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This manual serves as an introduction to the MEMOREX RPG II

System. It opresents a general description of the report program
generator and the various specifications that compose its unique

programming language.

Section 1 provides a system overview, reviews the types of
specification sheets, and discusses the overall performance of
the system.

Sections 2 through 8 deal with the use of RPG II°s programming
language. Each section is devoted to one type of specifications
sheet and the coded information that is to be specified on it.

Appendices A _through C provide a detailed flowchart of the
Memorex RPG II system, supplementary reference tables, and

definitions of RPG II terminology.

Appendix D contains a formula for computing block lengths, while

Appendix E describes RPG II subroutine linkage and the parameters
for special files.

Control Language Statement considerations and examples appear in

Appendix F. Further information on this subject appears in

gigorgxd publication 2200.004: Control Language Services—
ended.

Appendix G contains an explanation of the error message format
and lists the error messages by the overlay in which they appear.

Appendix H describes the operational environment for the RPG II
compiler and gives the operator options in response to error
conditions.

Future releases of the RPG II Reference Guide will include these
additions:

e A sample program and programming tips.

e Coding examples for tables and arrays, indicator
assignment, and outyut features.

Memorex brochure 2282.003, RPG II1 Reference Summary, provides a
condensed version of the information found in this manual.
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PAGE 1

SECTION 1. INTRODUCTION

RPG_II OVERVIEW

MEMOREX RPG II is a report program generator which consists of a
unigue symbolic programming language and a compiler which
translates that language into machine instructions. The System
executes as an application under control of the Memorex Operating
System (MRX/0S).

MEMOREX RPG II is a straightforward system that is readily
adaptable to most programming situations and capable of managing
complex problem situations efficiently. The System is designed to
assist the programmer in organizing job requirements to handle a
nunber of important functions with minimum effort. Through simple
language entries on specially designed coding sheets, the
programmer can use RPG II to perform extensive calculations; to
design routines which handle tables and arrays simultaneously; to
create tape, disc, punched-card or console files; to update
existing disc files; and ultimateiy to generate reports that are
tailored to a wide variety of user applications. Because of its
complete flexibility, RPG II can thus be used for almost any
business data processing application. :

An RPG IT spplication is accomplished in three job stages:

Analysis
Compllation
Execution

During _ the Analysis Stage, the programmer is involved in
organizing his information and determining the information that
is to be generated. He decides what input data, output format,
and calculations are necessary, and codes the information he has
gathered 1in symbolic programming Ilanguage. In this manner, he
creates the source program, which is then punched into cards to
form the source program deck.
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Figure 1-1. RPG II System Processing Overview.
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In the Compilation Stage, the compiler translates the source
program -dec into machine language instructions. Much of the
program detail implied by the programmer is actualli added by the
compiler; the compiler, for instance, assigns the proper disc
storage areas and creates routines for such functions as
input /output control. At the end of the compilation process the
object program that has been generated is ready for the Linkage
Editor to prepare it for load module execution of the
programmer ‘s instructions.

It dis during the +third stage, the execution of the object
program, that the newly generated machine language instructions
manipulate information from the data input files to produce
outgut files and reports. In this stage calculations are
performed; new files are created on disc, tape, punched cards, or
the console; existing disc files are updated; information is
merged for various purposes; and single or multiple reports are
generated. (See Appendix A for a detailed flowchart of the object
program cycle.)

This three-stage approach to report gereration assists the
programmer 1in concentrating on each individual area of activity.
The special ngrogramming language increases source program code
efficiency a the automatic compiler interpretation frees the
ﬁmnurammer from delving into _detailed machine langusge logic.
IEMOREX REG II is a versatile, easy-to-use method of report
program generation.

Analysis of the three stages shows that each can be further
subdivided into chronological steps. Figure 1-1 disgrams the
seven operating steps in the three stages and shows the easy,
rnatural flow of the entire process from the program design (Step
1% to the generation of multiple reports and the output files
(Step 7). The steps are described in more detail below.

STAGE ONE: ANALYSIS

Step 1 — The programmer analyzes the job requirements
and organizes all available information.

Step 2 - The programmer codes the job requirements on the
proper RPG 11 specifications sheets:

Control Card and File Description
Extension and Line Counter

Input

Calculation

Output-Fomat
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Step 3 - The data is transferred from the specifications
sheets 1o punched cards. Each line of a
specification sheet is punched onto one card,

3ndkthe completed cards form the source program
eck.

STAGE TWO: COMPILATION

Step 4 - Either the source program deck is placed in a
card-reading device and read into computer
storage, where the compiler prograr translates
the source program into the object program
under control of the MEMOREX System; or the deck
is put in & source library and read from the library
by the compiler. 7The resulting object program contains
all the mechine instructions required to produce the
output files and reports, but nust be linkedited
before its actual execution.

Step 5 -~ The programmer corrects errors and the program is
recompiled until all serious errors are eliminated.
The object program is then stored on the disc as a
relocatable object module, ready to be linkedited.
The linkage editor then ties together all subroutines
required by the program. When this has been accon-
plished, the object program is ready for execution.

STAGE THREE: EXECUTION

Step 6 - The load module is read into computer storage and
executed. Under control of the load module, the
System reads and processes data from available
input files specified by the programmer.

Step 7 - The processed data is moved into the specified
format by the load module and punched into cards,
written on disc, printed in the form of one or more
reports, or written to the console.
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STAGE ONE: ANALYSIS

As Figure 1-1 shows, the Analysis stage of the System comprises
three steps: organizing the requirements, coding the
specifications, and punching the source cards.

STEP 1 — ORGANIZING THE REQUIREMENTS

The first step in the process of generating output files or
reports 1is to organize the Jjob requirements. The programmer
identifies the information which is to be output and the format
it is to take, selects the input fields he can use, and
determines the calculations which must be periormed to generate
the remainder of the output information. He also decides whether
the information is to be generated on punched cards, disc,
printed pages, or the console, and identifies the necessary
system devices to be used. A chart showing the flow of
information through the various calculations and decision
functions may be helpful in analyzing output requirements.

After the programmer has determined his requirements and the
sequence in which they are to be performed, he is ready to
transfer the information to the RPG I1I Specifications Sheets. The
specifications sheets deal with seven distinct areas of
information, some of which 1is mandatory and some of which is
optional. The sheets are designed to guide the programmer in
gatﬁering information and coding the language with a minimum of
work.

STEP 2 - CODING THE SPECIFICATIONS

MEMOREX RPG II  programming language 1is coded on five
specifications sheets. Collectively the specifications sheets
provide the programmer with forms for coding his source
information. Individually each form deals with a distinct area of
concern such as the input to be used, the format of the output,
or calculations that are to be performed. Each specifications
sheet listed below is discussed in detail in its own section of
this manual.
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The Control Card and File Description Specifications Sheet
serves a dual function. The control card section provides
the compiler with pertinent information about the source
program and the system being employed. The file description
portion describes the organization and characteristics of
the input and output files required by the object program.

The Extension and 1Line Counter Specifications Sheet also
contains two types of specifications. The extension section
describes the record address files, tables, and arrays
required in the job. The 1line counter lines associate
channel numbers of the printer carriage control with report
lines of printer reports so that they can then be output to
the disc, instead of the printer.

The Input Specifications Sheet identifies the input records
and defines the fields contained in each record type.

The Calculation Specifications Sheet details any arithmetic
processing or data manipulation that is to be performed on
the input data.

The Output-Format Specifications Sheet describes the type of

data that is to be written or punched and specifies its
arrangement.

STEP 3 - PUNCHING THE SOURCE PKROGRAM DECK

The final step 1in +the Analysis Stage occurs after the
specifications sheets coding has been completed. The sheets are
arranged in a specified order and submitted for keypunching. Each
line of data is transferred to one punched card. When all the
coded specifications sheets have been converted to punched cards,
the cards are put 1in order to form the source program deck
(Figure 1-2). Since a source program does not necessarily require
that all the specifications sheets be coded, those corresponding
pagts gg the source deck that may optionally be included are
indicated.

The creation of the source program deck concludes Stage One of
RPG II System generation.
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STAGE _TwOs: COMPILATION

In Stage Two, the emnphasis shifts frorn the language to the
compiler that converts the source program deck into machine
language instructions (Figure 1-3).

The Compilation Stage of the report generator is divided into two
steps: compiling the source program, and linkediting the
translated program for executior as a load module.

STEP 4 - COMPILING THE SOURCE. PROGRAM

The RPG II compiler contains approximately 2°9,00C instructions
plus object time subroutines, data managenent routines, tables,
and buffers. 7The compiler is designed for batch processing, and
uses a two-pass mode of operation: scan, and code generation. It
consists of one resident module, which is the executive routine;
and four main phases with fifteen overlays.

To understand the way the compiler works, the six divisions
within the compiler nust be examined. The executive routine
contains the input/output interfaces, table lookup routines, and
other common subroutines. It 1is the primary section of the
compiler and is always present in computer storage during
compilation. The other five parts are called phases. They are the
Syntax Phase, the Table erflow Phase, the Code Generation
Phase, the Code Formatter Phase, and the Cross-Reference Phase.

The OSyntax Phase scans the control card, the file descriptions,

and all the other input cards, checking the accuracy of the
source program deck and locating errors in format and content.

The Table Overflow Phase monitors resident field tables and
initiates special passes, when necessary, to correct table

overflows.

The Code Generation Phase does the actual translation, converting
the source program into machine language instructions, and
processing any compile time tables and arrays.

The Code Formatter Phase lists error messages, the source
program, a mnemor map, external references, and entry points;
then completes the compilation activity by writing out the
generated object program in relocatable format.
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The Cross—Reference Phase is optional; it produces a
cross—-reference list of file names, field names, and indicators,
along with their storage locations. The data length and type
(mumeric or alphanumeric) are included for field names.

The minimum mechine configuration required for compiling and
executing an RPG IT program consists of the following:

16K bytes of computer storage (K = 1,024). 8K bytes of
computer storage are required for the compiler and its

- tables, and 8K b%tes are necessary for the Operating System,
including its tables and buffers.

One disc storage unit.

One central processing unit.

4
€«

One operator’s console (printer keyboard).

Any devices necessary to the objecﬁ program, such as a card
reader, a printer, or tape units.

Compilation time 1is a product of machine size and the number of
field names and statements used in the source program.

The size of the source program is not limited in usirng the

MEMOREX RPG II System, but the object program generated during

?oggi%ation is 1limited to 64K bytes of computer storage (K =
] . '

To initiate the process of compilation, the source program deck
is placed in a card-reading device and read into main storage.
Compilation then takes place without further programmer
intervention. The source program instructions are processed
through the four phases of the compiler and an object program is
generat €de.

STEF 5 — PREPARING THE OBJECT PROGRAM FOR EXECUTION

The object program is automatically stored on disc by the System.
Once compilation is completed the System a2lso provides a listing
of the object program and a list of any errors it has detected,
so0 that the programmer can undertake corrective measures. After
corrections are made to the source program, compilation is
repeated until all errors are rectified.

The resulting error-free object program is a relocatable object
module which is suitable for input to the linkage editor. This
module contains exterral references to every subroutine it
requires, so that it can be 1linked automatically with those
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subroutines via the linkage editor. Supplied by the compiler
automatically, the external references consist of fields, entry
foints or program names and include all RPG II subroutines, all
ogic input/output subroutines, and any EXIT or ULABL names 1in
the RPG II program (see Section 7, “Operation Codes").

Stage Two is completed when an error-free object program has been
successfully generated and linkedited. The program is then ready
to be executed as a load module to perform calculations, create
or update files, generate reports, or fulfill other purposes.

STAGE THREE: EXECUTION

The Execution Stage takes care of the last two steps of the RPG
II System: executing the object program, and generating the
desired output. Before the programmer can execute the object
program, it must be read from the disc on which it is stored into
the OSystem, where it can control the System in processing input
data as the data is read in from input files.

STEF 6 — EXECUTING THE OBJECT PROGRAM

RPG II program logic consists of six primary segments:
housekeeping, detail operations, input operations, total

calculations, total output operations, and detail calculations.
The detail operations ~through detall calculations segments
constitute the sic RPG II operating cycle.

Housekeeping tasks are performed prior to System entrance to the
operating cycle. Housekeeping tasks include opening all files to
be wused 1in the program, pre-execution tables and array loading
(after which the files are closed), and first page output.

Detail operations are performed at the beginning of the operating
cycle. Heading and detail records are written and various progran
indicators are set off before the System proceeds to the next
seguent.

In the input operations segment, one input record is read and
identified per cycle. The System selects the appropriate record
(multifile input) for processing.
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HOUSEKEEPING

Open all files. Load pre-execution
tables and arrays. Perform first
page (1P) output.

DETAIL CALCULATIONS

Setmatchingrecordindicator (MR)
on or off. Make selected record
data available for processing.

TOTAL OUTPUT OPERATIONS
Write all total records to disc,

tape, or printer, or punch totals
information into cards for output.

TOTAL CALCULATIONS

Perform total catculations accord-
ing to control level indicators.

DETAIL OPERATIONS

Write heading and detail output,
Turn off record identifying, level,
first page, and halt indicators.

INPUT OPERATIONS

Read, identify, and select a record
for processing. Set on control level
indicators if a control break occur-
red.

Figure 1-4. ObJject Program Operating Cycle.
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In the next segment, total calculations are performed on the
selected record for any control level indicators (10-19, IR)
which are on. Although indicator LO is always on, the others may
be set on either by the programmer, or by a control break caused
by a change in a selected control field. Total calculations are
always dome after each control treak, and again after the last
record has been processed. The operations to be performed in this
segment are dictated by the status of specified control level
indicators. ,

All records conditioned as totals by output indicators are
written in the +total output operations segment. End-of-job

rocessing 1is initiated during this segment if the last record
ELR) indicator is on.

The detail calculations segment includes setting the matching
record (MR) indicator on or off. Data from the record selected
for processing in the input operations segment is made available
as the subject of detail calculations.

STEP 7 — GENERATING THE REPORT

The output of Stege Three is the report designed by the
programer in Stage Ore. The MEMOREX RPG II System helps create
the report by providing, via language specifications sheets, a
means of interpreting and coding the report requirements first
devised the programmer. During compilation, these requirements
are translated into machine language instructions. The final step
in the report generation process is the production of the report
resulting from the programmer’s specifications and the input
data.
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CODING INSTRUCTIONS FOR COMMON ENTRIES

Although each RPG II specifications sheet requires coding
instructions peculiar to the type of specification, certain of

the required entries are common to all the specifications sheets.
These are:

PAGE NUMBER Columns 1-2

LINE NUMEBER Columns 3-5
TYPE OF Y¥ORM . Column 6
COMMENTS . Column 7

PROGRAM IDENTIFICATION Columns 75-80

General rules can be applied in coding these entries for all the
specifications sheets. .

PAGF NUMBER (Columns 1-2)

Entry Description
01-99 Specifications sheets are numbered
sequentially. ~

More than one of each type of specifications sheet, except the
control card specifications sheet, may be used in the course of
coding. the source program. To keep the sheets in the rrover
order, the coded forms must be grouped together sequentially and
arranged by type of specifications sheet in the following order:

Control Card and File Description

Extension and Line Counter

Input

Calculation

Output-Format
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The specifications sheets should then be numbered in ascending
sequence.

LINF. NUMBER (Columns 3-5)

Entry Description
Any number Line numbers are assirned in ascendine
sequence.

Line numbers are preprinted in columns 3-4 of the specifications
sheet for the proyrammer ‘s convenience (the control ecard
p001f109t10n line is always O1). The unnumbered lines below the
rrevrinted numbers can be used for additional lines or to insert
a line between completed 1lines. Column 5 can also be used for
this purvose. The line numbers assirned need not be consecutive,
tut they must be in ascending order.

TYPE OF FORM (Column 6)

Intry Description
I Control Card Specifications Sheet (header
card).
F File Description Syecifications Sheet.
E Extension Specifications Sheet.
L Line Counter Specifications Sheet.
1 Input Specifications Sheet.
C Calculation Specifications Sheet.
o Outpub—Format Specifications Sheet.

Column 6 contains a preprinted letter on all sheets which
identifies the type of srecifications for each line.
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COMMENTS (Columns 7-80)

Entry Description

* (followed Annotation to assist the programmer in
by any char- clarifying the program listing.
acters)

Comments may be inserted in any of the specifications cards by
entering an asterisk in column 7 and any characters in the
remaining columns for programmer notations. The compiler then
rrocesses only the first seven characters on the card, and
ignores columns 8 through &80.

FPROGRAM IDENTIFICATION (Columns 75-80)

Entry | Description

Blank A program identification of RPGOBJ is
assumed.

Valid RPG The program identification should be a

IT name unigque name for the object program.

The program identification can be one to six characters lons. The
comriler rprocesses the name coded on the control card only;
columns 75~-80 are ignored on all other card tyres, but avpear on
the source listinge. The name must bersin with a character from A
to Z. Other characters in the name may be A - Z, O - 9, and the
pound sign (#/), dollar sign ($), or at sisn (@); but no imbedded
tlanks may be used. No special characters are allowed in the
nane.
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SECTION 2. CONTROL CARD SPECIFICATIONS

Each RPG II source program deck must begin with a control card.
The specifications on this card provide the compiler with
information necessary to translate the source program into an
object program. This information is derived from entries on the
control card specifications portion of the RPG I1 Control Card
and File Description Specifications Sheet (Figure 2-1). Since
each source program requires only one control card, a single
coding line is provided on the specifications sheet.

g . Punching Instructions Date_ Page. 1
MEMOREX  RPG Il Specifications sl | L L L | e — °
Punch l l I l I I Program
Control Card
B g z HERN
o - ] MR
. | A
s 18 s 8 ¢ H 1B EME
. w z z elalelz
i & g £ By 8 g < g a8 |2 ] 3325 PROGRAM
§ g a 3 a3 § H H u £ o g 22|y IDENTIFICATION
2| 2 [§ 5 8 = 8 g §§ ] § ¢‘§§
g ¢ |t gz |2 2 = HEEE 83lare
g1 3 |8 g 52 |- 3 % P RN » x|a|2|-
1 2(3 4 5:6[(7 8 9[10]11]12 13 14/15|% 17 18 19 20!21 |22 2} 24 2526 /27 28 29 30 31 32 33;34]33 33 37 38 39 41 142 43 144 45 48167 152 |53 [34[65 (58 87 58 69 80 61 62 €3 64 83 66 87 80 80 70 7t 72 73 74{75 78 77 78 79 80,
[ ! TT T ||!(ll|||(l{(|(((l(|
0ll H
File Description
=T 18
g sl 38 | ’ :
] glu o |8|la%|e 3 3 ol B
M E |95k 1Rl & | § § § z g
| « |7 & iwiSizl 2 @ gg als o WIGH.LEVEL |4 woex & gy
8 g 1§ FILENAME £a|E(810] « w wo &l Ju g DEVICE DIRECTORY |z BUFFER |8 wl PROGRA!
i |t ZlElS glal 8 ] sgi8lEl g | gc B s1ze 8§ wze |2 4 = IDENTIFICATION]
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Figure 2-1. RPG II Control Card and File Description
: Specifications Sheet.

CODING INSTRUCTIONS

Detailed descriptions of the control card entries to be coded on
the specifications sheet are defined below.
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PAGE NUMBER (Columns 1-2)

Entry Description
01 ‘(I‘)ﬁze control card page number is always

More than one of each type of specifications sheet, other than
the control card, may be used in the course of coding the source
program. To keep the sheets in the proper order, the coded sheets
must be grouped according to their +{ype and arranged in the
following orders:

Control Card and File Description
Extension and Line Counter

Input

Calculation

Output~Format

The specifications sheets should then be numbered in ascending
sequence.

LINE NUMBER (Columns 3-5)

Entry Description

01 The control card specification line
is always 01 and is Egpﬁnted in
the specifications s te

TYPE OF FORM (Column 6)

Entry Description

H H identifies the control card
specifications to the compiler.
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OBJECT OUTFUT (Column 10)

Entry Description
Blank The program is saved in the object library.

Any EBCDIC The object grogram is not to be written into
character the object library.

An EBCDIC character entered in column 10 prevents the object
program from being written into the object library for execution.
The disposition of the object program is then determined by
MRX/0OS Control Language Statement cards. If the column is left
blank, the object program will be written to the object library.

STORAGE NEEDED TO EXECUTE (Columns 12-14)

Entry Description
Blank The amount of computer storage needed

for execution is the same as
that required for compilation.

004064 The amount of computer storage needed for
execution is entered when it differs
from the amount of available storage.

The computer storage allotment is made in multiples of 1K bytes
of storage, with K equal to 1,024. The entry must be at least
004. Even when an entry is thought to be unnecessary, careful
consideration must be given to the amount of storage the object
program will require.

DEBUG CODE (Column 15)

Entry Description
Blank If the DEBUG command is specified, it

is to be ignored; no DEBUG operation -
is to be performed.

1 A DEBUG operation is to be performed.
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Two entries are required to perform a DEBUG operation. In
addition to the 1 entered in column 15 of the control card

specifications, the DEBUG operation code should be entered on the
Calculation pecifications Sheet (see Section 7, “Debug
Operation*).
INVERTED PRINT (Column 21)
Entry Description
Blank Domestic format is to be used.
D United Kingdom format is to be
used.
I Furopean Convention format is to
be used.
J Furopean Convention format is to

be used with leading zeros
remaining for zero balances.

The inverted print entry determines the format and punctuation
used for numeric literals, the edit codes used on output, and the
order of the UDATE field (see Section 8, columns 32-37). The
inverted print resulting from the format chosen is shown in

INVERTED PRINT

NUMERIC LITERAL,
PERIOD OR COMMA

EDIT CODES WITH
PERIOD OR COMMA

ZERO SUPPRESSION
TO LEFT OR RIGHT

UDATE SHOWING

0,12

OPTION AS DECIMAL POINT AS DECIMAL POINT OF DECIMAL POINT SLASH OR COMMA
Blank 1234.56 9,876.54 A2 MM/DD/YY
D 1234.56 9,876.54 12 DD/MM/YY
| 1234,56 9.876,54 ,12 DD.MM.YY
J 1234,56 9.876,54 DD.MM.YY

Figure 2-2.

Inverted Print.
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COLLATING SEQUENCE (Column 26)

Entry Description

Blank Normal collating sequence is to
be used.

SorT An alternate collating sequence
is to be used.

The relative position each alphabetic, numeric, and special
character holds in relation to the other characters is called the
collating sequence. When the normal RPG II collating sequence
(Figure 2-3) is to be used, column 26 of the control card
specification is left blank.

EMOREX i
MEMOR Alternate Collating Sequence and Translation Coding Sheet
EPLACES, EPLACES EPLACES, REPLACES [REPLACES;
MRX Max MAX MRX MRX
€ODE | qpprc | ENTRY REPLACED CODE | gpapmic| ENTRY ay:.:cen CODE | . pnic| ENTRY mrkccm cope | MO | ENTRY nsr;ccsn CODE | Gaapmic| ENTRY REPLACED)
[-00000000 00 (00110100 01101000 68 1 oC [11610000 D0
{ 00000101 01 00110101 “;ﬁ 101101001 | 69 11010001 D1
00000010 02 10110 36 [ono1010 (10071110 9E 11010010 02
0000011 03 110111 37 101101033 | - 68 16011111 aF 1
04 11000 a8 (01101100 T % 6C 101 AQ
Mm 11001 _39 01101101 | - 6D lovoooo! A (11010101
100000110 06 11010 KTy (01101110 [ » 6E il 11010110
00000111 07 111011 7 F 1010001 1 [11010111
00001000 08 12100 3c 111 10100100 [hio11000 | @ )
00001001 111101 1110001 16100101 11017001 [ R
| 00001010 ﬁumn %;P __é"m% 10100110 11011010 D
00001011 08 00111111 “3F [o1110011 70100111 1011071
(00001100 [T (01000000 | Biank 11101  TOT01000 AE &
00007707 oD 01000001 111010} 70101001 A9 101
110 OE 01000010 01110110 (10107010 AR 11011110 OF
COOOTTTY F 11 01110111 TOTOT0TY Al 11011111 3]
100 [ort11600° [TOTOTTO0 Ac [y
il 0100010 01111001 7010110 AD 11100001 €1
00010010 (0100071 01111010 TOTOTT AE [+1100010{ & €
00010011 [OT000T1 oNINoNL [ L) Al 11100011 | T E3
60010100 OTO00T a8 01100 | & ki Al B0 [ 11100100 | U E4
700010101 (0100100 a3 [o1in01 7 FTOTTO00 BT | 11100101 | v €5
[00010110 1 & LY Foriing 107 B [Ti100110 [ W
[ 00010111 01001011 [T0T7007 BY 111001 X £7
I 00011000 01001100 | < 4 ] (10110100 84 [11101 Y
[ 00011001 07001101 | | 4 10000001 BY 01 B8 EXIT: Z
00011010 A 01001110 4€ 10000010 87 0110 88 1110101 EA
Q0011011 16 (67007111 | 1 aF | 1 Uy 10110111 BY 1110101 €8
00011100 ¢ TTOT ] I Lisd 70111000 BY [TT701 1 EC
[000TT 01 101 85 [ 10111001 BY [TT101707 €D
(00011110 10000110 By 919 BR [TT101110 EE
00011111 01010011 53 10000111 7 10111011 101111
00100000 01010100 10001000 188 10111100 %E 11110000 F
1 61010101 i3 70001001 89 1011110} B8O [TT110001 F
00100010 [0T010110 L5 1010 BA 10111110 BE IR
[ 00100011 01010111 57 1 LI EIIKEEER] BF EEER]
[ 00100100 i 01011000 59 700011 8C 11600000 fT1110100
00100101 LS 01011061 L 10001101 8D [11000001° [l 161
001001 10 28 01011010 BA 10001110 8E 11000010 c2 i1 Fi
100111_ 27 1011 |_§ 58 (10001111 —BF_ [ 11600011 €3 ikl .
00101000 ;g 01011100 BC [ 10010000 % 171000100 c4 EIREY »
1 [07011101 | 7 122 [10010001 [T10b0101 < i 2
00101010 7R 01011710 BE” 10010010 92 [ 11000110 [TT01¢ z
(00101011 i) DT0TTI11 | = BF [76610011 93 [110007111 ﬁ;
00101100 g 01100000 Y 10010100 94 11001000 | H o
GoToT 10T 70 011060077 o 76010101 | 9% 1001001 v ¥ i
[o010111d z§ 01100010 124 W 96 11001010 :; P %E
00101111 01100011 10010111 7 1100101 1 cB ¥ o
50110000, il ik o1 [ To0Ti560 5 1007700 - <C
00T 3 Forroior T 0511007 Hrotor &5 —g
16910 37 100110 1&@ A [ 11601110, CE_ =
00110011 a3 01100111 10011011 11001111 CF ;iﬁ

Figure 2-3. Alternate Collating Sequence and
Iranslation Coding Sheet

To change the collating sequence, two types of entries must be
made. lirst, an S or T must be placed in column 26 of the Control
Card and File Description Specifications Sheet. These two letters
both cause the collating sequence to be changed, and may be used
interchangeably. Next, the alternate collating sequence must be
coded on the Alternate Collating Sequence and Translation Coding
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Sheet for punching into change record cards. The alternate
collating sequence delineates the changes to_ be made in the
normal collating sequence; it applies only to matching
alphanumeric fields, alphanumeric compare operations (see Section
7T, "Compare and festlng Operations") and sequence checking. An
alternate collating sequence does not affect control levels,
numeric comparisons, or lookup (see Section 7, “Lookup
Operations").

To cause characters to appear in a sequence different from that
used by the computer, or to cause two or more characters to be
considered equal (have the same position in the sequence), the
alternate collating sequence must be punched into change record
cards in the following format:

Positions Description

1-6 ALTSEQ is entered to identify the entry
as one vhich alters the normal collating
sequence.

-8 These positions are left blank.

9-10 The hexadecimal number of the character

whose normal collating sequence is being
replaced is entered (see Figure 2-3).

1112 The hexadeciral number of the character
which is to replace the character
entered in columns 9-10 is written.

13-16, These positions are used in the same
17=-20, manner as positions 9-12. The first two
21-24, positions contain the character to be
etc. replaced. The second two positions

contain the character doing the
replacing. The first blank position
determinés the end of the record. As
many four-position entries may be made
as are necessary to complete the
sequence changes. Additional records
of the same format may also be used.

The change record cards then form the alternate collating
sequence table. The table must be preceded by a beginning record
and followed by an ending record. The preceding record is coded
with **§ in positions 1-3, where Y indicates a blank position.
The remaining positions of the preceding record may be used for
comments or left blank.
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The ending record is coded in one of two ways. If the ending
record 1is the last card in the source deck, positions 1-2 are
coded with /*. If additional tables and arrays other than the
alternate collating sequence table are to be added (see Section
4, "Tables and Arrays"), positions 1-2 are coded with **,

Figure 2-4 shows an_ example of coding for a change in the
collating sequence. All records begin in column 1.

OBJECTIVE: TO CHANGE THE COLLATING SEQUENCE OF “A” TO “Q.”

ENDING RECORD (]
LTSEQ CiDg
P 3 11
CHANGE RECORD 11
rd
PRECEDING RECORD 1"

Figure 2-4. Example of a Change in Collating Sequence.

TABLE LOOKUP (Column 34)

Entry Description
Blank Either no table lookup is used, or

table lookup with sequential search
is to be used.

B Binary search is to be used for
table lookupe. S

If large tables in ascending or descending sequence are used, the
binary search specification (B) saves time; however, space can be
saved by not using the binary search if the tables are small, if
they are rarely used, or if a few entries which will be
referenced often are put at the beginning of the table.
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SIGN PROCESS (Column 40)

Entry Description
Blank Numeric input fields and tables are

to be checked for a valid sign.

N Except for input fields from tape
and disc, numeric input fields and
tables are to be checked for a valid

sign.

S Standard signs are to be provided for
all numeric fields, tables, and
literals, and for packed numeric
output fields.

I Input fields are not to be checked
for valid signs.

v No sign is to be forced on output
fields and output tables.

B Sign forcing is to occur on literals
(see Section 7, “"Literals"), input
from tables, and the MOVE, MOVEL, and
move zone operations (see Section 7,
“"Operation Codes").

Several significant details must be kept in mind when the sign
process specification is used:

On the MRX machines all bit combinations carry valid signs
in arithmetic operations, so that these options are availale
for compatibility with other types of RPG II.

In the blank and N sign process specifications, any invalid
signs are changed to the positive C sign when they are
encountered in numeric input fields.

In the S specification, the standard hexadecimal C is
provided for positive contents, and the hexadecimal D for
negative contents. If a MOVE, MOVEL or move zone
specification contains an alphanumeric field in the factor 2
entry and a numeric field in the result field entry, the
sign of the result field will be either a hexadecimal C or a
hexadecimal D. The factor 2 and result field entries are
thoroughly discussed under the MOVE, MOVEL, and move zone
descriptions in Section 7, "Move Operations.”
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If the factor 2 entry of a MOVE, MOVEL or move zone
specification contains a numeric field and the result field
is alphanumeric and positive, the result field’s si
position is forced to =n F-zone. This also occurs wi
mneric fields which are output in unpacked decimal format.

The I sign grocess specification should be used only by
programmers who are completely familiar with their input
data, since input fields are not checked for a valid sign.
The I specification causes sign forcing on literals, input
tables, output fields, and the MOVE, MOVEL, move zone, and
CHAIN operations (see Section 7, "Input and Output
Programmed Control Operations®) in the same way as an S
entry does.

In the O sign process specification, sign forcing occurs on

. input fields, input tables, literals, and the MOVE, MOVEL,
and move zone operations in the same way as it would if an S
were entered.

The B si rocess specification is merely a combination of
the I andgnd gntries. Y

FORMS POSITIONING (Column 41)

Entry Description
Blank The line corditioned by the 1P indicator

is to be printed only once.

1 The line conditioned the 1P indicator
can be printed repeatedly.

A 1 entered in columm 41 ensures that the printer forms are
positioned properly. Forms positioning applies to the first
cutput line conditioned by the 1P (first ) indicator for
printer files. Each time the line conditiorned by the 1P indicator
is printed the program halts for forms repositioning. The page
count is not incremented until the forms are positioned properly.



SECTION 2 PAGE 10

FILE TRANSLATION (Column 43)

Entry Description

Blank No files are to be translated.

F Input, output, or update files
are to o Lramsiated.

File translation allows the programmer to translate any character
code into another character code. A diff'erent character code used
as input can be translated into the code used internally, or the

code used internally by the MIMOREX system can be translated into
a different code for output.

Column 43 is used only when information contained in an input,
output, or update file is in a form which requires translation.
When file translation is specified for an update file, both the
input and the output portions of the file are translated.

The input and output characters described here are called
exter characters, while the characters used for processing
within the computer are referred to as internal characters.

In the Control Card and File Description Specifications Sheet, an
F 1is entered in column 43 to specify that files are to be
translated. The F indicates one or both of the following:

The external character code used in the input data must be
translated into an internal character form that can be used
by the program.

The output data must be produced in a character code
different from the code used the program.

File translation records must also be punched into cards to
specify the method of translation. All of the individual records
together then form a file translation table, which immediately

precedes the alternate collating sequence table’s beginning card
in the source deck sequence.
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The entries described below must be punched into a card for each
file translation record used in the table. If only certain files

are to be translated, each file must be individually named;

?qyever, a single entry will serve for the translation of all
iles.

Positions Description

1-6 If all input files, all output files,
and both the input and output portions
of all update files are to undergo
translation, *FILES must be entered.
The specifications beginning with
position 9-10 below are then entered.
All files will be translated according to
the translation specifications beginning
in position 9.

1-8 If only certain files are to be
translated, the filename of the specific
individual input, output, or update file
to be transleted must be entered. Both
the input and the output portions of the
update file will be translated.
Specifications are then continued
for each file, beginmning with positions
910 below.

9-10 The hexadecimal equivalent of the
external character is the character that
is to be translated from input data or
for output data.

1M1-12 The hexadecimal equivalent of the
internal character is the character
which internally represents the
external input or output character.

13-16, These groups of positions are used in
177=20, the same way as positions 9-12.

21-24, The first two positions of each group
etc. indicate the character to be translated

into the character named in the last
two positions of the group.

All tables for a single file must be kept together. The file
translation input records must be preceded by a record card with
**¥ punched into positions 1-3. The remaining positions of this
record may be used for comments. The file translation records
nust directly follow the RPG II specifications in the source
program sequence.
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SUPPRESS SKIP TO CHANNEL 1 (Column 47)

Entry Description

Blank A normal skip to channel 1 on the
printer file is to be made.

S A skip to channel 1 at the beginning of
RPG obgect program execution 1s
suppressed.

An entry in column 47 prevents printing from starting on a new
page so that forms can be printed in specific positions.

CROSS-REFERENCE LIST (Column 52)

Entry Description

Blank No cross-reference listing is to be
printed.

X A cross-reference listing is to be
printed.

An X entered in column 52 causes cross-reference listings of
filenames, field names, and indicators to be printed. The
filename and indicator listings include the line on which each
filename or indicator is defined and the statement that
references each of them. The field name cross-reference listing

includes the storage location and length of each field name, the
kind of data it contains (numeric or alphzmumerlc}, the line on

which it is defined, and the statement that references it.

CARRIAGE CONTROL TYPE (Column 53)

Entry Description
Blank Carriage control channel numbers are

used for spacing.

L Line numbers on a page are used instead
of carriage control channel numbers.
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Ii an L 1is specified in column 53 the line counter form should

coliy only the first line and length of the form to be used. A
F P specification in the Output-Format Specifications Sheet
(>cctlon &) then refers to the line numbers.

When an 1L 1s specified in column 53, the generated RPG progran
simulates skips to a 1line. It gets its startine point by an
initial skip to channel O1, and assumes that channel 01 is on
lire 06. All subsecuent spacing is then relative to that startinge
voinbe

Leaving column 52 blank speeds up printine and causes spacing to

be roverned by carriage control tapes. SKIP specifications in the

outmut—-format sheet refer to carriape control channels when the
column is left blank. _

SCOURCIE SLQUENCE CHECK (Column 54)

Entry Description

Blank A full sequence check is to be
performed.

N No sequence check is to be performed.

If no entry is made in column 54, columns 1-5 are to be checlked
for seguence. An N entered in column 54 indicates that columns
1-% are nct to be checked for sequence.

TGHORE ARITHMETIC OVERFLOW (Column 55)

Entry Description
Blank Arithmetic overflow 1s to be indicated.
I Arithmetic overflow is to be ifmnored by

the compiler.

if an I 1is entered in column 5% the compiler ignores any
arithmetic overflow which nay resnlt from calculations and
proce&sinﬂ continues. If column 55 is left blank the compiler

issues a nessage to the console indicating on which line the
overflow occurred before processing continves.
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PROGRAM IDENTIFICATION (Columns 75-80)

Entry Description
Blank A program identification of
RPGOBJ is assumed.
Valid RPG The program identific tion should be
I1 name a unique name for thé object program.

No special characters may be used in the progsram identification.
The first character of the name cannot be one of the following
characters: #, $ or @; it must be a character from A to Z. The
remainin~ characters can be any combination of alphabetic and
nuneric characters. The program identification can be one to six
characters long. Blanks cannot appear between the characters.
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SECTION 3. FILE DESCRIPTION SPECIFICATIONS

A file 1is a collection of related records treated as a single
unit. The records within a file are similar in purpose, form and
contente.

I'ile description information is required for every file used by a
rrorram. This information is entered on the RPG II Control Card
and TFile Description Specifications Sheet (Fipure *-1). A sinrle
line is sufficient for describing each file, and a maximum of 20
file description record lines is permitted for each prosram in a
rartition whose size is 10K or larrer. In a partition smaller
than 10K, a maximum of 10 files is allowed.

MEMOREX = RPG Il Specifications omr mT""TmT L . "
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Figure 3~1. RPG II Control Card and File Description
Specifications Sheet.

TYPES OF FILES

RPG 1T uses five types of files: input, output, update, display,
and combined.
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INPUT FILES

Input files contain records which provide a program‘s source of
data. An input file description in a program indicates that
records are to be read from that file. All input files except
table files and record address files (see "File Designations" in
this section) require additional description on the Input
Specifications Sheet (Section 6). Table files and record address
files require further description on the Extension Specifications
Sheet (Section 4).

OUTPUT FILES

Output files comprise the records that a program writes, punches
or prints. All output files except table and array output files
require further description on the Output-Format Specifications
Sheet (Section 8). See "File Designations® in this section for
additional discussion of table and array files.

UPDATE IILES

Update files are disc files from which a program reads a record,
updates its fields, and rewrites the record in the location from
which it was read. Update files require additional description on
both the Input Specifications Sheet (Section 6) and the
Output-Format Specifications Sheet (Section 8).

DISPLAY FILES

Display files are composed of information gathered from various
fields used by a program. To print a field or record directly
from storage, and to key data into a field or record in storage,
the DSPLY operation code must be entered on the Calculation
Specifications Sheet (Section 7). The only device that can te
associated with a display file is a console (printer keyboard).
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COMBINED FILES

A combined file comprises an input and an output file. A program
reads vrecords from a conmbined file and simultaneously punches
outrut data into the records via the 8025 Card Reader/Punch. The
resulting single file contains both input and outrut data.
Combined files require additional description on both the Innut
and the Output-Format Specifications sheets (Sections 6 and &,
respectively).

FILE DESTIGNATIONS

Six designations are used in RPG II to describe input, outnut,
and update files still further: primary, secondary, chained,
demand, record address, and table and array.

PRIMARY FILES

The oprimary file is the main file from which a progsram reads
records. The program uses the primary file durlng multifile
processing to control the order in which records are selected. A
primary file can be an input or update file, but one and only one
primary file is required for every program.

SECONDARY YILES

All files dinvolved in multifile processing except the rrimary
file are secondary files. Secondary files are processed in the
order in which they are entered on the File Description
Specifications Sheet, and can be input or update files.

CHAINED FILES

A chained file 1is a disc file that is read randomly or loaded
directly via the CHAIN operation code (Section 7). A chained file
can be read or written during detail calculations time or total
calculations time (see Figure 1-4). A maximum of 15 chained
and/or demand files is permitted in each program.
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DEMAND FILES

Demand files can be input or update files, and can only be
processed sequentially. The READ operation code must be used on
the Calculation Specifications Sheet (Section 7) in order to read
from a demand file. A maximum of 15 demand and/or chained files
per program is allowed.

RECORD ADDRESS FILES

A record address file 1is an input file that indicates which
records are to be read from a disc file, and the order in which
those records are to be read. Only one record address file can e
used in a program.

Record address files contain either relative record numbers in
binary format, or record key limits. Those files with record key
limits can be disc or card files, or can be entered via the
console. They are used with indexed files only (see "File
Organization" in this section).

Record address files that contain binary relative record numbers
can only be disc files and can be used only with relative files
(see "File Organization" in this section).

ADDROUT files are a special type of record address file, since
they are produced by the disc sort utility program, rather than
by the RPG II source or object program. Execution of the disc
sort utility program is controlled by the operating system.

TABLE OR ARRAY FILES

A table or array file is a sequential input file containine table
or array entries. Only pre-execution time tables or arrays need
be described on the ¥ile Description Specifications Sheet.

Pre-execution time table or array entries are read into the
program immediately before yrogram execution and are described on
both the File Description Specifications Sheet and the Extension
Specifications Sheet (Section 4). Table and array files are not
involved 1in record selection and processing, since they are used
only as a means of supplying entries for tables or arrays used hy
the, program. When table or array files are read at pre-execution
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time, the program reads all the entries from the table or array
files before it begins record processing.

Compile time table or_ array entries are read into the program
during compilation, and are described only on the Extension
Specifications Sheet (Section 4).

A table or array output file is defined as a2 normal output file

and requires no special entry in the File Description
Specifications Sheet.

FILE ORGANIZATION

File organization is determined by the arrangement of the records
within the file. The three types of file organization are indexed
files, relative files, and sequential files.

INDEXED FILES

Indexed files zre disc files whose record locations are kept in a
separate portion of the file called an index. The index contains
a record key for each record, as well as the record’s location.
The record key contains the information found in the key field of
a record and is used to identify the individual record in the
indexed file. Indexed files must contain fixed-length records,
and must be loaded in ascending record key sequence.

RELATIVE FILES

Relative files are disc files whose records are directly called
by number, rather than by the sequence in which they were loaded.
EFach record 1is assigned a specific place within the file and a
relative record number which identifies its position in the file
in relation to the other records. Before a relative file is
loaded, the disc is automatically cleared to blanks.



SECTION 3 PAGE 6

SEQUENTIAL FILES

A sequential file may be assigned to any device. All files that
are not assigned to disc must be sequential files., In a
sequential file, records are ordered in the same sequence in
which they are put into the file. The first record read always
occupies the first record position, the second one read occupies
the second record position, and so on.

CODING INSIRUCTIONS

Detailed descriptions of the file description entries to be coded
on the specifications sheet are defined below.

PAGE NUMBER (Columns 1-2)

Entry Description
01-99 Specifications sheets are numbered
sequentially.

More than one of each type of specifications sheet may be used in
the course of codin%ethe source program. To keep the sheets in
the proper order, t coded File Description Specifications
Sheets must be grouped together sequentially and arranged with
the other specifications sheets in the following order:

Control Card and File Description
Extension and Line Counter

Input

Calculation

Output-Format

The specifications sheets should then be numbered in ascending
seguence.
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LINE NUMBER (Columns 3-5)

Entry Description
Any number Line numbers are assifgned in

ascending sequence.

lLine numbers are preprinted in columns 3-4 of the specifications
sheet for the programmer’s convenience. The unmumbered lines
below the preprinted numbers can be used for additional lines or
to insert a line between completed lines. Column 5 can alsoc be
used to this end. The 1line numbers assigned need not be
consecutive, but they must be in ascending order.

TYPF OF FORM (Column 6)

Entry Description

F F identifies the file description
specifications to the compiler.

- FILENAME (Columns 7-14)

~ Entry Description
1-8 . The name of the file being described

characters is entered.

A unique name must be assigned to every file the prorsram uses
except compile time table and array files, which are described in
the Extension Specifications Sheet (Section 4). If the filename
is left blank, an error occurs.

The filename must be a valid RPG II name; it may be the same as a
field name. A valid filename consists of one to eight characters.
The first character must be alphabetic; the remaining characters
can be any combination of alphabetic and numeric characters.
Special characters are not permitted. Blanks cannot appear
between characters in the name.
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Pre—-execution time table and array filenames are entered on the
File Description Specifications  Sheet. More than  one
rre—execution time table or array filenmame can be entered for the
same device (see columns 40-46 in this section).

TYPE OF FILE (Column 15)

Entry Description

I An input file is to be used.
o] An output file is td be used.
U An update file is to be used.
C A combined file is to be used.
D A display file is to be used.

The entry in column 15 identifies the way in which the file is to
be used by the program. If the type of file entry is left blanl,
it is considered an error.

Of the four types of files that can be identified, all but the
disrlay file require additional entries on other types of
specifications sheets. Input files (except record address and
table files) require other entries on the Input Specifications
Sheet (Section 6). Record address and tables files used as inmut
files must be 1identified on the Extension Specifications Sheet
(Section 4) as well as the File Description Specifications Sheet.

Outrut files, except table and array files used as output files,
require additional description on the Output-Format
Specifications Sheet (Section 8). Table and array files used as
outyut files are described on the File Description Specifications
Sheet and the Extension Specifications Sheet.

| Update and combined files require additional entries on both the
Input and the Output-Format Specifications Sheets.
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DESIGNATION (Column 16)

Intry Description

Blank A display file or output file (except
a chained output file) is to be
used.

P A primary file is to be wused.

S A secondary file is to be used.

C A chained file is to be used.

R A record address file is to be used.

T A pre-execution time table or array

- file is to be used.
D A demand file is to be used.

The file designation entry in column 16 is a one—character code
which further identifies a file by indicating its specific use by

the program.
Primary and secondary files involve record selection in multifile

processing. For detailed information on primary and secondary
file processing, see "Multifile Processing" in Section 6.

END-OF-FILE CODE (Column 17)

Entry Description

Blank The program can end before all the
records from the file have been
processed.

B The program cannot end until all
records from the file have been
processed.

The end-of-file code applies only to input and update files
designated as primary, secondary, or record address files for
multiprocessing. When column 17 is left blank for all of the
files described, every record from every file must be processed
before the program terminates.
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When matching records are being processed with an E specified for
the primary file, the job ends only after the System has
processed all secondary records that match the last primary
record, or after it has encountered the first secondary record
without a match field.

SEQUENCE (Column 18)

Entry Description

Blank Sequence checking is not to be
performed.

A Sequence checking is to be performed ;
the file records are in ascending
Order >

D Sequence checking is to be performed;
thg file records are in descending
order.

The sequence entry is used to indicate whether or not the program
is to check the sequence of the records. The entry applies to all
update files, and to all input files except chained, demand

record address, table, and array files, for which i% is left
blank. Column 18 is left blank for output and display files.

Sequence checking is required when match fields are used in the
file records (see Section 6, YMatch Fields%). An entry in the
sequence field must be further described in columns 61-62 of the
Input Specifications Sheet (Section 6) via an entry identifying
the match fields which contain the sequence information.

FILE FORMAT (Column 19)

Entry Description

F The records in the file are
fixed-length.

Vv The records in the file are

variable-length.
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Records 1ir an indexed file must be fixed-lensth; i.e., 2ll the
records in an indexed file must be the same length. Tape and
non—-indexed disc files may contain records of variable lengths.
Either I or V must be specified in the file format entry; if it
is left blank, a warnine message is issued and F is assumed.

LENGTH OF BLOCK (Columns 20-23)
Entry Description

Blank The compiler calculates the block
length from the record length and the
file device. If the device is disc
or tape and the record length is 256
or less, the compiler groups_as many
records as possible into a block whose
size does not exceed 256 (see Appendix D).

1-40%6 The length of a block of records is entered.
For all devices except disc or tape, the
length entered must be the same as the lensth
of a record (columns 24-27). For disc or
tape, the length entered may be the record
length or & multiple of the record lenesth
+ 4. If the block lensth entered is the
same as the record length, an optimum
block size is calculated for disc or tape
(see above). If records are variable-length,
the only restriction is that the LENGTH OF
BLOCK entry must be greater than or eaqual to
the LENGTH OF RECORD entry.

RPG II allows block lengths for fixed-lensth records eaual to the
length of a record or a multiple of its length plus 4. Leral
block 1lensths are governed by the type of device assirned to the
file. When the entry is being specified for variable-lencth
records, the block length need not be a multiple of the record
lengths the maximum block 1enpth is entered instead.

All disc and tape records, whether fixed-lensth  or
variable-format, are stored in common stored data format: a
four-byte header precedes each lorsical record. Thus if a record
length were 100, unblocked, the block length would be 104; and if

a fixed-length record had a lensth of 50, blocked 4, the block
lenfth would be 216.

The ©block length actually assumed by the compiler may be
different from the block lenecth specified because of the extra
characters needed for carriage,control_and spooling control. See
Appendix D for more information about assumed block lengths.
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zntries must ve right-justified to end in column 23, and leadinge
zeros are not required. When the block length is the same as the
length of one record, the field may be left blank.

LENGTH OF RECORD (Columns 24-27)
Intry Description

1-4096 Either the number of characters in a single
fixed-length record, or the maximum record
lenzth for variable-lengsth records is
specified.

Colunns 24-27 are used to indicate the length of the records in
the 1file. The maximum record lensth allowed and the size of the
input/output area assirned depend on the tgﬁe of device assismed
to the file. If the entry is left blank an error occurs. If
variable-len~th records are specified in update files, they need
not be the same lencth after updating occurs as they were rrior
to uvndatin~. The records camnot exceed the maximum record lencth
specified, however, after they are updated. (See Appendix D for
information about assumed record lengths.)

YROCESSIHG MODE (Column 28)

Entry Description

Flank The vrocessing mode is either sequential
by key, or consecutive.

L The processing mode is seguential within
limits.

Ll

The processing mode is one of the followine:

Rarndom by relative record number
Random by key

By ADDROUT file

Direct file load

The processine mnode entry indicates the method by which records
are to be read from the file, or that a direct file load (random
load) 1is to take oplace. TFor disc files specified as rrimary,
secondary, or chaired files, the methods possible depend upon the
tyre of file orranization (Figure 3-2). For the other types of
files, consecutive processing is the only possible method.
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PRIMARY AND SEOCONIARY FILE PROCESSING

Organization Possible Methods
Sequential Consecutively.
Relative ; . Bognsecuti:vrnegie.
Indexed Te Seguentially

keye.

2. Sequentially B{thin limits.

3. Randomly key (via record
address file or chaining).

CHAINED FILE PROCESSING
Organization Possible Methods
Relative Randomly by relative record number.
Indexed | Randomly by key.

Figure 3-2. Possible Disc File Record Retrieval Methods.

LENGTH OF KEY FIELD OR RECORD ADDRESS FIELD (Columms 29~30)

Entry Description
1-99 Specifies the 1 h of the record

in indexed files or in record
address files that contain either
rendom keys or limits.

4 Sbﬁciﬁes the length of the ADDROUT
file record.

This entry applies only to indexed disc files and record address
files. If these files are used and the entry in columns 29-30 is
left blank, an error occurs.

The meximum length allowed for key fields in indexed file records
is 99 characters. All the key fields in indexed file records must
be the same length. A length of four is required for records in
an ADDROUT file. The leading zero mey be omitted, however the
entry must be right-justified to end in column 30.
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RECORD ADDRESS TYPE (Column 31)

Entry Description
Blank One of the following is to occur:

Records are to be read consecutively;
or a sequential or relative file is {o ve
loaded; or relative record numbers are to
be used in processing relative files.

A Alphanumeric record keys are to be used in
processing indexed files.

I The file is an ADDROUT file, or an

ADDROUT File is to be used to
process the file.

An entry 1is specified in column 31 only for indexed and ADDROUT
files. No entry is required for the other file types.

FILE ORGANIZATION (Column 32)

Entry Description
Blank A sequential or relative file is to be

processed. One input/output area is
to be used for the file.

An indexed file is to be processed.
T An ADDROUT file is to be processed.

1-9 A sequentiel file or relative file is to
be processed. Two input/output areas
are to be used for the file. (The
digit 2 is preferred, since a maximum
of two input/output areas is
permitted.)

The file organization entry can be used td0 identify the
organization of all files except ADDROUT files; to identify
ADDROUT files; or to indicate whether one or two input/output
areas are to be used for sequential files or relative files,
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OVERFLOW INDICALTOR (Columns 33-34)

Entry Description

Blank No overflow indicator is to be used.’

Or-0G, The specified overflow indicator is to

ov ??lUSQd to condition records in the
ile.

Overflow indicators are used for output files assigned to the
printer to indicate that records to be printed in the file are
being conditioned. Overflow indicators used in a program nust be
unique for each output [ile assigned to the printer. Only one
overflow indicator can be assigned to a file.

Overflow indicators cannot be assigned to a console file. The
may be turned on and off by the operation codes SEIOk and SETOK
(see Section 7, "Operation Codes") when they are used to
condition overilow printing. Spacing past the overflow line
causes the overflow indicator to turn on. Skipping past the
overflow Jline +to any 1line on the new page does not turn the
overflow indicator on. A skip to a new page specified on a line
not conditioned by an overflow indicator causes the overflow
incicator to turn off.

Overflow printing with the EXCPT operaticn code (see Section 7,
"Operation Codes") involves certain rules:

Overflow indicators cannot condition an exception line, but
they can condition fields within an exception record.

Using the EXCP! operation code with the E in column 15 of
the Output-Format Specifications Shegf (Section &) causes
the 1ields +to ©be printed while the calculations are being
performed; normally they are printed afterwards. Only the
fields identified by an E in column 15 are printed at that
time.

Even though the specified fields are printed during
calculations, they still have the same effect on the
overflow routines as all other lines.
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STARTING LOCATTON OF KEY FIFLD (Columns %5-3¢)

Entry Description
1-4096 Indicates the record position in which

the key field begins.

An entr¥ in columns 3%5-3E is required only for indexed disc
files. I an entry is not made for an indexed file, an error
occurs. The entry must end in column 8. Teading zeros are not

required.

The key field of a record is used in the index portion of the
file and contains information that identifies the record. The key

field in &all of the records in a file must be in the same
location.

FXTENSION CODE (Column 39)

Entry Decscription

K Fxtension specifications further
Jescribe the file.

L Line counter specifications further
describe the file.

lhe extension code in column %9 is used for all record address
files, for all table and array files to be read during prograr
execution, and for output files o2ssifmed to the printer which
have a 1line counter associated with them. The column is left
blank for all other files.

The Txtension Specifications Sheet must be used to pive
#dditional information about table, array, and recor¢ address
files. The Line Counter Specifications Sheet should be used to
give additioral information about print files which mey be

assigned to disc or tape.

If the column is left blank for table, array, or record address
files, a warning message is issued and an error occurs.
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DEVICE (Columns 40-46)

Entry
DISC
PUNCH
TAPE
READ
CONSOLE
PRINTER

Description

' Specifies the disc unit.

Specifies the card punch.
Specifies magnetic tape.
Specifies the card reader.
Specifies the console keyboard.
Specifies the printer.

PAGE

17

The entry in columns 40-46 identifies the input/output device to
be used for the <file being described. The device used depends

upon the form of the records,
Entries nust be left-justified to begin in column

entry is left blank, an error occurs.

as illustrated in Fi

3=3.

« If the
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FI1E FORM DEVICE ENTRY
m
Primary or Secondary Cards READ
Input Files Tape TAPE
Disc DISC
Keyed in by Operator |OQONSOLE
Record Address Files Cards READ
Containing Record-Key Tape TAPE
Limits Disc DISC
Keyed in by Operator |CONSOLE
ADDROUT File Disc DISC
Table Files Cards READ
Tape TAPE
Disc DISC
Keyed in by Operator |CONSOLE
Chained Input Files Disc DISC
Update Files (Primary, |Disc DISC
Secondary, or Chained}
Output Files Cards PUNCH
Tape TAPE
Disc DISC
Printed Pages PRINTER or CONSOLE
Display Files Printed Pages CONSOLE

Figure 3-3.

Substitute Device Assignment

In addition to the

Devices Possible for Assignment to Files.

standard device names shown in Figure 3-3,

certain other device names are allowed for compatibility with
other systems. Figure 3~4 lists the name of each of these devices

and

the Memorex device that is used in its place, and indicates

whether or not the substitute devices issue warning messages.
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DEVICE MEMOREX SUBSTITUTE DEVICE WARNING MESSAGE
MFCM1
MFCM2 READ, if an I is specified in X

column 15 R D ]
CRP20 4

PUNCH, if an O is specified in X .

MFCU1 column 15
MFCU2

PRINTLF | PRINTER
PRINTUF | PRINTER
PRINTR2 | PRINTER
READO1 READ
DISK11F | DISC
PRINTKB | CONSOLE
INQIPT CONSOLE
PUNCH20 | PUNCH
PUNCH42 | PUNCH
DISK DISC

Figure 3-4. Substitute Devices Assigned to Files.

Special Device Support

Special inpat/output devices may be used with RPG II by providing
a link to a user-written routine that enables data to be
transferred for the special device.

The files read and written are called special files and are
designated as such 2{ entering the word SPECIAL in columns 40-46.
Special files can only be processed consecutively.



Special files require specific entries in all the columns of the
File Description Specifications Sheet, and special entries for
the special device feature. The entries are

SECTION 3

asterisks denoting the special entries.

Columns

T-14
15
16
17
18
19
20-23
24-27
28-31
32

33-39
*40~46
47-53
*54-59

60-70
=72
5-14

Entry

Valid RPG ITI filename.
I, ¢, or U.

P, S, D, or blank.
Blank or E.

Blank, A, or D.

F.

Block length.

Record length.

Blank (mandatory).

Blank or 1-9 (dual I/0 areas are
allowed).

Blank (mandatory).

The word SPECIAL.

Blank (mandatory).

SUBRxx (x can be any alphabetic
character. This is the name

of the user-written routine
that performs data transfer).
Blank (mandatory).

Rlank or U1l-US8.

Blank (mandatory).

See Appendix E for a discussion of special file linkage.

isted below, with
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HIGH-LEVEL DIRECTORY SIZE (Columns 47-52)

Entry Description
‘Blank No high-level directory is to be used.
1-99999 Specifies the number of bytes reserved for a

high-level directory.

An entry in columns 47-52 indicates the number of bytes to be
reserved for a high-level directory which is kept in memory
throughout the job, thereby increasing disc file access speed.
The entry must be right-justified; leading zeros are not
required. When no entry is made in columns 47-52, the high-level
directory is accessed anew each time it is needed.

The high-level directory contains a key and a block number which
corresponds to the index directory and is used with randomly
accessed disc files.

TAPE LABELS (Column 53)

Entry Description
Blank Either no labels are to be used, or

the file is not a tape file.
Standard labels are to be used.
N ~ Non—standard labels are to be used.

Column 53 is wused for tape files to indicate the type of label

information on the tape. RPG II handles +the processing of
standard labels.

INDEX BUFFER SIZE (Columns 60-65)

Entry Description
Blank No index buffer is to be used.
1-9999 The number of bytes reserved for

the index buffer is entered.
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The index tuffer entry applies only to indexed disc files. Un to
09C¢ bytes can be specified for the index buffer. Entries must be
rirht-justified to end in column 65, however leading zeros are
not reguired.

An index %Ytlock, which is read into the index buffer, is » table
which contains 1index keys and pointers to the correspondine
records. An index buffer must be used for indexed files rrocessed
sequentially, but it is not required for indexed files processed
rancdomly. If +the entry is 1left blank for randomly processed
indexed files, the index buffer shares the area occupied by the

data Dbuffer; thus the amount of time needed to process the file
is reduced.

FILF ADDITION (Column 66)

Entry Description

A New records are to bhe added to the
file.

Column 66 applies only to sequential, relative, and indexed disc
files. If the column is left blank, it is ignored. Records added
10 a seauential file are added at the end of the file. Records
added to relative files must be within the file limits; the file
size cannot be extended. Records added to an indexed file can bte
added to any part of the file, including the end, as lons as a
record 1s not already specified for that key. Records may only he

replaced by verforming an update. Entries for the new records are
made in the index. .

File addition cannot be specified for indexed files from which
records are read using the sequential-within-limits method. New
records may be added to a relative file by specifyines the file as
an update file processed consecutively, or by the CHAIN operation
code (see Section 7, "Operation Codes"s. ’

TAFE REWIND (Column 70)

Entry Description
Blank Rewind only is to occur.
N No rewind is to take place.

U Rewind and unload are to occur.
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This entry defines the rewind action to be taken on tape files
when the end-of-file condition occurs (see column 17).

FILE CONDITION (Columns T1-72)

Entry Description

Blank The file is not conditioned by an
external indicator.

U1-U8 The file is conditioned by the

specified external indicator.

Columns 71-72 apply to primary and secondary input files
(excludi table input files), upgate files, and outpugufiles. A
record dress file may be conditioned by an external indicator
if its associated primary or secondary file is conditioned either
by the same indicator or by no indicator.

External indicators are set by using a parameter on the MRX/0S
Control Language statement for execution of the object program. A
file conditioned by an external indicator is used only when the
indicator 1is on. When the indicator is off, the file is treated
as though the end-of-file condition had been reached; no records
can be read from or written in the file.

In addition to their use as file conditioning indicators,
external indicators may be used as field record relation

indicators (see Section 6, columns 63-64), and to condition
calculation or output operations. See Section 7, "Indicator
Setting Operations,* amnd Appendix B, Tables B2 and B3, for
indicator summaries.)

PROGRAM IDENTIFICATION (Columns 75-80)

Entry ‘ Description

These columns may be used for programmer
characters coments.

The program identification field of all cards following the
control card may contain any characters, including blanks. The
columns may be used for programmer comments, if desired.
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SECTION 4. EXTENSION SPECIFICATIONS

Fxtension specifications are required to complete the description
of record address files (see Section %, "File Designatiors"),
tables, and arrays. Every table and array used by tlhe oltject
program must be described on the RPG TI Fxtension and ILine
Counter Sgecifications Sheet (Figure 4-1). A maximur of 60 table
and array descriptions and one record address file description is
allowed for each program in a partitior whose size is K or
larger. In an €K partition 12 tables/arrays, minus the rumber of
f'iles used, may be defined.

MIEMOREX RPG Il Specifications Graphic fmmr'mrm[ 1| e

Punch l I I ' l I Program
Extension
ALTERNATING TABLE OR ARRAY
g HE g
a % < >
% ] é “FROM” FILENAME “TO"FILENAME | JABLE OR 58 54 5 g g g < i 5 |3 g H COMMENTS IDENTAMON
21 2|8 88 | 58 | £ |5B|8| s.3% | E lgldlg
g1 e OB | P REER b |G
208 35 | 28 | & |alElel d3d8 LE HHE
1 2|3 o 8/6i7 8 9 10[11 12 13 14 15 18 17 18 |19 20 21 22 23 24 235 28 [27 20 20 30 31 32(33 34 30 |36 37 38 39[40 4t «2[43 [4445)48 47 48 40 50 81 {52 53 54 [56[56]57 38 39 60 61 62 63 64 €5 66 67 68 69 70 71 72 73 74|78 78 77 70 79 80
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Figure 4-1. RPC II Extension ard Line Counter
Specifications Sheet.

TABLES AND AKRAYS

lables and arrays  are  groups of data items arranged
systematically for ready reference. Fach item in a table or array
must be of the same data type (alphenumeric or numeric) and have
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the same field length and number of decimal positions as every
other item in the table or arrzy.

Tables and arr%%s may be searched for the presence of specific
items using the KUP operation (see "Lookup erations," Section
7), an¢ they may be used in calculations and output.

Tarles are searched one item at a time (unless thney are in
scquence and the birary search option is used—see Section 2,
column 34) until an item is found that matches a certain
identifier. That item 1s then nmace available for use in
calculations. Arrays may also be searchec for a given item, but
the item is not automatically made available for calculations. A
specific array item may be referenced, however, by its lccation
in the array relative to the first item. lhis kind of relative
referencing 1s called indexing. Indexing may not be used with
tables.

When a table name is used as one of the operands in a calculation
specifications 1line (Section 77), the item most recently found in
a IOKUP operation on the table is to be used in the calculation.
Cpecifications for which an array name is an operand usually use
all of the array items sequentially in the same operation. lor
instance, &a number may be added to every 1tem in & numeric array
by wusing only one specifications 1line (see "Table and Array
Reference" in this =section). A single array item mnust Dbe
referenced by the array name followed Ly & comma and the index of
the dtem. The index may be an actual number or the name of a
positive numeric fisld with zero decimal positions, and it nay
never have a volue less tnan 1.

TAELE AND ARRAY NANHES

Iach table and array used in the progrum nust be given a name
{rom one to six characters long. #0 two tables or arrays may be
civen the same name, since the names assigned in the extension
specifications are used lLaroughout the program. kach table name
muct be at least three characters long and begin with the letters
TALL. Array names cannot begin with the letters TALE; they must be
assigned  other identiiying, characters. Any name assigned in
columns 27-52 which does not begin with TAB is considered an
array rame.

1
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TABLE AND ARRAY IYPES

Tables and arrays described in the extension specifications can
be loaded at one of three different times: campilation time,
pre-execution time, or execution time. These loading times
separate the tables and arrays into three corresponding types.

Compile Time Tables and Arrays

Compile time tables and arrays are loaded at compilation time and
compiled along with the source program. They become a permanent
part of the resulting object program., To effect a permanent
change to a compile time table or array, the source program must
be recompiled with the revised table or array.

Pre-Execution Time Tables and Arrays

Pre—execution time tables and arrays are loaded with the object

program before any of the non-table or non-array input files are

reed, calculations are done, or output functions are performed.

%he. load must be completed before actual program execution
egins.

Execution Time Arrays

Execution time arrays are loaded after program execution begins,
Loading is accomplished when the arrays are read in as input data
as described on input specifications forms (Section 6), or when
they are created during calculations in the progranm.

ADDITIONAL TABLE AND ARRAY TYPE DESCRIPTION

Tables and arrays can be further described as short, full, or
related. '
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Short Tables and Arrays

Short tables and arrays are those in which not all of the entries
contain data. Each short table or array must contain at least one
item. In numeric tables and arrays, the unused items are filled
with =zeros. 1In alphanumeric tables and arrays, the unused items
are filled with blanks. Items can be added or replaced during
execution time by reading them in from input records or creating
them through calculation operations.

Full Tables and Arrays

Full tables and arrays are those in which all possible items
contain data. The table or array is full, and nothing more can be
added to it.

Related Tables or Arrays

Related tables or arrays are tables or arrays that are used
together. Each item in the first table or array is associated
with & corresponding item 1in the second table or array which
gives additional information. Although all items within one table
or array must have the same characteristics, corresponding items
in related tables or arrays may have different characteristics
from their counterparts. Related tables and arrays should have
the same rumber of entries. Care should be taken if they do not,
since a IOKUP search stops at the end of the saorter table (see
Section 7, “Operation Codes").

TABLE AND ARRAY INPUT RECORD CREATION

Input records for compile time and pre—execution time tables and
arrays must follow certain rules:

The first table or array item entered on each record must
begin in the first position of the record.

Two items may not be separated by spaces on a record unless
the spaces are part of one of the items.

It 1is not necessary for the entire record to be filled with
items, but an ifem must be placed in the first position. The

remainder of the record may be composed of blanks or
comments.
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All records for a table or array, except the last record,
must contain the same number of items.

An item cannot extend fron one record onto the next one. The
entire item must be on a single record.

Related tables or arrays can be described either separately
or in alternating format, where the corresponding items are
described on the input record as a single table or array
entry. Each alternating table or array item is entered
immediately following the item of the table or array to
which it corresponds. The combined item 1lengths of two
tables or arrays described in alternating format must
therefore be less than the maximum record length for the

device being used. Tables may not alternate with arrays, or
vice versa.

TABLE AND ARRAY LOADING

Tables and arrays «can be loaded at_compilation time,
pre-execution time, or execution time. The rules for loading them

vary according to the time at which they are loaded.

Compilation Time

Tables and_ arrays that are loaded at compilation time are
compiled along with the RPG II source program, and they become a
part of that program. Compile time table or array records are
loaded immediately . following the source program. Each table or
array must be separated by a record with ** in positions 1 and 2.
Since these characters are treated as delimiters, they cannot be
entered in the first two positions of a data record. The last
compile time table or array must be followed by an ending record
with /* in positions 1 and 2 (see Figure 1-2 for source deck

arrangement and delimiters). Com%ile time tables and arrays must
be 1loaded in the same order as they are described on the RPG II

Extension Specifications Sheet.

A compile time table or array deéeription must have an entry in
columns 33-35 (number of items on each record) of the Extension

Specifications Sheet. It must not have a “from" filename entry in
columns 11-18 or a packed/binary entry in column 43 or 55.
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Pre-Execution Tinme

Pre-execution time tables and arrays do not become part of the
source program but are used 1like any other data file by the
object program. Pre—-execution time tables or arrays are loaded
prior to any other processing. An ending card containing /* in
columns 1 and 2 must follow every pre—execution time table or
array unless two or more tables or arrays are loaded from the
same device. In this case, each tatle or array except the last is
followed by a card with ** in the first two columns. The last
table or array is terminated by /*. Takles and arrays loaded from
the same device must be loaded in the same order as they are
described on the RPG II Extension Specifications Sheet. When
errors are encountered during loading, additional information
about each error is displayed on the console, provided the
console has been defined as the log device.

A pre-execution time table or array description must have a
"from" filename entry in columns 11-18 and a number of items on
each record entry in columns 33-35. Packed or binary field
entries may be made in columns 43 and 55 if they are appropriate
for the device.

Execution Tinme

Execution time arrays may be_ loaded from input records or by
instructions coded on the Calculation Specifications Sheet.
Tables may not be defined as execution time talbles.

An execution time array description cannot have a "from" filename
entry in columns 11-18, a "to" filename entry in columns 19-26,

or a number of items for each record entry in columns 33=35 of
the Extension Specifications Sheet.

Execution time arrays that are loaded from data in input records
must be fully described on the Input Specifications Sheet, as
well as on the Extension Specifications Sheet. When execution
time array data 1is to be_read in packed or binary format, an
entry must be made in column 43 of the Input Specifications
Sheet. The field location columns of that sheet (columns 44-51)
are then used to describe the record positions the array data
occupies in the packed or binary format. Columns 40-42 of the
Extension Specifications OSheet are used to define the unpacked
decimal length of each array item.

Input specifications may be coded in several different ways. The
coding method that is selected depends on the number of input
records needed to load the array and the location of the array.
items on each record. Array information that occupies consecutive
positions in a single record can be defined and loaded using a
single input specifications line. Array items that are scattered
through one or more records must be deiined and loaded one or
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more at a time. A specifications line may specify several array
items with or without an index. If no index is specified, the
items are put at the beginning of the array. If an index is
specified, the items are put in starting at the place indicated
by the index.

When array information is contained in two or more input records

the data in the first record may be defined in the inpui
specifications using either of the two methods stated above.
Subsequent array items from the other records should be defined
individually. Variable indexes and/or record identifying
indicators should be used to avoid overlaying the data from one
record with the data from a later record.

Since an RPG II obJject program grocesses only one record at a
time, the entire array cannot be processed until all records
containing array information have been read and all the
information has been wmoved into the array fields. For this
reason, it is sometimes necessary to suppress calculation and
output operations until the entire array has been read into the
system. This can be done using control level indicators (see
Section 6).

The input field specifications for describing and loading an
array from a single linput record are as follows:

I is entered in column 6.
Columns 7 through 42 are left blank.

Column 43 contains a P for £acked decimal record format, B
for binary format, or blanks Tor unpacked decimal format.

The field location of either an entire array of consecutive
items or an individual item of the array is entered in
columns 44-51. The beginning location is entered in columns
44-47 and the ending location is entered in columns 48-51.

Column 52 may be left blank. If a decimal position is
‘entered, it must be identical to the decimal positions entry
in the Extension Specifications Sheet.

The name of the array is entered in columns 53-58. The name
must agree with ~"the entry made in the Extension
Specifications Sheet. The array name and index must be used
for each item when individual items are being defined.

Colunns 59-62 are left blank.
The field record relation indicator is entered in columns
63=-64 in accordance with the rules supplied for field record
relation entries in Section 6.

Columns 65-74 are left blank.
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TABLE AND ARRAY CHANGES

When =z table or array name is used as the result field in an
arithmetic or move operation (see Section 7, "Operation Codes"),
the table or array items may be changed during the execution of
the object program. Additionally, any type of table or array
(compile time, pre-execution time, or execution time) can be
added to or changed using the Input Specifications Sheet or
Calculation Speciflcations Sheet. Table and array changes are
only in effect wuntil execution of the object program is
completed. The table or array reverts to its original entries
when the program is next executed.

Changes can be made permanent only if the original data is
changed. Changes made during program execution can be made
permanent by writing or punching them out and using the new
records, rather than the original records, in the table or array
input file.

TABLE AND ARRAY REFERENCE

Either an entire array or an individual item in an array can be
referenced using calculation specifications. The array name may
be used without an index with the following operations:

ALD MHHZO MOVE SUB

DEBUG MHLZO MOVEL XFQOOT
DIV MLHZO MULT Z~ADD
LCKUP MLILZO SQRT Z~-SUB

Except hen _the are used for the XFOOT and IOKUP o tions
factor 1 Cand Hotor: 2cannot centain array names tniess Lhd

result field also contains an array name (see Section 7, columns
18-27, 33-42, and 43-48).

Several operation codes can be used only with an individual item,
rather than an array name alone:

BITOF DSPLY
BITON TESTB
CoMP TESTZ

The array name, including the comma and index, must fit in the
factor or result field in which it is used.
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When array nsmes are used without an index in calculations, the
following rules apply:

Whenever the factors and the result field are arrays with
the same number of items, +the operation is performed
sequentially. The first item from every array is used first,
then the second item, and so forth, until all items in the
arrays have been processed. If the arrays do not have the
same number of entries, the operation ends when the last
item of the array with the fewest items has been processed.

Whenever one of the factors is a field or constant, and the
other factor and the result field are both arrays, the
operation is performed until every item in the shorter array
‘has been used. The same field or constant is used in all of
the operations.

Since multiple operations are being performed, resulting
indicators %columns 54-59) cannot be used except for the
XFOOT and LOKUP operations.

When a table name is used in calculations, the operation is
usually performed using only the table item last found in = IOKUP
operation. The item is treated as any other single item would be.
Only the IOKUP and XFOOT operation codes can reference all of the
items in a table at one time.

TABLE AND ARRAY OUTPUT

When the last record imndicator (LR) is on, entire tables and
arrays, except for execution time arrays, can be written or
punched out at the end of the job under automatic control of RPG
II. Execution time arrays cannot be written or punched out at
end-of-job under RPG II control. To indicate that a table or
array 1s to be output, the name of the output file to be used is
specified in columns 19-26 of the Extension Specifications Sheet.
This causes the program to write out the entire table or array
with all changes included. The Output-Format Specifications Sheet
(Section 8) is used in conjunction with the Extension
Specifications Sheet when tables and arrays are to be written out
in a format different from the one in which they were read in. If
execution time arrays need to be written out, the output-format
specifications can be used to do so.
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To indicate that an entire table or array is to be written on a
single output record, the table or array is described on the
OQutput-Format Specifications Sheet along with any other fields
for the record. Columns 32-3" of the output specilications must
contain the same table or array name as the one used on the
Extension Specifications Sheet, and columns 4043 must contain
the record position where the last field of the array is to end.

If an output record is to contain only certain items from a table
or array, the items are described on the output sheet in the same
way as normal fields, either by an array neme with an index or by
a table name used as the field name. Table names on the
Output-Format Specifications Sheets cause the last found table
entry to be written out instead of the entire table.

When an entire arrgil is to be edited, any editing specified
applies equally to items in the array. If differing editing
requirements exist for individual items, these items must be
referenced individually. (See Section &, "Edited Fields," for
more information on editing.)

When an edit code or edit word is specified on the output sheet
for an entire array, editea array items are separated by two
blanks each (see Section 8, "Ikdited Ficlds").

TADLE AND ARRAY DESCRIPTION

One extension specifications line is used for each table or array
to be defined. The columns in which entries should be made depend
upon whether a single table or array or alternating tables or
arrays are to be loaded, and the loading time (compilation,
pre—execution, or execution). When only one table or array is
bei described, columns 11-45 are used. When tables or arrays
are being described in alternatlng format, columns 11-45H are used
for the first table or array and columns 46-57 of the same line
are used for the second.

Compile time tables or arrays are described in columns 27--45.
Pre—execution time tables and arrays are described in columns
12-18 and 27-45. Execution time arrays are described only in
columns 27-32 and 36-45.

Compile time and pre—execution time arrags can include entries in
columns 19-26 ("to" filename) if the table or array described is
to be written or punched at the end of the job, and in columns
46-57 to describe an alternating table or array. Execution time
arrays cannot have Yto" filename and alternating array
specifications.
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Tables and arrays may be specified on the extension sheet in any
sequence; however, the sequence in which they are specified
determines the order in which they will be loaded. Compilation
time and pre-execution time tables and arrays can be mixed.

CODING INSTRUCTIONS

Detailed descriptions of the extension entries to be coded on the
specifications sheet are defined below. Extension specifications
are used to complete the description of record address files as
well as to describe tables and array. Columns 7-80 may be used
for comments (see Section 3, columns 7-14).

PACE NUMBER (Columns 1-2)

Entry Description
01-99 Specifications sheets are numbered
sequentially.

More than one of each type of specifications sheet may be used in
the course of coding the source program. To keep the sheets in
the proper order, the coded Extension Specifications Sheets must
be grouped together sequentially and arranged with the other
specifications sheets in the following order:

Control Card and File Description
Extension and Line Counter

Input

Calculation

Output-Format

The specifications sheets should then be numbered in ascending
seguence.
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LINE NUMBER (Columns 3-5)

kntry Description
Any number Line numbers are assigned in

ascending sequence.

Line numbers are preprinted in columns 3-4 of the specifications
sheet for the programmer’s convenience. The unnumbered limes
below the preprinted numbers can be used for additionz2l lines or
to insert a line between two completed lines. Column 5 can also
be used to this end. The 1line munmbers assigned need not be
consecutive, but they must be in ascending order.

TYPE OF FORM (Column 6)

Entry Description

E E identifies the extension
specifications to the compiler.

"FROM" FILENAME (Columns 11-18)

Entry Description
Blank Either a compilation time or an

execution time table or array is
being described.

Record The name of the record address file
address used in the file description
filename specifications is entered.

Table or The name of the pre—execution time
array table or array file is entered.
filename

The "from¥ filename entry in columns 11-18 is used to name a
record address file or a file used for loading a pre-execution
time table or arra%. Every pre—execution time table or array
filename wused 1n ¢ program must be named on an extension
specifications 1line. Each entry must begin in column 11 and can
be from one to eight characters long. Since more than one
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pre—execution time table or array can be read from the same file,
the "from® filename may be the same for more than one table or
array. When two or more pre—execution time tables or arrays are
read from the same file, the tables or arrays must be in the same
order as they are on the file extension cards and must be
separated by records with ¥* in the first two record positions.

No entry should be made in columns 11-18 for compile time or
execution time tables or arrays.

“TO®" FILENAME (Columns 19-26)

Entry Description
Blank Either an execution time array is defined

on this line; or the compile time or
pre—-execution time table or array being
defined is not to be written or punched
out at the end of the job.

Input or The name of the file that is processed
update by the record address file named in
filename columns 11-18 is entered. ,
Output The name of the output file on which a
filenanme compile time or pre-execution time table

or array is to be written or punched at
end-of-job is entered.

If a record address file was described in the “from" filensme
columns (11-1&), the "to" filename must contain the filename of
an input or update file. The record address "toY filename is the
name of the primary or secondary file to be processed by the
record numbers or keys in the record address file.

Columns 19-26 can also be used to specify the filename of the
output fiie to be wused to write or punch the tables or arrays
naned in columns 27-32 and 46-51. Columns 19-26 should be left
blank if the tables or arrays are not to be written or punched.
Colunns 19-26 cammot be used for execution time arrays, since
execution time arrays cannot be written at end-of-job.

After all other records have been written or punched, a compile
or pre-execution time table or array intended for output will
automatically be written or punched in the same format in which
it was entered, unless the output table or array is rearranged
through output-format specifications (see Section 8). Table or
array output can also be formatted by the use of exception lines
S0 tgat one item is written at a time (see Section 7).
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TABLE OR ARRAY NAME (Columns 27-32)

Entry Description

Blank A record address file is being
described. (No further specifications
should be entered on this line.)

Table or The name of the table or array being
array name described is entered.

Columns 27-32 are used to assign a name to the table or array
being described. When alternating tables or arrays are being
described, columns 27-32 must name the table or array whose item
is found first on the input record.

The name assi%ned to a table or arra% nust begin in column 27 and
mist follcw the rules providec¢ in “Table and Array Names" in the
beginning of this section.

NUMBER QF ITEMS ON EACH RECORD (Columns 33-35)

Entry Description
Blank Indicates that an execution time array

is being described.

1-999 Indicates the number of table or array
items on each table or array input record.

Columns 3%3%5 are used to specify the exact number of table or
array items on each table or array input record. The entry nust
end in column 35. ILeading zeros are not required. BEvery input
record for the table or array except the last record must contain
the same number of items as the number specified in columns
3%-35. The last record may contain fewer entries than that
nurnber, but never nore.

When two tables or arrays are described in alternating formet,
each input record must contain the corresponding items from the
tables written 1in alternating form. Corresponding items from
alternating tables or arrays are considered one item and must be
on the same record. Comments may follow table or array items on
the table input records whenever there is room.

Columns %3-35 must be blank for execution time arrays.
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NUMBER OF ITEMS IN TABLE OR ARRAY (Columns 36-39)

Entry Description
1-999¢ Indicates the maximum number of table

or array items.

Columns 36-39 are used to specify the maximum number of table or
array items which can be contained in the table or array named in
columns 27-32. The entry must end in column 39. If a table or
array is full, the number entered in columns 3%6-39 specifies the
exact number of items in it. If a table or array is not full, the
entry specifies the maximum number of items that can be put into
the table or array. The entry also specifies the number of items
in a table or array in alternating format (columns 46~51), since
both must contain the same number.

LENGTH OF ITEM (Columns 40-42)

Entry Description

1-15 Indicates the number of digits in each
item of a numeric table or array.

1-255 Indicates the number of characters in
each item of an alphanumeric table
or array.

Columns 40-42 are used to specify the length of each item in the
table or array named in columns 27-32. The entry must end in
column 42. Ieading zeros are not required. The length of a
nuneric item cannot exceed 15 digits, and the length of an
alphanumeric item cannot exceed 255 characters.

When a nuneric table or array in binary or packed decimal format
is described, the unpacked decimal length must be entered (see
Section 6, “Numeric Field FYormat"). 5 is entered for a
two-character (two-byte) binary field and 10 is entered for a
four-character binary field.

The length specified in columns 40-42 applies to all the items
within a table or array. When necessa leading zeros must be
added to numeric items and leading ianks must be added to
alphanumeric items to achieve the specified length.
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When tables or arrays are described in alternating format, the
entry applies to the table or array whose item appears first on
an input record.

PACKED OR EINARY FIELD (Column 43)

Entry Description

Blank Data is either alphanumeric or in
unpacked decimal format.

P Data for the table or array is in
packed decimal format.

B Data for the table or array is in binary
format.

The format of the items in a numeric table or array named in
columns 27-32 1is specified 1in column 43 as unpacked decimal
packed decimal, or binary. (See Section 6, ¥Numeric Field
Format," for a discussion of formats.)

If the item is in packed decimal format, the entry must be P, If
the item is in binary format, the entry must be B. If the item is
in either alpharumeric or unpacked decimal format, column 43 is
left blank. Compile time tables and arrays are always in either
alpha?umeric or unpacked decimal format (column 43 is left
blank).

When tables or arrays are described in alternating format, the
entry applies to the table or array whose item appears first on
an input record.

DECIMAL POSITIONS (Column 44)

Entry Description
Blank The table or array items are alphanumeric.
0-9 The number of positions to_ the right of

the decimal in numeric table or array
items is specified.
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No entry is made in column 44 for alphanumeric tables or arrays,
but an entry must be made for every numeric table or array.

As many as nine positions may lie to the right of the decimal in
rnuneric table or array items. If no decimel positions exist, the
entry must be zero.

When alternating tables or arrays are described, the entry in
column 44 applies to the table or array whose item appears first
on an input record.

SEQUENCE (Column 45)

Entry Description
Blank The data in a table or array is not

in any special order.

A The data in a table or array is in
ascending order.

D . The data in a table or array is in
descending order.

The sequence entry is used to specify whether the data in a tabhle
or array is in ascending or descending order. The table or array
is then checked when it is loaded for the sequence specified (see
Section 6, "Sequence"). A severe error occurs if a pre-execution
time table or array is out of sequence, and the program halts
imnediately. Execution time arrays are not checked for sequence,
but column 45 must contain an entry if high or low LOKUP is to be
used (see Section 7, "Operation Codes").

When =alternating tables or arrays are described, the sequence
entry applies to the table or array whose item appears first on
an input record.
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ALTERNATING TABLE OR ARRAY (Columns 46-57)

If alternating tables or arrays are being described, the
specifications for the second table or array are entered in
columns 46~57. Tables must alternate with tables, and arrays must
alternate with arrays. The table or array described in these
columns must be loaded in altermating format with the table or
array named in columns 27-32 of the same line. An execution time
array cannot have an alternating array.

Entries in columns 46-57 must follow the same criteria given for
the corresponding columns, 27-32, used for the first table or
array described.

COMMENTS (Columns 58-74)

Entry Description
Any These columns are used for programmer
characters comments.

Since columns 58-74 are disregarded by the compiler, they can be
used to make notations. These will appear on the program listing
after compilation and may assist the programmer in remembering
details about the table or array described on each specification
line.

Comments columns serve solely as an aid in documenting the source
program, and they may contain any characters in the character
set.

PROGRAM IDENTIFICATION (Columns 75-80)

kntry Description
Any These columns may be left blank or used for
characters program identification or for comments.

The program identification field of all cards following the
control card may contain any characters, including blanks. The
field may therefore be a contimuation of the comments field in
columns 58-74.
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SECTION 5. LINE COUNTER SPECIFICATIONS

Line counter specifications are used for printer files in a
program when external controls, such as sensing channel 12 for
overflow, are not applicable or not desirable. The specifications
are written on the RPG II Fxtersion and Line Counter
Specifications CSheet (Figure 5-1). In addition to their use in
controlling spacing ty relating line numbers on a form to printer
channel numbers, line counter specifications may alternatively be
used to indicate the length of the form used in a printer ard at
what 1line overflow occurs. If no lire ccunter specifications are
made, the form length is assumed to be 66 lines, and line (0 is
assumed to be the overflow line.
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Figure 5-1. RPGC II Extension ard Line Counter
Specifications Sheet.
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CODING INSTRUCTIONS

Detailed descriptions of the line counter entries to be coded on
the specifications sheet are defined below.

PAGE NUMBEL. (Columns 1-2)

kntry Description
01-99 The specifications sheets are numbered
secuentially.

More than one of each type of specifications sheet may be used in
the course of coding the source program. To keep the sheets in
the rroper order, the coded Line Counter and Ixtension
Spvecifications Sheets must be grouped together sequentially and
arranred with the other specifications sheets in the following
order:

Centrcl Card and lile Description
Ixtension and Line Counter

Input

Calculation

Ovtput-Format

The specifications sheets should then be numbered in ascending
sequence,

LINE NUMBER (Columns 3-5)

bntry Description
Any number Line nunbers are assigned in ascending
seguence.

Line numbers are preprinted in columns 3-4 of the specifications
sheet for the programmer’s convenience. The unnumbered lines
below the preprinted numbers can be used for additional lines or
to insert a 1line between completed lines. Column 5 can also be
used to this end. The line numbers assigned need not be
consecutive, but they rust be in ascending order.
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TYPE OF FORM (Column 6)

Entry Description

L L identifies the line counter
specifications to the compiler.

FILENAME (Columns 7-14)

Entry Description
1-8 The output file to be printed is named.
characters

The fileneme must begin in column 7. Filenames entered on the
Line Counter Specifications Sheet nust also be defined on the
File Description Specifications Sheet. The output device assigned
to the file specified on the File Description Specifications
Sheet must be a printer.

A valid filename consists of one to eight characters. The first
character must be alphabetic; the remaining characters may be an
combination of phabetic and numeric characters. Speci
characters are not permitted, and the first character cannot be
one of the following characters: j#, $, or €. Blanks cannot appear
between characters in the name. Columns 7-80 may also be used for
comments (see Section 3, columns 7-14).

IINES AVAILABLE OR LINE NO. (Columns 15-17)

Entry Description
1-255 Indicates the mumber of print lines

available on a page or form.

The 1lines available entry specifies the exact number of lines
available on the page or form to be printed. The entry must be
right-justified. Leading zeros may be omitted. When no entry is
made, the standard value of 66 lines is assumed.
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Columns 15-17 may also be used o relate a report line to a
channel number. See columns 15-74 for an explamation of this type
of specification.

When columns 15-17 are used to specify the number of lines

available on the page, an L must be specified in column 53 of the
control card.

FORM LENGTH (FL) OR CHANNEL NO. (Columns 18-19)

Entry Description

FL Indicates to the program that
the form length was specified in
columns 15-17.

FL is mancatory in columns 18-19 if the form length has been
specified in columns 15-17. When FL is used, an L must be
specified in column 53 of the control card.

Columns 18-19 may also be used in conjunction with columns 15~17

to specify a channel nunber related to a report line. See columns
15-74 for an explanation of this type of specification.

OVERFIOW LINE NC. OR LINE NO. (Columns 20-22)

Entry Description
1-255 Specifies the line number cf the

overflow line,

The overflow 1line number entry specifies the exact point on a

e or form at which overflow occurs. The entry mnmust be
right-justified. ILeading zeros are not required. When the
overflow 1line no. entry is left blank, the standard value of 60
is assumed.

Indicating a 1line slightly above the bottom of the psge as the
overflow line enables totals information to be included between
the specified overflow line and the bottom of a printed page or
form. When a space, skip, or print operation (see Section 8,

columns 17-22) carries printing one line below the overflow llne

the overflow indicator turns on to signal that the end of the
page 1is near. When the overflow indicator is on, the program
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automaticall¥ prints the extra information before forms are
advanced to the next page. Detzil lines are printed, if this part
of the program cycle has not already been completed; total lines
are printed; and total 1lines conditioned by the overflow
indicator are printed.

The overflow line should be placed high enough on the page to
allow for this wrap-up and for any special printing.

Columns 20-22 may also be used to relate a report line to a
charmel number. See columns 15-74 for an explanation of this type
of specification.

OVERFLOW LINE (OL) OR CHANNEL NO. (Columns 23-24)

Entry Description

oL Indicates to the program that an
overflow line number was specified in
columns 20-22,

The OL entry is required in columns 23-24 whenever an overflow
line number has been specified in columns 20-22, OL is normally
used if an L is specified in cclumn 53 of the control card.

Columns 23-24 may also be used to relate a channel number to a

report line. See columns 1574 for an explanation of this type of
specification.

LINE NO. and CHANNEL NO. (Columns 15-74)

Entry Description
1-255 Specifies the line number.
1-12 Specifies the related channel number,

The fields in columns 15~74 may relate specific line numbers on
the report to channel numbers used on the Output-Format
Specifications Sheet (Section 8). The line numbers of the form
are entered in the line no. columns, and the channel numbers to
be related to each line are entered in the associated chamnel no.
columns. The specifications for the channels may be entered in
any order. The entries must be right-justified. Leading zeros may
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be omitted. The highest permissible line number is 255, and the
highest channel number is 12.

A form length should not_be specified for a file when channel
numbers are being used. Columns 15-19 should be used to specify

the first line number-to-chammel mumber relation, or they may be
used instead of columns 20-24 to specify the overflow line
nunber .

Chennels may be used to control the spaci on a printed page.
The printer carriage control tape illustrated on a print chart
coding form (see Figure 1-5) has 12 vertical lines on it, one for
each channel. Holes may be punched on the tape along channel
lines, opposite output lines. If the program encounters a channel
skip instruction (see Section €, columns 19-22), the printed page
is automatically advanced to the next output line associated with
the given chamnel. The line-to—channel number relations are
specified on the line Counter Specifications Sheet.

The rules that apply to the printer carriage control tape also
apply to 1line counter channel number assignments. Only the
channeis used in the output-format specifications should be
specified. Several output-format specifications lines may be
related to one channel. Only a single channel number may be
assigned to a particular line. Only one line of the Line Counter
Specifications Sheet may be used for a file,

Channel 1 1is pre-assignea to tne 'irst print line on the page,
and channel 12 1is pre-assigned to the overflow 1line; thus
"overflow line"/"OL" and "channel 1Z" are synonomous terms and
should not be used together. Iif channel 1 is not assigned, line 6
is assumed to be tne first print line of the page; and if channel
12 1is not assigned, line 60 is assumed to be tne overflow line.
Both channels 1 and 12 must be assigned if automatic skipping
from the end of a form after channel 12 to the beginning of the
next form at channel 1 is desired.

5 A
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Figure 5-2. Report Line-to-Channel Number Relation.

Figure 5-Z shows how entries are made to relate a report line to
a channel number. On the first line, entries in columns 15-24
specify a form length of 50 lines (50FL) and assign overflow at
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line 45 (450L) for file FLE1A. An L must have been specified in
column 53 of the control card (Section 2, column 53).

No form 1en§th is specified for file FLE2B, but all the entries

in columns 15-29 are used to relate report lines to channel

numbers. The fifth line of the report is assigned to channel 2,

the tenth line of the report is assigned to channel 3, and the

fiftieth line is specified as the overflow line by assigning it

{:;g lc;mmgel 12. The first print line of the report is assumed to
ine 6.

Figure 5-2 shows the two ways in which the 1line counter
specifications can be coded. n form length and overflow line
entries are used they should be placed in colums 15-24. When
channel number assignments are used, specifications must begin in
columns 15-19.

PROGRAM IDENTIFICATION (Columns 75-80)

Entry Description
Any These columns may be used for programmer
characters . comments.

The program identification entry of all cards following the
control card may contain any characters, including blanks. The
colunns may be used for programmer comments, if desired.
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SECTION 6. INPUT SPECIFICATIONS

g)ata f;%es, records, and fields of the records to be used as
nput an object F'am described the RPG II Input
Spgz:liﬁcatiom gheet pr? igm‘earg—ﬁ?c %pecig‘,]cat:?ons %or gﬁe
descriptions fall into two divisions: file and record t

identification entries, specified in columns 7-42; and field
description entries, specified in columns 43-74. The field

description entries must start at least one line lower tham the
file and record type identification entries.
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Figure 6-1. RFG II Input Specifications Sheet.

RECORD INDICATORS

A single file can contain more than one t of record, and
different operations can be performed for each type. To control
the processing of the various record types, & record indicator is
assigned to each type in columns 19-20. When a record type is
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selected for processing during tne execution of the object
program, 1its corresponding record 1indicator 1is turned on to
identify the record type to the system. (All other record
indicators are off unless a chained file is being processed; more
than one record in a chain file can be processed at a time.) Once
the indicator is turned on, the system knows what record type has

been selected for processing and tlhe proper operations can be
performed.

Columns 19-20 can be used for three purposes: to0 specify record
identifying indicators, to indicate look-ahead fields, or to
designate a spread card trailer. (See Appendix B, Tables B2 and
B3, and Section 7, "Indicator Setting Operations,® for indicator
summaries. )

RECORD IDENTIFYING INDICATCRS

Record identifying indicators are used to distinguish between
record types or to check for a record type that causes an error
condition.

LOOK~AHEAD FIELDS

The use of look-ahead fields allows the System to look at
information in fields on the next record available for processing
in an input file. In update files, the entry refers to a field in
the record currently being processed. lLook-ahead fields cannot be
specified for chained or demand files, or as array fields.

Once the 1last record from a file has been processed, every
look-ahead field for the file is automatically filled with 9°s
which remain in the fields until the job is ended.

SPREAD CARLS

Spread cards allow one or more transactions (trailers) or items
of information to be linked to a single header. RPG 11°s spread
card capability eliminates the need for a separate header card
for each transaction (trailer portion). A single card can contain
the header and all of the transactions. The information can be
compressed so that a trailer portion mgg consist of as many
fields as are necessary; however the same fields must appear in
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each trailer portion following the header. A trailer portion
cannot be split between two records.

CHARACTER STRUCTURE

The structure of a character is important in its use as part of
the record code (columns 21-41). Each alphabetic, numeric, or
special character is represented by &a unique combination of
punches in a keypunched card. Each punched character consists of
two parts: a zone portion, and a digit portion. When the
character 1is read into the computer, it retains this composition
even though it has been translated into eight magnetic bits for
computer representation 1in storage. As a result of the
translation, the representation of a character in the machine may
not be identical to its configuration on a keypunch card; those
characters with the same zone punch in the card may have
different zone punches in the computer. Characters are stored in
the machine in EBCDIC form. It 1is the EBCDIC machine
representation of a character that must be considered in such
functions as sequencing, testing, identifying, or comparing
records.

All cheracters can be arranged in a certain order which is
governed by the way their zone and digit portions are represented
in the machine. Thus each character’s machine representation will
have & special position in relation to all others in a collating
-sequence.

NUMERIC FIELD FORMAT

The entry in column 43 describes the format of a numeric field.
Three different numeric field formats are used in RPG II:
unpacked decimal (Figure 6-2), packed decimal (Figure 6-3), and
binary (Figure 6-6).

UNPACKED DECIMAL FORMAT

In unpacked decimal format, each byte of computer or disc storage
can hold one alphabetic, numeric, or special character. Each byte
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is divided into eight bits: a four-bit zone portion followed by a
four-bit digit portion. Each digit in a decimal number contains a
zone position which indicates whether the number is positive or
negative. In unpacked decimal format, only the zone of the
rightmost byte of the rightmost digit serves as the positive or
negative sign.

3-DIGIT NUMBER OCCUPYING 3 BYTES OF DISC STORAGE

FIRST DIGIT SECOND DIGIT THIRD DIGIT
l ZONE l DIGIT L ZONE pDiGIT ZONE 7 DIGIT
T T I T J 111 Ll I A |
\ J LS —
BYTE +OR~

Figure €-2. Unpacked Decimal Format.

PACKED DECIMAL FORMAT

In packed decimal format, each byte of storage is divided into
two four-bit digit portions and no zone is used. The plus or
minus sign for a packed decimel field is contained in the
rightmost portion of the rightmost byte.

6-DIGIT NUMBER OCCUPYING 3 BYTES OF DISC STORAGE

<

DIGIT DIGIT DIGIT DIGIT DIGIT Q

l 111 I [ J L| 11 I 1 1 1 I I I | L [ |ml
“ ~ J -/
BYTE +/-

Figure 6~3. Packed Decimal Format.
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PACKED DECIMAL REPRESENTATION

The packed decimal coding system uses a four-bit code to
represent a mumeric character, but to conserve space the zone
bits are excluded and a sign hit is added to the least
significant byte. If the number is negative, the rightmost four
bits of the least significant byte contain 1101. If the number is
positive, the rightmost four bits of the least significant byte
contain 1100. Figure 6-4 illustrates.this convention with the
mmber -4,902.

0000 0|1|0|0 1001 0000 0010 1101
4 9 o 2 Sign

Figure 6-4. Packed Decimal Representation in the Computer.

When an external device enters unpecked numeric data, each digit
is preceded by a four-tit zone byte. Figure 6-5A illustrates the
greater quantity of memory which would be required if the Systenm
could not pack the decimal codes before they were stored, and
Figure 6-5B illustrates the number as it would gppear in memory
if it were packed. Both figures use the number 5, .

@ 1111 | 0101 | 1111 | 1000 | 1111 | 0100 | 1100 | 0010
Zone 5 8 | 4 Sign 2
0000 | 0101 | 1000 |0100 | 0010 | 1100

5 8 4 2 Sign
Figure 6~5. Memory Required for Packed vs. Unpacked Numeric Dmta.

Packed fields are positive if the sign is a hexadecimal F, A, C,
E, O, 2, 4, 6, 7, or 8. Packed fields are negative if the sign is
a hexadecimsl B, D, 1, 3, 5, or 9.
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BINARY FORMAT

Binary format numbers are in twos complement form. In binary
format, each field on disc must be either two or four bytes long.
Iwo bytes of disc storage can contain up to five decimal numbers

and four bytes of disc storage can contain up to ten decimal
numbers.

Iwo-byte binary fields contain a one-bit sign followed by a
15-bit numeric value so that in binary format any decimal number
up to 32,767 requires only two bytes of disc storage, at the
most. For _each two-byte binary field stored on disc, the system
automatically sets aside five digits of storage to accommodate
the field when it is converted to packed format.

Four-byte binary fields contain a one-bit sign followed by a
31-bit numeric value; thus in binary format any decimsal number as
high as 2,147,48%,647 requires a maxinum of only four bytes of
disc storage. The system automatically sets aside ten digits of
memory storage to accommodate each four-byte binary field stored
on disc when 1t is converted to packed format.

TWO-BYTE BINARY FIELD

11 1 IIIJIJII IILJ

(.

NUMERIC VALUE UP TO 6 DECIMAL

+OR - NUMBERS IS STORED IN REMAINING 15 BITS

FOUR-BYTE BINARY FIELD
llllllllllllLLlllll|1LI|IIILILL!

/
NUMERIC VALUE UP T 10 DECIMAL

+OR - NUMBERS IS STORED IN REMAINING 31 BITS

Figure 6-6. Binary Format.
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FIELD NAMES

A field mame is used in columns 53-58 to identify a particular
field, array, or array item in an input record. Each field in
each record type must be given a unique name from one to six
characters long. The assigned name can then be used throughout
the program whenever the field is referenced.

Each field name assigned requires a separate line on the Input
Specifications Sheet. Names of the fields must be indicated for
all types of records, however onég the fields that are used need
to be named. Fields which are read in from a card are limited to
the length of one punched card.

All fields in a specific record type should be assigned different
names, since only the field described last is used if fields are
identically named within a record type. If they are the same
length and contain the same type of data, however, fields from
different record types may have the same name regardiess of their
location in each record type. Although each field with the same
name still requires a separate description, the CR relationship
may be used to avoid duplicate coding.

If the form or report to be output consists of several pages, it
is usually desirable to number the pages. Page numbering normally
begins with page 1 and is handled auvtomatically when the
pre-defined RPG II field name PAGE, PACE1, or PAGE2 is entered in
the Output-Format Specifications Sheet (see Section 8, columns
32-37), however the field name entry can be used in the Input
Specifications Sheet to indicate that page numbering is to start
at a page other than page 1.

CONTROL FIELDS

A control field is a field to which a contrcol level indicator
(L1-L9, columns 59--60) has been assigned to indicate the point at
which specified operations are to be perforned.

Whenever a record which contains a control field is selected, the
data 1in the control field is compared with the data in the
control field of the previously selected record. All records with
the same information in the control field form a control group.
If two control fields are not the same, a control break occurs,
and the control level indicator is turned on. A control break
allows operations conditioned by the control level indicator to
be performed before a new record is processed (see Section 7,
columns 9-17 and Section 8, columns 23-3%1). Undesirable control
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breaks may occur if all the record types within a given file do
not have the same number of control fields.

A control break most commonly occurs after the first record
containing a control field is since it is compared to an
area 1in storage which contains no &ata. Total calculations and
total output operations are Dbypassed for the first record
containing a control field because fields from two different
records are not being compared.

Within the same record type, record columns in control fields
assigned different control level indicators may overlap, but the
total number of columns assigned as control fields, when each
control level is counted only once, must not exceed 255.

NUMERIC CONTROL FIELDS

If a control field 1is specified as numeric in column 52, all
control fields for which the same control level indicator has
been specified are considered numeric.

Control fields are initialized to hexadecimal (logical) zeros, or
to the Ilowest alternate collating sequence value given, before
they are processed. When numeric control fields with decimal
positions are compared for a control vreak, the decimal point is
ignored; all the digit portions of a s 01f1ed nuneric field are
used in the comparlson, and all fields are treated as unsigned
fields with the number of decimal EDultlonS ignored.

SPLIT CONTROL FIELDS

A split control field is a contrel 1field that is made up of two
or more connected or unconnected fields on a record. 1lhe same
control level indicator 1is assignec to all parts of a split
control field. The indicator-ilagged fields are then combined by
the program in the order specified in the input specifications
and treated as one control field.

A single control level indicator is assigned to all portions of a
split control field. Since field names are ignored in control
level operations, fields from different record types which have
been assigned the same control level indicator may have the same
name.
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If the field names are different, the length of the portions of a
split control field may vary for different record types, or the
field may be split in some record types and not in others. In
both cases the total length of the portions of the split field
must be the same in all record types.

If the same control level indicator is used in different record
types or files, the control fields associated with that control
level indicator nust agree 1in length and content, containing
either alphabetics or numerics. The format of the portions of a
split control field camnot vary; all must be packed decimal, or
all must be alphabetic.

A numeric split control field may contain more than 15 characters
if any one portion of the split field does not exceed 15
cheracters and the sum of all the components of the control field
does not exceed 255 cheracters.

CONTROL LEVEL INDICATORS

Control level indicators always turn on after the first record of
a control group is read, to indicate that a change in a control
field has occurred. Since indicator LO is always on, it can never
be used as an assigned indicator in the input specifications.

Control level indicators are used in columns 5%-60 to signal that
operations are to be performed on only the first record in a
control group; that operations are to be performed after all
records with the same control field information (all records in
the control group) have been read; or to print totals
informetion. (Control 1level indicators are also used as record
indicators in columns 1¢-20, and as field record relation
indicators in columns 63-64.)

Control 1level indicators are assigned tc control fields in the
order of the fields’ importance, but they need not be assigned in
any sequence and gaps can occur in the control levels assigned.
Before an indicator is assigned, each field should be assessed
for its importance in relation to the other control fields, and
the indicator chosen accordingly. lLarger numbers are higher in
rank than Jlower numbers. All dindicators with a lower rank
automatically turn on or off when a higher-ranking level break
occurs; for example, when an L3 control break occurs, control
level indicators L1, iQ, and L3 all turn on,

Control level indicators can be turned on or off by operation
codes SETON and SETOF (see Section 7, "Operation Codes"), however
control  level indicators lower in rank than the one specified do
not turn on or off in this case.
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MULTIFILE PROCESSING

The selection of records for processing from more than one file
is called multifile processing. Although records are always read
from =a primar% file and one or more secondary files in multifile
processing, the method used in selecting them is governed by the
presence or absence of match fields in the records.

If match fields are not specified, the primary file is processed
first and the secondary files are processed in the order in which
they &re described in the file description specifications, If
match fields are specified (columns 61-62), fields from records
in the primary file are compared to fields from one or more
secondary input or update files for a matching record.

MATCH FIELDS

When the match fields method of record selection is used, records
are selected according to the contents of specified fields. One
record is read from every file and specified fields in each
record are compared to the primary file for a match. Whenever a
record from the primary file matches a record from the secondary
file, the primary file record 1is processed Ifirst, then the
matching secondary file recorc is processed, unless another file
is forced ésee Section 7, "Operation Codes - FORCE"). The record
indicator (columns 1%-20) 1s on at the time the record is
processed to identify the record type Just selected and control
the type of processing that takes place.

If the records are in ascending order, the record with the lowest
match field is selected for processing. If the records are in
descending order, the record witn the highest match field is
selected.

After a record has been selected frow a file and processed, the
next record Ifrom that ile is read. It is compared for a match
field at the beginning of the next program cycle, using for
comparison the records that were not selected during the previous
cycle. Match comparing continues in the same manner until all the
records in all the files have been processed.

Records can be matched by comparing one field or many fields.,
When the primary record field matches a field in one or more of
the secondary records, the matching record indicator (MR) turns
on. The matc%ing record selected for processing is determined by
the priority of the files from which the records cane.
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A record for which no match field has been specified is selected
before records with specified match fields, and is processed
immediately after the record it foliows, with the MR indicator
off. If this record type is first in the file, it is processed
first even if it is not the primary file. If match fields have
not been specified for two or more of the records being compared,
the order of their selection is determined by the priority of the
files from which the records came.

Match fields are not required for all the files used or for all
the record types within one field; however at least one record
type from two files rust have match fields if files are ever to
be matched. Sequence checking, alone, is performed if match
fields are specified for only one file.

MATCHING RECORD INDICATIOR

The MR indicator is wused to condition calculation or output
operations for a selected record with a match field. The
indicator turns on when a specified (field in a primary file
record matches a specified field in a secondary file record. The
indicator is always set on or off before any calculation
operations not conditioned by control lewvel indicators are
performed (see Section 7, columns 7-£), and retains the setting
for one complete program cycle. If all primary file records match
all seconcdary file records, the MR indicator is always on., If
record types are read for which no matching fields have been
specified, MR turns off.

COLING INSTRUCTIONS

Detailed descriptions of the input entries to be coded on the
Input Specifications Sheet are defined below.

PAGE NUMBER (Columns 1-2)

Entry Description
01-99 The specifications sheets are numbered

sequentially.
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More than one of each type of specifications sheet may be used in
the course of coding the source program. To keep the sheets in
the proper order, the coded Input Specifications Sheets should be
grouped together sequentially and arranged in the following
order:

Control Card and JFile Description
Extension and Line Counter

Input

Calculation

OCutput-Format

The specifications sheets should then be numbered in ascending
sequence.

LINE NUMBER (Columns 3-5)

Entry Description
Any number Line numbers are assigrned in ascending
segquernce.

Line numbers are preprinted in columns 34 of the specifications
sheet for the programmer’s convenience. The unnumbered lines
below the preprinted numbers can ke used for additional lines or
to insert a 1line between completed lines. Column 5 can z2l1so be
used to this end. The line nrmumnbers assigned need not be
consecutive, but they must be in ascending order.

TYPE OF FORM (Column 6)

Entry Description

I I is preprinted to idertify the input
specifications to the compiler.
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FILE AND RECORD TYPE IDENTILICATION ENITRIES

FILENAME (Columns 7-14)

Entry Description
1-8 The input or update file being
characters described is named.

Lvery input or update file named on the Input Specification Sheet
must previously have been described on the trile Specifications
Sheet. The exact filename originally choser. must be used and must
begin in column 7. If the filenare is left blank, the last
filename entered is assumed to be tiae file being described.

The filename is entered on tne first line containing information
relevant to the records 1in that file. The information on the
following lines is considered part of the description of the file
naned uvntil a new filename is entered in columns 7-14. Thus it is
not necessary to repeat the filenare entry wiaen more than one
line of description 1is used for a file. All records and fields
for a file nust bhe completely described before a new file is
neamed for description. Columns 7-8C may also be used for comments
(see Section 3, columns T-14).

SBEQUENCE (Columns 15-1€)

Entry Description

Any two Secuence checking is not to be done.
alphabetic

characters

Any two A special sequence is assigned
numeric to different record types in a file.
characters

Sequence checking is not necessary for every file (see Section 8,
column 18). If different record types do not need to be in any
special order, any two alphesbetic characters can be entered in
columns 15-16. An alphabetic entry must be made for chained
files, however, since segquence checking is not possible for that
type of file.
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When both alphabetic and numeric sequence entries are specified
for record types within a single file, the alphabetic entries
must be made before the numeric entries.

A numeric entry in columns 15-16 assigns a sequence number to
different types of records within a file so that records with a
particular identification code may be checked before records of
another type which bear another identification code. The record
types are assigned sequence numbers in the order in which they
are to appear. The first record type must be given the lowest
sequence number, 01, and the remaining recora types must be
numbered in ascending order. Seguence numbers need not be
consecutive as long as they are in ascending order.

Seqguence numbers have no_connection with control levels. Sequence
chécking 1is wused solely to ensure that all records of type 01

precede those of type 02, and so forth. Sequence checking cannot
be used to designate the order of records within a record type,
or to check the data fields witain a record (see "NMultifile
Processing" at the beginning of this section).

Seauence entries are not made for records in an AND or OK line.
Thé sequence entry from the previous line applies to the card in
the OR line (see columns 53%-58).

NUMBER (Column 17)

Entry Description
Blank Seqguence checking is nct to be

performed (the sequence entry in
columns 15-16 is an alphabetic entry).

1 Only one record of this type is
‘ present in the sequenced group.

N One or more records of this type may
be present in the sequenced group.

Column 17 is used to designate the number of records of one type
that are found in the sequence group. When sequence checking is
not required for the records being described, column 17 is not
used. The 1 entry indicates that only one record of the type
specified in columns 15-16 (sequence) can be present in the
sequence group. The N entry is used when more than one record of
the type specified can be present in the sequence group.

No number entry 1is required for AllD lines and OR lines., The
nurnber designated in the preceding line is applied. (See columns
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21-41 for a description of AND 1lines; columns 53-5& for a
description of OR lines.)

OPTION (Column 18)

Entry Description
Blank The record t must be present in
‘ each sequenced group.
v The presence of the record type is
optional.

A Dblank entry indicates that a record of the specified type must
be present in each sequenced group. When sequence checking is to
be performed on record types, the O entry indicates that a record
of the type specified in columns 15-16 {sequence) may or may not
be present. The entry prohibits_a sequence error from occurring.
An U should be specified only if & numeric entry was made 1n
columns 15-16.

No option entry is required for ALD or OR lines (see columns
21-41 and 53-5&, respectively). The entry from the preceding line
is applied to an AkD or Oi line.

RECORD INDICATOR (Columns 19-20)

Entry Description

01-99 The record identif'ying indicator is used
, to specify a particular type of record
in a file.

L1-L9 'The control level indicator is used as
' a record identifying indicator to indicate
that a record type signals the start of a
new control group.

LR The last record indicator is used to
indicate that the job is to end.

HO-H9 The halt indicator is used to check
for a record type that causes an error
condition..
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o Asterisks are used to indicate
look—-ahead fields in a record.

TR The trailer specification is used to link
trailer portions of spread cards to the
header portion.

record indicator entries are used for a variety of situations.
They can be wused as record identifying indicators, to indicate
look-ahead fields, or to denote spread cards.

Record indicators can be assigned in any order; there is no
prerequisite sequence. A single record indicator may be assigned
for any number of different record types if the same operations
are to be performed on all the types (this is a function of the
OR relationship — see columns 21-41). They need not be assigned
at all 1if the difference in record types is not important or if
only one type of recorc is specified with a file.

No record indicator may be assigned for records entered in the
AND 1line of an AND relationship (see columns 21-41). Record
indicators may be assigned in the OR line for every record type
in the OR relationship that requires special processing (see
columns 53-58).

Record identifying indicators comprise four kinds of entries:
01-99, L1-19, LRk, and HO-HC¢.

01-99

01-99 is the wnost frequently assigned record identifying
indicator. It is wused to identify a specific record type in a
file that conteins two or rore types of records.

L1-19

11-19, the control level indicator, is used to identify a record
only when a record type, rather than a control field (see
“Control Fields" at the beginning of this section), determines
the start of a new control group. If a control level indicator is
used as &a record indicator, only that control level indicator
turns on during record selection. All lower level indicators
remain  off. See Section 7, "Control Ilevels," for more
information on the control level indicators.)
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Lt

LR is wused to indicate that a job is to terminate. (See Section
7y "Resulting Indicators," for more information on the IR
indicator.)

HO-HD

HO-H9, the halt indicator, is used to indicate that checking is
to be performed for a record type that causes an error condition.
(See ection 7, "Resulting Indicators," for more information on
the halt indicator.)

Liook—-Alead I'ields

Look-ahead fields are indicated by entering asterisks (¥%) in
columns 19-20 (Figure 6-7). Look-ahead fields are specified for a
file rather than for a record type within a file. One set of
look—ahead fields can be described for each file. The description
applies to all records within a file, regardless of their type.
The ** entry is made following the normal field description for a
file, and the ** line can follow only a file or record type with
an alphabetic sequence entry in columns 15-16. Columns 17-18 and
21-74 nust be left blank when a look-ahead field indicator is
used. Look—ahead field descriptions are made in the field name
columns (5%-5E) on separate lines following the ** line.

Look-ahead fields cannot be altered in the program. They cannot
be used as & result field (see Section 7, columns 47-48) or
blanked out after they are written (see Section 8, column %9). If
the information in a record is to be used both before and after a
record 1is selected for processing, the field must be described
once as a look-ahead field, then as a normel field.
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Figure 6-7. Coding for Look-Ahead Iields.

Spread Cards

Spread cards are indicated by entering TR in columns 19-20
(Figure 6-8). Spread cards czn be specified conly when the input
card files are designated as primary or secondary. Look-ahead
fields cannot be descrioved for spread cards.

The fields in the header portion of the spread card are described
on separate specification lines imnediately following the proper
file and_ record type entries, If_  a numeric ent is pade in
columns 15-16 of theé specificetions line containing the file and
record type entries, an N must be entered in colurn 17 of the
same line.

FEach field in the header portion must be described as would any
normal RPG II field. Only those fields in the header portion that
are used later in the programn need be described. If no field in
the header portion is used, the header field specification can be
omitted and the TR line specified inmmediately after the file and
record type entries.

TR must be entered in columns 19-20 of a specification line to
indicate that the fields in the first +trailer portion are
described in the specification lines that follow. Columns 7--18
and 21-74 of the TE lines are left blank. Since all trailer
portions must be the same length and must include the same
fields, only the first one must be described. The compiler uses
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this trailer specification to calculate how many trailer portions
the record contains and to determine the beginning and ending
positions of each.

lrailer field description lines are sgecified immeciately
following the TR line. Columns 7-43 and 59-62 must be left blank;
otherwise the trailer field descriptions follow the sane rules as
regular field specifications.

Punching Instructions
[®) g . Date Page_____ot
MEMOREX  RPG Il Specifications o] | | | | |
Input
et RECORD CODE CHARACTERS S
anD D @ FIELD
’ ey SECOND i : FIELD LOCATION . INDICATORS
! « g sla| 8
‘ § o[ g Sldlg
] < £ z ¥
sl g2 | ] 5. 5. 5| le : AHE :
5 3 4 FILENAME | | o | Z |rosimion| |E|¥| posimon | E|E| posimion| |E|E]|%]|8| seains ENDS FIELDNAME | % | % z & PROGRAM
w B A e $ g 6|8 5|=|¥ 2 5| 3|28 H IDENTIFICATION|
- A HE qHH 5(s3 HHEEH g 2| 8(33|g|%|8
Q o ’ )
A A NEAHHE: zsg zag z|3|8|5|2 R EIERE AR
1 2 3 4 5/ 87 8 9100112 |"\Q AL RLAL |"T 2 'tgl#.lﬁ 26| 20 8 30 3132 ”37##“ |#P QIQH"lrI' 48 48 80 81 3 B4 50 58 57 88 00 02 04 G487 S RD 7O (TY TR T3 74 78 77 79 79 80
T 71 Talaly Tl T Tt LI L B B R |
T :|; :SICIFILIEI T 4 AIA T TTT T T TR E O L T[T
1,17 TTTTTTT T TI T T T LI R |15, O O S A
1
T LS A B e e A T TTT TTT T TGTa [T g7 T LA (L L LAR L LB O L LA
_0%‘ ' TTT7TTTT7T TTT T T 1T T ’371 T ‘4‘10 FTLID:TiAI T T TTT77 T TTorgrT |Tl T
08 |1 41 3 T
T T T T T T T 1T llslo YLTDIIBI LA I B O
o [ TTTTTTTITRAILER PORTION| e TRAILERPORTION [ T[T T[T|Tr[ryrvrprorrTT
T, [, T T TTTTT] SPECIFICATION T T FIELDS TT T T T T T r Yy T TroroT
T T TTTT T T T T TTTTT T TTT TTTTTTT LN 0 0 (S A S O O §
o
9 1
7'(01 r'TTUrTTT T T T T T T TT TTTTrTT 1T TT T T T T T 1T TTrTTT
1
r'||1l|‘TYTl‘T-T T 1T TTT 7T TTT TTT TT1TT T T T T TTTTT TTTTT
T Ilzl .T TTTT T T TTT 1T TTT TTT 1T rTTTT T T T T T T TTT TTT7TTT
1'13'IVTTYIIIA T TTY TTT 17T TTrT1TT17TT TTTT T T 1T 77T T TTT TTvrTT
1 LI LI L L I 1.1 \\ ) R A T 1T I 1T T I 1 I 1.1 I 1 X1 \] | S A R R UNR SLAR  | L U S

Figure 6~8. Coding for Spread Cardse.

RECORD CODE CHARACTERS (Columns 21-41)

Record code characters (columns 21-41) are used to identify each
type of record for processin% various operations, If all the
records are to be processed in the same way, regardless of their
type, or if only one record type is to be used, columns 21-41 may
be left blank.

When more than one record type is to be processed in a file, each
record type is given a special code consisting of a combination
of characters in certain positions in the record. Any number of
record code characters may be used.

On the Input Specification Sheet, seven columns are required to
identify a single character. The first six columns are used for
information describing the character, and the seventh column is
used for the character itself. Information identifying the first
three characters of a record code is specified in columns 21-26,
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28-%33, and 3540, respectively. The character code used to
identify record types consists of four entries: position, not,
portion, and character. The characters themselves are specified
in columns 27, 34, and 41. Coding instructions for the three
groups of cheracter identification columns immediately follow
this discussion.

If more than three record characters are used, the additional
characters are described and identiiied on additional ANL lines
of the Input Specifications Sheet. AND lines may be used to
describe as many characters as are needed after the three entered
in the first specifications line. To specify an AND line, the
word AND is written in columns 14-16.

When & record tyge may be indicated by two different codes, OR
lines must be used to indicate that either one of the codes may
be present to identily the record. To write an OR line, the word
OR is placed in columns 14-15.

POSITION (Columns 21-24, 26-3%1, 35-38)

IEntry Description

Blank No record identification code is
needed.

1-999¢ The record position of each character

of the record code is indicated.

The position entry gives the record location of each character of
the record code. The location of the first character is entered

in_. columns_ 21-24, the second in columns 28-3%1, and the third in
columns 35-38. Entries must be right-justified, ending in columns

24, 31, and 38, respectively. lLeading zeros are not required.

NOT (Columns 25, 32, and 39)

Intry Description
Blank A character is to be present in the

columns specified by the position entry.

N A character should not be present in
the columns specified by the position
entry.
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The not entry is used to indicate taat a certain character of the
record code should not be present in the position specified in
the preceding position entry columns.

PORTION (Columns 26, %%, and 4C)

Entry Description

C The entire character is used.

Z Only the zone portion of the character
is used.

D Only the digit portion of the character
is used.

The portion of a character that is used as part of tne record
code is specified in columns 26, 3%, and 40. ZThe characters are
stored 1in EBCDIC form. Since several characters have either the
same zone portion or tne same digit portion, they must be chosen
carefully when recora codes are establishked, to avoid ambiguity
(see "Character Structure" at the beginning of this section.%u

CHARACTER (Columns 27, 34, and 41)

Entry Description
Any Indicates & character used to identify
character the record.

The actual characters used in the record code are specified in
columns 27, 34, and 41. Any alphabetic character, special
character, or digit may be used.

Characters are stored in the machine in EBCDIC form, where they
match characters, zeros, and digits according to the EBCDIC
codes, except for the following cases:

The character & (ampersand) has the same zone as the
character { (left brace), which is a 12-0 punch; and as A
through I.
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The character - (minus or hyphen) has the same zone as the
character } (right brace), which is an 11-0 punch; and as J
through R.

The blank carries no zone punch; neither do O through 9.

Although the left and right braces are not printable characters,
they are still read and used by the computer.

If the zone portion of the character is being tested, the
characters &, —, and blank compare in exceptional ways. If one of
these characters or a code with the same zone is punched as the
compare character, it will compare as equal. If, however, the
compare character is a character with the same EBCDIC zone as the
special characters, and a special character is punched in the
card, it will also compare as equal.

Since negative numbers are formed by punching a minus sign over a
digit, they have a different character structure than positive
nunbers. When the zone punch (minus sign) is combined with the
digit punch (1-9), a different character (a negative number) is
formed which is represented in the machine by the characters J-R.
If the minus sign is combined with a zero, the right brace
character (}) is formed.

Positive numbers, formed by punching an ampersand (&) over a

digit, are represented 1in the computer by the characters left
brace ({) and A through I.

STACKER SELECT (Column 42)

Entry Description
Blank The ingut cards will automatically fall
into the stacker.

This column is reserved for future implementation of the stacker
select feature.
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FIELD DESCKIPTION ENTRIES

PACKED OR BINARY FIELD (Column 43)

Entry Description

mlank o Bitatkelalt et pepeler o

P The input field is in packed decimal format.
B The input field is in binary format.

The entry in column 43 indicates the format of the input field
named in columns 53-58. Llhe entry ic used only if the field is
nuteric. If the field is alphabetic, alphanumeric, or in unpacked
decimal format, no entry is made. Arrays in packed decimal or
binary format require an entry in column 43.

If a numeric field is in binary or unpacked decimal format, it
must be converted to packeu decimal Iformet before it can be
processed. Only the digits and sign are recognized in the process
of conversion to packed decimal format.

FIEID LOCATION (Columns 44~51)

The 1lengt:. o1 the input field named in columns 53-58 must be
specified in columns 44-51. The maxinum field length for a
nuneric field is 15 positions (8 if the format is packed decimal
and 4 if it is binary). The maximum length for an alphanumeric
Iield 1is 55 characters. ine record position of the beginning of
a I'ield is specified in columns 44-4/; the record position of the
end 1is specified in columns 48-51. Ihese are described below as
separate entries.
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BEGINS (Columns 44~47)

Entry Descriptiorn
-4 digit Designates the beginning location
number of the field named in columns $3-5&.

The 1recora position of the first caaracter of the input field
naped in columns 53-58 1is specified in the begins entry. The
entry must be right-justified to end in column 47. Leading zeros
are optional.

ENLS (Columns 48-51)

Entry Descriptiorn
1—4 digit Designates the ending location of the
numnber input field named in columns 53-58.

The record position of tne last character of the input field
named 1in columns 53-5& is specified in the ends entry. The entry
must be right-justified to end in column 51. Leading zeros may be
omittec.

DECIMAL POSITIONS (Column 52)

Entry Description
Blank The field is alphanumeric.
0-9 The number of decimal positions in the

numeric field is indicated.

If a numeric field is named in_columns 53-58, the number of
positions to the right of the decimal must be specified in column
52. The number of decimal positions cannot exceed the number of
digits in the field. Fields that are wused in arithmetic
operations and fields that are edited or zero-suppressed (see
Section 8, column 38 and columns 45-70) must be defined as
numeric.
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FIELD NAME (Columns 53%-58)

Entry Description

1-6 alpha- The field, array, or array item
numerics being specified is named.

PAGE Special word entries specify that
PAG%; page numbering is to be done.
PAG

Fields in a record must be assigned field names in columns 53-58.
A seperate 1line 1is used for each field description. The field
name must be a valid RPG II name. It can be from one to six
characters long and must begin in column 3. The first character
must be alphabetic. The remaining characters can be any
combination of alphabetic and nureric characters. CSpecial
cheracters are not permittec, and blanks cannot a pear between
cheracters in the nane. The name assigned to each Fleld must be
used throughout the prograr whenever that field is referenced.

To eliminzte duplicate coding of identical fields from different
record types (Figure 6-9A), the OR relationship may be used to
indicate that the fields named may be found in any of the record
tyres (Figure 6-9B).

The OR relationship 1is used when two or more record types have
the same fields in the same positions, or when two or more record
types have sorne fields which are identical and some fields which
differ in location, length, or type of data (numeric or
2lphanumeric).

In entering an OR relationshir on the specification sheet, OR is
written in columns 14-15 following the record identification
lire, and the record codes of the alternate record type are
specified. The field names are then entered in columns 5358 of
the lines following.
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Figure 6-9. Coding for record Types with Identical Fields.

If array items are referenced, additional entries may be required
(see Section 4, "Tables and Arrays“). If an index is used with
the array name, it must have been defined previously as a numeric
literal. An index nmust be numeric with zero decimal positions.

The special words PAGE, PAGE1, and PAGE? are field names used to
indicate that page numbering on an output form or report is to
start with a number other than page 1. The alternate page number
is entered in a field of an input record and the field is named
PAGE in columns 53-58. Three possible PAGLE entries (PAGE, PAGE1,
and PAGE2) are provided for naming the PAGE field of up to three
different output files.
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Page numbering can be restarted during a program by entering a
number in a PAGE field of any input record. The number entered in
the PAGE field must be one number less than the actual starting
rage number, and must be right-justified. For example, if page
numbering were to start with 50, the entry in the PAGE field
would be 0049. The PAGE field can be defined and used in
calculations like any other field (see Section 7, columns 43-48).

CONTROL LEVEL (Columnsl59-60)

Entry Description

Blank No control level indicator is to be
used.

I1-19 A control level indicator is to be used.

The entry in columns $59-60 assigns u control level indicator to
an input field. Control level indicators are used to identify the
point at which specified operations are to be performed. They may

not be assigned to binary fields, or to input fields in chained
or demand files.

Control 1level indicators with higher numbers should be assigned
to the more important fields, so that those fields will be

processed first (see "Control Level Indicators" at the begimming
of this section).

MATCH FIELDS (Columns 61-62)

Entry Description

Blank Sequence checking is not to be
performed.

M1-M9 Fields are to be matched and/or

sequence checked.

Sequence checking is automatically done for all record types with
match field specifications. The contents of the fields to which
M1-M9 have been assigned are checked for correct sequence. All
match fields mnust be in the same order, either all ascending or

all descending, and all files with match fields must be in the
same sequence.
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If only one input or update file is used, an entry in columns
61-62 causes sequence checking of the data in the field to which
the entry has been assigned (see columns 15-16 for record tyme
sequence checking).

If an alternate collating sequence is defined for a program,
alphanumeric fields are matched according to the sequence that
was specified. Match fields contain a corresponding initial
alternate collating sequence value; they are set to the lowest
alternate sequence value if ascending sequence is specified, and
to the highest alternate sequence value if descending seouence is
specified.

As many as nine fields (M1-M9) may be used to sequence check. The
sequence (ascending or descending) of the record file must be
specified in the file description specifications (see Section 3,
column 18).

If more than one input or update file is used, the M1-M9 entry
also causes records from the files to be compared and determines
when they match. Whenever the contents of the match fields from
records of the primary file are the same as the contents of the
match fields from a secondary file, the matching record indicator
(MR) turns on. M1-M9 are used only to identify fields by which
records are matched, not as indicators; but they do cause MR to
turn on when a match occurs. Matching is allowed with primary and

secondary files only. It cannot be used with chained or demand
files.

The same number of match fields must be specified for all record
types used in matching. If more than one match field is svecified
for a record type, all the fields are combined and treated as one
continuous match field. They are combined accordins to the
ascending sequence of matching record values. Match fields may
not be split; thus the same match field value cannot be used
twice for one type of record.

The same matching record values (M1-M9) must be used for all
types. Whenever more than one matching record value is used, all
match fields must match before the MR indicator turns on. For
example, if match fields M7, M8, and M9 are specified, a match on
only the M7 and M8 fields will not turn on the MR indicator.

Since field names are ignored 1in matching record operations,
fields from different record types which have been assirned the
same match level may have the same name. Record columns of
different match fields may overlap, but the total length of all
fields must not exceed 255 characters.

Match fields may be either alphanumeric or numeric, however all
match fields given the same matching record value (M1-M9) are
considered numeric if any of those matching fields is described
as numeric. Numeric match fields contain only the digits 0-9
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(metching fields of 068 ana ¥68, where ¥ denotes blank, would
compare equal). When numeric fields having decimal positions are
matched, they are treated as if they had no decimal position.
Only the digit portions of numeric match fields are compared and
signs are ignored. Even though a field is negative it is treated
as & positive field, and the sign of the rumeric field is
disregarded (a -8 will match with a +8).
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Figure 6-10. Coding for katch Fields.

FIELD RECOKRD RELATION INDICATOh (Columns 6%-64)

Entry Description

Blank The field is 