
column 74 when the Sgnisto appear in the standard
position. When the signisnot in the standard position,
columns 73-74 must contain the number of the column
(2-96) in which the 9gnisto appear.

SUBROUTINES

A subroutineisa routine that is part of another main
routine. A routine is something done over and over
agan. A program can be called aroutine because the
instructionsin a program are done again and again (the
program cycle). A subroutine isa group of instructions
in that main routine (program) which may be done severa
timesin one program cycle.

Sometimesit is necessary to writea program which at
severd points doesthe same operations. Instead of having

to write these instructions every time they are needed, it
iseasier and lesstime consumingif they can be written
just once and then referred to each time they are needed.
Y ou can do this by writing a subroutine which then
consistsof al those operations you have to do at severa
pointsin your program.

Y ou might also have to do the same sequence of opera-
tionsin severa different programs. Instead of writing
these specificationsin each program, you can codethe
operations once asasubroutine. You then includethis
subroutine in asmany different programsasyou wish.

Coding Subroutines

Subroutines are coded and used on the Cal cul ation sheet.
They are entered after al other calculation operations.
Every subroutine must have aname. But no two sub-
routines used in the same program may have the same
name.

Enter the name of the subroutine in Factor 1, and on
the same line enter the operation code BEGSR (line 10 of
Figure 10-63). The subroutine name can be 1-6 characters
long and must begin in column 18 with an a phabetic
character. The remaining characterscan be any combination

Calculation

" operations

s Calculationoperations

in the subroutine

IBM International Business Machines Carporation
H
RPG CALCULATION SPECIFICATIONS
Date Punching Graphic
Program nstruction Punch
\ndicators
I AL
P 5 & And And . . Field 121Z)
Line g § < Factor 1 Operation Factor 2 Result Fidd Length & g ¥
i il s8]
TS HE
21822 2 2 8£7
[+
345578910"121314|5161718192021222324252627%2933313233343638373839‘04\443“45%474849505152535
o1} jeo {
olz| Jc )
ais] |c
04 |
0i6 c |t
-
o6 Jc LT
=
sl7! Je | At
als! e L
ojsi Jc +
vier 1¢iSIR SUBRTNE BEGISR
il cls
1121 clSIR (
2] oISR { L
s Jeisi@ S T
15| {cISIR
g [oiSR Y
17 [c|sk ENMDS|R
+ +

Figure 10-63. SubroutineLines(SR)

10-97




of alphabetic or numeric characters(no specia characters).
Blanksmay not appear between charactersin the name.
Each specificationsline within the subroutine must have
SR in columns 7-8toidentify it asasubroutineline (see
Figure 1863). Thelast statement of the subroutineis
indicated by the operation code ENDSR (see line 17 of
Figure 1863). Factor 1 of the ENDSR statement may
containa name. Thisnameindicatesthe point to which a
GOTO within the subroutine can branch (Figure 10.64).
The subroutine, even though specified last on the
Calculation sheet, may be performed at any point in the
calculation operations. Whenever the subroutineisto be
used, enter the operation code EXSR (execute subroutine).
The name of the subroutineto be used must also be
entered in Factor 2(lines 04 and 08 of Figure 10-65).
Using the EXSR operationisknown as callinga subroutine,

The operation code EXSR causesthe operationsin the
subroutine named in Factor 2 to be performed. After dl
calculation operationsin the subroutine are done, the next
operation after the EXSRis performed. For example, when
the EXSR operation (see line 04 of Figure 10.65 isen-
countered, all subroutine operations(lines 11-15) are done.
Then the operationin line 05 is performed.

Indicatorsmay be used with EXSR codeto condition
when the subroutine should be executed. Any valid indi-
cator may be usedin columns 7-17. If noindicatorsare
used, the subroutineis alwaysexecuted.

All possible RRG 11 operationsmay be performed within
asubroutine. Operations within the subroutine may be
conditioned by any valid indicator in columns 9-17 (see
Figure 10.65). Since SR must appear in columns 7-8,
control leve indicatorscannot be used in these columns.

IBM

International Business Machines Corporation

RPG CALCULATIONSPECIFICATIONS

Date Graphic

Punching

tnstruction | p

Program. o

Programmer.

indicators

Line And  And Factor 1 Operation Factor 2

Result Fielc

... Calculation operations

| . Calculationoperations

Factor 1 of the ENDSR statement contains

aname to which the GOTO statement

in the subroutine can branch.

5
e L
g3
[
BEE
213313 | |35 | |3
3 &4 siely siohoftpalislialisiieinzfie 19 20 21 22 23 24 25 26 27128 29 30 31 327133 34 35 36 37 38 39 40 41 42}43 44 a5 46 4
ol fc
ofz| |c
a3} {c ‘
oia; lc 7 o IR I S
ols! fe I.a—-—"“"
ols| Jc
0l7] |lc
ORE 1
olo| lclsR swBRITINE | | |8E6ISR _
110} [ciSIR 4
11} [c|SIR S‘
12 sl l1ig G0l
1130 [c|SIR $
1] fclsid END
1181 |c
¢
¢
[
¢
¢ i
L

Figure 10-64. Subroutines(ENDSR)
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Figure10-65. Subroutines(EXSR)
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This meansthat individual operationswithin the subroutine
cannot be conditioned by acontrol level indicator usedin
columns 7-8. However, entire subroutines can be condi-
tioned by control level indicators. Thiscan be done by
using the control level indicator with the EXSR operation
(seeline 08 of Figure 10.65).

Fields used in the subroutine may be defined either
insde or outside the subroutire. |n either case, they can
be used by both the main routine and the subroutine.

Y ou may use as many subroutinesin your main program
asyou wish. However, you cannot write a subroutine
within a subroutine. This meansthat within one sub
routine you cannot have the BEGSR and ENDSR operation
codes. One subroutine may call another subroutine,

however. In other words, within a subroutine you may
have an EXSR operation (Figure 10.66).

Subroutines need not be defined in the order in which
they are usad. However, you must make certain that each
one hasa different name and a BEGSR and ENDSR
operation code.

When you use aGOTO statement in a subroutine, you
may only branch to another statement in that same
subroutine. Branching(GOTO) to astatement in another
subroutine or outside of asubroutine causesan error
condition. You cannot use aGOTO from outside the
subroutine to astatement within the subroutine either.
Figure 10.67 showsthe correct use of GOTO and TAG
within a subroutine.

Form X21-9083

I BM Internationsl Business Machines Corporation Printert U A,
RPG CALCULATION SPECIFICATIONS
12 75 76 77 78 79 80
P [ ] { { ]
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Resulting
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LiEd El<
5ES g% Laokup
ElE3]s M = ajz
cj8 =2 # Z Table (Factor 2) is
High | Law {Equaf
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04 [ ?
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ol7] lcIS|R One subroutine may call another
subroutine. Here subroutine A
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c
<
C
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Figure 10-66. Subroutines: Calling Another Subroutine
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Use of One Subroutinein Many Different Programs 1.

When you wish to do the same operations in many different
programs, you may use a subroutine to eliminate duplicate

coding in each program Merely code these operations 2.
once, punch them on cards, and use this subroutine deck

aong with your main program deck.

Whenever you code a subroutine to be used in severd
different programs, remember:

When you call the subroutine in your main program
(EX SR operation code), you must use the correct
name of the subroutine in Factor 2

All fieldsthat will be used both by the subroutine
and the main routine must be hamed the samein
each routine, For example, if both the main routine
and the subroutine used data from the field called
COST on the input card, that field must be named
COST in both routines. Keep in mind that the
COST fidd adso hasthe same characteristics(length,
decima positions) in both the main routine and the
subroutine.

IBM international Business Machines Corporation Farm X21-9093
Printed in ULS.A,
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Figure 10-67. GOTO and TAG Within a Subroutine
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ADD (add) 10-49
Add arecord 9-2
Addingrecordsto files 4-14
Additional input/output area 4-8
ADDROUT files
column 32 (file organization) 4-8, 4-10
definition of 4-6
disk addresslength 4-7
extension code 4-11
file description chart 4-23
processingby 4-5
record addresstype 4-7
Alternate collating sequence
column 26 (alternate collatingsequence) 3-4
control cardentry 3-4
exampleof 10-4
generd information 10-1
specificationsfor 10-1
AND relationship
calculation sheet 8-2
input sheet 7-6
output-format sheet 9-6
Arithmetic operations  10-49
Arrays
building arraysvia caculations 10-10
calculation specifications 10-12
compilationtime 5-1, §-2, 10-4
decimal positions 5-8
definition 10-4,10-6
editing 10-13
end of array 5-2
execution time 5-1, 5-2, 10-4
extension code 4-11
extension sheet chart 5-9
indexing 10-11
length of entry  5-6
loading
considerations 5-2
viainput specifications 10-7
with more than oneinput record 10-9
with oneinput record 10-8
lookup
generd information 10-13
specifications 10-65
starting at a particular item 10-70
name
file description sheet 4-2
extension sheet 5-2,5-3
rules for 10-11
number of entries per array  5-5
number of entries per record 5-5
output-format specifications 10-13
packed or binary format 5-8
related arrays 5-9
sequence 5-8
XFOOT 10-13

BEGSR (begin subroutine) 10-72

Index

Binary field operations 10-60
Binary fields
extension sheet 5-8
input sheet 7-8
output-format sheet 9-17
BITOF (set bit off) 10-60
BITON (set bit on) 10-60
Blank after 9-15
Block length 4-4
Blockingrecords 4-4
Branching operations 10-136

C-character 7-6
Cdculationindicators 8-2, 8-7, 8-16, 10-39
Calculation specifications 8-1
Card arrangement in sourcedeck 1-4
CHAIN (chain) 10-76
Chained fies
examples 10-78
fiedescriptionentry 4-3
general information 10-76
Character structure 10-25
Combinedfiies 4-2
Commas (see Editing)
Comments 2-3
COMP (compare) 10-58
Compareand testing operations 10-58
Compiling 1-1
Conditioningindicators
calculation sheet 8-7
output-format sheet 9-4
Consecutive processing 4-6
Console (printer-keyboard)
considerations 4-12
devicenames 4-11
fiedescription chart 4-25
Constant or edit word 9-17
Constants, output-format sheet 9-17
Control bregk 7-10 (seedso Control fields)
Control card specifications 3-1
Control fields
assigningon input sheet 7-10
split 7-13
Control level indicators
assigningon input sheet 7-10
calculation sheet entries 8-2, 8-16
field record relation, used as  7-18
output-format sheet 9-4
SUMMARY 10-38
Coresizeto compile 3-2
Coreszeto execute 3-2
Cylinderindex in core 4-13
C/ZID 16

D-digit 7-6
Datefield
UDATE 9-10
editingof 10-26
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DEBUG (debug)
control cardentry 3-3
general information 10-83
operation codetable 8-14
specifications 10-84
Decimal positions
calculationsheet 8-13
extension sheet 5-8
input sheet 7-9
Defining an alternate collating sequence 10-1
Demandfiles
file descriptionentry 4-2
(SeeFORCE)
Detail records 9-2
Device
console, considerations 4-12
file description entries 4-11
printer, considerations 4-12
printer keyboard considerations 4-12
Digit, charactersgrouped by 10-25
Direct files
addition to 4-22, 10-78
generd information 4-10
loading 4-22,10-78
processing methods 4-22
Disk file
organization (see File organization)
processing (see Processing methods)
Display files
example 10-78
filedescriptionentry 4-2
general information 10-76
DIV (divide) 10-53
Domesticformat  3-3
DSALY (display) 10-76
Dual carriagefeature 4-12

Edit codes (see Editing, edit codes)
Edit words (see Editing, edit words)
Editing
edit codes
column 38 (edit codes) 9-15
effect oninverted print 3-3
examples 10-27
general information 10-26
table 10-26
edit words
columns45-70 (constant or edit word) 9-17
considerations 10-28
examples 10-28
formatting of 10-28
general information  10-28
output-format sheet entries 9-17
printer spacingchart 10-29
general information 10-25
sterlingfields 10-95
End of file 4-4
End position in output record 9-15
ENDSR (end subroutine) 10-72
Exception records 9-2
EXCPT (exception) 10-72
EXSR (execute subroutineg) 10-72
Extension chart 5-9
Extension code 4-1t
Extension specifications 5-1
Extents, number of 4-18

External indicators
assigningon file description sheet 4-18
field record relation, used as 7-18
output indicator, usedas 9-4
summary 10-39

Factor 1 8-11

Factor 2 8-11

Fetching the overflow routine
generd information 10-87
output sheet entry 9-3

Field
length 8-13
location 7-8

name, input sheet 7-9
name, output-format sheet 9-10
Field indicators
assigningon input sheet 7-23
summary of use 10-35
Field record relation  7-18
File addition 4-14
File condition 4-18
File description charts  4-19
Filedescription specifications 4-1
Filedesignation 4-2
Fileformat 4-4
Fileorganization
direct files 4-10
file description sheet entries 4-8
indexed files 4-8
sequential files 4-10
(see dsofile description charts)
File organizationor additional I/O area 4-8
File processing (see Processing methods)
Filetranslation tables
column 43 (file trandation table) 3-5
control card entry 35
exampleof 10-31
generd information 10-31
specificationsfor 10-31
Filetype 4-2
Filename
extension sheet 5-2
file description sheet 4-2
input sheet 7-2
line counter sheet 6-2
output-format sheet 9-2
First pageindicator
assigning on output-format sheet 9-4
summary 10-38
Fixed dollar sign 10-28,10-30
Fixedlength format 4-4
Floating dollar sgn  10-28, 10-31
Flowchart, RPG programcycle 10-91
FORCE (force) 10-72
From filename 5-2
Function of RPG1I 1-1
Form length 6-2
Form type 2-2
Formatting edit words 10-28
Forms positioning 3-5

GOTO (go to) 10-61

Hdf adjust 8-15



Halt indicators
assigningon input sheet 7-5
calculationsheet entries 8-7, 8-16
fidld indicator, used as 7-23
field record relation, used as  7-18
output-format sheet entry 9-4
summary and example 10-36
Headingrecords 9-2

Indexed fies
additionto 4-14
generd information 4-8
loading 4-15, 4-20
processing methods 4-15, 4-20
Indicators
calculationsheet 8-2, 8-7, 8-16, 10-39
conditioning
caculationsheet 87
output-format sheet 9-4
control level
assigningoninput sheet 7-10
calculation sheet entries  8-2, 8-16
field record relation, used as  7-18
output-format sheet entry 94
summary 10-38
external

assgning on file description sheet 4-18

field record relation, used as  7-18
output indicator, usedas 94
summary 10-39
field
assigningon input sheet  7-23
summary of use 16-35
field record relation 7-18
fileconditioning 4-18
fiedescriptionsheet 4-18
first page

assigning on output-format sheet 9-4

summary 10-38
generd information 10-34
halt
assigningoninput sheet 7-5
calculationsheet entries 8-7, 8-16
fiddindicator, used as 7-23
field record relation, usedas 7-18
output-format sheet entry 9-4
summary and example 10-36
input sheet 7-5, 7-18, 7-23
last record
calculation sheet entries  8-2, 8-16
summary 10-39
level zero (LO)
assigning on calculation sheet  8-2
summary 10-39
matchingrecord
assigning matching fiel ds (M1-M9)
calculationsheet entry 8-7
field recordrelation, usedas 7-18
general information 10-38
output-format sheet entry 9-4
output-format sheet 94, 10-39
overflow
calculation sheet entries 8-7, 8-16
examples 10-86, 10-87, 10-88

fetching the overflow routine 10-87

file description sheet entry 4-11
generd information 10-84

output-format sheet entry 9-4, 9-6
relation to programcycle 10-89
summary of use 10-38
record identifying
fidd record relation, used as 7-18
assigningoninput sheet 7-5
summary and examples 10-35
resulting
calculation sheet entry  8-16
summary 10-35
summary chart 10-35
Input files 4-2
Input/output areas 4-8
Input specifications 7-1
Inquiry support, RPG II 34
Inserting new records 4-14
Inverted print  3-3

Key field
definition 4-8
length 4-7
starting location  4-11

LO indicator
assigning on calculationsheet  8-2
summary 10-39
Last record indicator
calculation sheet entries  8-2, 8-16
summary 10-39
Leading zero suppresson 3-5
Length of
key field 4-7
record addressfield 4-7
tableor array entry 5-6
Level zeroindicator
assigningon calculationsheet 8-2
summary 10-39
Line 2-1
Linecounter specifications 6-1
Line number
codinglines 2-1
number of lines per page 6-2
overflow line 6-2
Listing options  3-2
Literals 8-11
Logic, RPG program cycle 10-89
LOKUP (lookup)
examples 10-66, 10-67
general information 10-64
referencingthe tableitem found 10-70

starting the search at a particular array item 10-70

withan array 10-65
with one table 10-65
with two tables 10-65
L ook ahead fields
examples 10-40, 10-47
input sheet entries 7-6
specifications 10-46
useof 1040
Lookup operation (see LOKUP)

Machinerequirements 1-2
Matchingfields 7-14
Matching record indicator
assigning matchingfields(M1-M9)
calculation sheetentry 87

X-3




field record relation, used as 7-18

general information 10-38

output-format sheet entry 9-4
Maximum number of volumes(extents) 4-18
MFCU (multi-functioncard unit)

fiedescriptionchart 4-24

device names 4-11

printingon cards 9-15
MHHZO (movehigh to high zone) 10-58
MHLZO (movehi gh tolow zone) 10-58
MLHZO (movelow to high zone) 10-58
MLLZO (movelow to low zone) 10-58
Mode of processing 4-5
MOVE (move) 10-54
MOVEL (moveleft) 10-56
Moveoperations 10-53
Movezoneoperations 10-58
MULT (multiply) 10-52
Multifileprocessing

matchfields 1049

no matchfields 10-47
Multi-function-card unit (see MFCU)
MVR (moveremainder) 10-53

Negativenumbers 10-25

Normal collating sequence 10-1

Not, input sheet 7-6

Number, record types 7-4

Number of entries per record 55
Number of entriesper table or array  5-5
Number of extents 4-18

Object program identification 2-3
Object program output  3-2
Operation codes
calculationsheet entry  8-13
general information 10-49
summary chart 8-14
(seeindividual operation codes, such asADD, MULT, Z-ADD)
Option, record type 7-5
OR relationship
calculation sheet 8-2
input sheet 7-6, 79
output-format sheet 9-6
Order of record selection, match fields  10-49
Output files 4-2
Output-format specifications 9-1
Output indicators 9-4
Overflow indicators
calculationsheet entries  8-7, 8-16
examples 10-86, 10-87, 10-88
fetching the overflow routine  10-87
fife descriptionsheet entry  4-11
general information 10-84
output-format sheet entry 9-4, 9-6
relationto programcycle 10-89
summary of use 10-38
Overflowline 6-2

Packed or binary field
extensionsheet 5-8
input sheet 7-8
output-format sheet 9-17

PAGE 7-9,9-10

Page numbers 2-1

*PLACE 9-10

Primary file 4-3

X-4

*PRINT 9-10,9-12
Printer
device names 4-11
dual carriagefeature 4-12
fiedescriptionchart 4-26
Printer-keyboard(see Console)
Printingon cards 9-15
Processing methods
consecutive 4-6
directfieload 10-78
random by ADDROUT file 4-3, 4-6
random by key 4-7, 10-77
random by relativerecord number 4-7, 10-77
sequential by key 46
sequential withinlimits 4-6
Program control of input and output 10-72
Program cycle 10-89
Progtam identification 2-3
Program listing 3-2

Random processing
by ADDROUT fie 4-3,4-6
by key 4-7,10-77
by relativerecord number 4-7, 10-77
using chainoperation 10-77
Record addition 4-14
Record addressfiles
definition 4-3
extensioncode 4-11
extension sheet entries 5-2
format of records 4-7
key field length 4-7
located on disk 4-23
processing sequential withinlimits 4-6
Record addresstype 4-7
Recordidentification codes 7-6
Recordidentifying indicators
field record relation, usedfor 7-18
assigningon input sheet 7-5
summary and examples 10-35
Recordinsertion 10-78
Recordlength 4-5
Resultfield 8-13
Resultingindicators
calculationsheet entry 8-16
summary 10-35
RPG inquiry support  3-4
RPG program cycle 10-89
RPG source deck, card arrangement  1-4
RPG specification sheets, general information 1-2

Secondary files 4-3
Sequence
checking, input records 7-2
checking, usngM1-M9 7-14
extensionsheet 5-8
file descriptionsheet 4-4
input sheet 7-2
tablesor arrays 5-8
Sequential files
additionto 4-21
genera information 4-10
loading 4-21
processing methods 4-21
Sequential processing by key 4-6
Sequential processing within limits 446
SETOF (set off) 8-16, 10-61



SETON (seton) 8-16, 10-61 loading 5-2

Setting indicators 10-60 lookup 10-64
Short tables 5-6 name
Skipping 9-3 extension sheet 5-2, 5-3
Source deck, card arrangement  1-4 file description sheet 4-2
Source programident  caion 2-3 rulesfor 5-3
Spacing 9-3 number of entries per record 5-5
Split control fields 7-13 number of entries per table 55
SQRT (sguareroot) 10-53 packed or binary format 5-8
Stacker select related tables 5-9
input sheet 7-8 sequence 5-8
output-format sheet 9-3 Tebleor array name 5-3
Sterlingfields TAG (tag) 10-61
control card entries 3-3 TESTB (test bit) 10-60
editingof 10-95 TESTZ (test zone) 10-60
generd information 10-92 Tofilename 5-2
input specifications Total records 9-2
al input sheet entries 10-94 Trandation table and alternate collating sequencecodingsheet 10-3
columns71-74 (sterlingsign position) 7-24 TypeH/D/T/E 9-2
example 10-94
output-format specifications UDATE 9-10,9-12
all output-format entries 10-94 UDAY 9-10, 9-12
columns71-74 (sterlingsign position) 9-19 UMONTH 9-10, 9-12
example 10-96 United Kingdom format  3-3
SUB (subtract) 10-49 Unprintablecharacter option 35
Subroutines Updatefiles 4-2
columns7-8, calculationsheet 8-2 example 10-78
examples 10-97, 10-98, 10-99, 10-100, 10-101 UsngRPGII 1-2
generd information 10-97 UYEAR 9-10.9-12
operation codes 10-72
using one subroutine in different programs 10-101 Volumes, number alowed 4-18
Tablefiles World Trade format  3-3
compilationtime 5-1, 5-2
decimal positions 5-8 XFOOT (crossfoot) 10-53
definition 4-3
end of table 5-2 Z-zone T7-6
execution time  5-1, 5-2 2-ADD (zeroand add) 10-49
extensioncode 4-11 Z-SUB (zero and subtract) 10-52
extension sheet chart 59 Zerosuppression 3-5
length of entry  5-6 Zone, charactersgrouped by 10-25
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READER'S COMMENT FORM €21-7504—0

Y our answers to the questions on this sheet will help us produce better manuals for
your use. If any of your answers require comments, or if you have additional
information you think would be helpful, please use the space provided. All comments
and suggestions become the property of I1BM.

Yes No

1. Isthe manual easy to read?

2. Isany of theinformation unclear?

3. Isadditional information needed?

4. Isany of theinformation unnecessary?

5. Didyou read the Preface?

6. Did you use the Table of Contents?

7. Did you use the Index? *

8. Did you take the tests? *

. #* Not included in al manuals
9. How did you use the manual:

Instructor in a class
Student in aclass
X Reference material
‘ Self-Training
Other (Explain)

Have you had previous computer or programming training?

What is your present job?

What businessisyour company engaged in?

COMMENTS

# Thank you for your cooperation. No postage necessary if mailed in the U.S.A.
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Note: Please direct any requestsfor copiesof publications, or for assistancein usng your
IBM system, to your IBM representativeor to the IBM branch office serving your locality.
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