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Preface

This reference manual is for programmers writing RPG il
specifications for the IBM System/32.

The manual describes the program documentation you can
use to help write, test, and maintain RPG |l programs. It
also contains information common to all RPG Il coding
sheets, and describes the types of RPG |l specifications

in the order the RPG |l compiler requires them.

Specifications for each coding sheet are described column
by column as a programmer would write them. Information
in every column description is presented in this order:

1. List of possible entries

2. General discussion of the use of the column and
considerations for all possible entries

3. Specific discussion of each entry
4, Charts and examples

This manual has four major parts.

Part 1. RPG !l Programming Specifications

This section contains an introduction to the RPG I
language, RPG [l program logic, machine requirements,
summary of RPG 1l specifications (for quick reference by
the programmer), and a column-by-column description
for the specification sheets.
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Part 2. RPG 1l Programmer’s Guide

This section further explains topics which were introduced,
but not fully explained in Part 1.

Part 3. Supplementary Information
This section contains sample programs, programming aids
and tips, bytes of generated code for calculations, |BM

written subroutines, OCL (operation control language)
and command statements, and RPG Il program halts.

Part4. RPG /! Auto Report Function

This section contains information for using the auto
report function and a sample program for auto report.

Appendix A

Appendix A is a glossary of RPG 1l terms.

Related Publications
® /BM System/32 Operator’s Guide, GC21-7591
® /BM System/32 Messages Guide—RPG I/, SC21-7617

® /BM System/32 System Control Programming Reference
Manual, GC21-7593

" ® [BM System/32 Introduction, GC21-7582

|® /1BM System/32 RPG |/ Telecommunications Program-

ming Reference Manual, SC21-7597

Titles and abstracts of other related publications are listed
in the /BM System/32 Bibliography, GC20-0032.
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Chapter 1. Introduction

USING RPG 11 ) o
e. Telecommunication specifications. A programmer

using BSCA in a program must provide information
about each BSCA file on the telecommunications
specifications sheet.

RPG 1 consists of a symbolic programming fanguage and

a compiler program. Figure 1 shows general operations

involved in preparing a report using RPG Il. The circled
numbers in Figure 1 refer to the numbers in the following '

text: f. Input specifications. The programmer describes

The programmer analyzes the report requirements to
determine the format of the input files and the layout
of the finished report. For example, the programmer
determines what fields in the input records are to be
used, what calculations are to take place, where the
data comes from, where the data is to be located in
the output records, and how many and what kind of
totals must be accumulated.

After analyzing the requirements for the report, the
programmer provides the RPG Il compiler with infor-
mation about these requirements. This information
is coded on RPG specification sheets. The specifica-
tion sheets are designed so that one specification line
represents one statement in the source program.

a. Control card (header) specifications. The program-
mer provides special information about the program
and describes the system to the RPG 1l compiler by
making entries on this sheet.

Since I1BM System/32 does not support card input,
the word card will not be used in this manual when
referring to this specification sheet. The word
card appears on the specification sheet since this
sheet is used by all systems that support RPG.

b. File description specifications. The programmer
describes all files (input files, output files, table
or array files, etc) the object program uses through
entries on this sheet.

c. Extension specifications. If the programmer uses
record address files, tables, or arrays in an object
program, the programmer furnishes information
about them through entries on the extension spec-
ifications sheet.

d. Line counter specifications. A programmer using
printer files in an object program can provide infor-
mation about the number of lines to be printed on
the forms that are used by making entries on the
line counter specifications sheet.

input records (record layout, fields used, etc)
entered from all input devices except the keyboard
by making entries on the input specifications
sheet.

g. Calculation specifications. The programmer states
what processing is to be done (add, subtract,
multiply, divide, etc) by means of entries on a
calculation specifications sheet. The calculation
sheet is also used to describe fields entered from the
keyboard, and to control certain input and output
functions related to those fields.

h. Output specifications. The programmer defines

the layout of the desired report (print positions,
headings, etc) by making entries on the output
specifications sheet.

After the specifications have been written on the
appropriate forms, the source program is placed in
the library on the disk. This can be done in the
following ways:

® Use the source entry utility program of System/32
utilities program product and enter the source
program from the keyboard. See the /BM System/32
Utilities Program Product Reference Manual—
Source Entry Utility, SC21-7605, for information
about the source entry utility.

® Place the source program on a diskette. (The
source program on the diskette must use the
basic interchange mode.) The source program can
be transferred to the disk library by copying to
a file using the TRANSFER command and from
the file to the source library using the TOLIBR
command. See the /BM System/32 System Control
Programming Reference Manual, GC21-7593, for
more information.

® Use the reader-to-library copy function of the

utility program $MAINT and enter the source
program from the keyboard. See /BM System/32
System Control Programming Reference Manual,
GC21-7593, for more information.
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mwam e Output
— Iz i
Py e — Calculations
Input
SRk "-/' Telecom-
o= munications
Extension and

RPG |l source program is

(1) Report Outline written on coding sheets. Line Counter
Studied by Control and
Programmer File Description

Main Storage

Compiler Program

Compiler Program on Disk Source Program

@ The compiler program, read
from disk into storage, translates
the source program into an object
program.

N—

Object Program on Disk

@ The object program is stored on disk. _
When the program is called for, it is Main Storage Output Data

read into main storage.
Pri
Input Data Object Program rinter
BSCA Disk
Disk \\ é' Display Screen
Consol
A —— Processin &Special Device
[¢]

Keyboard — _» BSCA

Special Device / @ The object program performs the
processing of the data specified by
the RPG 1l program and produces
the desired report.

@ Figure 1. Preparation of a Report Using RPG Il
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Each line of a specification is considered one input
statement in your source program. Figure 2 shows
the proper arrangement of statements in a source
program.

These source program specifications should begin
with RPG Il control specifications. The source
program specifications are entered into the system
and the RPG !l compiler processes them under
control of the system control program. At the end
of the processing run {compilation), the object
program is produced and stored on the disk. This
object program contains all the machine instruc-
tions required to prepare the desired report.

The programmer can now leave the object program
on the disk to be processed later, or he can proceed
directly to processing the object program.
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6. When processing is done, the input data files and
the object program are read into the system. This
final operation {(object run) results in the desired

report.

SYSTEM CONFIGURATION

The IBM System/32 RPG 11 Compiler runs on all models of
System/32 and supports all available features of this system.

GENERAL RPG Il OBJECT PROGRAM LOGIC

Knowledge of RPG |1 logic is essential for anyone writing

RPG Il programs. For relatively simple jobs involving a

single input file, knowledge of the general logic presented
here is sufficient. For more complex jobs, a more detailed

Compile Time
or Array Data

Table

**b

Alternate Collating

Sequence Specifications

**bs

File Translation
Specifications

**w

QOutput Specifications

| Calculation Specifications

Input Specifications
(required)

Extension and Line
Counter Specifications

File Description Specifi- *

cations (required)

Control Specification

® Figure 2. Arrangement of the RPG |1 Source Program

® The source program specifications shown here are

from source members in the library.

If KEY operation is specified as the only input,
input specifications are not required.

b= blank

{ntroduction
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understanding is required. See Part 2, RPG // Programmer’s
Guide, Detailed RPG Il Program Logic for a detailed PP
flowchart and explanation of the program logic. LeT
Each object program the RPG Il Compiler generates uses
the same general program cycle (program cycle refers to
all the logic functions performed for each data record read).

Every program cycle involves three basic logic steps:
1. Reading information (input)

2. Performing calculations (processing)

3. Recording results (output)

Within a program cycle, these basic logic steps can be

divided into numerous substeps in which the programmer
uses the input data to determine when calculation and
output operations will occur. According to RPG |l program
logic, calculation and output operations are performed at two
different times in a cycle: total time and detail time.

Total calculations are specified by placing an L indicator
(LO-L9) in columns 7-8 of the calculation specifications
sheet. Total output operations are specified by placing a
T in column 15 of the output specifications sheet. The
appropriate control level indicator should be entered in
columns 23-31 of the output specifications sheet to
distinguish between output operations performed for
different control levels.

Total calculation and total output operations are normally
performed on data accumulated for a group of related
records which form a control group. Such operations are
normally done only after a control break has occurred.

A control break occurs when the control field of the record
just read is different from the control field of the previous
record. Whenever a record is read, a check determines if
information in a control field (if a control field is specified)
is different from the control field information on the
previous record.

A change in the control field information indicates that all
records from a particular control group have been read and

a new group is starting. When all records from a group have
been read (shown by control level indicators being turned
on), calculation and output operations are done using infor-
mation accumulated from all records in that group. Informa-
tion on the record that started the new control group is not
used in these total operations; only information from
records in the previous group is used.

16

Those calculations not conditioned by L indicators in
columns 7-8 of the calculation specifications sheet are

detail calculations. Detail output operations are specified

by placing an H or D in column 15 of the output specifica-
tions sheet. Detail calculation and detail output operations
are normally performed for individual data records. These
operations are done for each record, provided all conditioning
indicators are satisfied. When any one of the following con-
ditions is met, detail time calculation and output operations
are done:

1. All total calculation and total output operations are
completed, but the last record is not read.

2. No total operations are to be done (the information
in the control field has not changed).

Total operations are performed before detail operations.
This prevents data from the first record in a new control
group from being accumulated in the totals for the previous
group. Total operations are performed only on data
accumulated from previous records. Detail operations on
the record that caused the control break are done after
total operations are finished.

Figure 3 shows specific steps in the general flow of RPG [
program logic. A program cycle begins with step 1 and
continues through step 10, then begins again with step 1.
Steps 6 and 7 are known as total time; steps 1 and 10 are
known as detail time. The following statements describe
each step:

Step 1. If all conditioning indicators are satisfied, the
program prints all heading or detail lines (those
having an H or D in column 15 of the output
specifications sheet).

Step 2. All control level and record identifying indicators
are turned off, ‘
Step 3. Arrecord is read and identified by the object
program. The appropriate record identifying
indicator is turned on.

Step 4. The record just read is examined to determine
whether or not a control break has occurred.
(A control break occurs when the control field
of the record just read is different from the
control field of the previous record.)

If a control break has occurred, the proper control
level indicator and all lower control level indicators
are turned on, except LO which is always on.

Step 5.



Start
Step 1

Print all heading
or detail lines

Step 2
Turn off
indicators
Step 3 ‘

Step 5

Step 4

Has a
control break
occurred?

Turn on the
proper control
level indicators

Step 6

Specified
control level
indicators

Do total
calculations

on?

Step 8

!

Perform
total
output

-
Step 9 '

Make data from
record just read
available for pro-
cessing

Step 10 &

Do all detail
calculations

Figure 3. RPG Il Program Logic Cycle

Step 6.
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A check determines if any of the control level -

indicators that are on are used in columns 7-8 to

condition total calculations.

Step 7.

Total calculation operations (those conditioned. by

control level indicators used in columns 7-8 of
the calculation specifications sheet) are performed
if the appropriate control level indicator is on.

Step 8.

Total lines (those having a T in column 15 of the

output specifications sheet) are written according

to output specifications.

Step 9.

Data from the record read at the beginning of the

cycle (step 3) is now made available for use in
detail calculation and output operations.

Step 10. All detail calculation operations (those not condi-
tioned by control level indicators specified in

columns 7-8 of the calculation specifications sheet)

are performed on the data from the record read at

the beginning of the cycle.

The first and last program cycles of a job are somewhat
different from the normal cycle just described. Before the
first record is read, lines conditioned by the first page (1P)
indicator are printed. Any heading lines having no condi-
tioning or all negative conditioning indicators are also
printed at this time. Heading lines printed before the first
record is read consist of constant or page heading informa-

tion or fields for reserved words, such as PAGE and UDATE.

In addition, total operations are bypassed until after the
first record has been completely processed, even though
a control break may occur. Steps 6 and 7 in the program

are not done.

When the last record to be processed is read, the last record
(LR) indicator is turned on. This automatically causes all
control level indicators to turn on. Total operations are
performed and the job ends; steps 3-8 in the program cycle

are done.

SUMMARY OF RPG Il SPECIFICATIONS

This section contains a brief column-by-column description
of each of the RPG 11 specification sheets. It is intended as

a quick reference for programmers who are acquainted with

RPG Il for the System/32. For a complete description of
each entry, refer to the applicable section of this manual.

For telecommunications descriptions, see /BM System/32
RPG !l Telecommunications Programming Reference

Manual, SC21-7597.
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Control Specifications

Columns Name Entry Explanations
1and 2 Page Page Use to assign a page number of each specification
number sheet. See Common Entries.
3 through 5 Line Line Use to number the specification lines. See Common
number Entries.
6 Form type H Identifies this as the control or header specification.
See Common Entries. :
7 * If an asterisk is placed in this column, it identifies this
line as a comment line. See Common Entries.
7 through 9 Size to compile Blank
10 Object output Blank or D Blank entry causes system halt for terminal errors only.
Entering a D causes system haits for both warning messages
and severe errors.
11 Listing Blank Program listing is produced.
options B No program listing is produced.
p Partial program listing is produced.
12 through 14  Size to execute
12 Blank or 0 No additional 256-byte increments are needed.
Q One additional 2566-byte increment is needed.
H Two additional 256-byte increments are needed.
T Three additional 256-byte increments are needed.
13 and 14 Blank Main storage size available for program execution defaults
to system size minus the SCP resident nucleus size (2K).
01 through  Main storage size available for program execution. Entry
system is the number of K available.
size - 2K
15 Debug Blank DEBUG operation is not used.
1 DEBUG operation is used.
16 through 18 Blank
19 Date format Blank or M Month/Day/Year format. If column 19 is blank and column 21
(UDATE) contains a D, |, or J, the day/month/year (ddmmyy) format
is used instead of the month/day/year {mmddyy) format.
D Day/Month/Year (ddmmyy).
Y Year/Month/Day (yymmdd).
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Control Specifications (Continued)
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Columns Name Entry Explanations
20 Date edit (Y edit code) Any of the  Characters to be used with the Y edit code in the edit pattern
256 charac- - for the date. A blank entry defaults to / if column 19 contains
ters an M, or if column 21 contains a D or blank and column 19 is
blank. A blank entry defaults to . if column 19 contains D or
Y, or if column 21 contains | or J and column 19 is blank.
21 Inverted print Blank Numeric fields use decimal point (.). Date format is mmddyy
if column 19 is blank.
D Numeric fields use decimal point (.}. Date format is ddmmyy
if column 19 is blank.
| Numeric fields use decimal comma (,). Date format is ddmmyy
if column 19 is blank.
J Numeric fields use decimal comma (,) and leading <ero remains
for zero balance. Date format is ddmmyy if column 19 is blank.
22 through 25 Blank
26 Alternate sequence Blank Normal coliating sequence is used.
S Alternate collating sequence is used.
27 through 36 Blank
37 Inquiry Blank or | Program is not interruptable.
B Program recognizes inquiry requests.
(For an explanation of inquiry, see Part 1, Chapter 2.)
38 through 40 Blank
41 1P forms positions Blank First 1P line is printed only once.
1 First 1P line can be printed repeatedly to allow forms positioning.
42 Blank
43 File translation Blank No file translation needed.
F Input, output, update, or combined files are translated.
44 Blank
45 Nonprint characters Blank Program halts if unprintable character was in last line printed.
1 Program does not halt for unprintable characters.
46 and 47 Blank
48 Shared 1/0 1 All disk files share a single input/output area.
Blank All disk files use a separate input/output area.
49 through 74 Blank

75 through 80

Program identification

Use to assign a name to your object program.
See Common Entries.
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File Description Specifications

Columns Name Entry Explanations

1and 2 Page Page numbers Use to assign a page number of each specification sheet.
See Common Entries.

3 through b Line Line number Use to number the specification lines. See Common Entries.

6 Form type F Identifies this as a file descriptions specification. See
Common Entries.

7 * If an asterisk is placed in this column, it identifies this line
as a comment line. See Common Entries.

7 through 14 Filename Filename Enter a name for each file. The filename can be from one to
eight characters long, must begin in column 7, and must be a
valid RPG Il name.

15 File type I Input

(0] Output
V] Update
C Combined (SPECIAL device only)
16 File P Primary
S Secondary
C Chained
R Record address
T Table or array
D Demand
Blank Leave blank for all output files except chained output files

17 End of file E All records from the file must be processed before the program
ends. An E can only be specified here if column 15 contains
| or U, and column 16 containsa P, S, or R.

Blank The program can end whether or not all records from this file
are processed.
Note: |f column 17 is blank or contains E for all files, all records
from every file must be processed before the program can end.

18 Sequence Biank No sequence checking is to be done.

A Sequence checking is done. Records are in ascending sequence.
D Sequence checking is done. Records are in descending sequence.
Note: Sequence checking is required when matching fields
are used. Column 18 applies only to primary and secondary
files.
19 File format F Indicates fixed length record format.
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File Description Specifications (Continued)

Columns Name Entry Explanations

20 through 23  Block length 1-4096 Disk {record length or multiple of record length)
6-4096 Console
1-40 Keyboard
1-132 Printer
1-40 Display screen
1-4096 SPECIAL (record length or multiple of record length)
1-4096 BSCA (record length or multiple of record length)
Blank These columns can be left blank for any file when

default values are acceptable

24 through 27  Record length 1-4096 Disk
4-160 Console
1-40 Keyboard
1-132 Printer
1-40 Display screen
1-4096 SPECIAL
1-4096 BSCA
28 Mode of processing Blank - Sequential by key

- Consecutive
Note: This column must be blank for nondisk files.

L Sequential within limits

R - Random by relative record number
- Random by key
- By ADDROUT file
- Direct file load (random load)

29 and 30 Length of key field 1-8 Length of record keys in packed format (for indexed files)
or record address field 1-29 Length of record keys in unpacked format (for indexed files
and record address files)
3 Length of disk address in ADDROUT files
31 Record address type P Indexed file with packed keys
A Indexed file
| ADDROUT file or processed by ADDROUT file
Blank Sequential or direct file

Note: Column 31 applies to disk files specified as input,
update, or chained output files

32 : File organization or | Indexed organization
additional 1/O area T ADDROUT file
1-9 Sequential or direct file, use two 1/O areas for the file
Blank Sequential or direct file, use one 1/0 area for the file
33 and 34 Overflow indicator OA-OG, OV  Overflow indicator used to condition records in the file
Blank No overflow indicator used
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File Description Specifications (Continued)
Columns Name Entry

Explanations

35 through 38  Key field starting
location

39 Extension code E

40 through 46  Device DISK
KEYBORD
PRINTER
CONSOLE
CRT
SPECIAL
BSCA

47 through 53 Blank

54 through 59  Name of label exit SUBRxx

SRyzzz
Blank
Continuation line Array name
option
60 through 65  Storage index 6-9999
Blank
66 File addition/ A
unordered load U
67 through 70 Blank
71 and 72 File condition uU1-us8
U1-u8 Blank
73 and 74 Blank

75 through 80  Program identification

For indexed files, enter the beginning position of the key
field in the record. This entry must end in position 38.

The file described on this line is a table file, array file, or

record address file further described by extension specifications.
The file described on this line is a printer file further described
by line counter specifications.

Disk

Display screen — keyboard

132-position printer

Interactive data file. Uses the keyboard and display screen
Display screen

Used for devices not supported directly by RPG 11

Binary synchronous communications adapter

Name of the user-written subroutine which performs the 1/0
operation for a SPECIAL device (x = any alphabetic character).
Name of the IBM-written subroutine (6 character name in
library is #$yzzz) which performs the 1/O operation for a
device supported by SPECIAL (y = any of the following:
B.C,D,F,G,H, I, L, MO,P,R,S,T,or U; z= any of the
following: A,B,C,D,F,G,H,I,L,M,0,P,R,S,T,orU).
No SPECIAL device is being used.

Name of array to be used by user-written subroutine.

Number of bytes reserved for storage index.
No storage index is kept in storage.

New records will be added to the file.
Records are to be loaded into an indexed file in unordered
sequence.

Note: This column applies to sequential and indexed disk files.

The specified external indicator conditions the file.
An external indicator does not condition the file.

Note: These columns apply to output files, primary and
secondary input files, and update files. A record address file
can be conditioned by an external indicator if its associated
primary or secondary file is conditioned either by the same
indicator or by no indicator.

Use to assign a name to your object program. See Common
Entries.



Extension Specifications

Columns . Name Entry Explanations

1and 2 Page Page number Use to assign a page number of each specification sheet.
See Common Entries.

3 through 5 Line Line number Use to number the specification lines. See Common Entries.

6 Form type E Identifies this as an extension specification. See Common
Entries.

7 * If an asterisk is placed in this column, it identifies this line
as a comment line. See Common Entries.

7 through 10 Blank

11 through 18  From filename Filename Enter, left-justified, the name of the table or array input file
loaded at preexecution time or the name of the record
address file defined on the file description specifications sheet.

19 through 26  To filename Filename If the file named in columns 11-18 is a record address file,
gnter the name of the primary or secondary input or update
file containing the data records to be processed. If the file
named in columns 11-18 is a table or array file, enter the name
of the output file to which the table or array is written atend
of job.

Blank Leave blank if the table or array is not written at end of job.

27 through 32  Table or array name

33 through 35  Number of entries
per record

36 through 39  Number of entries
per table or array

40 through 42  Length of entry

Table or array
name

Number of
table or array
entries per
record

Blank

Maximum
number of
table or
array entries

Length of
table or
array entries

Enter the name of a table or array used in the program. If

alternating tables or arrays are described, enter the name of the .

table or array whose entry is first on the input record. Entries
must be left-justified and must be valid RPG !l names. Table
names must begin with TAB; array names must not begin with
TAB.

Enter, right-justified the number of entries on each table or
array input record. These columns must contain an entry for
compile and preexecution time tables and arrays.

These columns must be blank for execution time arrays.

Enter, right-justified, the maximum number of entries in the
table or arrays, corresponding items are considered one entry.

Enter, right-justified, the length of each table or array entry.
The maximum length is 256 for alphameric entries and 15
for numeric entries. For packed or binary numeric data,
enter the number of digits required to represent the data

in unpacked format.
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1-13



Extension Specifications (Continued)

Columns Name Entry Explanations
43 Packed or binary field Blank Alphameric or unpacked numeric data
P Packed numeric data
B Binary numeric data
44 Decimal positions Blank Alphameric table or array
09 Number of positions to the right of the decimal
45 Sequence Blank No particular sequence
A Ascending sequence
D Descending sequence

Note: This column describes the sequence of data in a table
or array. Column 45 must contain an entry if high or low
look-up is used.

46 through 57 Use these columns when describing a second table or array
entered in alternating format with the table or array named
in columns 27-32. These entries have the same significance
as the corresponding entries in columns 27-45.

58 through 74  Comments Enter any information that helps you understand what you are
doing in each specification line.

75 through 80  Program Use to identify your object program or for comments. See
identification Common Entries.



Line Counter Specifications

Columns Name Entry Explanations
Tand 2 Page Page number Use to assign a page number of each specification sheet.
See Common Entries.
3 through 5 Line Line number Use to number the specification lines. See Common Entries.
6 Form type L ldentifies this as the line counter specification. See
Common Entries.

7 * If an asterisk is placed in this column, it identifies this line

as a comment line. See Common Entries.

7 through 14 Filename Filename Enter the name of a printer file for which you want to

specify a form size and overflow line.

15 through 17  Line number— 6-84 Number of lines available for printing on the printer form.
number of lines If an entry of less than 6 is made, the results are unpredictable.
per page

18 and 19 Form length FL Indicates the previous entry is the form’s length.

20 through 22  Line number— 1-84 Number of the overflow line.
overflow line

23 and 24 Overflow line oL Indicates the previous entry is the overflow line.

25 through 74 Blank

75 through 80

Program
identification

Use to identify your object program or for comments. See
Common Entries.
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Telecommunications Specifications

Columns Name Entry Explanations

1and 2 Page Page Use to assign a page number of each specifications sheet.
number See Common Entries.

3 through 5 Line Line Use to number the specifications lines. See Common
number Entries.

6 Form T Identifies this as a telecommunications specification. See

type Common Entries.
7 * An asterisk in this column identifies this line as a comment

line. See Common Entries.

7 through 14 Filename Filename Enter a valid filename for every BSCA file your program
uses. This must be the same filename specified by the file
description specifications.

15 Configuration P or blank Point-to-point, nonswitched network.

M Multipoint network, where the control station selects the
tributary station through polling or addressing. System/32
cannot be the control station.

) Point-to-point switched network.

16 Type of station T This station transmits messages from the file named in columns
7 through 14. The file must be designated as an output file by
file description specifications and must appear on the output
specifications sheet.

R This station receives messages into the file named in columns
7 through 14. The file must be designated as an input file by
file description specifications and must appear on the input
specifications sheet.

17 Type of control T This is a tributary station on a multipoint network. System/32
cannot be the control station and transmit the polling supervisory
sequence. Column 17 must contain a T if column 15 contains
an M {multipoint network).

Blank Polling is not used.
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Columns Name Entry Explanations

18 Type of code Aor U ASCI1 data link control characters are used. When ASCII
is used, each station must provide file translation when it is
required.

E or blank EBCDIC data link control characters are used.

19 Transparency Y EBCDIC transparency is used. The data being transferred
may contain data link control characters.

N.or blank EBCDIC transparency is not used. Unpacked numeric or
alphameric data is transmitted and received. The data being
transferred cannot contain data link control characters.

20 Switched M The computer operator at this station makes the connection
between stations by dialing the number (manual dial).

A This station uses autoanswer.

B This station uses manual answer.

Blank This is not a switched network.

21 through 31 Blank

32 Location of S Switched network. This station’s identification is at the
identification — position specified by the symbolic name in columns 33
this station through 39.

E Switched network. The entry in columns 33 through
39 is this station’s identification.

Blank This is a nonswitched network or a switched network
where no ID is desired for this station.

33 through 39 Identification — Alphameric ~ When column 32 contains an E, this entry is the actual

this station

identification sequence of this station (from 2 to 15
characters). The station identification must not contain

a control character sequence. When column 32 contains

an S, this entry is the symbolic name of the location of

this station’s identification. The symbolic name must not
be an array name. |f the BSCA file is primary or secondary,
this symbolic name must refer to the first element of a
table.
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Telecommunications Specifications (Continued)

Columns

Name

Entry

Explanations

40

41 through 47

48 through 51

52

63 and 54

1-156.3

Location of
identification —
remote station

Identification —
remote station

ITB

Permanent error
indicator

S

Blank

Alphameric

Blank

Blank

01-99,
L1-L9,
LR, H1-H9

Blank

Switched network. The remote station’s identification is
at the position specified by the symbolic name in columns
41 through 47.

Switched network. The entry in columns 41 through 47 is
the remote station’s identification.

This is a nonswitched network or a switched network
where no ID is desired for the remote station.

When column 40 contains an E, this entry is the actual
identification sequence of the remote station (from 2 to
15 characters). A station identification must not contain
a control character sequence.

When column 32 contains an S, this entry is the symbolic
name of the location of the remote station’s identification.
This symbolic name must not be an array name. If the
BSCA file is a primary or secondary file, this symbolic
name must refer to the first element of a table.

Intermediate block check (ITB) is used. ITB can be used
only if records are blocked.
ITB is not used.

Note: Both |TB and EBCDIC transparency cannot be
specified for a BSCA output file.

A permanent error indicator can be specified for every
BSCA file. If you are using more than one BSCA file,

each file can have a permanent error indicator. The
indicator does not have to be unique for each file, however.
No permanent error indicator is specified. |f a permanent
error occurs, a system halt occurs. The program cannot be
restarted.
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Columns Name Entry Explanations
55 through 57  Wait time Number The length of time in seconds (1-999) that BSCA waits
1-999 with no messages being sent or received before a perma-
nent error occurs.
Blank The system convention for timeout, 180 seconds, is used.
58 and 59 Record available 01-99, A record available indicator must be assigned to every
indicator L1-L9, BSCA file that is to be reopened. (If a file is used again
LR, H1-H9  after end of file has been reached, the file is reopened.)
Blank No record available indicator is specified. The file cannot
be used again.
60 Last file L This BSCA input file is processed only after all other
primary and secondary input files have been processed.
Blank This BSCA input file is not the last input file processed.
61 and 62 Polling characters Alphameric  The polling identification of this station is needed if
this station is part of a multipoint network and the BSCA
file is a transmit (output) file.
Blank This station is not transmitting on a multipoint network.
63 and 64 Addressing Alphameric  The addressing identification of this station is needed if
characters this station is part of a mutipoint network and the BSCA
file is a receive (input) file.
Blank This station is not receiving on a multipoint network.
Note: Enter polling and addressing characters in System/32
code; the compiler converts the characters to the form
required by the code specified in column 18. (Enter
uppercase addressing characters, and they are converted
to lowercase ASCI! characters.)
65 through 74 Blank
75 through 80  Program See Used to assign a name to your object program. See
identification Common Common Entries.
Entries
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Input Specifications

Columns

Name

Entry

Explanations

1and 2

3 through 5

6

7 through 14

14 through 16

15 and 16

17

18

Page

Line

Form type

Filename

AND/OR

Sequence

Number

Option

Page number

Line number

Filename

AND or OR

Numeric

Alphabetic

Blank

Blank

Use to assign a page number of each specification sheet.
See Common Entries.

Use to number the specification lines. See Common Entries.
Identifies this as an input specification. See Common Entries.

If an asterisk is placed in this column, it identifies this line
as a comment line. See Common Entries.

Enter a valid RPG Il filename for every input, update, and
combined file your program uses.

Enter AND in columns 14-16 on the next line of the input
specifications sheet if more than three record identification
code subfields are needed to identify the record. Enter OR
in columns 14-15 if either one of the codes can be present
to identify the record. A maximum of 20 AND or OR lines
in any combination can describe the record identifying code.

Note: AND lines are not allowed with interactive data entry
files.

Enter a 2-digit number to assign a special sequence to record
types in a file and to request that the record type sequence be
checked by the program.

Enter two alphabetic characters to indicate that record type
sequence is not being checked. Alphabetic characters must be
used for a chained file. Within a file, record types with an
alphabetic sequence entry must be described before record
types with a numeric sequence entry.

Columns 15-16 contain alphabetic characters (record type
sequence is not being checked).

Columns 15-16 contain numeric characters; only one record

of this type is present in each sequenced group.

Columns 15-16 contain numeric characters; one or more records
of this type can be present in the sequenced group.

Record type must be present.
Optional; record type may or may not be present.

Note: Column 18_is used when record types are being
sequence checked (columns 15-16 contain a numeric entry).



Input Specifications (Continued)

Columns Name Entry Explanations
19 and 20 Record identifying 01-99 Record identifying indicator. (Interactive data entry can use
indicator indicators 01-10 only.)

L1-L9 Control level indicator used as a record identifying indicator
when a record type rather than a control field signals the
start of a new control group.

LR Last record indicator.

H1-H9 Halt indicator used as a record identifying indicator when
checking for a record type that causes an error condition.

*x Look-ahead fields (not valid with interactive data entry).

21-41 Record Note: Columns 21-41 are divided into three identical
identification subfields that are described separately: (1) columns 21-27,
codes (2) columns 28-34, and (3) columns 35-41. An AND

relationship exists between these three fields.

21 through 24, Position Blank No record identification code is needed.

28 through 31, 1-9999 Record position of the record identification code.

or 35 through 38

25, 32, 0r 39 Not (N) Blank Either the record identification code is present in the

specified record position, or no record identification code is
needed.

N Record identifica’gion is being used, but the identification
code is not present in the specified record position.

26, 33, or 40 C/Z/D C Entire character

VA Zone portion of character

D - Digit portion of character

27, 34, or 41 Character Any alphabetic character, special character, or digit

identifying the character used in the record as the record
identifying code.

42 Blank

43 Packed or Blank Input field in unpacked decimal format
binary field P Input field in packed decimal format

B Input field in binary format

44 through 47 Field location Numeric Entg_( two 1- to 4-digit numbers to identify the beginning of

and field a field (From) and the end of a field (To) in the input record.

48 through 51 These entries are identical for a 1-position field.

52 Decimal Blank Alphameric field.
position 0-9 The number of decimal positions in the numeric field named

in columns 53-58. This column must contain an entry for
numeric fields.
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Input Specifications (Continued)

Columns Name Entry Explanations
53 through 58  Field name Field name A valid RPG || field name for each field defined in columns 44-51.
An array name or array element. If an array name is entered,
columns 59-64 must be blank. PAGE, PAGE1, or PAGE2
special words.
59 and 60 Control level L1-L9 Field described on this line is a control field.
Blank Field described is not a control field. These columns must be
blank for chained or demand files.
61 and 62 Matching fields M1-M9 Enter a match value (M1-M9) to indicate matching fields and
sequence checking on primary and secondary files with
match fields. When you have just one input, update, or
combined file with match fields, this entry causes only sequence
checking.
63 and 64 Field record 01-99 Record identifying indicator assigned to a record type
relation L1-L9 Control level indicator
MR Matching record indicator
uU1-U8 External indicator
H1-H9 Halt indicator
65 through 70  Field indicators 01-99 Fiejd indicator.
H1-H9 Halt indicator (when checking for an error condition in the data).
Note: An indicator used in these columns is turned on if the
condition tested for is true. For numeric fields, more than one
condition may be tested at a time, but only the indicator
which reflects the result of the test is turned on, the others
are turned off. If afield is alphameric, an indicator can only
be specified in columns 69-70.
71 through 74 Blank

75 through 80

Program identification

Use to identify your object program or for comments. See
Common Entries.



Calculation Specifications

Columns

Name

Entry

Explanations

1and 2

3 through b

6

7 and 8

9 through 17

18 through 27

28 through 32

31 and 32

Page

Line

Form type

Control level

Indicators

Factor 1

Operation

Page number

Line number

Cc

Blank
LO
L1-L9
LR

SR
AN, OR

Indicators

Operation
code

01-99

Use to assign a page number of each specification sheet.
See Common Entries

Use to number the specification lines. See Common Entries.

Identifies this as a calculation specification. See Common
Entries.

If an asterisk is placed in this column, it identifies this line
as a comment line. See Common Entries.

Calculation operation is done at detail time.

Calculation operation is done at total time (always on).
Calculation operation is done when the appropriate control
break occurs or an indicator is set on.

Calculation operation is done after the last record is processed
or after LR has been set on.

Calculation operation is part of a subroutine.

Indicates that indicators specified on this list are in either an
AND relationship or in an OR relationship with indicators

on the preceding line. A maximum of seven AN, OR, or
mixed AN and OR lines are allowed to condition an operation.

Note: Control level entries must be in the order listed.

Enter one to three indicators. Use any indicators except 1P
and LO. Columns 9, 12, and 15 may contain blank or N. An

AND relationship exists between indicators on a line. Additional
lines may be used containing indicators in columns 9-17 which are

in an AND or OR relationship with those on the first line by
entering AN or OR in columns 7-8.

Name of any field that is defined.

Alphameric or numeric literal.

Subroutine, table or array name, or artay element.

Data field name (UDATE, UMONTH, UDAY, UYEAR).
Special name (PAGE, PAGE1, PAGE2).

Label for a TAG, BEGSR, or ENDSR operation.

Must be left-justified.
Message identification code (MIC) to be displayed from the
user message member during SET or KEY operations. (Entries

are neglected by the compiler when factor 1 is also present
on the same SET or KEY operation.)
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Calculation Specifications {Continued)

Columns Name Entry Explanations
33 through 42  Factor 2 Name of any field that is defined.
Alphameric or numeric literal.
Subroutine, table or array name, or array element.
Date field name (UDATE, UMONTH, UDAY, UYEAR).
Special name (PAGE, PAGE1, PAGE2).
Label for a GOTO or EXSR operation.
Filename for a CHAIN, DEBUG, READ, FORCE, or SET operation.
43 through 48  Result field ERASE To erase an interactive data entry buffer,
Field name, These entries hold the results, or are the object of, the operation
table names, specified in columns 28-32.
array element
INxx (xx= The indicator to be transferred to an external subroutine in an
any RPG II RLABL operation.
indicator)
49 through 51 Field length Blank Field defined elsewhere.
1-256 Result field length. Maximum length of a numeric result field
is 15 digits; maximum length of an alphameric result field is
256 characters. The entry must be right-justified.
b2 Decimal position Blank Alphameric field or numeric field described elsewhere.
0-9 Number of decimal places in a numeric result field.
53 Half adjust Blank Do not half adjust (round) the result field.
H Half adjust (round) the result field. Half adjust is allowed only
with arithmetic operations.
54 through 59  Resulting indicator 01-99 Columns 54-59 are used:
H1-H9 e To test the value of the result field after an arithmetic
L1-L9 operation.
LR ® To check the outcome of a CHAIN, LOKUP, COMP,
OA-0G, oV TESTB, or TESTZ operation.
KA-KN ® To specify which indicators to SETON or SETOF.
KP, KQ ® To indicate end of file for the READ operation code.
uU1-U8 ® To allow command keys to be pressed using the SET

60 through 74

75 through 80

1-20

Comments

Program identification

operation code.
® To test the value of the result field after a KEY operation.

® To condition which files are to be used by a specific
job.

Note: Command key KA is entered by pressing the CMD

key, the 1 key, and then the ENTER key. Command key KB
is entered by pressing the CMD key, the 2 key, and the ENTER
key.

Enter information to help you understand what each
specification line does.

Used to identify your object program or for comments. See
Common Entries.



Output Specifications

Columns

Name

Entry

Explanations

1and 2

3 through 5

6

7 through 14

14 through 16

15

16 through 18

16

17 through 22

17 and 18

19 through 22

Page

Line

Form type

Filename

ANDY/OR relationship

Type

Add a record

Fetch overflow

Space/skip

Space

Skip

Page number

Line number

0]

Filename

AND
OR

m40OI

ADD

See columns
17-18
and 19-22

0-3

Blank
01-84

Use to assign a page number of each specification sheet.

See Common Entries.
Use to number the specification lines. See Common Entries.

Identifies this as an output specification. See Common
Entries.

If an asterisk is placed in this column, it identifies this line
as a comment line. See Common Entries.

Enter a valid RPG !l filename for each output and update
file used by your program. Each filename need be specified
only once on the first line describing that file.

Enter AND if output records are in an AND relationship.
Enter OR (columns 14-15) if output records are in an OR
relationship.

Note: A maximum of 20 AND, OR, or mixed AND and OR
lines are allowed to condition an output record.

Heading records.

Detail records.

Total records.

Exception records {records to be written during calculation
time).

Enter ADD in these columns if records are added to an input,
update, or output disk file. An A must also be entered in
column 66 of the file description specifications sheet for the

file to which a record is added.

Fetch overflow. The overflow routine is fetched when
overflow occurs, before the usual time in the cycle.

If these columns are blank, single spacing occurs after each
line is printed.

Enter a number (0-3) under the appropriate column to indicate

the number of lines spaced before or after a line is printed.

No skipping.

Lines 1-4.

Enter one of the 2-digit numbers listed above to indicate the
position of the next line printed. All line numbers between

are bypassed. Enter the number in the Before or After columns,

depending on whether you want skipping to occur before or
after the line is printed.
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Output Specifications (Continued)

Columns

Name

Entry

Explanations

23 through 31

32 through 37

38

39

40 through 43

44

45 through 70

71 through 74

75 through 80

1-22

Qutput indicators

Field name

Edit codes

Blank after

End position in
output record

Packed or binary
field

Constant or edit
word

Program identification

1t03
indicators

Field name

Edit codes

Blank

Number

Blank

Constant
Edit word

Blank

Enter one to three indicators. Any indicators may be used.
Columns 23, 26, 29 may contain blank or N. The letter N
preceding an indicator means the output operation is done
only if the indicator is not on. An AND relationship exists
between indicators on a line. Additional lines of indicators
in an AND or OR relationship may be used by -entering AND
in columns 14-16 or OR in columns 14-15 of each additional
line (up to 20).

Enter one of the following to name every field written out:

® Any field name defined in this program.

® The special words, PAGE, PAGE1, PAGE2, *PLACE,
UDATE, UDAY, UMONTH, and UYEAR.

® A defined table name, array name, or array element.

These columns must be blank if a constant is entered on

columns 45-70 of the line. If an entry is made in columns

32-37, columns 7-22 must be blank.

Enter an edit code in column 38 when you want to:

® Suppress leading zeros for a numeric field.

® Omit a sign from the lower order position of a numeric field.

® Punctuate a numeric field without setting up your own edit word.
A table summarizing the edit codes that can be used is printed above
columns 45-70 on the output specifications sheet.

Alphameric field is reset to blank or numeric field is reset to zero
after writing.

Field is not reset after writing. This column must be blank for
look-ahead and UDATE fields.

Note: |f the field name specified with Blank After is a table name,
the element of the table looked up last is blanked or zeroed.

Columns 40-43 indicate the location on the output record of the
field or constant written. Enter the number of the position
occupied by the rightmost character of the output field. The end
position entry must not be greater than the record length.

Field is unpacked numeric or alphameric blank. This column must
be blank for *PLACE fields.

Field is packed decimal numeric data.

Field is in binary format.

Note: Packed and binary fields can only be written on disk; they
cannot be printed.

Enter a constant enclosed in apostrophes.
Enter an edit word, enclosed in apostrophes, to specify editing
of numeric fields. Edit words are not used with edit codes.

Use to identify your object program or for comments. See
Common Entries.



COMMON ENTRIES

This section defines in more detail entries that are common
to all RPG coding sheets. Each coding sheet contains the
following entries:

® Columns 1-2 (Page)

® Columns 3-5 (Line)

® Column 6 (Form Type)

® Column 7 (Comments)

¢ Columns 75-80 (Program Identification)

Columns 1-2 (Page)

Entry Explanation

01-99 Page number

Blank No page number is used

Use columns 1-2 in the upper right corner of each sheet
to number the specifications sheets for your job. You can
use more than one of each type of sheet, but keep all
sheets of the same type together. When all specifications
sheets are filled out, arrange them in the following order:
1. Control and file description specifications

2, Extension and line counter specifications

3. Telecommunications specifications

4, Input specifications

5. Calculation specifications

6. Output specifications

Number the sheets in ascending order.

Columns 3-5 {Line)

Entry Explanation

Any Line numbers
numbers

Blank No line number is used

Page of SC21-7595-0
Issued 15 May 1975
By TNL: SN21-7792
Columns 3-5 are used to number the lines on each page.
Columns 3-4 are preprinted on each sheet, so in most
cases, line numbering is already done for you. For instance,
the control and file description specifications sheet contains
line numbers for lines 01-07. If you need more than seven
lines on one sheet, enter 08 in columns 3-4 below line 07;
then 09 can be entered if it is required. The blank areas
below the preprinted numbers can also be used to insert a
line between two lines you have completed (Figure 4).

The control specifications line is always line 01. Any other
lines on the sheets can be skipped. The line numbers you
use need not be consecutive, but should be in ascending
order.

Example

Figure 4 shows the insertion of a line. To show that a line
belongs between line 02 and line 03, a 1 is placed in
column 5 (any number 1-9 can be used). Line 021 should
be inserted between 02 and 03. All lines inserted between
existing lines should be written after the last line with a
printed line number. A maximum of nine lines can be
inserted between two specification lines.

Column 6 (Form Type)

Entry Explanation

H Control (header) specifications

F File description specifications

E Extension specifications

L Line counter specifications

T Telecommunications specifications

| Input specifications
C Calculation specifications

(6] Output specifications

Column 6 contains a preprinted letter on all sheets. The
letter identifies the type of specifications for each line of
coding. The H in column 6 of the control specifications
stands for header or control record. The control record

{control specification) must always be the first record in
the RPG Il source program (Figure 2).
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Figure 4. Insertion of Coding Lines

Column 7 (Comments)
Entry Explanation
Comment line

You often want to write comments that help you under-
stand what you are doing in a certain section of coding.
RPG Il allows you to use an entire line for these comments.
The comment line is identified by placing an asterisk in
column 7. Any character set may be in a comment line.
Comments are not instructions to the RPG 11 program.
They serve only as a means of documenting your program.
A comment line cannot be written in the control specifica-
tion line.
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Note: To be compatible with other RPG systems, the
specification sheets show only 80 record positions used

for RPG |

| coding.

Columns 75-80 (Program Identification)

Entry
Any valid
program

name

Blank

Explanation
Program identification (the first character
cannot be #, $, or @). No special character

can be used in the name.

RPGOBJ is the program identification assigned.



Control Specifications

Columns 75-80 of the control specifications sheet are
used to name your object program and to identify each
record in the object program. The program name
(columns 75-80) is used in a program directory that
contains the location of your program on disk. In
addition, the compiler places the first four characters
from the control specifications (columns 75-78) in
positions 89-92 of each record in your object program.

You can use any combination of alphabetic and numeric
characters in columns 75-80; however, the first character
must be alphabetic. Blanks must not appear between
characters in the program name. The program name you
specify should be unique. If columns 75-80 are left blank,
the compiler assumes the entry is RPGOBJ. (The compiler
uses positions 93-96 of each object program record for
consecutive numbering of the records.)

All Other Source Program Specifications

Columns 75-80 of all source program specifications sheets,
except the control specifications sheet, can contain any
characters. These columns may use the program name in the
control specifications or they can contain any other
characters to identify a certain portion of the program.
These entries are ignored by the compiler but appear in the
source program listing.
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Chapter 2. Control Specifications

One control specification is required for every program. COLUMNS 3-5 (LINE)
It provides special information about your program and
describes your system to the RPG Il Compiler. If the See Common Entries.

control specification is omitted, a blank control specifica-

tion is assumed.

COLUMN 6 (FORM TYPE)

To help you code the control specifications, one coding

line is provided on the control and file description specifi-

cations sheet (Figure 5).

COLUMNS 1-2 (PAGE)

See Common Entries.

A control record with an H in position 6 must be entered

for every program to provide a unique name for each
program. If columns 75-80 are blank or no control record
is provided, the program name defaults to RPGOBJ.

RPG CONTROL CARD AND FILE DESCRIPTION SPECIFICATIONS e,
Printed in U.S.A.
IBM Intarnational Business Machine Corporstion
75 76 77 78 79 BO
Program Graphic Card Electro Number . D]of Program -
: age P
Programmer I Date Instruction Punch —_
Control Card Specifications
g Model 20 5
H £
2 5 K £
& £ 2 g 4 2|8
- 4 & | Number £ 5 ;5 .g. 5 s % 5 5 =
sizeto ||| Size to k] o = | of Print |2 151818 21 8| z1=lz|2 T Sle Refer to the specific System Reference Library manual for actual entries.
ile | 55 ] g 3 . S| Address [E|&|E| & £l2| |25 2loll=
. K {Compile | 5| &| Execute & Ele Positions [© 3 o3 T ol I3 [ et gl1=ts|e|=
Line [ 8|0 & HEI=IN al tostart [2]x]a HIEEEEE el el ) 1
[= o g Z et |8 1R R
p §le HE K 2 MHEE 3 HEEINEERBHEHD
2ls g1e =1 5 S Sl T S| c FE R
K 8|3 alg| i&|&lz8 2 28|55 |[c[2|2| 3| &= | 212 |S| 2| |B[6|2|c|E
3 4 5l6]7 8 910[11]12 13 14{15]16]17 18]19|20{21)22| 23 24 25 {26[27 28 29 30{31|32|33)3¢ |a7] 40} 41142 43144145146 147]48]49(50| 5152 53 54 55 56 57 58 69 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74|
oft [ Jul | ] I [TIIITTIT [
File Description Specification
F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or s Number of Tracks
" of Record Address Field o for Cylinder Overflow
End of File 2
Record Address Type ¢ 5 Name of Number of Extents
i Sequence - i Symbolic @1 el Exit
Filename Type ?f File o Device Device H Tape
File Format Organization i 5 Rewind
Line r Additional Area g File
a Overflow Indicator Condition
o ~ c
8 olg s = s .
3 slg 3| slock ls Koy T | 2 u1-Ug
~ Slo B3| Length S i 5 z
£ 2 g als sis Starting | £ - 3
S Cleiu]z|E z|5 Lacation | K! Option < &
34 6lel7 8 9 10111213 14 1s]16]17]18]19]20 21 22 23l 24 25 26 27 29ﬂ3|3233_3‘4£g§37;§139404|4243-:44546474349503_[;2_53]‘»353_51157_5_5_‘:1 e7_§g59m7|7273l4j
o2 F
S N T 4
0 F
L - -+ - 4
ol4| |F
056 F
06 F
o7 F
ols F
o9 F
110 F
E
F LI
L 14704 69 89 L9 99 §0 v0 CO 29 1O 09 63 8% L& 03 43 vG €4 25 15 02 6V Bv Lb Ov b bv €V Zb 1v OF 6 8C 4C O S6 VE CC 26 1T OE 6Z BL LZSC 57 W EL L 1L 2 6L BI LI BL I WL ELZI 1IN0l 6 § L 5 8 v T T 1

Figure 5. Control and File Description Specifications Sheet
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COLUMNS 7-9 (SIZE TO COMPILE)

Columns 7-9 are not used. Leave them blank. Any entry
in these columns is ignored by the compiler. The program is
compiled in the available storage.

COLUMN 10 (OBJECT OUTPUT)
Entry Explanation

Blank The system halts only when severe (terminal)
errors are found.

D The system halts for both warning errors and
severe errors. The operator can continue the
job after a halt occurs for a warning error.

An object program is produced if no severe (terminal) errors
are present in the source statements. This object program is
written in the library and stays there until deleted by the
programmer. Every object program written in the library
must be assigned a unique program name in columns 75-80
of the control specifications sheet. (If no name is assigned,
RPG I assigns the name RPGOB.J.)

COLUMN 11 (LISTING OPTIONS)

Entry Explanation

Blank The object program is produced (if no severe

errors are found).
The program listing is printed.

B The object program is produced (if no severe
errors are found).

The program listing is not printed.

P The object program is produced (if no severe
errors are found).

A partial program listing is printed, which
includes the source program, information on
indicator usage, and diagnostics.

Column 11 provides for listing options at the time your
source program is compiled. If any severe errors are found
during compilation, the listing is completed {(provided a
listing is to be printed) and the system halts.
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The blank entry is the usual case, producing an object
program (if no severe errors are found) and a source
program listing. The RPG Il listing consists of the source
program listing, table and array information, indicator
usage information, the relative location of fields and their
attributes, unreferenced field names, diagnostics, and a
main storage usage map. The main storage usage map lists
the identification, the start address, and the size of each
uniquely identifiable segment of code in the object pro-
gram, and defines the amount of main storage required
for execution.

The B entry means that no program listing is printed;
however, an object program is produced. Use this entry
if you want to produce an object program for which you
already have a listing.

The P entry means that a partial listing is printed, which
includes the source program, information concerning
indicator usage, and diagnostics. Use this entry if you do
not need a complete listing of the program. Excluded
from this printout are table/array information, field
information, and main storage usage map.

COLUMNS 12-14 (SIZE TO EXECUTE)

Column 12

Entry Explanation

Blank, 0  No additional 256-byte increments are needed.

Q One additional 256-byte increment is needed.

H Two additional 256-byte increments are needed
(512 bytes).

T Three additional 2566-byte increments are needed

(768 bytes).



Use column 12 to specify additional 256-byte increments
of storage. These increments allow an extra 1/4K, 1/2K,
or 3/4K of storage to be available in addition to the
storage specified in columns 13-14,

Columns 13-14
Entry Explanation
Blank The main storage available for object program

execution defaults to system size minus the
SCP resident nucleus size (2K).

01- The main storage available for program
system execution.

size minus

2K

Use columns 13-14 to specify some multiple of 1K bytes
of storage (K = 1,024 bytes).

Example
The following chart shows examples of the possible entries

that can be made in columns 12-14 and the amount of
storage that is made available for that entry:

Entry Available Bytes

004 4,096

Qo4 4,352 (4,096 + 256)
HO4 4,608 (4,096 + 512)
TO4 4,864 (4,096 + 768)
005 5,120

Subtract the amount of main storage occupied by the
supervisor (2K) from the total main storage of the system
used for execution to determine the maximum amount of
storage available for execution.

COLUMN 15 (DEBUG)

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

Page of SC21-7595-0
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Use column 15 to indicate whether or not the DEBUG
operation is performed. To perform a DEBUG operation:

® A 1 must appear in column 15 when the source program
is compiled.

® The DEBUG operation code must appear in calculation
specifications.

See Operation Codes, Debug Operation under Supplementary
Information.
COLUMNS 16-18

Columns 16-18 are not used. Leave them blank.

COLUMNS 19-20 (DATE OPTION)

Column 19 (Date Format)

Entry Explanation

Blank Default to month/day/year if column 21 is

blank. Default to day/month/year if column 21
containsaD, |, or J.

M Month/Day/Year.
D Day/Month/Year.
Y Year/Month/Day.

Use column 19 to specify the date format for UDATE.
The date format should be in the same format as the system
date.

Note: The input for UDATE must be in the format

expected as output. For example, if D is specified in
column 21, the input must be dd/mm/yy.
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Column 20 (Date Edit)

Entry Explanation
Any of Characters to be used in the edit pattern for
the 256 the date. The & entry forces blank to be used

characters as the separator. If blank is entered, (1) / (slash)
including is assumed when column 21 contains a blank or
blank D and column 19 is blank, and (2) . (period) is
assumed when column 21 contains | or J and
column 19 is blank. If column 19 contains
M, / is assumed. |f column 19 contains D or Y,
. is assumed,

Use column 20 to specify the type of edited output that
will appear for the Y edit code.

COLUMN 21 (INVERTED PRINT)

Entry Explanation

Blank Decimal periods are used for numeric literals
and editing. UDATE format is mmddyy if
column 19 is blank. If columns 19 and 20 are
blank, / is used for the Y edit code.

| Decimal commas are used for numeric literals
and editing. UDATE format is ddmmyy if
column 19 is blank. If columns 19 and 20 are
blank, period is used for the Y edit code.

J This is the same as | except zero is written to
the left of the decimal comma when the field
contains a fraction. Nondecimal edited fields
print with a zero in the low-order (units)
position.

D This is the same as blank — except the UDATE
format is ddmmyy if column 19 is blank.

Use column 21 to specify the constants to be used with
RPG Il edit codes. Decimal period means that numbers
are edited with a period before the fraction (183.55) and
commas denoting thousands, etc (1,435). Decimal comma
means that numbers are edited with a comma before the
fraction (183,565) and periods denoting thousands, etc
(1.435).

For information on how the entries in column 21 are used

to format numeric data, see Column 38 (Edit Codes) under
Output Specifications.
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COLUMNS 22-25

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

COLUMN 26 (ALTERNATE COLLATING SEQUENCE)

Entry Explanation
Blank Normal collating sequence is used,
S Alternate collating sequence is used.

Use column 26 only if you are altering the normal collating
sequence. The following text contains a description of the
specifications required to alter the normal collating
sequence.

Alternate Collating Sequence

Every alphabetic, numeric, or special character holds a
special position in relation to all other characters. This
special order is known as the collating sequence. System/32
uses a collating sequence based on the way characters are
represented in the machine (Figure 6).

You may change this collating sequence if you wish. |If
you want characters to appear in a sequence other than
the one used by System/32 or if you want two or more
characters to have the same position in the sequence

(this means they are considered equal), you must describe
an alternate collating sequence. The alternate collating
sequence table is printed with the compiled program.
(Figure 2 shows the order of the RPG Il source program
including an alternate collating sequence table.)

Note: An alternate collating sequence applies to:
® Matching fields and sequence checking

® Alphameric compare operations (COMP)

Defining Alternate Collating Sequence

To define an alternate collating sequence, you must first
indicate that a sequence other than the normal one is to be
used. Do this by entering an S in column 26 of the control
specifications sheet.

A table also must be entered which lists the changes you
want to make in the normal collating sequence. This is a
special table and requires no file description or extension
entries. The following entries are needed for each table
record entered:



Collating Hexadecimal Collating Hexadecimal
Sequence Character Equivalent Sequence Character Equivalent

1 Blank 40 33 F Ccé

2 ¢ 4A 34 G Cc7

3 . 4B 35 H C8

4 < 4C 36 I Cc9

5 ( 4D 37 Do

6 + 4E 38 J D1

7 | 4F 39 K D2

8 & 50 40 L D3

9 t 5A 41 M D4
10 $ 5B 42 N D5
1 * 5C 43 0] D6
12 ) 5D 44 P D7
13 ; 5E 45 Q D8
14 1 bF 46 R D9
15 - (minus) 60 47 S E2
16 / 61 48 T E3
17 , 6B 49 U E4
18 % 6C 50 \Y E5
19 _ {underscore) 6D 51 w E6
20 > 6E 52 X E7
21 ? 6F 53 Y E8
22 7A 54 z E9
23 # 7B 55 0] FO
24 @ 7C 56 1 F1
25 ! 7D 57 2 F2
26 = 7E 58 3 F3
27 " 7F 59 4 F4
28 A C1 60 5 F5
29 B C2 61 6 F6
30 Cc C3 62 7 F7
31 D C4 63 8 F8
32 E C5 64 9 Fo

Figure 6. Normal Collating Sequence and Hexadecimal Equivalents of Characters

Control Specifications

1-31



Positions 1-6: Enter ALTSEQ to indicate that you are
altering the normal sequence.

Positions 7-8: Leave these positions blank.

Positions 9-10: Enter the hexadecimal equivalent of the
character being taken out of sequence. The table in
Figure 6 lists characters and their hexadecimal equivalents.

Positions 11-12: Enter the hexadecimal equivalent of the
character that is replacing the character taken out of sequence.

Positions 13-16, 17-20, 21-24, etc: These positions are
used the same way positions 9-12 are used. The first two
positions give the character to be replaced by the character
specified in the next two positions. There may be as
many 4-position entries as can be contained in the record.
Additional records may be used with the above format.
The first blank position terminates the record. An **b

in positions 1-3 ends the table.

The alternate sequence table records must be preceded by
arecord with **l in positions 1-3. The remaining

positions of the record may be used for comments. The
alternate collating sequence records must follow the RPG |1
specifications and file translation records, if used. Figure 2
shows the arrangement of records in an RPG |l source
program.

Translation Table and Alternate Collating Sequence
Coding Sheet

The translation table and alternate collating sequence sheet
(Figure 7) can be used for coding an alternate collating
sequence. It helps you to determine the entries needed for
the alternate collating sequence table input records.

Causing Characters To Be Considered Equal

If you want one character to be considered the same as
another character, the characters must hald the same
position in the collating sequence. For example, you may
want a blank to be considered as a zero. Therefore, you
need to define an alternate collating sequence in. which the
blank is the same as the zero because it holds the same
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position in the sequence. The alternate collating sequence
input record for this example looks like this:

Record Position Entry
1-6 ALTSEQ
7-8 Blanks

9-12 40FO (blank takes the zero’s position)
Now whenever a blank is read and used in a compare, it is
considered as a zero. Thus, if you were comparing numbers
to 0036 to find an equal condition, 0036 and HB36

(where b = blank) both compare to 0036.

Altering the Normal Collating Sequence

You can alter the normal collating sequence in a number of
ways. For example, you can insert a character between
two existing characters, you can take a character out of the
sequence, or you can change characters {put A where Z

is and Z where A is). Regardless of how you alter the
sequence, you must specify every character that is to be
changed by the alteration. For example, if you want the
dollar sign ($) to be positioned in the collating sequence
between A and B, the normal sequence changed as follows:

Normal Sequence Altered Sequence

—_TIOMMOO®m>
= IOTmMTOTH P

Notice on the translation table and alternate collating
sequence coding sheet that there are many characters
between | and ), R and S, and Z and 0. These characters
can be represented in the computer and on records by a
certain code. However, they have no printable graphic
symbol. Due to this particular arrangement of graphics
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IBM

International Business Machines Corporation

TRANSLATION TABLE AND ALTERNATE COLLATING SEQUENCE CODING SHEET

6X21-9096-1

Printed in U.S.A

Replaced Replaced Replaced Reptaced Replaced
By/Takes By/Takes By/Takes By/Takes By/Takes
Code Graphic Entry Place Of Code Graphic Entry Place Of * Code Graphic Entry Place Of Code Graphic Entry Place Of Code Graphic Entry Place Of
00000000 00 00110011 33 01100110 66 10011001 99 11001100 cc
00007001 01 00110100 34 01100111 67 10011010 9A 11001101 cb
00000010 02 00110101 35 01101000 68 10011011 98 11001110 CE
00000011 03 00110116 36 01101001 69 10011100 9c 11001111 CF
00000100 04 00110111 37 01101010 6A 10011101 9D 11010000 |} DO
00000101 05 00111000 38 01101011 | , 68 10011110 9E 11010601 | 4 D1
00000110 06 00111001 33 01101100 | % 6C 10011111 9F 11010010 | K D2
00000111 07 00111010 3A 01101101 | — 6D 10100000 AO 11010011 | L D3
00001000 08 00111011 3B 01101110 | > 6E 10100001 Al 11010100 [ M D4
00001001 09 00111100 3¢ 01101111_| ? 6F 10100010 A2 11010101 [ N D&
00001010 0A 00111101 3D 01110000 70 10100011 A3 11010116 | O D6
00001011 0B 00111110 3E 01110001 71 10100100 A4 11010111} P D7
00001100 oc 00111111 3F 01110010 72 10100101 A5 11011000 | Q D8
00001101 0D 01000000 | Bfank 40 01110011 73 10100110 AB 11011001 | R D9
00001110 OE 01000001 ) 01110100 74 10100111 AT 11011010 DA
00001111 OF 01000010 22 01110101 75 10101000 A8 11011011 DB
00010000 10 01000011 43 01110110 76 10101001 A9 11011100 DC
00010001 11 01000100 24 01110111 77 10101010 AA 11011101 oD
00010010 12 01000101 45 07111000 78 10101011 AB 11011110 DE
00010011 13 01000110 46 01111001 79 10101100 AC 11011111 DF
00010100 13 01000111 47 01111010 : 7A 10101101 AD 11100000 EO
00010101 15 01001000 48 01111011 | # 78 10101110 AE 11100001 E1
00070110 16 01001001 49 01111100 | @ 7C 10101111 AF 11100010 _[§ E2
00010111 17 01001010 | ¢ 4A 01111101 | ~ 7D 10110000 B0 11100011_| T E3
00011000 18 01001011 | - 48 01111110 | = 7E 10110001 B1 11100100 | U E4
00011001 19 01001100 | < ac ot | " 7F 10110010 B2 11100101 |V ES
00011010 1A 01001101 i 4D 10000000 80 10110011 B3 11100110 W E6
00011011 18 01001110 | + 4E 10000001 81 10110100 B4 1100111 | X E7
00011100 1c 01001111 I 4F 10000010 82 10110101 85 11101000 | Y ES
00011101 1D 01010000 | & 50 ~_10000011 83 10110710 86 11101001 | 2 Eg
00011110 1E 01010001 51 10000100 84 10110111 87 11101010 EA
00011111 1F 01010010 52 10000101 85 10111000 B8 11101011 EB
00100000 20 01010011 63 10000110 86 10111001 B9 11101100 EC
00100001 21 01010100 54 10000111 87 10111010 BA 11101101 ED
00100010 22 01010101 55 10001000 88 10111011 BB 11101110 EE
00100011 23 01010110 56 10001001 89 10111100 BC 11101111 EF
00100100 24 01010111 57 10001010 8A 10111101 BD 11110000 | 0 FO
00100101 25 01011000 58 10001011 88 10111110 BE 11110001 [ 1 F1
00100110 26 01011001 59 10001100 8C 10111111 BF 11110010 2 F2
00160111 27 01011010 _| ¢ 5A 10001101 8D 11000000 co 11110011 [ 3 F3
00101000 28 01011011 $ 58 10001110 8E 11000001 A C1 11110100 | 4 F4
00161001 29 01011100 ____* 5C 10001111 8F 11000010 B c2 11110101 |5 F5
00101010 2A 01011101 ) 5D 10010000 20 11000011 C C3 111101101 6 F6
00101011 2B 01011110 | : 5E 10010001 91 11000100 | D ca 1110111 [ 7 F7
00101100 c 01011111 _| 7 5F 10010010 92 11000101 | E C5 11111000 |8 F8
00101101 20 01100000 | - 80 10010011 93 11000110 | F C6 11111001 [ 9 F9
00101110 2E 01100001 | / 61 10010100 94 11000111 | G c7 11111010 FA
00101111 2F 01100010 62 10010101 95 11001000 | H cs 11111011 FB
00110000 30 01100011 63 10010110 96 11001001 I c9 11111100 FC
00110001 31 01100100 | i 64 10010111 | 97 i 11001010 CA ‘ 11111101 FD i
00110010 32 01100101 | i 65 10011000 | 98 i 11001011 c8 ! 11111110 FE i
i | | i EEEREREE] FF 1




or nongraphics in the collating sequence, a character, when
inserted between A and B, changes only the position of
graphics B-1. All other graphics are not affected. B-1 all
move down one position causing the | to take the place of
the nongraphic represented by hexadecimal CA. This does
not matter, however, since the original character CA

cannot be printed anyway. See Figure 8 for the entries

on the translation table and alternate collating sequence
coding sheet.

International Business Machines Corporation GX21-9096-
Printed in U.
TRANSLATION TABLE AND ALTERNATE COLLATING SEQUENCE CODING SHEET
Replaced Replaced Replaced Replaced
By/Takes By/Takes By/Takes By/Taker
Code Graphic Entry Place Of Code Graphic Entry Place Of Code Graphic Entry Place Of Code Graphic Entry Place Of
00110011 33 01100110 [ ] 10011001 99 11001100
00110100 34 01100111 67 10011010 9A 11001101
00110101 35 01101000 68 ] 10011011 98 11001110
00110110 36 01101001 69 10011100 9C 11001111 _
00110111 37 01101010 6A 10011101 i]o] 11010000 +
00111000 38 01101011 |, 68 10011110 9E 11010001 | J
00111001 39 01101100 | % . 10011111 oF 11010010 [ K
00111010 3A 01101101 | — 10100000 AD 11010011 [ L
00111011 3B 01101110 | > 10100001 Al 11010100 | M
00111100 3c 01101111 [ ? 6F | 10100010 A2 11010101 | N .
00111101 3D 01110000 70 10100011 A3 11010110_{ O
00111110 3E 01110001 71 10100100 A4 11010111_[ P
00111111 3F 01110010 | 72 10100101 AB 11011000 | Q
01000000 | Blank 40 01110011 73 10100110 AB 11011001 | R
01000001 41 01110100 74 10100111 A7 11011010
01000010 42 01110101 75 10101000 A8 11011011
01000011 43 01110110 76 10101001 AR 11011100
01000100 44 01110111 77 10101010 AA 11011101
01000101 45 01111000 78 10101071 AB 11011110
01000110 46 01111001 79 10101100 AC 11011111
01000111 47 01111010 | : 7A 10101101 AD 11100000
01001000 48 01111011 | # 78 10101110 AE 11100001
01001001 49 01111100 | @ 7c 10101111 AF ] 71100010 | S
01001010 | ¢ 4A 01111101 [ ° 70 10110000 - BO [ 11100011 [T
01001011 _| - 4B 01111110_| = €4 ] 10110001 B1 1 11100100 | U
01001100 | < 4c [ERREEE I 7F o 10110010 B2 11100101 [ V
01001101 _| ( 4D 10000000 _| 80 10110011 83 11100110 _[w
01001110 _| + 4E 10000001 81 10110100 84 11100111 | X
01001111 _| | 4F 10000010 82 10110101 85 o 11101000 | Y
01010000 | & 50 10000011 83 o 10110110 ~ B6 11101001 | Z
01010001 51 10000100 84 10110111 B7 11101010 [
01010010 52 o 10000101 85 _ 10111000 B8 11101011
01010011 63 10000110 86 10111001 o B9 11101100 o
01010100 54 ] 10000111 87 o 10111010 BA 11101101
01010101 55 e 10001000 _; 88 — 10111011 BB 11101110
01010110 56 10001001 89 10111100 BC __ , L 11101111
01010111 57 [ e 8A 10111101 BD ’ Y
01011000 % $ takes B's position. 5 TREEICH S B takes C’s position.
01011001 _| 4 10001100 sc__ | . 10111111 BF A 11110010 | 2
| 0101101 10001101 8D 11000000 [ . . co Z 001 |3
0101101% 10001110 | sE 11000001 - E-A- 11110100 [ 4
01011100 * 10001111 _8F 11000010 | 11110101 |5
| 01011101 10010000 _ 90 o 1100001 11110110 [ 6
| 01011110 | : 5E 10010001 _ e e 11000100 11110111 | 7
| o111t | 7 5F 10010010 92 | | 11000101 11111000 | 8 .
01100000 | - 80 10010011 93 11000110 C takes D’s positi
01100001 L 61 10010100 94 . 11000111 | 11111010
01100010 62 10010101 95 11001000 1on
01100011 63 10010110 96 11001001 11111100 .
01100100 64 10010111 97 o 11001010 CA A 11111101
01100101 65 98 11001011 CB .
1011000 (no printable character)

Figure 8. Altering the Collating Sequence
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The alternate sequence input record is as follows:

Record Position Entry

1-6 ALTSEQ

7-8 Blanks

912 5BC2 (3 takes B’s position)

13-16 C2C3 (B takes C's position)

17-20 C3C4 (C takes D’s position)

21-24 C4C5 (D takes E's position)

25-28 C5C6 (E takes F’s position)

29-32 C6C7 (F takes G’s position)

33-36 C7C8 (G takes H's position}

37-40 C8C9 (H takes I's position)

41-44 COCA (1 is given a new position
held by no other printable
character)

COLUMNS 27-36

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

COLUMN 37 (INQUIRY)
Entry Explanation

Blank or | Program cannot be interrupted (does not
recognize an inquiry request).

B Program can be interrupted (recognizes
an inquiry request).

The system allows certain programs to be interrupted while
they are executing. A request for interruption is called an
inquiry request (made by pressing the INQ key on the
keyboard). Programs are usually interrupted to permit
another program to execute. Control is then given back to
the first program. The OCL or command statements for
the program must be entered from the keyboard.

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

Page of SC21-7595
Issued 2 January 1975
By TNL: SN216313

program can be interrupted (recognizes an inquiry request).
The program to be loaded following an inquiry request can
have an |, B, or blank in column 37. However, if the
program being loaded is a B-type program, it cannot be
interrupted by another inquiry request.

A B-type program recognizes an inquiry request in the
following manner:

1. The inquiry key is pressed and the 1 option is
selected in response to the corresponding halt. This
indicates to the RPG program that an inquiry request
is pending.

2.  When the program recognizes an inquiry request (at
the start or the end of the RPG cycle), a rollout
routine moves the interrupted program from main
storage to disk.

3. The program for which the interrupt was requested
must be loaded by entering the required OCL or
command statement from the keyboard. This
interrupting program cannot be interrupted by an
inquiry request.

4.  After the interrupting program is executed, the
interrupted program is brought back into main
storage by a rollin routine. The interrupted program
begins execution at the point of interruption and
terminates in a normal manner. ’

CAUTION

If you are using inquiry, do not change any files that
were being used by the interrupted (rolled-out) program.
System/32 system control programming does not always
check for duplicate file labels in the inquiry and inter-
rupted programs. For example, program X is inter-
rupted while it is loading file A. File A is then deleted
using inquiry. A return to program X will cause
unpredictable results.

For more information on inquiry, including restrictions
on the use of system utilities in inquiry mode, see /nquiry
Option in IBM System/32 System Control Programming
Reference Manual, GC21-7593.

Note: An inquiry request can also be made by using IBM-
written subroutine SUBR5 instead of inquiry. For

information on this method., see Supplementary Informa-
tion, Part 3, IBM-Written Subroutines.

COLUMNS 38-40

Columns 38-40 are not used. Leave them blank.
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COLUMN 41 (1P FORMS POSITION)

Entry Explanation
Blank First 1P line is printed only once.
1 First 1P line can be printed repeatedly.

Use column 41 only when the first output line conditioned by

the first page (1P) indicator is written to a printer file.

When forms are first inserted in the printer, they may not be
in perfect alignment. Sometimes several lines must be
printed to determine the correct positioning of the form.
You may not want to print several lines of your report
before you get the forms positioned correctly. In this case,
you have the option of repeatedly printing the first line
conditioned by the first page (1P} indicator by selecting
option 1 and pressing the ENTER key. Each time the 1P
line is printed, the program halts so you can reposition the
forms if needed. When the forms are positioned correctly,
the operator can continue the program by selecting option 0
and pressing the ENTER key. The page counter is not
incremented until after the forms have been positioned
correctly.

COLUMN 42

Column 42 is not used. Leave it blank.

COLUMN 43 (FILE TRANSLATION)

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

be transiated.

Use column 43 only when information contained in an
input, output, update, or combined file is in a form not
usable by your program. When file translation is specified
for an update, both the input and output portion of the
file is translated.

An F in column 43 indicates either or both of the following:
(1) the character code used in the input data must be
translated into a form that can be used by your program,

or (2) the output data must be in a character code different
from that used by your program.

The specifications for forming a file translation table are
described in the following text.
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File Translation

At some time you may want to use data that is in a charac-
ter code different from the character code used by System/32.
RPG |1 allows you to translate a different character code
used as input into the System/32 code. You can also have
the System/32 code translated for output into a different
character code. This capability is called file translation.

Specify file translation by entering file translation table
records. This is a special table and requires no file
description or extension specifications. The file translation
records must immediately follow the RPG 1l specifications
in the source program (Figure 2). The file translation table
is printed with the compiled program.

You can specify file translation for input, output, update,
and combined files. For input files, a different character
code is translated into the System/32 code. For output
files, the System/32 code is translated into a different
character code. For update and combined files, the input
data in a different code is translated into the System/32
code, then translated back to the different code for output.

In the following text, any character represented by the
System/32 code is called as an internal character; any
character represented by a different code is called as an
external character.

Specifications for File Translation

You must first indicate that there are files to be translated.
Do this by entering an F in column 43 of the RPG Il
control specifications sheet, Use table input records to
specify how the translation is to be done. The following
entries are needed for each file translation table input
record used.

Positions 1-6: Enter *FILES to indicate that all input,
output, update, and combined files are to undergo transla-
tion (both the input and output portions of the update and
combined files are transiated). Then complete your file trans-

lation input record by making the entries listed in the following

text, beginning with positions 9-10. All files are translated
according to the table specified beginning in position 9.

If only certain files are to be translated, they must be named
individually in positions 1-8. (The *FILES entry is not
made in positions 1-6.)



Positions 1-8: Enter the filename of the input, output,
combined, or update file to be translated (both the input
and output portions of update files and combined are
translated). Then use the specifications listed, beginning
with positions 9-10.

Positions 9-10: Enter the hexadecimal equivalent of the
external character. This is the character in a different
character code to be translated from input data or for
output data.

Positions 11-12: Enter the hexadecimal equivalent of the
internal character. This is the character in the System/32
code which represents internally the external input or
output character.

Positions 13-16, 17-20, and 21-24, etc: These groups of
positions are used the same way as positions 9-12 are used.
For instance, columns 13-14 contain the hexadecimal
equivalent of the external character, and columns 15-16
contain the hexadecimal equivaient of the related internal
character.

All table records for one file must be kept together. The
file translation table input records must be preceded by
one record with **I (b means blank) in positions 1-3.
The remaining positions of this record can be used for
comments.

Example

Assume that while working for a department store, you
must process sales slips for all items sold. Each sales

slip contains a printed record of the actual, or wholesale,
cost of its associated item along with a retail price.

Obviously, wholesale cost must remain confidential, so
the store uses individual letters of a code name in place of
numbers comprising wholesale costs.

A typical code name generally consists of a combination of
letters that can be easily remembered by the store’s
personnel. The only restriction, however, is that the code
name must contain 10 different letters, one for each of the
numbers zero through nine.

Using the code name BUCKINGHAM to represent numbers
one through nine and zero, the letter B represents the
number 1; letter U represents number 2, etc. Letter M
represents zero. Individual letters are combined to repre-
sent each item’s wholesale cost. Thus a wholesale cost of
BBU.CC translates as $112,33.

In the following chart, hexadecimal equivalents of each
letter in the word BUCKINGHAM are listed along with
the hexadecimal equivalents of numbers one through nine
and zero.

Letter in Hexadecimal
Code Name Equivalent
(External Hexadecimal (Internal
Character) Equivalent Number  Character)

B c2 1 F1

U E4 2 F2

C C3 3 F3

K D2 4 F4

| Cc9 5 F5

N D5 6 F6

G c7 7 F7

H C8 8 F8

A C1 9 F9

M D4 o FO

Hexadecimal equivalents are merely a different way of
representing the 8-bit code that the computer examines to
recognize individual characters in your language.
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See Figure 9. Note that if letters BBU were read and never
translated, hexadecimal equivalents C2, C2, and E4 are used
by System/32. As a result, it is impossible to perform an
arithmetic operation involving the wholesale cost, BBU.
Therefore, with the aid of file translation, the computer
replaces the letters BBU with numbers.

International Business Machines Corporation Form X21-9096
Printed in U.S.A.
TRANSLATION TABLE AND ALTERNATE COLLATING SEQUENCE CODING SHEET
Replaced Replaced Replaced Replaced
By/Takes By/Takes By/Takes By/Takes
Entry Place Of Code Graphic Entry Place Of Code Graphic Entry Place Of Code Graphic Entry Place Of
33 01100110 66 | 1001100t | N 11001100 |
34 01100111 67 o 10011010 | 11001101
35 01101000 68 10011011 o ) 11001110
_36 01101001 69 o 10011100 T - 11001111
37 01101010 6A - | 10011101 B e 11010000 |}
38 01101011 |, 68 o 10011110 i} _ 11010001 [ J
39 01101100 | % &C N ) [ 10011111 | 11010010 | K
3A 01101101 | — 6D R 10100000 _ ] joarotoon o
3B 01101110 | > 6E ) - 110100001 i 11010100 | M
3c 01101111 | ? 6F . 10100010 _ . 11010101 | N
3D 01110000 70 ) | 10100011 | | 11010110 | ©
3E 01110001 71 10100100 o 11010111 | P
3F 01110010 72 1 [ Tiowoeior | 1 [[non000 o
40 01110011 73 - 10100110 4 [Lwoneor [ R
41 01110100 74 e 10100171 ~ 11011010
42 01110101 R D 10101000 11011011
a3 01110110 76 N ) 10101001 ] 11011100
44 01110111 77 . 10101010 ) 11011101
45 01111000 T s i 10101011 11011110
46 01111001 79 B 10101100 ] 11011111
47 01111010 | - 7A ] 10101101 11100000
48 01111011 | # 7B 10101110 - ) 11100001
49 01111100 | @ 7C 10101111 ) B 11100010 |'S
4A 01111101 | * 7D | 10110000 - |_11100011
48 ] 01111110 7€ : 10110001 B - | 11100100 .
4C 01111111 o 7F 10110010 _ . 11100101 N
4D 10000000 I O T 10110011 . 11100110 | w E6 A i
4E 10000001 81 10110100 11100111 | X e7_ E4, which, if translated,
4F 10000010 82 | 10110101 11101000 | Y
50 10000011 83 _ 10110110 11101001 Z
51 10000100 84 ] 10110111 | 11101010 _
52 10000101 85 | |10111000 11101011
53 10000110 86 - 10111001 [ 11101100 |
54 10000111 | 87 ] 10111010 B i 11101101
_ 55 10001000 88 10111011 . ) [ 11101110 |
56 10001001 89 ] 10111100 L ] 11101111
57 10001010 8A_ 10111101 11110000 | O
58 10001011 88 ) 10111110 11110001 |1
59 10001100 8C ) IECIEEEEE D N 11110010 | 2
5A 10001101 | 8D | 11000000 | 110 {3
5B 10001110 R O - 11000001 11110100 |4
_5C 10001111 1 8F_ | 1 [ 110000 — 11110101 |5
_5D 10010000 90 ) | 11000011 1110110 {6
_BE 10010001 o1 | 11000100 1 [mwom |7
_5F 10010010 | | 92 o | 11000101 1 11111000 |8
_60 10010011 93 11000110 9
61 10010100 94 R 11000111
62 10010101 | o5 ) 11001000 ] 11111011 .
63 10010110 N 96 B 11111100
64 10010111 97 B - 1111101
65 10011000 98 11001011 11111110
X , EREREREE]
C2, which, if translated,

represents the number
1, is the letter B in the
code used by System/32.

Figure 9. Differences in Character Codes
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The file translation specifications for letters in the word
BUCKINGHAM are:

Record Position Entry
1-6 *FILES
7-8 Blank
912 C2F1
13-16 E4F2
17-20 C3F3
21-24 D2F4
25-28 C9Fb
29-32 D5F6
33-36 C7F7
37-40 C8F8
41-44 C1F9
45-48 D4F0

Only the letters of the previous example are specified for
translation. All other characters are handled in the normal
manner. Remember that these letters are translated for

all fields in the file, not just the code name, BUCKINGHAM.

Translation Table and Alternate Collating Sequence Coding
Sheet

This coding sheet is helpful for determining the correct
entries you wish to make in the file translation table input

record. Figure 10 shows the entries made on the sheet for
the previous example.

COLUMN 44

Column 44 is not used. Leave it blank.
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COLUMN 45 (NONPRINT CHARACTERS)

Entry Explanation
Blank Program halts if an unprintable character was
in the last line printed.
1 Program does not halt for unprintable characters.

Use column 45 to bypass machine halts for unprintable
characters. This column applies only to the printer.

All characters are known to the system by a numeric code.
If a numeric code is formed that is not in your system (not
in your character set) and that character is to be printed,
the machine halts after printing the line. The unprintable
characters are replaced with blanks.

To bypass this halt, enter a one (1) in column 45. An
unprintable character is printed as a blank and no halt"
occurs. Note, however, that the option could make yaur
output meaningless (for example, when printing a packed
key field or a nonprintable field built by calculation
specifications).

COLUMNS 46-47

Columns 46-47 are not used. Leave them blank.

COLUMN 48 {SHARED 1/0)

Entry Explanation
1 All disk files share a single input/output area.
Blank All disk files use a separate input/output area.

Normally, an RPG Il program uses one input/output area

for each file. An entry in column 48 allows all disk files to
use one input/output area. By specifying a shared input/out-
put area, you can reduce the amount of main storage needed
to process a program. This is particularly important if a
program is so large that it cannot run in the main storage
available. However, the use of a shared input/output area
can increase the time required to process your program.
Therefore, before you indicate that all disk files are to share
one input/output area, be sure that the program would other-
wise exceed the capacity of the system.

Note: Additional input/output areas (entry in column 32

of the file description specifications sheet) cannot be speci-
fied for disk files using a shared input/output area.
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Columns 49-74

Columns 49-74 are not used. Leave them blank.

COLUMNS 75-80 (PROGRAM IDENTIFICATION)

See Common Entries.
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International Business Machines Corporation GX21-9086-1
Printed in U.S.A.
TRANSLATION TABLE AND ALTERNATE COLLATING SEQUENCE CODING SHEET
Replaced Replaced Replaced Replaced
By/Takes By/Takes By/Takes By/Takes
ide Graphic Entry Place Of Code Graphic Entry Piace Of Code Graphic Entry Place Of Code Graphic Place Of
110011 01100110 66 10011001 ] 9 11001100 B B
110100 | | ot100111 67 10011010 | 9A 11001101
110101 01101000 68 10011011 e T 11001110
1110110 - | 01101001 69 10011100 _9c 11001111 |
110111 6A 0011101 | | oo 11010000 | ¥
111000 | ] . e | 10011110 9E 11010001 | J
111001 01101100 | % 6C 10011111 9F [ 11010010 | K EF 4
111010 | 01101101 [ - | D ] 10100000 AO 11010011 | L -
anmon | ] 01101110 | > 6E ] 10100001 Al 11010100 | M F O
211100 [To1101111 | ? 6F ) i 10100010 | Az 11010101 | N 1 F e
111101 ) ] 01110000 ) 70 10100011 oAz N 11010110 | O
11110, 01110001 B 7| 10100100 A4 o 1101011%_| P B
1 | 01110010 72 10100101 A5 B 11011000 Q
000000 | Blank ~oit10011 s 10100170 | AB o | 11011000 | R -
000001 | 61110700 | ~ 1 74 10100111 o Y 1 11611010
000010 1 [ 75 . 10101000 A8 11011011
000011, ] 76 1 10101001 A9 11011100
000100 | ) 77 - 1 10101010 ) AA 11011101
000101 o 78 o 10701011 AT [[oninio )
000110 | 01111001 | 79 710101100 ) 11011111 ] ]
000111 | ) 01111010 | : 7A 10101101 N 11100000
ooto00 | ) ) 01111011 78 i 10101110 11100001
001001 i 1 [Comitoo 7C ) 107017111 B 11100010 [ S __
001010 N 01111101 . D) _ 1 10110000 ) ] 11100011 | T
001011 Toriiito | - 7€ 10110001 11100100 | U F2
001100 | < L _TF 10110010 11100101 |V
001101 | ¢ 80 10110011 11100110 | W
001110 | —1000( 81 | . 10110100 11100111 | X
001111 _| | 10000010 | | 82 | ] 10110101 11101000 [ Y
010000 | & 10000011 83 ] 10110110 11101001 | Z o
010001 10000100 84 e 10110111 B7 N | 11101010
010010 10000101 __ ol 85 . 10111000 B8 | ] 11101011
010011 | _ 10000110 86 10111000 & . 89 N 11101100 -
010100 | 10000111 . 87 10111010 BA 11101101
010101 _ ) 10001000 88 10111011 BB | _ [ 11101110 _
010110 | | 10001001 ] 89 ] 10111100 11101111
o011 | 10001010 | .| 8A_ 10111101 11110000 | O §
011000 | 10001011 8B 10111110 11110001 | 1
011001 ! __ 10001100 8C 10111111 11110010 | 2 |
011010 | ! 10001101 | s 11000000 11110011 | 3
011011 | $ 10001110 8E 11000001 | A 11110100 | 4
011100 | * 10001111 8F 11000010 | B 11110101 |5 _
011101 _ 10010000 | e | 11000011 | C 11110110 | 6
011110 |__10010001_ o 91 11000100 | D 1110111 | 7
011111 10010010 ) 92 1 [ nwoooto1 € 11111000 [ 8
100000 | 10010011 93 F 11111001 | 9
100001 | / 10010100 94 11000111 | G 11111010
100010, |_10010101 . 95 11001000 | R 11111011
100011 4 L 110 96 11001001 {1, | 1100 (0} FC b
100700 | 10010111 97 11001010 11111101
100101 10011000 98 11001011 11111110
[EEEEEEK]
/
e

This is the hexadecimal equivalent of the
System/32 character that will be substi-
tuted for the character that is to be
translated.

This is the hexadecimal equivalent of the
character to be translated.

Figure 10. Specifications for File Translation Input Records
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File description specifications are required for every file

used by a program. Write these specifications on the control
and file description specifications sheet (Figure 11). Only
one line'is needed to describe a file. A maximum of 20

file description records are allowed per program. (The max-
imum number of file description records may be less if BSCA
files are specified. See /BM System/32 RPG Il Telecommu-
ications Programming Reference Manual, SC21-7597.)

A series of charts at the end of this chapter show all
possible files that can be defined on the file description

l specifications sheet (Figures 28 through 36). The charts
are arranged-by device, showing the basic entries for all
possible disk, keyboard, console, printer, and display
screen files.
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Chapter 3. File Description Specifications

COLUMNS 1-2 (PAGE)

See Common Entries.

COLUMNS 3-5 (LINE)

See Common Entries.

COLUMN 6 (FORM TYPE)

An F must appear in column 6.

Figure 11. Control and File Description Specifications Sheet

RPG CONTROL CARD AND FILE DESCRIPTION SPECIFICATIONS OX21-0092.4 UNIOSe"
Printed in U S.A.
IBM International Business Machine Corporation
= T e e e 12 75 76 77 78 79 80
Program Punching Graphic Card Electro Number . [I:]of Program =
i ‘age . .
Programmer I Date InsteUctian Punch —_
Control Card Specifications
Mode| S o o
g Mocdtel 2 S
El g 2
3 5 & & ale g
@ o 3 olg Q
0 b3 @ a| = [-%
e HI sl L2l [EELLIE 2lsISlE] [s] | |1
Sizeto |5 g Size to k] <l 12]=|ofprint |2 HHEERERE 2lglel=sIR| 8l |= & |@| Refer to the specific System Reference Library manuai for actual entries.
el 2lE [ M HEE] S| adaress | 8|21E1 5] 512 (E[CIS]||B|S12]6) [3lo]=|m|®
. & |Compile | 5| & | Execute b3 E| »|& | 2| Positions [© ole|g| el 2 2 =1 7 e e Y LlE|E|=
Line | = alo @ a‘agg 2| tostart ,2:%315535 HEEHEE _o‘§§;°
el o|s wfw 8 bt v|Ele M 5| 8|55 Y <le|2
5 AR 2|9 AEIEE £ HEHHBE R EHEAMNEINEERE R ERE
& Ik 85| |&|al2l8 £ 2|8|5|=|€|R 22|22 |=| 2|2 (=2]8) [Fl5|E|2|E
3 4 5(6|7 8 9{10|11{12 13 14|15{16 17 18]19[20]21]22| 23 24 25|26|27 28 29 30| a1 32133 34'35(36|37|38, 40(41]42 (4314445146147 (48|49 5{7__5} 52 53 54 55 656 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72:73 74
of [ Il [ ] 1] | NN NARNNERNEEE
File Description Specification
- e e e
F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or = Extent Exit Number of Track
of Record Address Field = for DAM for Cylinder Ovetflow
End of File >
Record Address Type ; £l Name of Number of Extents
Filename Sequence Type of Fi Devi Symbolic | Label Exit
Ovpe of File o evice Device 3 Tape
) File Format rganization w 5] Rewind
Line r Additional Area |8 - Storage Index File:
or Additional Area | 3
Q Overflow Indicator|© Conition
= o ~ c
& Sl S| Block 5 S ui1-i8
> S|z g Bloct 5e°°:: ¥|8 Key Field |2 Continuation Lines 2 e
E 28| 2[5 9 ength £l5 Starting | & 5 5
i < o lwl< | a3 z[= Location | K Option Entry P4 |
3 4 sl6l7 8 9 101112 13 14 15]16]17{18]19]20 21 22 23124 25 26 2728|290 30| a1 fs2[33 34|35 36 37 38|30] 40 41 42 43 44 45 46 )47 48 49 50 51 52 53|54 55 56 57 58 59 fe0 61 62 63 64 65l66|67|68 69)70f71 72|73 74
0f2 F
o|3| |F
o|4| |F
o|s| |F
il 1]
06 F
o|7] |F
ofs] |F
ole| |F
110 F
E
3
TL VL OL 69 89 L9 99 99 ¥O £9 29 19 09 8G BG LG 95 GG vG £6 £S5 1S 09 6V 8V Lv 9% SY vP €v Z¥ Ly OV 6E 8€ (£ 9C GE VE €€ TC LE OC 62 8Z LZ 92 GZ Y2 €2 ZZ LZ OC 6L 8L LL BL SL VL EL ZL ILOL 6 8 ¢ 9 S v € 2 |
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COLUMNS 7-14 (FILENAME)

Use columns 7-14 to assign a unique filename to every file
used in your program. Every file must be named with
the following exceptions:

® Compile-time tables and arrays do not require a filename.

® |f multiple tables or arrays are read in at preexecution-
time from the same device, multiple filenames are’
required.

Note: All tables and arrays must be defined by the
extension specifications.

The filename can be from 1-8 characters long, and must
begin in column 7. The first character must be an alpha-
betic character. The remaining characters can be any
combination of alphabetic and numeric characters (special
characters are not allowed). Blanks cannot appear between
characters in the filename.

COLUMN 15 (FILE TYPE)

Entry Explanation

| Input file

(0] Output file

U | Update file

C Combined file
Input Files

Input files contain records that a program uses as a source
of data. When input files are described in a program, the
program indicates that records are to be read from the file.
Al input files must be further described by input specifica-
tions with the following exceptions:

® Preexecution-time tables and arrays and record address
files are described by extension specifications. There
is, however, a method of loading arrays using extension

and input specifications. (See Supplementary Information,

Arrays for complete information.)

® Input files using the device name KEYBORD are
further described by calculation specifications when the
KEY operation is used.

Output Files

Output files contain records written or printed by a program.
All output files, except table output files, must be further
described by output specifications. Output table files are
further described by extension specifications.

Update Files

Update files are disk files from which a program reads a
record, updates fields in the record, and writes the record
back in the location from which it was read. Update files
must be further described by input and output specifica-
tions; only the fields to be updated must be described by
input and output specifications. A chained file or a demand
file can be updated at detail time, total time, or at
exception output time. All other disk files can be updated
only at detail or exception time, during the same program
cycle in which the record is read.

Combined Files

A combined file is both an input file and an output file.
A combined file can be assigned to the SPECIAL device
only. A program reads records from a combined file and
includes output data on the records in the file. The result
is one file that contains both input and output data.
Combined files must be further described by both input
and output specifications. Output to a combined file can
occur only once per cycle.

COLUMN 16 (FILE DESIGNATION)

Entry Explanation

P Primary file

S Secondary file

Cc Chained file

R Record address file

T Table file {(execution-time tables or arrays)
D Demand file

Use column 16 to further identify the use of input and
update files. Leave the column blank for display screen
files and all output files except chained output files (direct
load).



Primary Files

A primary file is the main file from which a program reads
records. In multifile processing, the primary file is used
to control the order in which records are selected for
processing. (See Supplementary Information, Multifile
Processing for more information on record selection in
primary files.)

A primary file can be an input, combined, or update file.
In programs that read records from only one file, that file
is the primary file. Every program must have one, and
only one, primary file.

Note: 1f the keyboard is specified as a primary input file,
no other files in the program can be specified as primary

or secondary files. If the keyboard is specified as a primary
input file, you must also provide exit for your program
(that is, provide for the setting on of the LR indicator).

Secondary Files

Secondary files apply to programs that do multifile
processing. All files involved in multifile processing, except
the primary file, are secondary files. A secondary file can
be an input, update, or combined file. Secondary files are
processed in the order in which they are written in the file
description specifications.

Note that table, chained, record address, and demand files
are not involved in record selection in multifile processing.
(See Supplementary Information, Multifile Processing for

more information on primary and secondary files.)

Chained Files

A chained file is a disk file that uses the CHAIN operation
code to do one of the following:

® Read records randomly
® |oad adirect file

A chained file can be an input, output, or update file. See
Column 28 (Mode of Processing), Random by Relative
Record Number or Key in this section for a discussion of
random processing. See Supplementary Information,
Operation Codes, CHAIN for information about CHAIN
operation code.

Record Address Files

A record address file is an input file that indicates to your
program (1) which records are to be read from a disk file,
and (2) the order in which the records are to be read from
the disk file. You cannot use more than one record address
file in a program. All record address files must be further
defined by extension specifications. Record address files
contain record-key limits or a disk address.

Record address files that contain record-key limits can be
disk files or can be entered through the console. Files that
contain limits are used with indexed files only. See
Column 28 (Mode of Processing), Sequential Within Limits
in this section for a complete discussion of this topic.

Record address files that contain disk addresses can only be
disk files. Record address files on disk that contain disk
addresses are called ADDRQUT (address output) files.
They are produced by the sort program and can be used
with any type of disk file. See Column 28 (Mode of
Processing), Random by ADDROUT File in this section

for a complete discussion of this topic.

Table or Array Files

A table or array file is an input file that contains table or
array entries. Tables or arrays can be entered from

DISK. The entries can be read into the program during

the compilation or execution of the program. Only pre-
execution-time table or array files are described by file
description specifications. However, tables and arrays must
be described by extension specifications.

Entries read during compilation become a permanent part
of the program. Both compile and preexecution-time
tables or arrays can be changed at execution time.
Compile-time tables or arrays, however, can be permanently
altered only by recompiling the program. Preexecution-
time tables can be altered any time the program is

executed by changing the table input file.

Table files are not involved in record selection and processing.
They are only a means of supplying entries for tables used by
the program. When preexecution-time table or array files

are read during the execution of the program, the program
reads all the entries from the table or array files before it
begins record processing. All table and array files must be
further defined by extension specifications.
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Demand Files

Demand files can be input, update, or combined files.

The READ operation code must be used in the calculation
specifications to read any demand files except those
entered from files assigned to the KEYBORD. (The KEY
operation code must be used in calculation specifications

to read from KEYBORD demand files.) See Supplementary
Information, Operation Codes, READ for a complete
discussion of processing demand files.

COLUMN 17 (END OF FILE)
Entry Explanation

E All records from the file must be processed
before the program can end.

Blank The program can end whether or not all
records from the file are processed. If column 17
is blank for all files, all records from every file
must be processed before the program can end.

Column 17 applies to programs that perform multifile
processing. Use it to indicate whether the program can end
before all records from the file are processed.

This column applies only to input, update, and combined
files used as primary, secondary, or record address files.
The devices associated with column 17 are disk files and
console files. (An E entry is not valid for files processed
as record address files.) End of file for data files entered
from the console is identified by pressing the CMD key
and the / key.

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

If the records from all files must be processed, column 17
must be blank or contain E’s for all files.

Note: An entry cannot be made in column 17 for a
keyboard file. To terminate the program with a primary
keyboard file, the LR indicator must be set on by calcula-
tion specifications.

COLUMN 18 (SEQUENCE)
Entry Explanation

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

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

Blank No sequence checking is to be done.

Use column 18 to indicate whether or not the program is to
check the sequence of records. Column 18 applies to
input, update, or combined files used as primary or second-
ary files. The devices associated with column 18 are disk
files (except those processed randomly), and console files.
Use columns 61-62 on the input specifications sheet to
identify the record fields containing the sequence informa-
tion.

Sequence checking is required when match fields are used

in the records from the file. When a record from a matching
input file is found to be out of sequence, the program halts
and the operator has three options:

® Bypass the record out of sequence and read the next
record from the same file.

® Bypass the record out of sequence, turn on the LR
indicator, and perform all end of job and final total

procedures.

® Cancel the entire program.

COLUMN 19 (FILE FORMAT)

Entry Explanation

F Fixed-length records

An F in column 19 indicates that all records in the file

are of the same length. If this column is blank, F is
assumed.



COLUMNS 20-23 (BLOCK LENGTH)

Entry Explanation

1-4096 - Block length for disk or console files.

- Multiple of disk record length.
- Length of largest field keyed for keyboard files.

- Length of largest output record for display

screen files.
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When CONSOLE is used as the device name, the biock
length must be at least two greater than the record length
specified in columns 24-27,

Block Length for Disk Records

Block length must be a number, either record length, or

a multiple of record length. The maximum block length is

4096.

Blank The block length for this file is the same as the
record length.

Columns 20-23 have a different use depending on the device

Block length does not affect the way records are written
. on the disk. Its function is to specify the amount of main

named for the file. The block length entry must end in

column 23, and leading zeros can be omitted. Columns 20-23

can be left blank for any file (Figure 12).

storage to use for the input/output area.

Note: |f record length is used in these columns for disk

files, RPG || assigns an efficient block length.

Cols 20-23 Cols 24-27 Maximum
Device Block Length Record Length Record Length
Disk Record length or a multiple Record length 4096

of record length
Console Record length +2 or Record length 160

(multiple of record

length) +2
Keyboard Length of largest field Length of largest field 40 - alphameric

Printer (132-
position)

Display screen

SPECIAL

BSCA

@ Figure 12, Block Length and Record Length Entries

to be keyed

Record length

Length of longest output
record

Record length or a multiple
of record length

Record length or a multiple
of record length

to be keyed

Record length

Length of longest output
record

Record length

Record length

15 - numeric

132

40

4096

4096
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COLUMNS 24-27 (RECORD LENGTH)

Entry Explanation
1-4096
" Length of largest field keyed for keyboard files.
- Length of largest output record for display
screen files
- Length of largest output record for printer files.

Columns 24-27 have a different use depending on the
device named for the file. An entry must be made for all
files. Entries in these columns must end in column 27, and
leading zeros can be omitted (Figure 12).

All records in one file must be the same length. (For update
files, the length of the record after the record is updated
must be the same as it was before the record was updated.)
The maximum length allowed depends upon the device
assigned to the file. The record length can be shorter than
the maximum length for the device but no longer.

The record Iength for keyboard files should be the length of
the largest field to be keyed and should not exceed 40
alphabetic characters or 15 numeric characters (the largest
field length in columns 49-51 of the calculation specifica-
tions sheet when the KEY operation is used).

COLUMN 28 (MODE OF PROCESSING)

Entry Explanation
L Sequential within limits.
R - Random by relative record number.
- Random by key.
- Random by ADDROUT file.
- Direct file ioad {random load).
Blank -Sequential by key.

- Consecutive.

Use column 28 to indicate the method by which reocrds
are to be read from the file, or to indicate that a direct
file load (random load) is to take place.

For disk files specified as primary, secondary, or chained,
the possible methods depend upon the organizations of
the files (Figure 13). For the other types of files, consec-
utive processing is the only possible method.

Column 31 is used to further identify the access method
for the program. See Column 37 (Record Address Type)
in this section.

1-46

- Record length for disk files or console (IDE) files.

Consecutive

The consecutive method applies only to sequential and
direct files. During consecutive processing, records are
read in the order they appear in the file. The contents
of spaces left for missing records in direct files are read
as though the records were there. (When a direct file is
loaded, such spaces are filled with blanks.)

The program reads records from the file until either the
end of that file is reached or the program ends due to the
end-of-file condition of another file. See Column 17
(End Of File) in this section for more information about
the second condition.

By ADDROUT File

An ADDROUT (address output) file is a record address
disk file produced by the sort program. It contains
addresses of records in a disk file. (Each address is a
3-byte binary number.) You can use ADDROUT files
to process input or update files that are designated as
primary or secondary files.

When an RPG Il program uses an ADDROUT file, it reads

a disk address from the ADDROUT file. The program then
locates and reads records at that address in the original

disk file. Records are read in this manner until either the

end of the ADDROUT file is reached or the program ends
due to the end-of-file condition of another file (see Examples,
Example 7).

ADDROUT files must be further described by extension
specifications. Both the ADDROUT file and the file to be
processed by the ADDROUT file must be described by file
description specifications. See Column 17 {End Of File)
in this section for more information about end of file.

Sequential By Key

The sequential by key method of processing applies only
to indexed disk files that are used as primary files, secondary
files, or demand files.

Records are read in ascending key sequence (the order in
which the record keys are arranged in the index portion of
the file). The program reads records until all records in the
file are processed or the program ends due to the end-of-
file condition of another fite. See Column 17 (End Of
File) for more information about the second condition.



Primary, Secondary, or Demand Files

Organization Possible Methods

Sequential - Consecutively

- By ADDROUT file
Direct - Consecutively

- By ADDROUT file
Indexed - Consecutively

- By ADDROUT file
- Sequentially by key
- Sequentially within limits

Chained Files

Organization Possible Methods

Sequential Randomly by relative record number
Direct Randomly by relative record number
Indexed Randomly by key or by relative record

number

® Figure 13. Possible Record Retrieval Methods for Disk Files

Sequential Within Limits

The sequential within limits method of processing can be
executed by using either: (1) a record address file contain-
ing limit records, or (2) the SETLL operation code during
calculation specifications.

The sequential within limits method applies only to indexed
disk files used as primary files, secondary files, or demand
files. A limits record consists of the lowest record key and
the highest record key of the records in the indexed disk
file which are to be read. Limits records are contained in a
record address file. The record address file can be on disk
or entered by the keyboard.

Page of SC21-7595-0
Issued 15 May 1975
By TNL: SN21-7792

To process sequentially within limits, the program reads:
1. A limits record from the record address file.

2. Records with keys greater than or equal to the low
record key and less than or equal to the high record
key.

The program repeats these two steps until either the end
of the record address file is reached or the program ends
due to the end-of-file condition of another file. See
Column 17 (End Of File) in this section for more informa-
tion about end of file.
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The format of records in a record address file containing
limits must conform to these rules:

® Only one set of limits is allowed per record in the
record address file. The length of a record in a record
address file, therefore, must be twice the length of the
record key.

® The low record key must begin in position 1 of the
record. The high record key must immediately follow
the low record key. A record key can be from 1-29
characters in length.

® The low record key and the high record key must have
the same length and each key must have the same length
as the key field length specified in columns 29-30.
Therefore, leading zeros may be necessary in specifying
numeric record keys.

® An alphameric record key can contain blanks.

Files containing limits and files being processed by limits
may have keys in different formats. For example, one file
may have packed keys and the other unpacked keys.
During execution time, the format of the key from the
file containing limits is changed to the format of the file
being processed by limits. The format of the keys on each
file must be indicated by an A or a P in column 31. Also,
the unpacked key length must be twice the packed length,
minus one or two. See Packed Decimal Format (P) for
more information concerning this calculation.

The same set of limits can appear in more than one record
address record. Data records, therefore, can be processed
as many times as'you wish. The two records keys in a
limits record can be equal. Only one data record is read
in this case.

Note: Double buffering (column 32) should not be
specified for the record address file.

The SETLL operation code method of limits processing
applies to any indexed disk file used as demand files (D
in column 16 and L in column 28 of the file description
specifications sheet). You cannot, however, process an
indexed demand file with SETLL if you are using a
record address file to set the limits of the file.
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The maximum number of files which can be processed
using SETLL is limited by the number of demand files
permitted in an RPG |l program {a maximum of 15 demand
and/or chain files is allowed per program). See Examples,
Example 2 for an example of SETLL. For more informa-
tion on how to set limits using the SETLL operation code,
see Operation Codes.

When the end-of-file indicator is turned on, another SETLL
can be issued and processing of the file may continue.

Random By Relative Record Number or Key

Random processing by relative record number or by key
applies to chained files only. Either method requires use
of the CHAIN operation code. The records of a file to

be read or written must be processed by the CHAIN
operation code. The records are read or written only when
the CHAIN statements that identify them are executed.

For sequential and direct files, relative record numbers

must be used to identify the records (see Examples,

Example 3). Relative record numbers identify the posi-

tions of the records relative to the beginning of the file.

For example, the relative record numbers of the first,

fifth, and seventh records in a file are 1, 5, and 7 respectively.

For indexed files, record keys must be used to identify the
records (see Examples, Example 4). A record key is the
information from the key field of a record. The informa-
tion is used in the index portion of the file to identify the
record.

Records are read during the calculation phase of the program.
Therefore, they can be executed during detail or total
calculations. Note then, that fields of records read from
chained update files can be read and altered during total
calculations and the records can be updated (written back

on the file with alterations) during total output; the same
also applies to detail calculations and detail output (see
Examples, Example 5).



Examples

Example

1

Figure 14 shows processing a sequential disk file by an
ADDROUT file. The record address file, ADRTFILE,
defined as an ADDROUT disk file, consists of 3-byte
binary relative record numbers which correspond to
locations of records on the input disk file, MASTER. As

each record is read from ADRTFILE, the indicated record
from MASTER is located and read. For each record read
from MASTER (indicator 01 is on), a detail line is printed
on the printer output file, PRINTER.

Since end of file (E in column 17 of the file description
specifications sheet) is specified for the ADDROUT file,
processing continues until all records in ADRTFILE have
been read.
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Figure 14 (Part 2 of 2). Processing a Sequential Disk File with an ADDROUT File
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Example 2

In Figure 15, the input disk file, MASTER, described as an
indexed file to be processed by record keys is to be
processed within the limits contained on the record address
file, LIMITS. The LIMITS file, which is further described
on the extension specifications sheet, is entered from the
console.

Each set of limits read from LIMITS will consist of the low
and high account numbers to be processed. Since the account
number key field {ACCT) is eight positions long, each set of
limits will include two 8-position keys.

As MASTER is processed within each set of limits, the
corresponding records are written out on the printer output
file, PRINTER. Processing is complete when all sets of
limits have been processed.

File SMASTER is processed by the SETLL operation code.
It is characterized by having no extension specifications,

and its filename appears in factor 2 of the SETLL operation
code. In this example the first record read from file
SMASTER would be the one whose key is equal to or the
next higher than the literal ‘/AAAAAAAA’. Records are
read sequentially to end of file unless the cycle is interrupted
by additional SETLL operations. :
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Figure 15 (Part 1 of 2). Processing an Indexed File Sequentially Within Limits
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Figure 15 (Part 2 of 2). Processing an Indexed File Sequentially Within Limits
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Example 3

In Figure 16, the direct update file, MASTER, is to be
processed randomly by relative record numbers. The

account number (ACCT) from the primary DISK file,
CHANGE, is used as the relative record number.

As each record is read from CHANGE, the MASTER record
corresponding to the account number is read during
calculation time by the CHAIN operation code. At detail
output time, the data in the NEW field replaces the original
data in the NAMADR field and the updated MASTER
record is output to its original relative record location on
the disk file.
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Figure 16 {Part 1 of 2). Random Processing of a Direct File by Relative Record Number
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Example 4

Figure 17 shows random processing by key of an indexed
file. MASTER, a chained update file, is described on the
file description specifications sheet as an indexed file to

be processed by keys. As each record is read from the input
disk file, CHANGE, the account number (ACCT) is used

as the key to chain to the corresponding record in MASTER
at calculation time. At detail output time, the data in the
NEW field of CHANGE replaces the original data in the
NAMADR field. The updated MASTER record is then
written on its original disk location. See Column 32 (File
Organization or Additional 1/0 Area) in this chapter for a
description of indexed file organization.
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Example 5

Figure 18 shows the updating of an indexed file.

indexed file, MASTER, is described as a chained

file to be processed by keys. The key field in MASTER is
ITEMNO, in positions 1-10. The index will be sorted into

ascending sequence when processing is complete

As each record is read from TRANS, the input transaction
file, the ITEMNO field is used as the key to chain to

The
update

MASTER during calculations. If the character 2 is in
position 64 of the transaction record, the quantity in
ADJUST is added to the ONHAND field of MASTER. If
the character 3 is in position 64, ADJUST is subtracted from
ONHAND. If the character 1 appears in location 64 of the

MASTER record, the updated ONHAND field is written
out on its original location in the MASTER record at
detail output time.
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COLUMNS 29-30 (LENGTH OF KEY FIELD OR RECORD
ADDRESS FIELD)

Entry Explanation

1-29 Length of record key or disk address

Columns 29-30 apply only to indexed disk files and record
address files. Use it to indicate:

® The length in bytes of the record keys in indexed
files and record address files.

® The length of the disk addresses in ADDROUT files.

All of the key fields in the records in an indexed file must
be the same length. The maximum length is 29 bytes (8
bytes for record keys in packed format). All of the disk
addresses contained in an ADDROUT file are three
characters long.

COLUMN 31 (RECORD ADDRESS-TYPE)

Entry Explanation

A Record keys in unpacked format are used in
processing or loading indexed files and record

address files.

| The file is being processed by using disk
addresses from the ADDROUT file, or the file

is an ADDROUT file consisting of disk addresses.

p Record keys in packed format are used in
processing or loading indexed files and record
address files.

Blank - Relative record numbers are used in processing

sequential and direct files.

- A sequential or direct file is being loaded. -

- Records are read consecutively.

- Keys in the record address file are in the same

format as keys in the indexed files.

Column 31 applies to disk files specified as input, update,
or chained output files. It indicates how records in the
file are identified (Figure 13.1). Together, columns 28 and

31 indicate:

® The method by which records are read from the file

® A direct file load

Entry

Page of SC21-7595-0
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For ADDROUT files, column 31 must contain an |,
indicating that disk addresses are used in processing.

Note: When building a file with packed keys (P in
column 31), you must specify the key field as packed in
your output specifications.

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

Explanation

| Indexed file.

T ADDROUT file.

1-9 Sequential file or direct file. Use two
input/output areas for the file.

Blank Sequential file or direct file. Use one

input/output area for the file.

Use column 32 to (1) identify the organization of all files
except ADDROUT files, (2) identify ADDROUT files,
and (3) indicate whether one or two input/output areas
are to be used for sequential files or direct files.

File Organization

File organization is the arrangement of records in a file.
The three types are indexed, direct, and sequential.
Files organized in these ways are called indexed files,
direct files, and sequential files, respectively.

Indexed Files

An indexed file is a disk file in which the location of

records is recorded in a separate portion of the file called

an index. The index and its associated file occupy adjacent
positions on the disk. The index contains the record key and
disk address of every record (Figure 19).

A record key is the information from the key field of a
record. The record key can be used to identify the records
of an indexed file. Record keys are always required in an
indexed file. Indexed files can be loaded with the keys in
ascending sequence or keys in nonascending sequence.

After a file is loaded in nonascending key sequence, the
keys in the index are placed in ascending sequence. See
Column 66 (File Addition) for a definition of the unordered
load function.
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Primary and Secondary Files

Method Column 28 Column 31
Consecutive Blank Blank

By ADDROUT R |
Sequential by key Blank AorP
Sequential within L N

limits

Chained Files

Random by relative R Blank
record number

Random by key R A

Direct file load R Blank!
(random load)

LA direct file load requires an O in column 15 and a C in column 16.

® Figure 13.1. Specifications Identifying Methods for Retrieving Records
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Records are stored in the data portion of the

file in the same order in which they are read. 4
When a record is stored in the data portion, 6th
an entry for the record is made in the index. 3 5th
After the last entry is made in the index,
the entries are sorted into ascending order 1 4th
according to the record keys.
g v 2 3rd
5 2nd
Record Key @
- - 1st Record
7~
P
7
Ve
e
7
7
e
_
s
yd
e | | l | |
6/D15/D2|2/D3|1/D4|3/D5(4/D6 51 2nd |21 3rd |11 4th 3| 5th 41 6th
 Record I 1 [ X |
\ T e—
\ T — L = - ’@‘Disk Location
N NV~
Index* Data

* Entries are of the form record-key/disk-location (D1 = 1st disk location, D2 = 2nd disk location, and so on)

The order of the records in the data portion remains
unchanged when the entries in the index are sorted.

I I | | | '
1/D4|2/D3{3/D5{4/D6|5/D2{6/D1 6| Ist 512nd 2| 3rd 11 4th 31 5th 4'6th
i Record |71 X | i I
D1 D2 D3 D4 Db D6
i\ )
Y Y
Index Data

Figure 19. Indexed File Organization
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Direct Files

Direct files are disk files in which records are assigned
specific record positions. Regardless of the order in which
the records are put in the file, they always occupy a
specific position (a specific disk address). Relative record
numbers identify the relative position of a record within
the file.

Before a direct file is loaded, the entire disk area for the
direct file is cleared to blanks. Spaces are reserved in a
direct file for records not available at the time the file is
loaded (Figure 20).

(3)

Records are stored on disk in the order
indicated by the relative record numbers.

(8)

(6)

(2)

Spaces are left in the file for missing
records (in this case, records b and 7).

(4)

(1)
/

/ \

Relative Record Number * \

(1 (2) (3 (4)

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

Figure 20. Direct File Organization
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Sequential Files

Sequential files are files in which the order of the records
is determined by the order in which the records are put
in the file. For example, the tenth record put in the file
occupies the tenth record position (Figure 21). Files
other than disk files are always sequential files. Disk
files can be sequential, direct, or indexed files.

Additional Input/Output Area

Normally the program uses one input/output area for
each file. A second area, however, can be used for
direct or sequential files specified as input or output
files in column 15,

Additional input/output areas cannot be used for table
files, demand files or for disk files using a shared 1/0
area. The use of two 1/0 areas increases the efficiency of
the program. However, it also increases the size of the
program. Therefore, before you indicate that two areas
are to be used for a file, be sure that the increase in size
will not make your program exceed the capacity of your
system.

Additional 1/0 devices cannot be specified for disk files
with a shared input/output area (column 48 of the control
specifications sheet). 1f both additional 1/0 and shared
input/output areas are specified, the additional 1/O area
specification is ignored and a warning message is given.

ADDROUT Files

When describing an ADDROUT file, you must placea T
in column 32. The ADDROUT file must be a disk file.
See Column 28 (Mode of Processing) for a description and
example of ADDROUT processing.

COLUMNS 33-34 (OVERFLOW INDICATORS)
Entry Explanation

0OA-0G, An overflow indicator is used to condition
ov records in the file. The indicator specified is
the one used.

Blank No overflow indicator is used.

Columns 33-34 apply to output files assigned to the printer.
Use these columns to indicate that you are using an over-
flow indicator to condition records being printed in the
printer output file.

Any overflow indicators used in a program must be unique
for each file. The use of overflow indicators is described
under Overflow Indicators in the Supplementary Informa-
tion section. Note that only one overflow indicator can be
assigned to a file. Do not assign overflow indicators to

a console file.

Records are stored on disk in the same order in
which they are read. No index is kept, and there
are no spaces left between disk records.

st
Record

Figure 21. Sequential File Organization
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COLUMNS 35-38 (KEY FIELD STARTING LOCATION )
Entry Explanation

1-4096 Record position in which the key field begins
Columns 35-38 apply to indexed disk files only. An entry
must be made in these columns for an indexed disk file.
This entry identifies the record position in which the key
field begins. The key field of a record is the field that
contains the information that identifies the record. The
information is used in the index portion of the file. The
key field must be in the same location in all of the records
in the file. The number you place in these columns must
end in column 38. Leading zeros can be omitted.

COLUMN 39 (EXTENSION CODE)

Entry Explanation

E Extension specifications further describe the
file.

L Line counter specifications further describe the
file.

Column 39 applies only to (1) table and array files that are
to be read during program execution, (2) record address
files, and (3) output files assigned to the printer. Use
column 39 to indicate whether the file is further described
on the extension specifications sheet or the line counter
specifications sheet. Describe output files that are assigned
to the printer on the line counter specifications sheet.
Table, array, and record address files must be described on
the extension specifications sheet.

COLUMNS 40-46 (DEVICE)

Entry Explanation

DISK Disk

KEYBORD Keyboard

PRINTER 132-position printer

BSCA Binary synchronous communications adapter
CONSOLE Interactive data file

CRT Display screen

SPECIAL Used for a device not supported directly by

RPG 11
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Use columns 40-46 to identify the input/output device
used for the file. All entries must begin in column 40. The

device used depends upon the form of the records (Figure 22).

Figure 23 shows the columns that can be used for the
devices named.

For information on RPG 1l telecommunications (BSCA),
see /BM System/32 RPG 11 Telecommunications Program-
ming Reference Manual, SC21-7597.

CRT (Display Screen)

The display screen can be used as an output device for
normal and exception output. (See Output Specifications,
Column 15 in this part for more information on excepition
output.) Any alphameric character can be written on the
display screen. As many as 40 characters can be written
across the width of the screen, a maximum of six such:lines
can appear on the screen at one time.

| Data moves onto the screen from bottom to top: afttﬁr the
bottom (sixth) line is written on the screen, if space 1 after
is coded for the sixth line, the top line moves off. Data is
written on the display screen at the normal output times
(total and detail) or at calculation time for exception
output.

The display screen is designed to display messages and:
instructions to the operator and to display operator
responses. It should not be used interchangeably with the
printer as a major output device because of the speed with
which data moves on and off the screen.

Output operations such as spacing and skipping can be:
specified with some restrictions. You can specify spacing
before and after (0-3 entry in columns 17-18 of the output
specifications sheet). You can specify a skip before to
line 01 only {01 entry in columns 19-20 of the output;
specifications sheet). Make this specification whenever
you want to erase data from the display screen. If a

skip before to any line other than 01 is specified, the
system assumes the entry to be 01 and the screen is
erased. You cannot specify a skip after (columns 21-22 of
the output specifications sheet) for display screen files.
When a file is printed on the display screen over a previous
line, the previous line is erased. Edit codes, edit words,
and output indicators can be specified for display screen
files.
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File

Primary Input Files

Primary or Secondary
Input Files

Record Address Files
Containing Record-Key
Limits

Record Address Files
Containing Disk Addresses
(ADDROUT File)

Demand Files

® Figure 22. Device Assignment

Console

Form

Keyed in by
operator

Disk

Keyed in by
operator

Special
device

TP lines
Disk

Keyed in by
operator

Disk

Disk

Keyed in by
operator

Keyed in by
operator

Possible Devices

KEYBORD

DISK

CONSOLE

SPECIAL

BSCA

DISK

CONSOLE

DISK

DISK

KEYBORD

CONSOLE

Use CONSOLE as the device name in one of two ways:
(1) for a record address file, (2) for an input file for
interactive data entry. |f CONSOLE is used for a record
address file, it must be further defined by extension

specifications.

Keyboard

The entries CONSOLE and KEYBORD refer to the same
physical unit which includes both the keyboard and the
display screen. Use CONSOLE when you want to enter

data records in an interactive mode; use KEYBORD when

you want to use the KEY or SET operation codes.

Note: If KEYBORD is specified for the primary input
file, you must provide a means of exit from the program
(that is, you must provide for the setting on of the LR

indicator).

1-64

File Form Possible Devices
Demand Files Special SPECIAL
device
TP lines BSCA
Table Files Disk DISK
Chained Input Files Disk DISK
Update Files (Primary Disk DISK
Secondary, or Chained)
Special SPECIAL
device
Combined Files (Primary Special SPECIAL
or Secondary) device
Output Files Disk DISK
Printed lines CRT

Printed pages PRINTER

Special SPECIAL
device
TP lines BSCA

Printer

The print unit allows you to produce a separate output
file in each program on a 132-position printer. Only one
printer file is allowed per program.

SPECIAL Device Support

You can process files using devices not supported by RPG 1.
To do this, you must indicate that the file is handled by a
special device (SPECIAL in columns 40-46 of the file
description specifications sheet).

You must also supply a subroutine to perform the 1/O
operations required to transfer data between the special
unit and main storage (subroutine name in columns 54-59
of the file description specifications sheet}. Control
cannot be transferred from one user assembler subroutine
to another user assembler subroutine.
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® Figure 23. Columns That Apply to Device Named

File Description Specifications for SPECIAL Device

The following file description specifications apply to files

assigned to SPECIAL
Column
7-14
15
16
17
18
19
20-23
24-27
28-31

32

device.

Entry

Valid RPG Il filename.

1,0,U,orC.

P, S, D, or blank.

E or blank.

A, D, or blank.
F.

Block length.
Record length.
Must be blank.

1-9 or blank.

Column

33-39

40-46

47-53

54-59

60-70

71-72

73-74

Shaded columns must be blank

Entry

Must be blank.
SPECIAL.
Must be blank.

Name of the user-written subroutine
which performs the input/output
operations. The subroutine name must
be in the form SUBRxx, where x is
any alphabetic character or in the
form SRyzzz where y is any of the
following 15 characters: B, C, D, F,
G,HI,L,MO,P,R,S, T, orU;
and Z is any of the following 16
characters: A,B,C,D,F,G,H,I,
L,MO,P R,S, T, orVu.

Must be blank.
U1-U8 or blank.
Must be blank.
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The following can be used with SPECIAL files: COLUMNS 47-52

® FORCE operation code. Columns 47-52 are not used. Leave them blank.

® READ operation code.
COLUMN 53 (CONTINUATION LINES—K)

® Fiie translation.
Entry Explanation

The following cannot be used with SPECIAL files:
K Continuation record

® CHAIN operation code.
Continuation records provide additional information about

® Spacing and skipping. the special file being defined. You can specify one con-
tinuation record for each special file. When specifying a

® *PRINT. continuation record, columns 54-59 (continuation line
option) must be coded. Figure 24 shows an example of

SPECIAL files can only be processed consecutively. See the coding necessary on the file description specifications

Figure 24 for possible file description entries for SPECIAL sheet for a continuation line.

files.
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Figure 24. Continuation Record

166



COLUMNS 54-59
Name of Label Exit

Entry Explanation

SUBRxx Name of the user-written subroutine which
performs the |/O operation for a SPECIAL
device (x = any alphabetic character).

Name of the IBM-written subroutine (6-character
name in library is #3yzzz), which performs

the 1/0 operation for a device supported by
SPECIAL (y = any of the following 15 charac-
ters: B,C,D,F,G,H,I,L,M,0O,P,R,S,T,

or U; z = any of the following 16 characters:

A B,C,D,F,GH,I L MO,PR,ST,or

U).

SRyzzz

Blank No SPECIAL device is used.

Note: Subroutines of the type SRyzzz can be overlaid.
Modifications within the subroutine code may or may not
be present the next time the subroutine is used.

Columns 54-59 must contain an entry for each data file
assigned to a SPECIAL device. Use these columns to
specify the subroutine which performs the input/output
operations for a file assigned to a SPECIAL device. The
subroutine name entered in columns 54-59 can be from
four to six characters long. The first four characters must
be SUBR; the remaining characters can be any alphabetic
character.

Continuation Line Option

Entry Explanation
Table/ Name of table/array used by the user-written
array subroutine. The array name cannot be ASCII
name or BUFOFF,

COLUMNS 60-65 (STORAGE INDEX)

Entry Explanation
6-9999 Number of bytes reserved for the storage index.
Blank No storage index is kept in storage.
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Columns 60-65 apply only to indexed files processed ran-
domly using the CHAIN operation code. Storage index can-
not be specified with shared 1/0. Entries must be right-jus-
tified. Leading zeros are not required. You can specify up
to 9999 bytes for the storage index. This provides faster
retrieval of records.

The storage index is a table containing entries for sectors in
the index portion of a disk data file. Each entry contains a
sector address and the lowest key field associated with the
next sector of the file index. The file index is that portion
of a disk data file containing the position of the records in
the data file. Each sector of the file index contains entries
consisting of a key and a 3-byte disk address for each record
in the file. The last sector of the file index contains all FFs
to indicate the end of the index. Figure 25, part B shows
the layout of the index for the indexed file INDEXT. Fig-
ure 25, part A shows the layout of the first sector of the file
index. Figure 25, part C shows the most efficient storage
index for the file INDEXT. Notice that the storage index
contains one entry for each sector of file index minus one.
Each entry of storage index contains the address of a sector
of file index plus the lowest key from the next file index
sector.

Use of the storage index significantly reduces the amount
of time needed to process an indexed file. |t enables the
system to go more directly to the specific record you want
by searching only a small portion of the file index. Without
the storage index, all file index entries which precede the
record you want must be searched. Using the storage index
shown in part C of Figure 25, the record with field 125 can
be found in the following manner:

1. Search the storage index until the first key field
higher than record 125 is located. In this instance the
key is 151; therefore, field 125 has file index sector
b associated with it.

2. Search sector 5 in the file index until key 125 is
located. '

3. Chain directly to the associated data record.

In columns 60-65, specify the number of storage positians
(bytes) you want reserved for the storage index. Using the
amount of main storage you specify, the system builds the
most efficient storage index it can. The storage index is
built immediately before your RPG Il program is executed.
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For efficient processing, the storage index you specify
should be large enough to contain one entry (key length +
2) for the number of file index sectors minus one. The num-
ber of bytes required for the most efficient storage index is
equal to the (key length + 2) multiplied by the (number of
file index sectors - 1). For example, if file INDEXT has
seven sectors of file index space and a key length of 4, the
most effeicient storage index is 36 bytes, ( 4 + 2) times

(7 - 1). If you specify more storage than required for effi-
cient processing {resutts of the preceding calculation), the
excess storage is not used.

To determine the number of file index sectors (for use in
calculating storage index size), use the following calculation:

1. FFind the number of records in the file and the number
of records available by referring to the system catalog.

2. Add the number of records in the file and the number
of records available to determine the total records in
the file.

Key Record Address

iss0|2ssDl..

First Key in Sector

61 91

3. Divide the number of bytes in a sector (256) by the
(record key length + 3) to determine the number of
record index entries per sector. |f the quotient is not
a whole number, round it down to the nearest whole
number.

4, Divide the total number of records in the file (step 2)
by the number of record index entries per sector
(step 3) to determine the number of sectors of index
in the file. If this quotient is not a whole number,
round it up to the next whole number.

5. Add one for the final file index sector of FFs to the
number resulting from the calculation in step 4.

If the storage space specified in columns 60-65 is not large
enough to contain an entry for every sector of file index,
the system divides the given area into as many entries as
there is room for with each entry pointing to a larger sector
of the file index. As the number of entries in the storage
index becomes fewer, the amount of processing time in-
creases. If the storage index specified is not large enough
for two entries, enough storage for two entries is allocated.

o First Sector of
File Index for INDEXT

Q File Index for INDEXT

l151 JFF. J

Sector
Address
of File
Index

1131[261]391| 4121| 5151] 6FF|

o Storage Index for INDEXT

® Figure 25. Calculating Storage Index

1-67.1
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I COLUMN 66 (FILE ADDITION)

Entry Explanation
A New records are added to the file.
U Records are to be loaded for an indexed file

in unordered sequence (nonascending sequence).

Column 66 applies to consecutive and indexed disk files.
This column indicates:

® The program is to add new records to the file (Example 7).

® The program is to load records in an unordered sequence
(Example 2).

Adding Records to a File (A)

Records added to a consecutive file are added at the end of
the file.

Records added to an indexed file are added at the end of
the file and entries for the new records are made in the
index. The index is then reorganized so that the record
keys (including the new ones) are in ascending order.

File addition {column 66) cannot be specified for indexed
files from which records are read using the sequential
within limits method. Records added to an indexed file
should be in ascending sequence to achieve better per-
formance.

1-68

After a file has been loaded on disk, it may be necessary

to add records to the file. Records can be added at detail,
total, or exception time during the program cycle. When
chained files are specified with add, the records to be added
may:

® Contain keys or record numbers that are above the
highest presently in the file. In this case, the records
constitute an extension of the file, or

® Contain keys or record numbers that are either lower
than the lowest presently in the file, or fall between
those already in the file.

If records are to be added to an indexed file sequentially:

® The key of the record to be added must be lower than
the key retrieved and higher than the preceding key, or

® The file must be at end of file.

To add a record to any indexed file processed randomly,
the program searches the index to the file to determine if
the record is on the file; if it is, a halt occurs. Otherwise,
the record is added.

To add a record to a sequentially processed file, the program
determines if the key of the record to be added is lower
than the key currently in process and higher than the
preceding record. If these requirements are not met, a halt
occurs; otherwise, the record is added.

Note: Adding records to a file also requires a corresponding
ADD entry in columns 16-18 of the output specifications
sheet.

Loading Records in an Unordered Sequence (U)

Unordered load (U in column 66) is specified when an
indexed file is to be built from records in an unordered
sequence. After records are loaded and an index is built

in the unordered sequence, the index is sorted into
ascending sequence. In the following chart, combinations
of entries in column 15 and column 66 show the functions
that can be performed for indexed files (I in column 32).



Column 15 Column 66 Function
(0] Blank Load records in ascending key
sequence to an indexed file.

Load records in unordered key
sequence to an indexed file.

Add records to an existing
indexed or sequential file.
{ Blank Read records of an indexed file
without adding new records or
updating records.

Read records of an indexed file
and add new records to the file
that are not presently there. No
updating is performed.

U Blank Update records of an indexed

file without adding new records.

Update records of an indexed
file and add new records to the
file.

Examples
Example 1

Figure 26 shows how records can be added to an indexed
disk file. The new records are contained in another disk
file, DISKIN. The file INDEXED is the existing disk file
to which new records are added. A printer file, PRINT,
provides a report showing all the records in DISKIN with
an indication of which records are added to INDEXED
and which records are not added.

On the file description specifications sheet, an A must
appear in column 66 for the file INDEXED. On the
output specifications sheet, ADD must appear in
columns 16-18 for the new record to be added.

As defined on the input specifications sheet, all the records
in DISKIN should have an A in position 120. The code
identifies a record to be added to the disk file, and this
record type is assigned indicator 01. On the output
specifications sheet, notice that when 01 is on, the data
from DISKIN is written on the disk file INDEXED and

is also printed on the file PRINT to keep a visual report

of new records.

There may be records in DISKIN that do not belong in that
file, or some records may have an error. These records are
identified on the input specifications sheet as not having
the character A in position 120. These records turn on
indicator 02, and are not to be added to the disk file
INDEXED. However, these records are printed on the file
PRINT for a visual report, but they must be identified in
the printed report as records that were not added to the
disk file INDEXED. On the output specifications sheet,
the constant RECORD NOT ADDED is printed only on
indicator 02, indicating a record that was not added to

the disk file. In this manner, a report of ali records in
DISKIN is printed and the records not added to INDEXED
are identified by the constant RECORD NOT ADDED.
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Example 2

Figure 27 shows the coding for unordered loading of an
indexed disk file from an unsequenced input disk file.
The output file, MASTER, is described as an indexed file
to be loaded and processed by record keys. The U in
column 66 of the file description specifications sheet
indicates that an unordered load is to be done. The input
file, INPUT, is described by the input specifications as
being unsequenced.

The keys from which the index is to be built appear as the
first eight positions of the output record. As the disk file

is loaded, the key is extracted from the record and an index
entry is built including the location of the record on the
disk. After the entire file is loaded and an index entry is
constructed for each record, the index entries are sorted
into ascending sequence.

COLUMN 67

Column 67 is not used. Leave it blank.

COLUMNS 68-69 (NUMBER OF EXTENTS)

Columns 68-69 are ignored. Leave them blank. For
information on how to specify multivolume files using OCL
statements, see /BM System /32 System Control Programming
Reference Manual, GC21-7593.

COLUMN 70

Column 70 is not used. Leave it blank.

COLUMNS 71-72 (FILE CONDITION)

Entry Explanation

uU1-U8 The file is conditioned by the specified external
indicator.

Blank The file is not conditioned by an external

indicator.

Columns 71-72 apply to input (excluding table input files),
update, and output files. These columns indicate whether
the file is conditioned by an external indicator. A file
conditioned by an external indicator is used only when the
indicator is on. When the indicator is off, the file is
treated as though the end of the file is reached. (No
records can be read from or written in the file.) See Part 2,

1-72

RPG Il Programmer’s Guide, Indicators, External
Indicators for more information.

COLUMNS 73-74

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

COLUMNS 75-80 (PROGRAM IDENTIFICATION) -

See Common Entries.

FILE DESCRIPTION CHARTS
The file description charts (Figures 28-36) are for:

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

® Keyboard, console, and printer files.

® The entries in the chart must be made for the processing
method and type of file described on that line.

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

® The other columns may be required or optional, but
cannot be indicated on the chart because the entries
represent information that changes from program to
program.

Example

If you are updating an indexed disk file using the CHAIN
operation code, see Figure 28 and refer to indexed disk
files, random processing by CHAIN operation code. Then
choose the chained update file with or without record
addition.

In this example, the following columns are required but
may change from one program to another: filename,
record length, length of key field, and key field starting
location. Optional entries are: line, end of file, sequence,
block length, cylinder index in main storage, and file
condition.
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H 8 Model 20 8
§ 4
3 _ Y " 2
g 5 A 2 < g1e o
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File Description Specification
F File Type Mode of Processing File Addition/Unordered
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End of File of Record Address Field o for DAM for Cylinder Oveiflow
n i o
Record Address Type . 1| Nameof Number of Extents
¢ Sequence - N Symbolic Zl .
Filename qa Q’/pe of File o Device Device 3 Label Exit -
File Format ganization o K| Rewind
Storage Index
Line H r Al nal Area g it T
a o e o | Overflow tndicator[© Condition
g S| Block 5 —18 ut-us
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of2|_|Fl/wPUT| || 11 1AE A
os| |FMalSITER | © Al
o|a| |F |
GX21-9094-2 U/M 050
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IBM 1 cervstona susiness wachine ¢
- 75 76 77 78 79’ 80
Program Punching Graphic Card Efectro Number Program
Programmer Date Instruction Punch Identification
5 Record Identification Codes i
I 3 Field Location Field
5 1 2 3 . < Indicators
E ] 2
F) @ - |5 )
) gl 2% . . 2 lgsf 8
Line Filename z| |5 g g| FieldName | 5 o5/ p
Y 3 5|8 = & 3|l g Zero
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5 5i2| 8 5|52 5|8[2 RN EE ] EIEE| =
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El® Field Name Y = D
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Line Filename S| elE 8 End No Yes 3 c |L |[Z= Zero
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Figure 27. Unordered Load of an Indexed File
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File Description Specifications
Fite Type Mode of Processing File Addition/Unordered
File Desgnation Length of Key Field or Extent Exit Number of Tracks
of Record Address Field = for DAM for Cylinder Overfiow
End of File Record Address Type % Name of . Number of Extents
Line Filename Sequence va' e s Device Syn,bolic 3 tael Exit ;:Ti,,d
o File Format or Additional Area g Device s Core Index —
g g 5 g . ; Overflow Indicator] 5 Condition
E g g . S Block S5 :‘:vn :ﬂau E Continuation Lines S S u-us
Type of - 1 || tocaton | K| Optien ey |2 =
34557B9|0|||1|J|415£218'9m21£2‘ﬁ‘ Nﬂﬂ:ﬂ:ﬁ:ﬂlﬁxﬁ?x@‘aﬂ4143“!5464148495)515253545555758596061528364659:: 68 697071 72{73 74
Processmg by Key, no ADD F /1A ] A Al/ /15|
by Key, no ADD F /1s F] Al /s |k
by Key, no ADD F / F A” /1Sl
by Key, with ADD F /P All /15 |k
by Key, with ADD F 115 Al/ 151K
by Key, with ADD F 11D} 1 IF All /S
by Key, no ADD F UIPl | JF Al /5K
by Key, no ADD F Vis| | IF 2 | /-ssz
1 by Key, no ADD F vip F | /
Sequential by Key, with ADD F VP | IF Al /5K
by Key, with ADD F vis| | IF Al /S|K
by Key, with ADD F Ui F All /1S|K
by Limits F / F Al /S
by Limits F 1isp] |F All 11S|K
by Limits F { F Al 180
by Limits F l4 Al /1siK
by Limits F Uls Al l 1151k
by Limits F /1D I 1|S|K
F
by CHAIN, no ADD F /le A 1islk
by CHAIN, with ADD F /¢ Al Jis|K
by CHAIN, no ADD F Ve A /|5KK
by CHAIN, with ADD F vle] A VIS
Random 3
by ADDROUT F ild W' ] 51K
by ADDROUT F 115 Fi I 151¥]
by ADDROUT ¥ UiPL | |F, / SiK
by ADDROUT F Uis| | |F / 5 K]
F
Load Unordered F 0! F A 5K
Ordered F F A 5 K|
F
Add Records 3 ADD only . NELER 0 =P
Only

1Sequential processing by key or limits must use the file index, which is always arranged in ascending
sequence. When an indexed file is processed record by record from beginning to end, the file is
processed through the index using the sequential by key method.
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File Description Specifications
File Type Mode of Processing File Addition/Unordered
- — Length of Key Field or Extent Exit Number of Tracks
File Designation of Record Address Field s for DAM for Cylinder Overflow
End of File Record Address Type §' Name of Number of Extents
) Type of Fil i @l Label Exit T.
Line Filename Sequence O::niu(ilo: E Device Svn!bohc 3 Rae:veind
File Format or Additional Area | 8 Device 3 Core Index —
o ile
g ole g e | Overflow Indicator ‘g Condition
> Qle = ‘@ -
Type of - 3l5) 1,[g| sos | mecors e Key Field | £ Continuation Lines S Hid e
= ols 2 «< als i % 2 2
Processing N 3 5 1 I R | I 1S sl = x| option By < €
- 3 4 516[/7 &8 9 101112 13 14 15[16]17]18]19]20 21 22 23|24 25 26 27| 28§29 30| 313233 34{35 36 37 3839140 41 42 43 44 45 46|47 48 49 50 51 52|53]54 55 56 57 58 59|60 61 62 63 64 65|66]/67|68 69]70{71 72|73 74
F D|/|5|K]
Th ti d D K
e entire
F DI11S|K
. 1
Consecutive file is read F i
from beginning F DI/ 15K
to end F D/ 5K
F D K|
r
/by CHAIN d D15 K
F
by CHAIN D/is K
F
Random by ADDROUT p P
by ADDROUT F K|
by ADDROUT F LY
by ADDROUT F K
F
3 The file is written r &
Load on disk as entered F
Add records { ADD only F /|SIK|
only <
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File Description Specifications
File Type Mode of Processing File Addition/Unordered
1o Destgat Length of Key Field or Extent Exit Number of Tracks
ile Designation of Record Address Field = for DAM for Cylinder Overfiow
End of File Record Address Type S| Nameof Number of Extents
Type of Fil i |2l Label Exit
Line Filename Sequence orgmization |3 Device Symbolic |2 - e
Fite Format or Additional Area |3 Device 3 Core Index
TY Of =] a - 8 File
pe § g E s o | Overflow Indicator 5 Condition |
& = 5 2 )
Processing s 3(g] [.]g| e | Recors I Key Field | & Contimuation Lines z| VB
£ 3la| [212] tength | tenmn |z gla Starting | % 2 2
—— 2 = I TP Y S z|= Location |= K Option Entry < =
3456785|01||2|3|4I5|5171819?0212223242526212829”3'323334353637383940"4243“454617‘8@5051525354555657585&606152635455666768897071727374
The entire F /15 F L
. ilei F /
Consecutive file is read D K
from beginning F Uild e
F
to end. vis K
F Ulo K
F
by CHAIN F 1iek K
by CHAIN F Ulc K|
[
Random
by ADDROUT F [RERG ¥
by ADDROUT r Nst 1 1F K
by ADDROUT 3 wiel | IF K]
by ADDROUT F Wisi | IF K
s Disk addresses are F
F
Load developed for each K
F
\( record entered. p

1Ftecords are inserted or changed in a direct file by defining the file as an update
file processed consecutively, or an update file processed randomly by the CHAIN
operation code.




Record Address Files!
Containing: 1. Disk Addresses
(ADDROUT file)
2. Record Key Limits

File Description Specifications

File Type Mode of Processing File Addition/Unordered
File Desigation Length of Key Field or Extent Exit Number of Tracks
0! of Record Address Field = for DAM for Cylinder Overflow
" w
End of File Record Address Type F Name of Number of Extents
. . Type of Fila - ;i 21 Label Exit Tape
Line Filename Sequence Organization & Device ‘gym'bohc 3 . Rewind
o File Format or Adgitional Area § evice 5 Core Index
File
H e E g o[ Overflow Indicator] ¢ Condition
4 E
fa e x5 - 3 ut-us
A 219 (o g Block Record = e Key Fiold | § Continuation Lines 5 g
5 Sl2l ISIE] tenath Length | gis Starting | % 2 2
2 SHa = Location |% K Option Entry < «
3 4 516]7 8 9 1011 12 13 14 |15}16 19120 21 22 23)24 25 26 27 JI3233M35363738394041424344454647484950515253545556575859606!6263646566576@69707|727J74
0 i
o) IR EF ) i i
o3| |r
of4) | | /1R LA .
ols| [F
- - L _ - 7 t ]
ols| |F
of7f IF
F
_ - i N . o ] L
e

!Record address files containing disk addresses may be associated
with indexed, sequential, or direct disk files.

Record address files containing record key limits may only be
associated with indexed disk files, but may be a disk or console
file. (See charts for console files.)

Figure 31. Record Address Files Located on Disk
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File Description Specification

F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or = Extent Exit Number of Tracks
- of Record Address Field & for DAM for Cylinder Ovarflow
End of File > N ¢
Record Address Type . lame O Number of Extents
+ Sequence - . Symbolic |& .
Filename aden Typa 96 F}I3 o Device Device | ﬁ Label Exit Tane
File Format Organization i k] Rewind
Line or Additional Area § Core Index e |
Q Overflow Indicator| <] Condition
& afe HE 5 8 - ut-ug
= g E 3| Lengtn E::"{f x|5 Key Field |z Continuation Lines -
E g % el o « =l Starting | & 5
2 ESEIMEI S 3 = Location |4 K Option Entry 3 =
3 4 5l6l7 8 8 10111213 1418 19 32 35 36 37 38139140 41 42 43 44 45 48|47 48 49 50 51 62 |63 54 65 66 57 58 59 |60 61 62 63 64 66
of2| [F /
03 F
o4 |F
0|5 F
. L. 1 N T T S - I
06 F
07} |F
4 .
0|8 F
ofs| [F
1|01 |F
E
F

T2 0L 69 39 £0 99 G9 ¥9 £9 0 10 0D 63 63 0 93 99 v €9 ZG 19 03 6V BY L¥ OF Sb bb £¥ Zv L OF 6C 8€ LC OC S VE CF ZE 1€ OF 62 62 LZ OZ G WZ EC ZZ \C OZ 6L BL LL OL QL WL ELZL L1 OL 6 8 L 8 8 v € 2 o

N
N

® If the keyboard is specified as a primary inpqt
file, no other /input files in the program can be
specified as primary or secondary files.

® [nput data entered from the KEYBORD device
must be defined in calculation specifications for
a KEY operation.

Figure 32. Keyboard (KEYBORD) Files
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File Description Specification

File Type Mode of Processing
File Designation Length of Key Field or

End of File of Record Address Field

s Record Address Type
auence Type of File o
File Format Organization o
or Addjtional Area -§
a Overflow Indicator| S
SIs Block | Record S 8
ofe vl|s od 12
Slo Length Length =& Key '.:le g
HEARE « a Starting | &
S 3 M 3 % = Location |*

aalel18l17]1 2n2|22_ggz425_2%272829303|

RN

—T

Input file records

are displayed on the
display screen when
keyed into the program.

Device

3233 34|35 36 37 38[39140 41 42 43 44 45 46

Co o6
===2
S
SR

'Symbo|ic
Device

o

Extent Exit
§ for DAM
5 Name of
» Label Exit
2
3 Core Index
Continuation Lines
K Option Entry

88 59 |60

File Addition/Unordered

Number of Tracks
for Cylinder Overflow
Number of Extents
Tape
Rewind
Fite
Condition
u1-us

R/U/MN

67]68 69]70171 72)73 74]

=
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Figure 33. Console Files (Interactive Data Entry)

File Description Specification
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F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or = Extent Exit Number of Tracks
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—— Record Address Type Symbolic é Name of ) Number of Extents
Filename a Type of Flle B Device Device ﬁ Label Exit E—
File Format Organization ] | Rewind
‘Additi - Core Index o
Line T itional Area § Fite
% o E o cof Overflow Indicator| Condition
Block d 5 N 2 Ui-ug
= 9 3 é Length s::o:h ¥ : Key Field |2 Continuation Lines S
€ o1 118 g « =13 starting | & 2
i Qe lul=E 3 z|= Location |4 K Option Entry 4
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Figure 34. Printer Files
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File Description Specification

F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or = Extent Exit Number of Tracks
End of Fil of Record Addrass Field b for DAM for Cylinder Overflow
n ile [
Record Address Type . gi Name of Number of Extents
: Sequence . Symbolic Label Exi
Filename Type of File o Device Device 15 abel Exit Torn
File Format Organization o ] Rewind
Line ¢ Additional Area 3 Core Index Mo
=] Overflow Indicator Condition
& ele g g g U8
= ole 2 EL‘;":h E:;OI: ¥|s Key Fiold |2 Continuation Lines z VI
£ K g al$ 9 o =I5 Starting | & K
i QIR ul2|E = <= Location |4 K Option =
4 5lel7 8 o 101112 13 14 15)16)17{18]19]20 21 22 23|24 26 26 27 35 38 37 38139| 40 41 42 43 44 45 48 |47 48 49 60 51 62 71 72
ol2f |F Tl :
043 F
of4] |F
ofs F
of6 F
o7 F
0|8 F
ofe F
1{0 F
: _.J
F il |
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SHADED COLUMNS
MUST BE BLANK

Figure 35. Display Screen Files

File Description Specification
F File Type Mode of Procassing File Addition/Unordered
File Designation Length of Key Field or = Extent Exit Number of Tracks
End of Fil of Record Address Field = for DAM for Cylinder Overflow
.Na of le =
Record Address Type Symbolic §| Nameof Number of Extents
Filename Sequence Type of File . Device Device ] ﬁ Label Exit Tore
File Format Organization | 3 Rewind
Line or Additional Area g Core Index Fiio
2 Overflow Indicator’ Condition
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2 S8 |w|=|E 2 28 Location |4 =
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Figure 36. SPECIAL Files
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Chapter 4. Extension Specifications

Extension specifications are needed to describe all record tables and arrays are described in columns 11-45. Compile-
address files, tables, and arrays used in your job. Enter time tables and arrays are described in columns 19-45. {f
these specifications on the extension and line counter an alternating table or array is to be specified with another
specifications sheet (Figure 37). table or array, it is described in columns 46-57 of the same
line as the first table or array. A maximum of 63 tables or
Record address files require entries on the extension arrays can be used in a program. Only 60 of these can be
specifications sheet in columns 11-26. Preexecution-time compile-time tables or arrays.
RPG EXTENSION AND LINE COUNTER SPECIFICATIONS Ay
IBM International Business Machine Corporation
Program Punching | Graphic | Card Electro Number Iili program 5 78 77 78 79 80
Programmer Date Instruction Punch ' g of_ ificati
Extension Specifications
E Record Sequence of the Chaining File
Number
Number of the Chaining Field of Number 1 . Table or 2]
: 8|a S
tne |g To Filename :ab‘e or Entres | o s 3|2| Array Name bl I £ Comments
g rray Name focord | Per Tabl 3 8 (Alternating entry ||| 8
| From Filename ecor ° B8] Format) Sl Els
E or Array 5 B EEE
£ afé 21&13
34567B91011‘213‘4‘5'6”!51920212223242525272829303!3433343536373339 4546474349505‘15_253 58 59 60 61 62 63 64 65 66 67 68 69 70 7172 73 74
of1| [E r_‘_—— -r—f—q—r—“—
of2| [e 1L ] 1 |
0j3 E B
o4 E 1
015 E
ofs| |E 1 ]
0f7 E
o|8 E
E 4
e 1L
Line Counter Specifications
L 1 2 3 4 5 6 7 8 9 10 11 12
Li 8 Filename g E
" |2 5 3 513 5 % §les 55 5l3s H 5 |s 5
€ g§ éé g'g 5§ g% %E g‘g’ EE 2% Eg gg ég 3'5 éé %E £t %‘E §§ Sg E‘E Eé Eé Eé 5§t
g 23135 5212552182 52 (62| 52 (83| 52|83 52|82 52|82 52 (62| 52 (82| 52 (82| 52 |62
3 4 5l6 7a9|0111213|4|5|61715|9202|22232425262728293031323334[;_5_‘36373339404\424344454607484950516253545556575859505162636465666768897071727374
1] fr |
. 1

Figure 37. Extension and Line Counter Specifications Sheet
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Figure 42 at the end of this chapter shows possible
extension specifications. See Part 2, RPG /! Programmer’s
Guide, Tables and Arrays for a complete discussion of
arrays.

COLUMNS 1-2 (PAGE)

See Common Entries.

COLUMNS 3-5 (LINE)

See Common Entries.

COLUMN 6 (FORM TYPE)

An E must appear in column 6.

COLUMNS 7-10

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

COLUMNS 11-18 (FROM FILENAME)

Entry Explanation

Record The name of the record address file.
Address

Filename

Table or  Table or array loaded at preexecution-time.
Array

Filename

Blank - Table or array loaded at compilation time if

there is an entry in columns 33-35.

- Array loaded at execution time (via input and/
or calculations specifications) if there is no
entry in columns 33-35.

Use columns 11-18 to name a table file, array file, or record-
address file. Filenames must begin in column 11. The
record address filename must always be entered in these
columns and in the file description specifications. Leave
columns 11-18 blank for compile-time tables or arrays

or for arrays loaded via input and/or calculation specifica-
tions.
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These columns must contain the table or array filename of
every preexecution-time table or array used in your program.
When the table or array is loaded at compilation time, it

is compiled along with the source program and included in
the object program. Thus, a table file is not needed in
addition to the object program every time the program is
run. Only those tables and arrays which do not change

often should be compiled with the program.

When tables or arrays are being compiled with the program,
table records must always follow the RPG Il source program.
A record with ** (B = blank) in positions 1-3 is needed to
separate the RPG Il source program from the table or

array records. Tables or arrays must be separated from each
other by records with **# in positions 1-3 (Figure 2).
Because **B in positions 1-3 indicates the start of a table

or array, you must not specify **%in positions 1-3 of your
table input records.

Short tables (tables that are not full) can be compiled with

the program, but a warning is issued. See Columns 36-39
for a discussion of short tables.

COLUMNS 19-26 (TO FILENAME)

Entry Explanation

Name of  The file processed via the record address file
an input  named in columns 11-18.

or update

file

Name of  The output file to which a table or array is to

an output be written.
file

Columns 19-26 define the relationship between a file named
in these columns and a file named in columns 11-18. File-
names must begin in column 19,

If a record address file is named in columns 11-18, the
name of the input or update file that contains the data
records to be processed must be entered in columns 19-26.
Do not enter the record address filename in these columns.

If you want a table or array to be written, use columns 19-26
to enter the filename of the output file you use to do this.
This output file must be named previously in the file
description specifications.



A table or array can be written on only one output device,
leave columns 19-26 blank if you do not want the table or
array written.

If a table or array is assigned to an output file, it is auto-
matically written at the end of the execution after all other
records are written. The table or array is written in same
format in which it was entered.

Since there is no program control over the output format
when an entry is made in columns 19-26, those cases where
formatting is required should be provided for in the program
through the output specifications or by using exception
lines to write one item at a time (see Part 2, RPG /]
Programmer’s Guide, Operation Codes, Exception). Tables
or arrays should be written only after all records are
processed (last record indicator is on).

COLUMNS 27-32 (TABLE OR ARRAY NAME)

Entry Explanation

Table or Name of each table or array used in the program
Array

Name

Use columns 27-32 to name your table or array. No two
tables or arrays may have the same name. The rules for
forming table and array names are discussed in the follow-
ing text.

Table Name

Every table used in your program must have a name. The
entire table name can be from 3-6 characters long, and

must begin with the letters TAB. After the letters TAB,
1-3 alphabetic or numeric characters may be used (no
special characters allowed). Blanks cannot appear between
characters in the table name. Any name in columns 27-32
which does not begin with TAB is considered an array
name. The table name is‘used throughout the program.
However, different results can be obtained depending upon
how the table name is used. When the table name is used
in factor 2 or the result field {on the calculation specifica-
tions sheet) with a LOKUP operation, the name refers to
the entire table. When the table name is used with any other
operation code, the name refers to the table item last
selected from the table by a LOKUP operation (see Part 2,
RPG 11 Programmer’s Guide, Operation Codes, Look Up
and Tables and Arrays).

Table files are processed in the same order as specified by
the extension specifications. Therefore, if you have more
than one table file, the files are to be loaded in the same
order as they appear on the sheet.

If two tables are in alternating format in one table file,

the table whose item appears first must be named in
columns 27-32. The second table is named in columns 46-51
(Figure 38).

Array Name

Every array used in your program must be given a name,
An array name cannot begin with the letters TAB. This
array name is used throughout the program. See Part 2,
RPG Il Programmer’s Guide, Tables and Arrays for
more information on forming array names.
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Example 27-32 of the extension specifications sheet; TABB is

named in columns 46-51.
Figure 38, insert A, shows two tables (TABA and TABB)

described in alternating format. An item for TABA
appears first. Thus, in insert B, TABA is named in columns

Table A Table B
(account number) (account due)

Corresponding
Table Items

Note: The decimal points shown
in Table B are only for illustration
purposes. Decimal points are not
a part of table or array input data.

Positions Positions

TABA TABB TABA TABB TABA TABB TABA TABB
item item item item item item item item

N —— N —— T —— N —— ~— N ————

Entry 1 Entry 2 Entry 3 Entry 4
@ TABA TABB TABA TABB TABA TABB
item item item item item item

] - —— N ——— ~—m—m N m—
Entry 5 Entry 6 Entry 7

The corresponding items from the
tables are entered in the machine

in alternating format. Corresponding
items from the two tables are con-
sidered as one entry.

Figure 38 (Part 1 of 2). Related Tables
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Table whose items are loaded first
is named in columns 27—32.

®

Figure 38 (Part 2 of 2). Related Tables

COLUMNS 33-35 (NUMBER OF ENTRIES PER RECORD)

Entry Explanation

1-999 Number of table or array entries found in each
table or array input record.

Indicate in columns 33-35 the exact number of table or
array entries in each table or array input record. Every table
or array input record except the last must contain the

same number of entries as indicated in columns 33-35. The
last record may contain fewer entries than indicated, but
never more.

When two tables or arrays are described in one file, each
table or array input record must contain the corresponding
items from each table or array written in alternating format.
These table items are considered one entry. The number
entered must end in column 35. Corresponding items from
tables or arrays in alternating format must be on the same
record. Comments may be entered on table input records
in positions following table entries.

Table whose items are loaded second
is named in columns 46—51.

®

This entry indicates the number of table entries in
each input record. Remember, corresponding items
from the two tables are considered as one entry.

When loading an array, the following must be considered:
e To load a preexecution-time array, a filename must be
entered in columns 11-18, and an entry must be made
in columns 33-35.

To load an array at compile time, columns 11-18 must
be blank, but an entry must be made in columns 33-35.

To load an execution time array (via the input and/or
calculations specifications), columns 11-18 and
columns 33-35 must be blank.

Example

Figure 38, insert B, shows table entries for the two tables,
A and B, entered in alternating format. A1 and B1, the
corresponding items in tables A and B, are considered one
entry. Even though there are 14 table items listed, there
are only seven table entries.
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COLUMNS 36-39 (NUMBER OF ENTRIES PER TABLE
OR ARRAY)

Entry Explanation

1-4096 Maximum number of table or array entries

Use columns 36-39 to indicate the maximum number of

table items which can be contained in the table named in
columns 27-32, or the maximum number of array items which
can be contained in the array named in columns 27-32.

This number may apply to one table or to two tables

in alternating format. Any number entered in these

columns must end in column 39.

Since the number of items for two tables or arrays entered
in alternating format must be the same, the entry in these
columns also gives the number of items in a second table
or array (columns 46-51).

If your table or array is full, this entry gives the exact
number of items in it. However, if the table or array is
not full, the entry gives the number of items that can be
put into it (Figure 39). A table or array that is not full
is known as a short table or array.

If a table or array is to be compiled, it should be full.
However, if it is not full (a short table or array), the table
or array is compiled with the program and a warning is
issued. The short table or array is completed in storage by
filling it with blanks or zeros (for alphameric or numeric
tables or arrays, respectively). A preexecution-time table
or array need not be full.

1-86

Note: The decimal points shown in these
tables are only for illustration purposes.
Decimal points are not part of table input
data.

TABPRT TABAMT TABPRT TABAMT
(Part Number)  (Price) (Part Number)  (Price)
001 127.62 001 127.62
002 198.32 002 198.32
003 .27 003 .27
004 .01 004 .01
005 1.98 005 1.98
009 3.79
010 5.67
014 2.33
026 14.67
045 29.33
096 29.34
097 .05
098 .09
0929 1.19
100 2.22
101 126.73
110 596.74
115 393.75
126 697.75
137 1.92

If this data is entered into
the machine, TABPRT and
TABAMT will not be full.

If this data is entered into
the machine, TABPRT and
TABAMT will be full (20
entries fill the table).

EXTENSION AND LINE COUNTER SPECIFICATIONS

N

i Card Electro Number
Punching Graphic

{nstruction Punch

Extension Specifications

Number
of Number £la| Table or HE
i tength | §219 Length | 1218
Table or snirles Zlmri“ o £12| Array Name | of |z
Array Name | Per [ i 4
u Record | PorTable | Entry |5 | B[ (Atternating | ey [ dS1 8
S| €]8| Format) StE §
or Array NEE als
S|&]2 28|
26|27 28 29 30 31 32 43]aa}as |26 47 48 49 50 5152 53 57{68 59 60

This entry indicates that TABPRT and TABAMT may
both have a maximum of 20 entries.

Figure 39. Table Entries (Number Par Table)



COLUMNS 40-42 (LENGTH OF ENTRY)

Entry Explanation
1-15 Length of a numeric entry
1-256 Length of an alphabetic entry

Use columns 40-42 to give the length of each entry in

the table or array named in columns 27-32. The number
entered must end in column 42, For numeric tables or
arrays in packed decimal format, enter the unpacked decimal
length in columns 40-42. For numeric tables or arrays

in binary format, enter the number of digits required in
storage for the binary field. For a 2-position binary field,
the entry in columns 40-42 is 4; for a 4-position binary
field, the entry is 9.

All table or array items must have the same number of
characters. It is almost impossible, however, for every
item to be the same length. Therefore, add zeros or
blanks to make them the same length. Add leading zeros
for numeric items. Add blanks after alphameric items
(see Examples, Example 1).

If two tables or arrays are entered in alternating format, the
specification in columns 40-42 applies to the table or

array whose item appears first in the record (see Examples,
Example 2).

The maximum length of a numeric table or array item is

15 characters. The maximum length of an alphameric table
or array item is 2566 characters for disk records and up to
158 characters for console records.

See Arrays or Tables under Part 2, RPG // Programmer’s
Guide for more information.

Examples
Example 1

Figure 40 shows a table, called TABMO, which lists months
of the year. The name SEPTEMBER, having nine characters,
is the longest entry. Because the lengths of the entries must
be the same, blanks are added to the remaining names to
make each of them nine characters long.

JANUARY

FEBRUARY All entries must
JANUARYbb

Xﬁ;ﬁ” FEBRUARYD have the same
MARCHbbbb

VAY APRI L bbbb !ength. Those

JUNE JONEDhDDD ftoms that are

JULY SULYbbbbb not as long as
AUGUSTbbb the longest

AUGUST ggggzgﬁg item must be

SEPTEMBER NOVEMBERD padded with

OCTOBER DECEMBERD blanks (b).

NOVEMBER

DECEMBER

List of Months TABMO

Figure 40. Length of Table Entries
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Example 2

Figure 41 shows entries for two tables entered in alternat-

ing format, TABCOD and TABAMT. Each item in TABCOD

is three characters long; each item in TABAMT is six
characters long. Since TABCOD is entered in the machine
first, its length, 3 is specified in columns 40-42. The
length of items in TABAMT is in columns 52-54.

TABCOD TABAMT
(Code) (Amount)
021 217.43
022 93.06
023 8.14 Note: The decimal points
040 2166.58 shown in these tables are
041 39.23 only for illustration
060 1741.78 purposes. Decimal points
117 83.33 are not a part of table
118 5.12 input data.
143 72.03
352 253.96
N\
3 6
Positions Positions

®

Intemational Business Machinee Corporation

PG EXTENSION AND LINE COUNTER SPECIFICATIONS

Punching | Grsphic Page
Instruction | Punch .

- Extension Specifications

Record { Per Table

or Array Format)

Number _E
Table or : ios Ncu e Table or .
e Nty o
ame Array Na Por Entries Array Name | of §
]
o

Decimal Positions

Sequence (A/D)

g (Ahernating  § Entey

AL

14_25_232782917:"32
] 4?A dolo

N &

d
¢

%{L
A

44145146 47 48 49 50 B1{52 53 54]66)
71Al8A #’7

The length of the table item which
. is entered in the machine first must
appear in columns 40-42.

Figure 41. Length of Corresponding Table Items
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COLUMN 43 (PACKED OR BINARY FIELD)
Entry Explanation

Blank Data for table or array is in unpacked decimal
format or is alphameric. .

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

B Data for table or array is in binary format on
disk.

Use column 43 to indicate that a numeric field in a
preexecution-time table or array file is in packed or binary
format. Leave column 43 blank if the field is unpacked.
See Column 43 under Input Specifications for more
information on packed or binary formats.

COLUMN 44 (DECIMAL POSITIONS)

Entry Explanation
Blank Alphameric table or array.
09 Number of positions to the right of the decimal

in numeric table or array items.

Column 44 must always have an entry for a numeric table
or array. If the items in a table or array have no decimal
positions, enter a 0.

If two tables or arrays are entered in alternating format,
the specification in this column applies to the table or
array containing the item which appears first on the record.

COLUMN 45 (SEQUENCE)
Entry Explanation

Blank No particular order
A Ascending order

D Descending order

Use column 45 to describe the sequence (either ascending
or descending) of the data in a table or array file.



When an entry is made in column 45, the table or array

is checked for the specified sequence. If a compile-time
table or array is out of sequence, a severe error occurs.

The program halts after compilation. If a preexecution-
time table or array is out of sequence, an error occurs

and the program halts immediately. The program can be
restarted from the point where it halted if you do not want
to correct the out-of-sequence condition; however, if you
do correct the out-of-sequence condition, program execu-
tion must be restarted from the beginning.

Ascending order means that the table or array items are
entered starting with the lowest data item (according to
the collating sequence) and proceeding to the highest.
Descending order means that the table or array items are
entered starting with the highest data item and proceeding
to the lowest.

If two tables or arrays are entered in alternating format,

the entry in column 45 applies to the table or array containing

the item which appears first on the record.

When you are searching a table or array for an item (LOKUP)
and want to know if the item is high or low compared with
the search word, your table or array must be in either
ascending or descending order. See Part 2, RPG I/
Programmer‘s Guide, Operation Codes, LOKUP for more
information. When a specific sequence has been specified,
RPG |l checks the data in the table or array to see if it

really is in that sequence.

An execution-time array (built-in input and/or calculation
specifications) is not sequence checked. However, an A or
D entry must be specified if a high or low look up operation
is performed.

COLUMNS 46-57

Use columns 46-57 only when describing a second table

or array which is entered in an alternating format with
another table or array. Usually, the second table or array
corresponds with the table or array named in columns 27-32.
All fields in this section have the same significance and
require the same entries as the fields with corresponding
titles in columns 27-45. See the previous discussion on those
columns for information about correct specifications. Leave
these columns blank for a single table or array. '

COLUMNS 58-74 (COMMENTS)

Enter any information you wish in columns 58-74. The
comments you use should help you understand what yau
are doing in each specification line. Comments are not
instructions to the RPG Il program; they serve only as a
means of documenting your program.

COLUMNS 75-80 (PROGRAM IDENTIFICATION)

See Common Entries.

Extension Specifications 1-89



RPG EXTENSION AND LINE COUNTER SPECIFICATIONS P ol
mM Business Machine C i

12 75 76 77 78 79 80
Program Punching Graphic . Card Electro Number Program
N Page [D of . "
Programmer Date Instruction | pypcy, —
Extension Specifications
E Record Sequence of the Chaining File
Number of the Chaining Field Number g . Table or g -
. ; Length 2 Length 2la
Line To Filename Table or Entries ;l ) of 3 3 Array Name | of 5|2 Comments
4 Array Name | Per niries o (Alternatiny o
> Entry |5 8 J Entry |of|8
- o Record Per Table T G| e
From Fitename Sl ElS Format) JlE|E
E or Array EE = HEE
hd =|8| 3 SE L
4 slelr sl 1011 12 13 14 15 16 17 1819 20 21 22 23 24 25 7827 28 20 30 31 32|35 34 35{36 37 38 39[40 41 az)aalasleslac 47 48 40 50 51|52 63 sa|s5|s6|s7]6R 59 60 61 62 63 64 65 68 67 68 69 70 7172 73 74
' Output file ol 1 Alternating table] — rl
outeut T i e pg o e ™ HTables -
| =

Output file ~+Alternating tab

Alternating array |- z
Alternating array

o
o
m miom m m M m m m.: mio

Input or N
ols . Record Address Files
{ - 1-Jupdate file o+
Line Counter Specifications

L 1 2 3 4 5 6 7 8 9 10 1 12

. H H
Line | & Filename § 2

- 6 o 'Tg"é EEE‘: ggs ® 5 5 |8 & 8 |8 8& 8 |® 5 |3 8§ 3 k] ® 5

: RIS L E ol B (RE LB (RE L2 (B LR (BE EIRE SEIRE LE[BE| LE(BE| LE(RE|cE|BE

Iy S2 |p2| 32|82 52 |62 32 |62| 52 |62| 532 |62| 52 |62] 32 |62| 52|62 52 82| 52182| 52 |82
3 4 sls 17 8 9 1011 12 13 14]15 16 17]18 19]20 21 22§23 24J25 26 27|28 29|30 31 32|33 34]35 36 37|38 39{40 41 42§43 44} 45 46 47]48 49)50 51 62]53 b4| 55 66 57|58 59|60 61 62163 64|65 66 67]68 69 |70 71 72|73 74
1|1 o
12| fL

L

® The shaded columns must be blank for the file named.

® For tables and all arrays except execution time arrays,
columns 19-26 and columns 46-57 are optional.

® Execution arrays are loaded via input and/or calcula-
tion specifications.

® For record address files, columns 11-26 must have

entries.

Figure 42. Possible File Entries for Extension Specifications
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Line counter specifications should be used for each printer
file in your program. Line counter specifications indicate
at what line overflow occurs and the length of the form
used in the printer. Both of these entries must be specified
on the line counter specifications sheet (Figure 43). If no
line counter specifications exist, the forms length used is
either:

® The forms length specified on the // FORMS entry, or
® The forms length specified by the SET command
statement (see /BM System/32 System Control

Programming Reference Manual, GC21-7593), or

® The forms length specified at system generation time.

Chapter 5. Line Counter Specifications

In either case, the overflow line is assumed to be six lines
less than the specified forms length.

COLUMNS 1-2 (PAGE)

See Common Entries.

COLUMNS 3-5 (LINE)

See Common Entries.
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Figure 43. Extension and Line Counter Specifications Sheet
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COLUMN 6 (FORM TYPE)

An L must appear in column 6.

COLUMNS 7-14 (FILENAME)

Use columns 7-14 to identify the output file to be printed
on the printer. The filename must begin in column 7. Any
filename entered in these columns must be a filename
previously defined by file description specifications. The

output device assigned to the file by file description speci-
fications must be the printer.

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

Entry Explanation

1-84 Number of printing lines available is from 1-84.
Columns 15-17 specify the exact number of lines available
on the form or page to be used. The entry must end in
column 17, Leading zeros are not necessary.

COLUMNS 18-19 (FORM LENGTH)

Entry Explanation

FL Form length

Columns 18-19 must contain the entry FL. This entry
indicates that the preceding entry (columns 15-17) is the
form length.

COLUMNS 20-22 (LINE NUMBER—-OVERFLOW LINE)
Entry Explanation

1-84 A line number from 1-84 is the overflow line.
Columns 20-22 specify the line number that is the overflow
line. The entry must end in column 22, Leading zeros may
be omitted. When the line which you have specified as the

overflow line is printed, the overflow indicator turns on.
When the overflow indicator is on and fetch overflow is not

192

specified, the following occurs before forms advance to the
next page:

1. Detail lines are printed (if this part of the program
cycle has not already been completed).

2.  Total lines are printed (if conditions are met).

3. Total lines conditioned by the overflow indicator
are printed.

Because all these lines are printed on the page after the
overflow line, specify the overflow line high enough on the
page to allow all these lines to print. You know the data
to be printed after the overflow line is reached. Thus, you
can judge what line should be the overflow line on this
basis. See Overflow Indicators under Part 2, RPG /]
Programmer’s Guide for more information.

COLUMNS 23-24 (OVERFLOW LINE)

Entry Explanation

oL Qverflow line

Columns 23-24 must contain the entry OL.. This indicates
that the preceding entry (columns 20-22) is the overflow
line.

COLUMNS 25-74

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

COLUMNS 75-80 (PROGRAM IDENTIFICATION)

See Common Entries.



Chapter 6. Input Specifications

Input specifications describe the data files, records, and ® Field description specifications (columns 43-74) describe
fields of the records to be used by your program. All the fields in the records.

input files apply to the input specifications except files with

the device name KEYBORD. KEYBORD files are described The specifications are written on the input specifications

by calculation specifications when the KEY operation is sheet (Figure 44). The field description entries must start
used. one line lower than file and record type identification
entries.

The input specifications are divided into two categories:

® File and record type identification specifications
(columns 7-42) describe the input record and its
relationship to other records in the file.
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Figure 44. Input Specifications Sheet

Input Specifications 1-93



COLUMNS 1-2 (PAGE)

See Common Entries.

COLUMNS 3-5 (LINE)

See Common Entries.

COLUMN 6 (FORM TYPE)

An | must appear in column 6.

COLUMNS 7-14 (FILENAME)

Columns 7-14 identify the input, combined, or update

file you are describing. The filename must begin in
column 7. Use the same filename given by the file descrip-
tion specifications. The filename must appear on the first
line that contains information concerning the records in
that file.

COLUMNS 14-16

Columns 14-16 may contain the characters AND, and
columns 14-15 may contain the characters OR. These
AND/OR lines may be used to indicate a relationship
between record identifying indicators or record types. For
further information, see AND Relationship and OR
Relationship for columns 21-41 and columns 53-58 in

this chapter.

COLUMNS 15-16 (SEQUENCE)
Entry Explanation

Any two Do not check for special sequence.
alphabetic
characters

01-99 Check for special sequence.

Enter a numeric entry in columns 15-16 to assign a special
sequence to different record types in a file. If different
types of records do not need to be in any special order,
use two alphabetic characters. Within one file, all record
types having alphabetic entries in columns 15-16 must be
specified before those types with numeric entries.
Columns 15-16 must contain an alphabetic entry for
chained files.

1-94

Alphabetic Characters

If you do not want to check for a special sequence of
record types, enter any two alphabetic characters in
columns 15-16 (see Examples, Example 1). Alphabetic
characters must be used for chained files and look ahead
records.

Numeric Characters (01-99)

Use columns 15-16 to assign sequence numbers to different
types of records within a file. Your job may require that
one record type {identified by a record identification code)
must appear before another record type within a sequenced
group. For instance, you may want a name record before an
address record. You must provide a record identification
code for each type of record and then number the record
types in the order that they should appear. The program
checks this order as the records are read. The first record
type must have the lowest sequence number (01), the next
record type should be given a higher number, etc (see
Examples, Example 2).

Numeric sequence numbers only ensure that all records of
record type 01 precede all records of record type 02, etc,
in any sequenced group. The sequence numbers do not
ensure that records within a record type are in any certain
order. Numeric sequence numbers have no relationship
with control levels, nor do they provide for sequence
checking of data in fields of a record (see Examples,
Example 3).

Note: Numeric sequence is not allowed on demand files.

Gaps in sequence numbers are allowed, but the numbers
used must be kept in ascending order. The first sequence
number must be 01.

A record type out of sequence causes the program to stop.
Restart the program by selecting the appropriate option
and pressing ENTER. The record that causes the halt is
bypassed and the next record is read from the same file.

Records in an OR or AND line cannot have a sequence
entry in these columns. The entry in these columns from
the previous line also applies to the entry in the OR or AND
line. See Columns 53-58 (Field Name) for information on
OR relationships.

Examples
Example 1: Figure 45, insert A, shows a file having two

types of records (part number and item number) which
may appear in any order. Since they are not to be checked
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Figure 45. Unsequenced Record Type in a File

for sequencing, they are assigned two alphabetic characters
(AA and BC, respectively) instead of numbers. See Figure 45,
insert B, for the coding of this example.
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I Item Number (07)
| C city/state  (03)
S Street (02)
N Name (01)

- Second group of records
(Customer 2)

I item Number (07)
I Item Number (07)
4] ¢ city/state  (03)
l S Street (02)
N Name (01) - -

@ First group of records
: (Customer 1)

——
GX21-8094-2 U/M 050"
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IBM international Business Machine Corporation
12 76 76 77 78 79 80
Program Punching Graphic Card Electro Number Program
Programmer Date Instruction [ Page l:l:l“'_ Identification
] Record Identification Codes i
I 2 Field Location Field
2 1 2 3 _ g Indicators
€ . EAEE
£ g o)
S 2 q
Line Filename § z £ g %| Field Name T %E ;
g FRESE ) 3 K 5 [55) 8 Zero
z 3|z = Position | Position | [El Position |=| |8 s|<| From To |3 S |28 & |Plus Minus|or
£ €| sle Es’i %ﬁgﬁd £ 2|58l = Blank
3 pRRHEE 5|5)a 3(5(3 5(5/8)5|2 8 5|53 &
A[n[D
3 4 5|6 7B91011|2|3|‘1518'715192021222324252527282930313233303635373&39404!424344454547484950515253545556575859606157535065665788597071727374
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o2 |z 5 5 | 45 WAME
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Figure 46. Sequence Checking of Record Typeos
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Example 2: Figure 46, insert A, shows the order of four
different types of records within a file. The records are
arranged in groups according to a customer name control
field. The name record is first in each group and is assigned
sequence number 01, Street record is next and is assigned 02.
City/state record is 03. (Remember gaps are allowed.)

Item number record is 07. More than one item number
record may be present. See Figure 46, insert B, for the
coding of this example.

Customer 2

City/State record —-;l .C City/State

These two records, even though in
the proper sequence, are in the
wrong data group. A sequence
entry in columns 15— 16 does not
check for this type of error,

Example 3: Figure 47 shows three groups of four different
record types. Each group is in proper sequence according to
the assigned sequence numbers (01, 02, 03, and 07).

Notice, however, that the city/state record for customer #3
is in the group for customer #2 and vice versa. The sequence
entry which you specify in columns 15-16 does not catch
this mistake since the sequence entry does not cause the
data on the record to be checked. See Figure 46, insert B,
for the coding of this example.

|1 1tem Number (07)
| Item Number (07)
(03)
(02)
(01) - -

o

S Street
N Name

Customer 3

Customer 3 I Item Number (07)
City/State record —>-l C City/State  (03)
S Street (02)
N Name (01)
-
I I Item Number (07)
I Item Number (07)
I C City/State (03)
I S Street (02)
N Name (01) -
Customer 1

Figure 47. Correct Record Sequence (Incorrect Data Within Groups)
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COLUMN 17 (NUMBER)

Entry Explanation

Blank Record types are not being sequence checked
{columns 15-16 have alphabetic entries).

1 Only one record of this type can be present in
the sequenced group.

N One or more records of this type may be

present in the sequenced group.

Use column 17 only if sequence checking is to be done
(columns 15-16 contain a numeric entry). Often, when
sequence checking, you have more than one record of a
particular type within the sequenced group (Figure 48).
You must indicate by an N in column 17 that more than

one record of one type may be found in the sequence group.

OR lines (columns 14-15 have the letters OR) and AND
lines (columns 14-16 have the letters AND) should not

have an entry in this column, It is assumed that the number
of records of this type to be found in the sequenced group
is the same as the number entered in column 17 of the
previous line. See Columns 53-58 (Field Name) for more
information on OR lines.

Example
Figure 48 shows a sequence record file in which there is

more than one record per type in a group. The record type
called item number appears three times.

| 1 ttem Number (07)
I Item Number (07)

| 1 1tem Number (07)
| C City/state  (03)
S Street (02)

N Name (o1)

- Customer 1

-

Figure 48. Sequenced Record File (More Than One
Record Per Type in a Group)
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Refer to Figure 46, insert B, for the coding of this example.
There is no reason for a name, street, or city/state record

to appear more than once in a group. A one (1) is entered

in column 17 to indicate that these record types appear only
once in each group. However, since one person may have
purchased more than one item, there may be two or more
item number records per group; an N is entered in column 17
for this field.

COLUMN 18 (OPTION)

Entry Explanation

Blank Record type must be present if sequence
checking is specified.

(0] Option. Record type may or may not be

present if sequence checking is specified.

Column 18 is used only when record types are being
sequence checked (columns 15-16 contain a numeric
entry). A blank entry specifies that a record of this record
type must be present in each sequenced group.

The O entry specifies that a record of this record type may

or may not be present in each sequenced group (Figure 49).
If all record types are optional, no sequence error is found.

OR and AND lines should not have an entry in this column.
The entry in this column on the previous line also applies
to this record in the OR or AND relationship. See
Columns 53-58 (Field Name) for more information on OR
lines.

Example

Figure 49 shows a sequenced file in which record type is
optional. For instance, the street or item number records
may not be included. Since it is not always necessary to have
a street address, this record is optional. Suppose this job
required a list of all items purchased during one month by
the individual named in the name record. It is possible that

a person might not buy anything during the month. In

this case, there would be no item record; therefore, the

item record is also optional. See Figure 46, insert B, for a
coding example.



I S Street (02)
N Name (01)

] | Item Number (07)
C City/State (03)
S Street (02)

N Name (01)

Figure 49. Sequenced Record File (Optional Record Types)

COLUMNS 19-20 (RECORD IDENTIFYING INDICATOR, **)

" Columns 19-20 have two purposes:
® To specify record iy(dentifying indicators

® To indicate a look ahead field

Entry Explanation

01-10 Record identifying indicator for console files.
01-99 Record identifying indicator.

L1-L9 Control level indicator used for a record

identifying indicator when a record type
rather than a control field signals the start
of a new control group.

LR Last record indicator.

H1-H9 Halt indicator used for a record identifying
indicator when checking for a record type

that causes an error condition.

** Look ahead field.

Record Ildentifying Indicators

Use columns 19-20 to assign an indicator to each record

Page of SC21-7595-0
lssued 15 May 1975
By TNL: SN21-7792

type. When you have different types of records within a
file, you often want to do different operations for each
record type. Therefore, you must have some way of knowing
which type of record was just read. To do this, you assign
different record identifying indicators to each record type.
Whenever a record type is selected to be processed next, its
corresponding identifying indicator is turned on. (All

other record identifying indicators are off at this time unless
chained files or demand files are being processed; in this
case, several indicators may be on at the same time.) This
indicator signals throughout the rest of the program cycle
which record type was just selected.

When a control level indicator used as a record identifying
indicator is turned on to indicate the type of record read,
only that one control level indicator is turned on. All lower
control level indicators remain unchanged.

Because the record identifying indicator is on for the rest
of the program cycle, you may use it to condition calcula-
tion operations (see Columns 9-17 under Calculation
Specifications) and output operations (see Columns 23-31
under Output Specifications).

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

You may assign the same indicator to two or more different
record types provided you want the same operation per-
formed on these types. Do this by using the OR relationship.
See Columns 21-41 (Record Identification Codes).

No record identifying indicator can be specified in the AND
line of an AND relationship. Record identifying indicators
for OR lines can be specified for every record type in the
OR relationship that requires special processing. See
Columns 21-41 (Record Identification Codes} for informa-
tion on AND lines. See Columns 53-58 (Field Name) for
information on OR lines.

If RPG Il telecommunications specificétions are used, a
description of the permanent error indicator can be found
in IBM System/32 RPG |1 Telecommunications Program-
ming Reference Manual, SC21-7597.

Look Ahead Fields

Use asterisks in columns 19-20 to indicate that fields named
in columns 53-568 in the following specifications are look
ahead fields. A look ahead field allows you to look at
information in a field on the next record that is available
for processing in any input or update file, Because of this
capability you are able to use the information from the
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look ahead field to determine what operation should be
done next.

A look ahead field allows you to:

® Determine when you are processing the last record of a
control group.

® Extend the RPG |l matching record capability.

See Look Ahead under Part 2, RPG I/ Programmer’s Guide
for information on when and how to use look ahead fields.

Note: Look ahead fields are not valid with console files.

COLUMNS 21-41 (RECORD IDENTIFICATION CODES)

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

Note: Only columns 21-34 are valid for console files. See
Part 2, Chapter 9 for console coding information.

When you have many record types in one file, you often
want to perform different operations for each type. There-
fore, you must identify each type by giving each a special
code consisting of a combination of characters in certain
positions in the record. This code must be described in
columns 21-41 so that when a record is read the record
type can be determined by these specifications.

When more than one record type is used in a file, only one
record type is selected for processing in each cycle. The
record identifying indicator for that record type is turned
on at the time of selection. When all records are to be
processed alike regardless of their type, or if there is only
one type, leave columns 21-41 blank.

Seven columns are set aside for the description of one
character in the record identification code. Each specifica-

tion line contains three sets of seven columns: columns 21-27,

28-34, and 35-41. Each set consists of four fields: Position,
Not, £/Z/D, and Character. Coding is the same for all three
sets.

Note: Any record that is read by the system and is not
described by a record identification code in columns 21-41
causes the program to halt. You may continue, however,
by selecting the appropriate option and pressing ENTER.
The record that causes the halt is not processed and the
next record in that file is read.

1-100

Position

Entry Explanation

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

identification code.

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

Not (N)

Entry Explanation

Blank Character is present in the specified record
position.

N Character is not present in the specified record

position (not valid for console IDE files, see
Part 2, Chapter 9).

Use columns 25, 32, and 39 to indicate that a certain
character should not be present in the specified position.

Cc/z/D

Entry Explanation

o Entire character

z Zone portion of character
D Digit portion of character

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

see Character, Character Grouping by Zone or Digit in

the following text.

Note: Must be C for console files, see Part 2, Chapter 9.



Character

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

Character Grouping by Zone or Digit: When selecting
characters for record identification purposes on a digit or
zone only basis, you must understand that all characters
having the same zone or digit are selected by the system
as meeting record identification requirements. When a
character is read into the system, it is converted into an
8-bit code. It is the 8-bit code that is tested to see if the
character meets the requirements of the record identifying
character in the input specifications. Figure 50 lists the
character grouping for zone or digit only in the character/
zone/digit columns (26, 33, or 40) and character columns
(27, 34, or 41) of the input specifications.

As an example, a digit only entry in C/Z/D and an A in
character cause all records having a / (slash), A, J, or 1
in the specified column to be selected. Using the same
letter A but now selecting records on a zone only basis,
& and A-l meet the requirements and are selected.

AND Relationship

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

A maximum of 20 AND lines can be used to describe the
record identifying code for a record sequence if no OR
lines are used. The record must contain all the characters
indicated as its record identification code before the
record identifying indicator turns on. AND lines are not
allowed on console files which are interactive data entry
files,

OR Relationship

A particular record type may be identified by two different
codes. If this is the case, OR lines must be used to indicate
that either one of the codes may be present to identify the
record. A maximum of 20 OR lines can appear for each
record sequence if no AND lines are used. Write the word
OR in columns 14-15 to indicate an OR line (see Examples,
Example 2).

Note: If AND lines and OR lines are combined, the total
number of AND and OR lines for one record sequence
cannot exceed 20.

Character Grouping Character Grouping
by Zone (Z) by Digit (D)
blank
& & H
A — (minus) Q
B Y
¢ 0 8
¢ D
. E
< F / |
( G A R
+ H J zZ
] | 1 9
— (minus) B
} K ¢
J s 4
K 2 .
1 L
$ M
* N
(o4 .
) o L. $
: P T .
- Q
R 3 #
D <
S M *
T v %
/ v 4 @
(comma) \
% w
(underscore) X E (
: v N )
? z :.’/ (under_score)
(apost'rophe)
blank F +
: 0 :
w >
: 2 6 Z
# 3
@ 4
' 5
(apostrophe) 6 G |
- 7 P 7
# 8 X ?
9 7 #*

Figure 50. Characters Interpreted as Having the Same Zone or Digit
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Examples

Example 1: Figure 51, insert A, shows a record identifica-
tion code consisting of five characters. The first character
is located in position 1, the other four positions 93, 94,
95, and 96. Since only three identifying characters can be
described on one line, the word AND must be used on the
next line to indicate that the last two characters of the
code are part of the preceding record identification entries.

Example 2: Figure 51, insert B, shows the use of an OR

line to describe record type identification codes. The record

assigned resulting indicator 12 can be identified by two
different codes. The record can be identified by a code
consisting of a 5 in position 1 and a 6 in position 2 or a
code consisting of a 6 in position 1.

Example 3: In Figure 51, insert A, the entry in column 32
indicates that the digit 9 must not be present in position 93

for record type 12.

Example 4: Figure 51, insert A, shows that only the zone
portion of the character T located in position 94 is part of
the identifying code. In position 96 only the digit portion
of the character E is part of the code.

COLUMN 42

Column 42 is not used. Leave it blank.

Note: Column 43 begins the field description entries
(columns 43-74) which must begin one line below the file

and record identification entries (columns 7-42) for each
file.

Figure 51. Record ldentification Codes
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COLUMN 43 (PACKED OR BINARY FIELD)
Entry Explanation
Blank

Field is in unpacked decimal format or is
alphameric. (Must be blank for console files.)

P Field is in packed decimal format on the disk.

B Field is in binary format on the disk.

Column 43 indicates that a numeric field is in packed
decimal or binary format. Packed decimal or binary fields
can only be read from or written on the disk. Numeric

data fields in packed decimal or binary format are converted
by the system to the unpacked decimal format before they
are processed. This conversion ignores decimal points.

Column 43 must contain a P if the input field named in
columns 53-58 is in packed decimal format. Column 43
must contain a B if the input field named in columns 53-58
is in binary format.

Any array which was read in packed or binary format
should have an entry in column 43 of the input specifica-
tions sheet. In this case, the from and to columns on the
input specifications sheet should define the positions the
array occupies in the record in the packed or binary
format. The unpacked decimal length of each array
element is defined by extension specifications.

Unpacked Decimal Format (Blank)

Unpacked decimal format means that each byte of storage,
whether on disk or in the computer, can contain one
character. That character can be a decimal number or an
alphabetic or special character. In the unpacked decimal
format, each byte of storage is divided into a 4-bit zone
portion and a 4-bit digit portion. The unpacked decimal
format looks like this:

0 70 70 70 70 7

Zone Digit|Zone Digit|Zone Digit|{Zone Digit {Sign Digit

1 | Il i L

S
Byte
1101 = Minus Sign
1100 = Plus Sign
1111 = Plus Sign

Note: RPG Il does not perform data verification on
numeric data. The value of the digit portion of a character
is assumed to be the numeric value of that character.

The zone portion of the low-order byte indicates whether
the decimal number is positive or negative. In unpacked
decimal format, the zone portion is included for each digit
in a decimal number; however, only the low-order zone
portion serves as the sign. The decimal number 8,1 91 looks
like this in unpacked decimal format:

Positive
Zone Zone Zone Sign
(A T R S S T S
T T ¥ 1
1000 0001 1001 0001
l 1 1 1
4 Bytes

Once data is read into the computer, it must be represented
in the unpacked decimal format before it can be processed.
Thus, it is perfectly correct to store data on disk and read
it into the computer in the unpacked decimal format. This
eliminates the need to convert the input field since it is
already in the required format. However, for more
efficient use of disk storage space, you may store numeric
data (decimal numbers) on disk in either the packed
decimal or the binary format. Only numeric fields can be
represented in the packed decimal or binary format.

Packed Decimal Format (P)

Packed decimal format means that a byte of disk storage
{(except for the low-order byte) can contain two decimal
numbers. Since many of the fields in your disk files are
made up of decimal numbers, you can conserve disk space
by storing these fields in the packed decimal format. This
format allows you to get almost twice as much data into a
byte as you can using the unpacked decimal format.

In the packed decimai format, each byte of disk storage,
except the low-order byte, is divided into two 4-bit digit
portions. The rightmost portion of the low-order byte
contains the sign (plus or minus) for that field. The packed
decimal format looks like this:

0 70 7

Digit Digit | Digit Sign
J ]

—m TN T —

Byte
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The sign portion of the low-order byte indicates whether
the numeric value represented in the digit portions is
positive or negative. In the packed decimal format, the
sign is included for each decimal number; the zone portion

Packed fields can be up to eight bytes long. The following
chart shows the packed equivalents for unpacked fields up
to 15 bytes long:

is not given for each digit in the number. Compare how
the decimal number 8,191 is represented in packed decimal -Unpacked Length !’acked Length
format with its unpacked representation shown before in Bytes in Bytes
(Figure 52).
15 8
Since data must be represented in unpacked decimal format 14
once it is inside the computer, you must give the RPG I
program an indication when input fields are in another for- 13 7
mat. A P-entry in column 43 indicates that the input field 12
is in the packed decimal format and that the system must
convert this field to the required unpacked format. :; 6
9
8 5
7
6 4
5
4 3
3
2 2
1 1
Packed Decimal Format:
Positive
Sign
0 8 1 9 1
v T T
0000 1000 | 0001 1001 | 0001
1 i 1
3 Bytes
Unpacked Decimal Format:
Positive
Zone Zone Zone Zone Sign
} V8 v ] e 1
I T T T T
0000 1000 0001 1001 0001
1 1 1 1 1
5 Bytes

Figure 52. Packed Decimal and Unpacked Decimal Representation of 8,191



Binary Format (B) Since data must be represented in unpacked decimal format
once it is inside the computer, you must give the RPG I

Binary format means that two bytes of disk storage can program an indication when input fields are in another
contain a 4-digit number, and that four bytes of disk format. A B-entry in column 43 indicates that the input
storage can contain a 9-digit number. The binary format field is in the binary format and that the system must
allows you to save even more disk storage space than convert this field to the required unpacked format,

you can save using the packed decimal format. In the

binary format, each field on disk must be either two or Note: Although packed and binary fields require less disk
four bytes long. storage space, the conversion routines needed to handle

such data increase the object program size.
Each 2-byte binary field consists of a 1-bit sign followed by
a 15-bit numeric value. In binary format, a decimal number

as high as 9,999 requires only two bytes of disk storage. COLUMNS 44-51 (FIELD LOCATION)

For each 2-byte binary field stored on disk, the system

automatically sets aside four bytes of storage to accommodate Entry Explanation

the field when it is unpacked. A 2-byte field in binary format

looks like this: 1-4096 Beginning of a field (from) or end of a field (to)

0 1 15 Use columns 44-51 to describe the location on the record
of each field containing input data named in columns 53-58.
Sign Number Enter the number of the record position in which the field
begins in columns 44-47, Enter the number of the record
position in which the field ends in columns 48-51.
2 Bytes

A single-position field is defined by putting the same number
in both from (columns 44-47) and to (columns 48-61). If

a field of more than one position is defined, the number
entered in columns 44-47 must be smaller than the number
entered in columns 48-51.

Each 4-byte binary field consists of a 1-bit sign followed by
a 31-bit numeric value. In binary format, a decimal number
as high as 999,999,999 requires only four bytes of disk
storage. For each 4-byte binary field stored on disk, the
system automatically sets aside nine bytes of storage to
accommodate the field when it is unpacked. A 4-byte

field in binary format looks like this:

The maximum field length for an unpacked numeric field
is 15 positions (eight if the field is packed, four if it is
binary). The maximum field length for an alphameric field
is 256 characters.

0 1 31 Entries in these columns must end in columns 47 and 51.
Leading zeros may be omitted.

Si
'n Number Note: See Part 2, Chapter 9 for console file considerations.
4 Bytes COLUMN 52 (DECIMAL POSITIONS)
In each case, the sign portion of the high-order byte indicates Entry Explanation
whether the numeric value is positive (sign bit off) or nega- o
tive (sign bit on). Notice that, in the binary format, the Blank Alphameric field

zone position of the decimal number is not given. Compare ) L . o
how the decimal number 8,191 is represented in binary 09 Number of decimal positions in numeric field

format with packed and unpacked representation (Figure 53).
Use column 52 to indicate the number of positions to the

right of the decimal in any numeric field named in columns
53-58. Column 52 must always have an entry when the
field named in columns 53-58 is numeric. If you want to
define a field as numeric with no decimal position, enter

a 0. If a field is to be used in arithmetic operations or is
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Binary Format:

Positive
Sign | | | | | | | |

4096+2048+1024+ 512+ 266 + 128+ 64 + 32 + 16 +

| R

| | ! |
8 + 4 + 2 + 1 8,191!
|

0 0 0 1 1 1 1 1 1 1 1

l
1|

1 1 1 1

2 Bytes

Packed Decimal Format:

Positive
o 8 1 9 1 Sy
) ] i
0000 , 1000 | 0001, 1001| 0001,

3 Bytes ——————-—>

Unpacked Decimal Format: Positive
Zone Zone Zone Zone Sign
| | 8 | 1 | 1
T T T T T
0000 1000 0001 1001 0001
I | 1 1 |
5 Bytes

Y he numeric value of a positive binary number is obtained by adding the
value of the bits thatare on (1). The sign bit is not included. The numeric
value of a negative binary number is obtained by adding the values of the

bits that are off (0}, plus one. The sign bit is not included.

Figure 53. Binary, Packed, and Unpacked Representation of 8,191

to be edited, it must be numeric. If the number of decimal
positions specified for a field exceeds the length of that
field, the number of decimal positions is assumed equal to
the length of the field.

COLUMNS 53-58 (FIELD NAME)
Entry Explanation
1-6 alpha-

meric
characters

Field name, array name, or array element

PAGE,
PAGE 1,
PAGE 2

Special words

1-106

Use columns 53-568 to name a field, array, or array
element found on your input records. If you are referenc-
ing an array, additional entries may be needed in these
columns (See Arrays under Part 2, RPG I/ Programmer’s
Guide). Use this name throughout the program whenever
you refer to this field. You must indicate the names of
the fields for all types of records. However, you should
name only the fields that you use. For example, if you
want to use only the first 10 positions of a record that is
96 positions long, define only positions 1-10 on the input
specifications sheet.



Field Names

A field name can be from 1-6 characters long and must
begin in column 53. The first character must be an
alphabetic character. The remaining characters can be
any combination of alphabetic and numeric characters
(special characters are not allowed). Blanks cannot appear
between characters in the name.

All fields in one type of record should have different names.
If two or more fields on the same record type have the same
name, only the field described last is used. However, fields
from different record types can have the same name if the
fields are the same length and contain the same type of
data. This applies even if the fields are found in different
locations in each record type. Duplicate field names should
not be used if matching fields are specified in your program.

Numeric fields can have a maximum length of 15 characters.

Alphameric fields can have a maximum length of 256
characters (40 for console files).

Fields that are used in arithmetic operations (see Operation
Codes under Part 2, RPG 1] Programmer’s Guide) or fields
that are edited or zero suppressed (see Column 38 and
Columns 45-70 under Output Specifications) must be
defined as numeric. This means that column 52 must have
a decimal position entry.

A separate line is used for each field description.

Field Names in OR Relationship

Even though two or more record types contain identical
fields, you must describe each field. This may require
duplicate coding. To eliminate duplicate coding of
identical fields from different record types, use the OR
relationship. A maximum of 20 OR lines can be used for
each record sequence group.

An OR relationship means that the fields named can be
found in either one of the record types. You can use OR
lines when:

® Two or more record types have the same fields in the
same positions (Figure 54).

® Two or more record types have some fields which are
identical and some fields which differ in location,
length, or type of data. See Columns 63-64 for sample
coding of such record types.

Write the word OR in columns 14 and 15 to indicate an
OR line (Figure 54). If there are several AND or OR lines,
field description lines start after the last record identifica-
tion line.

Example: Figure 54 shows how the use of OR lines can
save duplicate coding. The two different record types
(one identified by a 5 in column 1, the other by a6 in
column 1) both have identical fields which must be
described. Figure 54, insert A, shows one way of doing
this. Figure 54, insert B, shows the use of OR lines to do
the same thing with less coding. The coding in Figure 54,
insert B, says that all four fields can be found on either
the record type identified by the 5 in column 1 or the
record type with a 6 in column 1.

Special Words (PAGE, PAGE1, PAGE2)

If your printed report has several pages, you may want to
number the pages. The special word PAGE allows you to
indicate that page numbering is to be done. When you use
a PAGE entry on the output specifications sheet, page
numbering automatically starts with 1 (see Columns 32-37
under Output Specifications).

If you want to start at a page number other than 1, you
can enter that page number in a field of an input record
and name that field PAGE in columns 53-58. The number
entered in the PAGE field of the input record should be
one number less than the starting page number. If your
numbering starts with 24, enter a 23 in the PAGE field.
The PAGE field can be of any length, but must have zero
decimal positions (Figure 55). Any entry you make in the
PAGE field should be right-justified, such as 0023.

Page numbering can be restarted during a program run by
entering a number in a PAGE field of any input record.
The PAGE field can be defined and used in calculations
like any other field.

The three possible PAGE entries (PAGE, PAGE1, and

PAGE?2) are provided for numbering different page types
in the output file.
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COLUMNS 59-60 (CONTROL LEVEL) The indicators are ranked in order of importance. The
larger numbers rank higher than smaller numbers. L4
Entry Explanation has a higher rank than L1. The importance of a control
field in relation to other fields determines how you assign
L1-L9 Any control level indicator indicators. For example, the type of data which demands
a subtotal has a lower control level indicator than data
Use columns 59-60 to assign control level indicators to which needs a final total. A field containing department
input fields. Control level indicators cannot be associated numbers is given a higher control level indicator than a field
with a chained file or a demand file. Control level containing employee numbers (see Examples, Example 1).
indicators specify when operations are to be performed.
You can assign a control level indicator to any field; this Control level indicator LO, since it is always on, cannot be
field is then known as a control field. Itis checked for a assigned to a control field. Nevertheless, you can use it to
change in information. When information in the control condition operations (see Columns 7-8 under Calculation
field changes, a control break occurs. All records having Specifications).
the same information in the control field are known as
a control group. Normally, control level indicators are used to:
Whenever a record containing a control field is read, the ® Condition certain total calculations to be performed
data in the control field is compared with data in the same when the information in the control field changes.
control field from the previous record. When a control
break occurs, the control level indicator turns on. Opera- ® Condition certain total output operations to be done
tions conditioned by the control level indicator are then after totals are accumulated for one control group.
performed (see Columns 7-8 under Calculation Specifications
or Columns 23-31 under Output Specifications). ® Condition certain detail calculation or output operations
to be done on the record that causes a change in a
There are nine different control levels (L1-L9). When.a control field (first record of a new control group).

certain control level indicator turns on, all controf level
indicators lower than it also turn on. For example, if
control level indicator 3 turns on, control level indicators
1 and 2 also turn on.
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Assigning Control Level Indicators

The following considerations apply to assigning control
level indicators:

® |If the same control level indicator is used in different
record types or in different files, the control fields
associated with that control level indicator must be the
same length and same type (alphabetic or numeric).
See Examples, Example 2.

® In the same record type, record positions in control
fields assigned different control level indicators may
overlap (Figure 56). However, the total number of
positions assigned as control fields must not be greater
than 144. In Figure 56, for example, a total of 15
positions has been assigned to control levels.

® Field names are ignored in control level operations.
Therefore, fields from different record types which
have been assigned the same contro! level indicator
may have the same name.

® Control levels need not be written in any sequence.
An L2 entry can appear before L1. Also, there may be
gaps in the control levels assigned.

® When numeric control fields with decimal positions are
compared to see if a control break has occurred, they
are always treated as if they have no decimal positions.
For instance, 3.46 is considered equal to 346.

® If a field is specified as numeric, only the digit portion
determines if a control break has occurred. This means
that a field is always considered to be positive. A -5
is considered equal to +5.

Control Field 1
|zstss7ug|6||wuumwwmmzozv77;3247576772:79:\11
Lpzn

Control Field 2

Figure 56. Overlapping Contro! Fields in a Disk Record
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® All control fields given the same control level indicator
are considered numeric if any one of those control
fields is described as numeric (column 52 has an entry).
This means that when numeric control fields are
compared to see if the information has changed, only
the digit portion of each character is compared.

® Control fields are initialized to hexadecimal zeros.

® A control break may occur after the first record con-
taining a control field is read. The control fields in
this record are compared to an area in storage which
contains hexadecimal zeros. Since fields from two
different records are not being compared, total calcula-
tions and total output operations are bypassed for this
cycle. A control break does occur then, but it is not
considered to be a true control break.

¢ [f different record types in a file do not have the same
number of control fields, unwanted control breaks can
occur. See Examples, Example 3 for a method of
avoiding unwanted control breaks.

® A control field cannot be specified as binary (B in
column 43). However, it can be specified as packed
numeric (P in column 43).

Split Control Fields

If a control field is made up of more than one field of a
record, it is then known as a split control field. A split
control field is created when the same indicator is assigned
to two or more connected or unconnected fields on the
same record type.

All fields in one record that have the same control level
indicators are combined by the program in the order
specified by the input specifications and treated as one
control field (see Examples, Example 4). Some special
rules for split control fields are:

® For one contro! level indicator, a field can be split in
some record types and not in others if the field names
are different. However, the length of the field, whether
split or not, must be the same in all record types.

® The length of the portions of a split contro! field can
vary for different record types if the field names are
different. However, the total length of the portions must
always be the same.



® No other specification lines can come between lines
which describe split control fields.

® |f one section of a split control field is numeric, the
whole field is considered numeric.

® A numeric split control field can have more than 15
characters if-éxy- one portion of the split field does not
exceeds15 characters and the sum of all control fields
is not greater than 144 characters.

® A split control field cannot be made up of a packed
decimal field and an unpacked decimal field. Both
portions of the control field must be packed or both
must be unpacked.

Note: Additional rules applying to control level indicators
when used with indicators in the field record relation
columns are discussed in Columns 63-64 (Field Record
Relation).

Examples

Example 1: Figure 57 shows the assignment of three
indicators. The names of the control fields (DIVSON,
DEPT, EMPLNO) give an indication of their relative
importance. The division (DIVSON) is the most important
group. ltis given the highest control level indicator used
(L3). The department (DEPT) ranks below the corpora-

-tion; L2 is assigned to it. The employee field has the

lowest control level indicator (L1) assigned.

Example 2: Figure 57 shows that the same control level
indicators can be used for different record types. Notice,
however, that the control fields having the same indicators
are the same length. EMPLNO, in both cases, is six columns
in length, DEPT is four, and DIVSON is one.

Figure 57. Control Level Indicators (Two Record Types)
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Example 3: Different record types normally contain the
same number of control fields. However, some applications
require a different number of control fields in some records.
This is shown in Figure 58, insert A. The salesman records
contain only the L2 control field. The item records contain
both L1 and L2 control fields. With normal RPG 1l coding,

an unwanted control break is created by the first item

record following the salesman record. This is recognized
by an L1 control break immediately following the sales-
man record and results in an asterisk being printed on the

line below the salesman record (Figure 58, insert B).

(L2)
Salesman Salesman
Number Name
2 3 4 16

®

Salesman Record

01

02

DICK LOVE

100
100

101

CAL WINBUSH

100
100

101

O~ DbOAN®

- WWowoND

20

(L2) (L1
Salesman Item Number Amount
Number
2 3 4 6 7 9
Item Record
Unwanted 01 DICK LOVE
* Control
Break 100 3
100 2
* 5 *
101 4
* 4 *
* % 9 * *
Unwanted 02 CAL WINBUSH
* Control
Break 100 6
100 2
* 8 *
101 3
»* 3 *
* ¥ 1 1 * %
20

Output Showing Unwanted Control Level Break

Figure 58 (Part 1 of 3). Unwanted Control Breaks
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Corrected Output




Figure 58, inserts C and D, contains excerpts from a program
that processes the input shown in Figure 58, insert A, and
prevents the unwanted control break from occurring. The
corrected output produced is shown in Figure 58, insert B.

Line 01 of the calculation specifications sheet sets on
indicator 11 when the salesman record is read. When the
next item record causes an L1 control break, no total
output is printed because indicator 11 is on (line 07 of
output specifications sheet). Detail calculations are then
processed for the item record and line 02 of the calcula-
tion specifications sheet sets indicator 11 off. This allows
the normal L1 control break to occur.
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Figure 58 (Part 2 of 3). Unwanted Control Breaks
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12
Page D]ol Program I
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Figure 58 (Part 3 of 3). Unwanted Control Breaks

Example 4: Figure 59 shows a split control field made up
of three portions. The control level indicator {L4) which is
used for all three portions indicates that they are all to be
treated as one control field. The field can be pictured as
follows:

REGNO

CUSNO ACCTNO

16729 865397 111
The first field assigned the same control level indicator

begins the control field; the last ends it.

COLUMNS 61-62 (MATCHING FIELDS)

Entry Explanation

M1-M9 Any matching level
Use columns 61-62 to specify matching fields and sequence

checking. Matching fields and sequence checking cannot
be specified for chained files or demand files.
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An entry in columns 61-62 indicates:

® Matching fields and sequence checking when you have
two or more input or update files with match fields.

® Sequence checking only when you have just one input
or update file.

Matching Fields

Specify matching fields when you want to compare records
from two or more input or update files to determine when
records match. Records can be matched by matching one
field, many fields, or entire records. You can indicate as
many as nine matching fields (M1-M9). Whenever the
contents of the match fields from records of the primary
file are the same as the contents of the match fields from
a secondary file, the matching record (MR) indicator turns
on. M1-M9 are used only to identify fields by which
records are matched. The values M1-M9 are not indicators
but do cause MR to turn on when a match occurs. You
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Figure 59. Split Control Fields

can then use the MR indicator to condition those opera-
tions which are to be done only when records match (see
Columns 9-17 under Calculation Specifications and
Columns 23-31 under Output Specifications).

Assigning Matching Field Values (M1-M9)

The following considerations apply to assigning matching
field values:

® Sequence checking is automatically done for all record
types with matching field specifications. The contents
of the fields to which M1-M9 are assigned are checked
for correct sequence. An error in sequence stops the
program. The record which caused the halt is not
processed. When the machine is restarted, the next
record from the same file is read. Thus, all matching
fields must be in the same order, either all ascending
or all descending. See Column 18 (Sequence) under
File Description Specifications.

® Not all files used in the job must have matching fields.

Not all record types within one file must have matching

fields either. However, at least one record type from

two files must have matching fields if files are ever to be

matched.
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The same number of matching fields must be specified
for all record types which are used in matching. The
same matching record values must also be used for all
types (see Examples, Example 1).

All match fields given the same matching record value
(M1-M9) must be the same length and type (alphameric
or numeric).

Record positions of different matching fields can overlap,
but the total length of all fields must not exceed 144
characters.

If more than one matching field is specified for a record
type, all the fields are combined and treated as one
continuous matching field (see Examples, Example 2).
They are combined according to descending sequence
(M9-M1) of matching record values.

Matching fields cannot be split. This means that the
same matching field value cannot be used twice for
one type of record.

Matching fields can be either alphameric or numeric.
However, all matching fields given the same matching
record value (M1-M9) are considered numeric if any one
of those matching fields is described as numeric.

When numeric fields having decimal positions are

matched, they are treated as if they had no decimal
position. For instance, 3.46 is considered equal to 346.
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Only the digit portions of numeric match fields are
compared. Even though a field is negative, it is considered
to be positive since the sign of the numeric field is ignored.

Thus, a -5 will match with a +5.

® Whenever more than one matching record value is used,
all match fields must match before the MR indicator
turns on. For example, if matching fields M1, M2, M3

are specified, all three fields from one record must match

all three fields from the other record. A match on only
the M1 and M2 fields will not turn on the MR indicator
(see Examples, Example 1).

® Field names are ignored in matching record operations.
Therefore, fields from different record types that are
assigned the same match level can have the same name.

o If you have defined an alternate collating sequence for
your program, alphameric fields are matched according
to the sequence you have specified.

® A matching field cannot be specified as binary (B in
column 43). However, a matching field can be specified
as packed (P in column 43).

Note: Additional rules applying to matching records when
used with entries in the field record relation columns are
discussed in Columns 63-64.

Processing Matching Records

Matching records for two or more files are processed in the
following manner:

® Whenever a record from the primary file matches a
record from the secondary file, the primary file is
processed first. Then the matching secondary file
record is processed. (Remember, the record identifying
indicator which identifies the record type just selected
is on at the time the record is processed. This indicator
is often used to control the type of processing that takes
place.)
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® Whenever records from ascending files do not match,
the record having the lowest match field content is
processed first (Figure 60). Whenever records from
descending files do not match, the record having the
highest match field content is processed first.

® A record type which has no matching field specification
is processed immediately after the record it follows.
The MR indicator is off. If this record type is first in
the file, it is processed first even if it is not in the primary
file (Figure 60).

® The matching of records makes it possible to enter
data from primary records into their matching secondary
records since the primary record is processed before the
matching secondary record. However, the transfer of
data from secondary records into matching primary
records can only be done through look ahead fields
(see Look Ahead under Part 2, RPG Il Programmer’s
Guide).

For additional information on matching records from more
than two files, see Chapter 3, Multifile Processing under
Part 2, RPG Il Programmer’s Guide.

Sequence Checking

Make an entry in columns 61-62 when you want to sequence
check records within one input or update file. This entry
causes sequence checking of the data in the fields to which
M1-M9 are assigned. See Columns 15-15 (Sequence) for
sequence checking of record types. You can use as many

as nine fields (M1-M9) to sequence check. The sequence
(ascending or descending) of your record file must be
specified by the file description specifications. See

Column 18 (Sequence) under File Description Specifications.
An entry in columns 61-62 indicates that the records are to
be checked to see if they really are in the sequence specified
(see Examples, Example 3).



P P P P P P P P P P
Primary File
01 02 | 04 05 | 06 | 09 15 20| 20

OONONONONONOCEONOIO

~

=)

' Secondary File
01 01 06 06 | 09 19 | 20

O ONONBONBONONONO!

The circled numbers represent the order of record selection from the two files. The
following notes clarify the reasons for the selection of various records.

@ This record is selected first because it has no match field.
@ When a match occurs, the primary record is always selected first.

@ When records have no match, the record with the lowest match field is selected,
regardless of file.

@ A record with no match field is processed immediately after the record it follows,
regardless of file or match condition.

Figure 60. Processing Order According to Matching Records
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Examples

Example 1: Figure 61 shows three record types that are
used in matching records. All record types have three
matching fields specified, and all use the same values
(M1, M2, M3) to indicate which fields must match. The
MR indicator turns on only if all three match fields in
either of the record types from the MASTER file are the
same as all three fields from the record in the WEEKLY
file.

Example 2: Figure 61 indicates three matching fields on
one record. These three are combined and treated as one
matching field organized as follows:

EMPLNO DEPT DIVSON
M1 M2 M3
The order in which the fields are specified by the input

specifications does not affect the organization of the match
fields in the computer.
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Figure 61. Match Fields
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Example 3: An input file called MASTER is to be sequence
checked using three fields (Figure 62). Data from two
records is shown below:

Data from First Record Data from Second Record

DEPT 008 DEPT 003
REGION 051 REGION 025
DIVSON 003 DIVSON 005

In sequence checking, all fields are treated as one continu-
ous field. Thus, the matching fields look like:

M3 M2 M1

Record 1 003 051 008
Record 2 005 025 003

The matching field from record 1 is compared with the
matching field from record 2. If the file is specified to
be in ascending sequence, the records are in order since
005025003 is higher than 003051008. However, if the
file is specified as having a descending sequence, record 2
is out of order.

COLUMNS 63-64 (FIELD RECORD RELATION)

Entry

01-99

L1-L9

MR

U1-U8

H1-H9

Explanation

Record identifying indicator assigned to a

record type.

Control level indicator previously used
Matching record indicator.

External indicator previously set.

Halt indicator previously used.

IBM International Business Machine Corporation

RPG INPUT SPECIFICATIONS

GX21-8094-2 U/M 050
Printed in U.S.A.

1&!*‘
3

Figure 62. Match Fields (Sequence Checking Within a File)
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Columns 63-64 have several uses which are discussed after
these general rules:

® Al fields, including matching or control fields, that
have no field record relation specification should come
before those that do.

® Al fields related to one record type (that is, having the
same field record relation entry) should be entered as a
group in specification lines following one another for
more efficient use of storage. These fields can, however,
be entered in any order.

® All portions of a split control field must be assigned the
same field record relation indicator and must be entered
as a group in specification lines following one another
(see Examples, Example 3). For more information on
split control fields, see Columns 59-60 (Control Level).

® When used with match or control fields, the field
record relation indicator must match a record identify-
ing indicator for this file, and the match or control
fields must be grouped according to the field record
relation indicator.

® When any match value (M1-M9) is specified without
field record relation, all match values used must be
specified once without field record relation, If all match
fields are not common to all records, a dummy match
field should be used.

Note: Columns 63-64 must be blank for console files,
see Part 2, Chapter 9.

Record ldentifying Indicators (01-99)

Columns 63-64 are commonly used when several record
types are specified in an OR relationship. Fields which
have no field record relation indicator are associated with
all the record types in the OR relationship. This is fine
when all record types have the same fields. But if the
record types in the OR relationship have some fields that
are the same and some that are not the same, you do not
want to associate every field with all records. Therefore,
you must have some way of relating a field to a certain
record. To do this, place in columns 63-64 the record
identifying indicator found in columns 19-20 of the record
type on which the field is found or specify an indicator
(01-99) which was defined in your program and condition
movement from the input area to the storage area (see
Examples, Example 1),
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Control fields (indicated by entries in columns 59-60) and
matching fields (indicated by entries in columns 61-62)

can also be related to a particular record type in an OR
relationship by a field record relation entry. Control

fields or matching fields that are not related to any particu-
lar record type in the OR relationship by the field record
relation indicator are used with all record types in the OR
relationship.

When two control fields have the same control level
indicator or two matching fields have the same matching
level entry, it is possible to assign a field record relation
indicator to just one of the control fields or to just one

of the matching fields. In this case, only the specifica-

tion having the field record relation indicator is used

when that indicator is on. If none of the field record
relation indicators are on for that control field or matching
field, the specification without a field record relation
indicator is used. Control fields and matching fields cannot
have an L1-L9 or MR entry in columns 63-64.

When any match value (M1-M9) is specified without field
record relation, all match values used must be specified
once without field record relation. If all match fields are
not common to all records, a dummy match field should
be used (see Examples, Example 2).

Control Level {L1-L9) and Matching Record (MR) Indicators

Another situation for which you can use these columns is
when you want to accept and use data from a particular
field only when a certain condition (such as matching
records or a control break) occurs. You indicate the
conditions under which you accept data from a field by
indicator L1-L9 or MR. MR cannot be used with demand
files. Data from the field named in columns 53-58 is
accepted only when the indicator is on.

External Indicators (U1-U8)

You can also use these columns to condition a specification
by an external indicator (U1-U8). The external indicator,
which you set prior to processing, controls whether or not
the specification is done. When the indicator is on, the
specification is done; when it is off, the specification is

not done.

External indicators are primarily used when file conditioning
is done by an entry in columns 71-72 of the file description
specifications sheet. However, they can also be used to
condition when a specification should or should not be

done even though file conditioning is not specified (see
Indicators, External Indicators under Part 2, RPG I/
Programmer’s Guide).
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Halt Indicators (H1-H9) a b in position 1 and the other by a 6 in position 1. FLDC
is related by record identifying indicator 14 to the record

A halt indicator is used to relate a field to a record that is type which is identified by a 5 in position 1. FLDD is

in an OR relationship and also has a halt indicator specified related to the record type having a 6 in position 1 by

in columns 19-20. record identifying indicator 16. This means that FLDC

is found on only one type of record (that identified by

5in position 1} and FLDD is found only on the other type.
FLDA is conditioned by indicator 07, which was previously
defined elsewhere in the program. FLDB is found on both
types since they are not related to any one type by a

record identifying indicator. '

Examples

Example 1: Figure 63 shows how record identifying
indicators are used to relate a field to a record. The file
contains two different types of records, one identified by

i ‘ 1 ' i ]
12 3 4 5 6 7 8 9 10 1112 1314 15 W 17 18 1920 23 22 23 24 5 26 27 28 29 30 31 32 33 34 35 36 3/ 38 39 A0 41 42 43 44 45 A6 47 48 4Y 50 51 52 53 54 HH 56 5% B BY GO b1 62 63 64 KS 66 6J GR GY O ST 12 0% T7a 1y

Record identification code = 5

—— et P, e NS et

i | ] | i ¢

| ! i

V2 3 4 5 6 7 8 0 50 112 1304 15 16 17 98 1920 21 22 23 2a 25 2 2/ 28 29 30 31 32 33 M 35 36 37 I I9 40 41 42 A3 44 5 A6 47 4 49 S0 51 52 55 54 55 b b 5H 69 60 B1 62 61 BA 65 66 67 68 Gy 10 11 12 is Ja Jp

Record idéntification code = 6
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This indicator was specified elsewhere

® Figure 63. Field Record Relation in the program.
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Example 2: Figure 64 shows how dummy match fields
are used in field record relation. Three different record
types are found in the input file (see insert A). All three
contain a match field in positions 1-10. Two of them have
asecond match field. Insert B shows the correct field
record relation specifications. Since M1 is found on all
record types, it can be specified without an entry in
columns 63-64. If one match value (M1-M9) is specified
without field record relation entries, all match values must

be specified once without field record relation entries.

Since the value M1 is specified without field record
relationship, an M2 value must also be specified once
without field record relationship. The M2 field is not on

all record types, thus a dummy M2 field must be specified
next. The dummy field can be given any unique name but
its specified length must be equal to the length of the true
M2 field. The M2 field is then related to the record types
on which it is found by field record relation entries (lines 06
and 07).

U gn o ar e

Record identifying indicator 01

M1 M2
EMPNO DEPT

M1 : M2
EMPNO DEPT
~—
! ' | 1
C T e A
@ Record identifying indicator 03
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Figure 64. Dummy Match Fields
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Example 3: Split control fields on one record type must
have the same record relation entry. Figure 65, insert A,
shows several record types with split control fields in
each. The record identified by a 1 in position 95 has two
split control fields:

FLD1A and FLD1B
FLD2A and FLD2B

The record with a 2 in position 95 has three split control
fields:

FLD1A and FLD1B
FLD2A and FLD2B
FLD3A, FLD3B, and FLD3C

The third record type, identified by the 3 in position 95,
also has three split control fields:

FLD1A and FLD1B
FLD2A and FLD2B
FLD3D and FLD3E

All portions of the split control field must be assigned the
same control level indicator and all must have the same
field record relation entry. Figure 65, insert B, shows the
field record relation entries required for the three record
types.

COLUMNS 65-70 (FIELD INDICATORS)

Entry Explanation
01-99 Numeric indicator.
H1-H9 Halt indicator (when checking for an error

condition in the data).

Columns 65-70 are used to check the condition of numeric
fields. The three conditions are:

® Plus (columns 65-66). Any valid indicator entered here
is turned on if the numeric field named in columns 53-58
is greater than zero.

® Minus (columns 67-68). Any valid indicator entered
here is turned on if the numeric field in columns 53-58
is less than zero.

® Zero or blank (columns 69-70). Any valid indicator
entered here is turned on if a numeric field named in
columns 53-68 is all zeros or if an alphameric field is
all blanks. A numeric field which is all bianks will
turn on an indicator specified for zeros. However, if
an alphameric field is all zeros, the field will not turn
on an indicator specified for all bianks.

In the input specifications, you specify the indicators that
will be used to condition operations. In the calculation
specifications and output specifications, you actually use
these indicators. When conditioning operations, you must
know when the indicators will be off and when they will be
on.

Assigning Indicators in Columns 65-70

The following considerations apply to numeric indicators
and halt indicators:

® Indicators for plus or minus are off at the beginning
of the program. They are not turned on until the
condition (plus or minus) is satisfied by the field being
tested on the record just read.

® Columns 65-70 must be blank when using table or
array names in input specifications. However, an entry
can be made for an array element.

® An indicator assigned to zero or blank is off at the
beginning of the program. It remains off until the field
being tested is zero or blank.

® One input field can be assigned two or three field
indicators. However, only the one which signals the
result of the test turns on; the others are turned off.

® |f the same field indicator is assigned to fields in
different record types, its status is always based on the
last record type selected.

® When different field indicators are assigned to fields in
different record types, a field indicator turned on
remains on until another record of that type is read.
Similarly, a field indicator assigned to more than one
field within a single record type always reflects the
status of the last field defined.

Field indicators assigned in these columns can be SETON or
SETOF by calculation specifications.
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FLD1A FLDA FLD2B FLD1B FLD2A
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Record identification code = 1

FLD1A FLDA FLDC FLD3B FLD2B FLD3C FLD1B FLD2A FLDB FLD3A
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| | |
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Record identification code = 2
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Record identification code = 3

®
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Figure 65. Field Record Relation (Split Control Fields)
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Numeric Indicators (01-99)

Use numeric indicators 01-99 when you want to test a
field for a condition of either plus, minus, zero, or blank.
The indicator specified turns on if the condition is true;
it remains off or turns off if the condition is not true.
You usually use these same indicators to control certain
calculation or output operations. See Columns 9-17
{Indicators) under Calculation Specifications or Columns
23-31 (Output Indicators) under Output Specifications.

Halt Indicators (H1-H9)

Specify any halt indicator (H1-H9) in columns 65-70 when
you want to check for an error condition in your data. For
example, if a field should not be zero, you can specify a
halt indicator to check for that zero condition. If a zero

field is found, the halt indicator turns on and the job
stops after the record with the zero field has been processed.

Indicators H1-H9 cause the program to halt after the
record which caused the indicator to turn on is completely
processed (all calculations for that record are complete).
The operator can restart the system by responding to the
system halt.

COLUMNS 71-74

Columns 71-74 are not used. Leave them blank.

COLUMNS 75-80 (PROGRAM IDENTIFICATION)

See Common Entries.
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Calculation specifications describe the calculations you )
want performed on your data and the order in which you

want them performed. Each calculation specification can

be divided into three parts:

Chapter 7. Calculation Specifications

What tests are to be made on the results of the operation
(columns 54-69). The indicators entered here signal the
result of the operation and can condition other opera-
tions.

® When the operation is to be performed (columns 7-17). Write these specifications on the calculation specifications
The indicators entered in these columns determine under sheet (Figure 66).

what conditions the operation specified is to be done.

® What kind of operation is to be performed (columns
18-53). Entries in these fields describe the kind of
operation to be done. They also specify the data upon
which the operation is to be performed.
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Figure 66. Calculation Specifications Sheet
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COLUMNS 1-2 (PAGE)

See Cormmon Entries.

COLUMNS 3-5 (LINES)

See Cornmon Entries.

COLUMN 6 (FORM TYPE)

A C-entry must appear in column 6.

COLUMNS 7-8 (CONTROL LEVEL)
Entry Explanation

Blank Calculation operation to be done at detail
calculation time for each program cycle.

LO Calculation operation to be done at total
calculation time for each program cycle.

L1-L9 Calculation operation is done when the
appropriate control break occurs at total

calculation time.

LR Calculation operation is done after the last
record has been processed.

SR Calculation operation is part of a subroutine.

AN, OR Establishes AND and OR relationships between

lines of indicators.
Columns 7-8 can be used for four different purposes:

® To perform total calculation operations when the
appropriate control break occurs.

® To perform calculation operations which are done only
after the last record has been read.

® To indicate that an operation is part of a subroutine.

® To specify that certain lines of indicators are in an
AND/OR relationship.
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If you leave columns 7-8 blank, the operation specified on
the same line is done every time a record is read, provided
indicators in columns 9-17 allow it. See Columns 9-17
(Indicators).

Control Level Indicators (LO, L1-L9)

The L0 indicator is on during the entire program. You
need never assign this indicator, but you may use it. The
indicator is often used when no contro! fields have been
assigned. Remember, when a control break occurs, all
operations conditioned by control level indicators are
done before those that are not conditioned. If you have
no control field but want total calculations to be done and
total output records to be written, you can use the LO
indicator to condition those operations (see Examples,
Example 1).

Use control level indicators L1-L9 to signal when certain
operations are to occur. If you specify a control level
indicator (L1-L9) in columns 7-8, the operation described
on the same specifications line is done only when that
indicator is on. Remember that a control level indicator
turns on when information in a control field changes. See
Columns 59-60 (Control Level) under Input Specifications.

A control break for a certain level causes all lower control
level indicators to turn on. Thus, if you used indicators
L3, L2, and L1 in your program and L3 turns on, L1 and
L2 also turn on. All operations conditioned by L3, L2,
and L1 are done.

There is an exception, however., When a control level
indicator used as a record identifying indicator turns on to
reflect the type of record read or when a control level
indicator turns on by the SETON instruction, only that
one control level indicator turns on. All lower level
indicators remain unchanged.

Note: In one program cycle, all operations conditioned by
control level indicators in columns 7-8 are done at total
calculation time. Operations that are conditioned by
control level indicators in columns 9-17 are done at detail
calculation time immediately following the control break
(see Relationship Between Columns 7-8 and Columns 9-17).



Last Record Indicator (LR)

The last record (LR) indicator automatically turns on after
the last record is read and processed. You may have certain
operations which are to be done only after the last record

is read. Condition these operations with the LR indicator.
Place operations conditioned by LR after all calculations
conditioned by LO-L9 (columns 7-8) or after detail cal-
culations if there are no total calculations. The last record
causes the LR indicator and all other control level indicators
specified (L1-L9) to turn on.

Subroutine Lines (SR)

An SR entry in columns 7-8 indicates that a line is part of
a subroutine (see Subroutines under Part 2, RPG I Program-
mer‘s Guide). Subroutine lines must be specified last.

AND/OR Lines (AN, OR)

Use columns 7-8 to specify that lines of indicators are in
an AND/OR relationship. By using the AND/OR relation-
ship, many lines of indicators can be grouped together to
condition an operation. A maximum of seven OR lines
or seven AND lines or any combination thereof can be
used to condition an operation.

The first line of such a group contains blanks in columns
7-8 or an LO-L9, LR, or SR entry if the group of lines

is conditioned by a control level indicator or is part of

a subroutine. All lines after the first line in the group must
have an AN or OR entry in columns 7-8. The last line of

the group contains the operation and the necessary operands.

All lines in the group prior to the last line must contain
blanks in columns 18-59 (see Examples, Example 2 and
Example 3).

Examples

Example 1: Figure 67 shows the format of the report
printed by the job described in Figure 68. The job shows
how total operations can be performed even though there
is no control field (no L1-L9 indicators). The job requires:
® A list of items sold in each district

® A total of all sales for each district

® A grand total of all sales in all districts

J102 4.50
J202 3.7
K450 2.98
B231 9.08
2031 *
G10H 92.79
G10K  98.89
A126 4.29
195.97 *
216.28 **

Figure 67. Format of a Printed Report
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Figure 68 (Part 1 of 2). Use of the LO Indicator
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Figure 68 (Part 2 of 2). Use of the LO Indicator
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The input records have ITEM and COST fields and a
1-position record identification field. The records are
grouped in ascending sequence by district; that is, the
district 1 records as a group are tollowed by a blank
record, and the district 2 records as a group are followed
by a blank record (Figure 69).

There is no field that can serve as a control field, since the
district number is not on the records. Instead of a control
field, the blank record is used to signal a new district.
When the blank record is read, indicator 02 turns on. The
blank record tells the program that total calculations and
total output operations must be done. However, no total
operations can be performed unless they are conditioned
by some kind of control level indicator.

Blank Record

Blank Record

Even though LO is on all the time, it must be used in
columns 7-8 because some type of control level indicator
must be assigned to all total operations.

Example 2: Figure 70, insert A, shows the use of AN and
OR entries to group lines of indicators. When indicators 01,
02, 03, and 04 are on, or when indicators 01, 02, 03, and
05 are on, the calculation is performed.

Example 3: Figure 70, insert B, illustrates a case in which
three conditions cause the L4 total calculations to be
performed: 01 and 02 are on, but not 03; or 01 and 03 are
on, but not 02; or 02 and 03 are on, but not 01.

Blank Record

District Four Records

TTT TT1

District Three Records

/fstrict Two Records

—

,/ District One Records

Figure 69. Blank Records Used to Signal Control Breaks
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Figure 70. Use of AND/OR Lines for Indicators

Calculation Specifications  1-133



COLUMNS 9-17 (INDICATORS)

Entry Explanation

Blank Operation is performed on every program
cycle.

01-99 Field indicators, record identifying indicators,
or resulting indicators used elsewhere in the
program.

KA-KN, Command key indicators assigned elsewhere.

KP, KQ

L1-L9 Control level indicators assigned elsewhere.

LR Last record indicator.

MR Matching record indicator.

H1-H9 Halt indicators assigned elsewhere.

U1-Us8 External indicators previously set.

OA-OG, Overflow indicator previously assigned.

ov

Use columns 9-17 to assign indicators that control the
conditions under which an operation is done. You can use
from one to three separate fields (10-11, 13-14, and 16-17)
on each line, one for each indicator. If the indicator must
not be on to condition the operation, place an N before
the appropriate indicator (columns 9, 12, 15).

AND/OR Lines (AN, OR)

By using AN or OR entries in columns 7-8, many indicators
can be used to condition one operation. A maximum of
seven OR lines can be used to condition an operation if

no AND lines are used. A maximum of seven AND lines
can be used to condition an operation if no OR lines are
used. If AND or OR lines are combined, the total number
of AND and OR lines used to condition an operation
cannot exceed seven.
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AND Relationship

All three indicators on one line are in an AND relationship
with each other. The indicators on one line or indicators
in grouped lines pluse the contro! level indicator (if used
in columns 7-8) must all be exactly as specified before the
operation is done (see Examples, Example 1).

Field Indicators (01-99)

Use any field indicators specified in columns 65-70 on the
input specifications sheet to condition an operation that
is to be done only after the status of a field has been
checked and has met certain conditions (see Examples,
Example 2).

Command Keys Indicators (KA-KN, KP, KQ)

Use any command key indicators specified in columns 54-59
of the calculation specifications sheet for a SET or SETOF
operation. See Operation Codes, SET or SETOF under

Part 2, RPG |l Programmer’s Guide for complete informa-
tion on each operation.

Record ldentifying Indicators (01-99)

Use any record identifying indicators specified in columns
19-20 on the input specifications sheet to condition an
operation that is to be done only for a certain type of
record (see Examples, Example 3).

Resulting Indicators (01-99)

Use any resulting indicators specified in columns 54-59 on
the calculation specifications sheet to condition operations
according to the results of calculation operations. See the
example under Columns 54-59 (Resulting Indicators).



Control Level Indicators (L1-L9)

Use any control level indicators specified in columns 59-60
on the input specifications sheet or in columns 54-59 on the
calculation specifications sheet. If control level indicators
are used in these columns but not in columns 7-8, the
operation is performed (at detail calculation time) on the
first record of a new control group or whenever the indica-
tor is on.

Last Record Indicator (LR)

To condition operations to be performed at end of job,
use the last record (LR) indicator in columns 9-17 only
if LR is turned on during calculations. All operations to
be performed at end of job should be conditioned by LR
in columns 7-8.

Matching Record Indicator (MR)

Use the matching record (MR) indicator to condition an
operation that is to be done only when matching records
are found. See Columns 61-62 (Matching Fields) under
Input Specifications for more information on matching
fields.

Halt Indicators (H1-H9)

Use any halt indicators in columns 65-70 on the input
specifications sheet or in columns 54-59 on the calculation
specifications sheet to prevent the operation from being
done when a specified error condition has been found in
the input data or on calculations. See Columns 19-20
(Record ldentifying Indicator) under Input Specifications.
This is necessary because the record that causes the halt
condition is completely processed before your program
stops. Thus, if the operation is performed even on an
error condition, the results are in error. It is also possible to
use a halt indicator to condition an operation that is to be
done only when an error occurs.

Note: The system message displayed on a halt can be
overridden through the use of the user message member.
(See User Message Member in Chapter 4, Operation Codes
of Part 2, RPG Il Programmer’s Guide.)

External Indicators (U1-U8)

Use any external indicator previously specified to condition
which operations should be done and which files should

be used for a specific job. See Indicators, U1-U8 under
Part 2, RPG !l Programmer’s Guide for more information.

Overflow Indicators (OA-OG, OV)

Use any overflow indicators specified in columns 33-34 on
the file description specifications sheet to condition
operations that are to be done when the last line to be
printed on a page is reached. See Overflow Indicators
under Part 2, RPG I/ Programmer’s Guide for more
information.

Relationship Between Columns 7-8 and Columns 9-17

In one program cycle, all operations conditioned by

control level indicators in columns 7-8 (total time) are done
before operations that are conditioned by control level
indicators in columns 9-17 (see Examples, Example 4).

When a control level indicator is used in columns 9-17 and
columns 7-8 are not used (detail time), the operation
conditioned by the indicator is done only on the record
that causes control break or any higher level control break.

When a control level indicator (L1-L9) is specified in

columns 7-8 (total time) and MR is specified in columns 9-17,
MR indicates the matching condition of the previous record
and not the one just read that caused the control break.

After all operations conditioned by control level indicators
(specified in columns 7-8 of the calculation specifications
sheet) are done, MR then indicates the matching condition

of the record just read.
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Examples RPG CALCU
IBM international Business Machine Corporation
Example 1: Figure 71 shows the use of control level Program Punching | Graphic
indicators to condition calculation operations. The opera- Programmer [ oate nstruction [ pynen
tion in line 02 can be done when the L2 indicator is on —
. ndicators
provided the other conditions are met. Indicator 10 must C g T |
be on. The L3 indicator must not be on. 38 A oA Factor 1 Operation
Line é % :-
|2l "
The operation conditioned by both L2 and NL3 is done HEE L IRREINRE
3 4 5|6}7 8]9po|11]12([1314]15|18[17]18 18 20 21 22 2_3__2135_2&&12_8” 30 31 32|33 34 7
only when a control level 2 break occurs. These two ol1] lc 75 1Ll
indicators are used together because this operation is not olo| [cle]2 Tl dMc]3 |
to be done when a control level 3 break occurs, even ols] lc
though L2 is also on. oj4] jc 11
0|6 c | I

Example 2: Figure 72 shows the use of field indicators

to condition operations. Assume the job is to find weekly Figure 71. Conditioning Operations {Control Level Indicators)
earnings including overtime. The overtime field is checked

to see if any overtime was put in. If the employee has

worked overtime, the field is positive and indicator 10 turns

on. In all cases the weekly regular wage is calculated.

However, overtime pay is calculated only if indicator 10 is

on (lines 03 and 04).
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Field indicator 10 was assigned on the input specifications.
It is being used here to condition calculation operations.

Figure 72. Conditioning Operations (Field Indicators)
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Example 3: Figure 73 shows how a record identifying

indicator is used to condition an operation. When a record

is read that has a T in position 1, the 01 indicator turns on.
If this indicator is on, the field named SAVE is added to
SUM. When a record having no T in position 1 is read,

the 02 indicator is on. The subtract operation, since it is
conditioned by 02, is then done instead of the add operation.

Example 4: Line 02 of Figure 71 shows the use of a
control level indicator in columns 9-17. Assume that

indicator 25 represents a record type and that a control
level 2 break occurred when record type 25 was read. L1
and L2 are both on. All operations conditioned by the
control level indicators in columns 7-8 are performed
before operations conditioned by control level indicators
in columns 9-17. Thus, the operation in line 02 occurs
before the operation in line 01. The operation in line 01 is
done on the first record of the new control group indicated
by 25, whereas the operation in line 02 is a total operation
done for all records of the previous control group.

IBM International Business Machine Corporation
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Record identifying indicators 01 and 02
are assigned on the input specifications.
They are used here to condition calculation

operations.

Figure 73. Conditioning Operations (Resulting Indicators)
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COLUMNS 18-27 (FACTOR 1) AND COLUMNS 33-42
(FACTOR 2)

Use columns 18-27 and 33-42 to name the fields or to
give the actual data (literals) on which an operation is to
be performed. See Figure 75 for a summary of the opera-
tion codes.

The entries you can use for factor 1 and factor 2 are:

® The name of any field that has been defined.

Any alphameric or numeric literal.

Any subroutine, table, array name, or array element.

Any date field names (UDATE, UMONTH, UDAY,
UYEAR)

The special names PAGE, PAGET, or PAGE2.

The following entry can be made for factor 1 only:

A label for a TAG, BEGSR, or ENDSR operation.
The following entries can be made for factor 2 only:
® A label for a GOTO or EXSR operation.

® A filename for a SET, CHAIN, DEBUG, READ, or
FORCE operation.

® A subroutine name for an EXIT operation.

An entry in factor 1 must begin in column 18; an entry
in factor 2 must begin in column 33.

The entries you use depend upon the operation you are
describing. Some operations need entries in both sets of
columns, some need entries in only one, and some need
no entries at all. See Columns 28-32 (Operation) for
more information on operation codes. If you are naming
a subroutine, see Subroutines under Part 2, RPG I/
Programmer’s Guide.
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Literals

A literal is the actual data used in an operation rather than
the field name representing that data. A literal can be
either alphameric or numeric.

Consider the following rules when using an alphameric
literal (Figure 74, insert A):

® Any combination of characters can be used in an
alphameric literal. Blanks are also valid.

® The maximum length of an alphameric literal is eight
characters,

® Alphameric literals must be enclosed with apostrophes

().

® An apostrophe required as part of a literal is represented
by two apostrophes. For example, the literal O’'CLOCK
is coded as ‘O""CLOCK".

® Alphameric literals cannot be used for arithmetic opera-
tions.
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Consider the following rules when using a numeric literal
(Figure 74, insert B):

® A numeric literal consists of any combination of the
digits 0-9. A decimal point or sign can also be included.

® The sign (+ or -), if present, must be the leftmost
character. An unsigned literal is treated as a positive

number.

® The maximum total length of a numeric literal is 10
characters including signs and decimal points.

® Blanks cannot appear in a numeric literal.

® Numeric literals must not be enclosed with apostrophes

().

® Numeric literals are used in the same way as a numeric
field.
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COLUMNS 28-32 (OPERATION)

Use columns 28-32 to specify the kind of operation to be
performed using factor 1, factor 2, and/or the result field.
The operation code must begin in column 28. A special
set of operation codes are defined which you must use

to indicate the type of operation desired. Every operation
code used requires certain entries on the same specification
line. See Figure 75 for a summary of all possible codes
and the additional entries required for each code. For
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further information on the operations that can be performed,
see Operations Code under Part 2, RPG |/ Programmer’s
Guide.

The operations are performed in the order specified on the
calculation specifications sheet.

Note: All operations conditioned by control level indicators
in columns 7-8 must follow those that are not conditioned
by control level indicators.



Operation

§ 25
- N ®
Code 2. % 5 5 = £ E S % =%
Type of {Columns € g £ % % 2 % 22 3 ] w2 g 3
Operation Function of Operation 28-32) 8% £ £ & dg. D L3 g o B - 2 £
Arithmetic Add factor 2 to factor 1. ADD O O R R R (0] (¢] (¢] (o]
Operations Clear result field and add factor 2. Z-ADD O O B R R (o] (o] (0] (0]
Subtract factor 2 from factor 1. suB O O R R R (0] (0] (0] (0]
Clear result field and subtract factor 2. Z2-sUB O O B R R (o] (0] (0] (o]
Multiply factor 1 by factor 2. MULT O O R R R 0 (o] (o] (o)
Divide factor 1 by factor 2 DIV O O R R R (0] (o] (0] (e]
Move remainder of preceding division to a MVR O O B B R (0] (0] (o] (o]
result field.
Sum elements of an array and put sum in XFOOT O O B R R (o] (o) (0] (0]
result field.
Derive the square root of factor 2. SQRT 0O O B R R o) fo) 0 B
Move Move factor 2 into result field, right-justified. MOVE O O B R R (o) (o) B B
Operations Move factor 2 into result field, left-justified. = MOVEL O O B R R (o] (0] B B
Move factor 2 into result field, left-justified, MOVEA O O B R R 0 B B B
Move Zone Move zone from low-order position of MLLZO O O B R R (o] (0] B B
Operations factor 2 to low-order position of result field.
Move zone from high-order position of MHHZO O O B R R (o) B B B
alphameric factor 2 to high-order of alpha-
meric result field.
Move zone from low-order position of factor 2 MLHZO O O B R R (0] B B B
to high-order position of alphameric result
field.
Move zone from high-order position of MHLZO O O B R R (o] (0] B B
alphameric factor 2 to low-order position
of result field.
Compare Compare factor 1 to factor 2. compP O O R R B B B B R
and Zone Identify the zone in the leftmost position of  TESTZ O O B B R 0 B B R
Testing an alphameric result field.
Operations
Bit Operations Set on specified bits. BITON O O B R R (0] B B B
Set off specified bits. BITOF O O B R R (0] B B B
Test specified bits. TESTB O O B R R O B B R
Setting Set one, two, or three specific indicatorson.  SETON O O B B B B B B R
Indicators Set one, two, or three specific indicators off. SETOF O O B B B B B B R
Branching Branch to another RPG I! calculation GOTO O O B R B B B B B
Within specification line.
RPG (I Identify the name in factor 1 as a destination TAG O B R B B B B B B
label to which GOTO may branch.
Branching to Branch to user-written assembler subroutine. EXIT O O B R B B B B B
External Transfer data to user-written assembler sub- RLABL B B B B R (o] (0] B B
Subroutines routine.
Look up Table look up. LOKUP O O R R (o] (o] (o] B R
Operations Array look up. LOKUP O O R R B B B B R
Figure 75 (Part 1 of 2). Operation Codes
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. » 4
Operation _ 5 - o =c g‘é
Code . § 5 5 = «& E2 2 58
Type of (Columns €% £ § § 2% 3¢ 8% =32 Is
Operation Function of Operation 28-32) 8 3y £ £ &£ gir i3 8 & T 3 £
Subroutine Beginning of the subroutine. BEGSR ! B R B B B B B B
End of the subroutine. ENDSR ! B8 o B B B B B B
Call to execute the subroutine. EXSR O O B R B B B B B
Program Pause for input data from keyboard. KEYnn? O O O B R (0] (o] B (o]
Control of Control of console buffer clear and command SETnn? O O O o (o} B B B (0]
Input and key specification.
Output Call for immediate input. READ O 0B R B B B B 3
Forcing record to be read on next cycle. FORCE B O B R B8 B B B B
Forcing output printing. EXCPT O O B B B B B B B
Sets lower limits for indexed sequential files SETLL 0O O R R B B B B B
being processed within limits.
A record is read from a disk file. CHAIN O O R R B B B B 4
Debug Aid in finding programming errors. DEBUG O O O R (o] B B B B
Function
O — Optional

R — Required

B — Blank

! Columns 7-8 must have an SR entry for all subroutine lines.

2The nn entries in columns 31-32 are for message indicator (MIC) numbers, If the result

field of a SET operation contains the keyword ERASE, factor 2 must contain the
name of the CONSOLE file. Otherwise, factor 2 and the result field must be blank.

3Columns 58-59 may contain an indicator for this operation; columns 54-57 must be blank.

‘A resulting indicator should be entered in columns 54-565; columns 56-59 must be blank.

Figure 75 (Part 2 of 2). Operation Codes
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COLUMNS 31-32

Entry Explanation

Blank or  Message identification code (MIC) of user

01-99 message member to be displayed for SET or
KEY operations unless overridden by a factor 1
entry.

Columns 31-32 must contain entries for all KEY operations
and for SET operations in which command key indicators
are specified in columns 54-59, unless an entry is made in
factor 1. (Entries in these columns are ignored when
factor 1 is specified on the same SET and KEY operation.)

The same combination of MICs should not be assigned to
more than one KEY or SET operation except when the
SET operation immediately precedes a KEY operation
conditioned by the same indicators (columns 9-17) and
the special SET-KEY combination is desired.

See Operation Codes, SET and KEY under Part 2, RPG 1/
Programmer’s Guide for complete information.

COLUMNS 43-48 (RESULT FIELD)
Entry Explanation

ERASE To erase an interactive data file
buffer through use of the SET

operation code.

These entries hold the result of, or
are the object of, the operation
specified in columns 28-32.

Field name,
Table name,
Array name,
or Array element

The indicator to be transferred to an
external subroutine in an RLABL
operation.

INxx(xx=any
RPG 11 indicator)

ERASE

Enter ERASE in columns 43-48 when you want the entire
console buffer to be blanked or erased. The filename of the
console file must be entered in columns 33-42. This opera-
tion indicates to the system that the console buffer should
be set to blank just before getting a record at the beginning
of the next RPG il cycle.

Since the console buffer is not erased until the beginning

of the next RPG 11 cycle, processing of the current record
continues after the ERASE specification is encountered.

If the ERASE instruction is being executed because of
invalid input data, you should insert code in your program
to avoid further calculations and to return to the start

of the RPG I cycle. A correct form of the record contain-
ing the invalid input data and any records that were entered
after that record can then be reentered.

Field Name, Table Name, Array Name, or Array Element

Use columns 43-48 to name the field, table, array, or array
element that holds the result of the operation specified in
columns 28-32, or that is the field upon which an operation
is performed.

You can use the name of a field, table, array, or array
element that has already been defined either by ‘the input,
extension, or calculation specifications. See Arrays under
Part 2, RPG I/ Programmer’s Guide. Otherwise, you can
define a new field by entering a field name that is not
already used. Any field you define here is created at the
time the program is compiled. The field you name can be
either numeric or alphameric, A field used in arithmetic
operations (see Columns 28-32, Operation) or numeric :
compare, or a field edited or zero suppressed by output -
specifications must be numeric. '

The result field name must begin with an alphabetic charac-
ter in column 43 and contain no blanks or special characters.

If you are entering the name of a field that is not defined
elsewhere, columns 49-52 should also contain entries.

If you are entering the name of a field that is defined,

entries in columns 49-52 are not necessary but, if specified,
must agree with the previous definition of that field.

COLUMNS 49-51 (FIELD LENGTH)

Entry Explanation

1-256 Result field length

Use columns 49-51 to give the length of a result field that
is defined elsewhere. If you are naming a new field (one
that was not used before), you must consider the form

your data is in and the length it will have after the operation
is performed.
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Whenever the field length is specified for a result field, be
careful to make the result field long enough to hold the
largest possible result. If the result field is too small,
significant digits may be lost. For example, you may want
to add field A (eight characters long, four décimal places)
to field B (10 characters long, six decimal positions).
Fields A and B have four characters to the left of the
decimal, but the result field, field C, must allow for more
characters to the left of the decimal.

Field A
Field B
Field C (result field)

9999.0000
0001.111111
10000.111111

In this case, field C was defined as 11 characters long with
six decimal positions. Some of the numbers to the right
of the decimal could be lost without changing the meaning
of the result greatly. However, if field C was defined as

10 characters long with six decimal positions, a significant
digit to the left of the decimal would be lost. Field C in
this case would be 0000.111111; the meaning of the

result has greatly changed.

Numeric fields have a maximum length of 15 characters.
Alphameric fields can be up to 256 characters long. You
can indicate the length of a field that was previously
described either in input specifications or in calculation
specifications. However, if you do so, you must specify
the same field length and number of decimal positions as
was previously defined for the field.

If the result field contains the name of a table or array, an
entry in these columns is optional. If used, it must agree
with the length described by the extension specifications.

COLUMN 52 (DECIMAL POSITIONS)

Entry Explanation

Blank Alphameric or numeric field described elsewhere.

09 Number of decimal places in a numeric result
field.

Use column 52 to indicate the number of positions to the
right of the decimal in a numeric result field. If the numeric
result field contains no decimal positions, enter a O (zero).
This column must be left blank if the result field is alpha-
meric. This column can be left blank if the result field is
numeric but was described by input or calculations specifi-
cations. In this case, field length (columns 49-51) must
also be left blank,

The number of decimal positions must never be greater
than the length of the field. The number can, however,
be larger or smaller than the number of decimal positions
that actually result from an operation. If the number of
decimal positions specified is greater than the number of
decimal places that actually result from an operation,
zeros are filled in to the right. If the number specified is
smaller than the number that results from the operation,
the rightmost digits are dropped.



Figure 76 shows how the contents of a result field after a
multiplication operation can change according to the
decimal positions (column 52) and field length (columns
49-51) specifications.

Multiplication: 98.76 x 1.234 = 121.86984

Result Field Length (columns 49—51)

Decimal Positions for

Result Field (column

52) 10 9 8 7 6 5 1

i 7 / L7

8 2186984000 | 186984000' 86984000'/// 7
7 121.8698400 :21 86984()0 18698400 .8698400', ///
6 0121.869840 | 121.869840 | 21 869840 _1.869840 /A
5 00121.86984 | 0121.86984 | 121.86984 | 21.86984 | 1.8 //
4 000121.8698 | 00121.8698 | 0121.8698 | 121.8698 | 21.8698 | 1.8€ //
3 0000121.869 | 000121.869 | 00121.869 | 0121.869 |121.869 21869 /A
2 00000121.86 | 0000121.86 | 000121.86 | 00121.86 | 0121.86 | 121.86 /A
1 000000121.8 | 00000121.8 | 0000121.8 | 000121.8 | 00121.8 | 0121.8 | 121.8 |
0 0000000121 | 000000121 | 00000121 | 0000121 | 000121 | 00121 | 0121

EZZZZZZZZZZ& Not permitted

Permitted but inaccurate

l I Recommended

Figure 76. Result Field Contents Based on Various Field Length and Decimal Position Specification
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COLUMN 53 (HALF ADJUST)

Entry

Blank

H

Explanation
Do not half adjust

Half adjust

Use column 53 to indicate that the contents of the result
field are to be half adjusted (rounded). Half adjusting is
done by adding 5 (-5 if the field is negative) to the number

at the right of the last decimal position specified for this
field. All decimal positions to the right of the position
specified for that field are then dropped (Figure 77).

The half adjust entry is allowed only with arithmetic
operations. See Columns 28-32 (Operation). This entry
cannot be specified for an MV R operation or for a DIV
operation followed by an MVR operation.

RPG CALCULATION SPECIFICATIONS

Form GX21-9093-2
Printad in U.S.A.

Figure 77. Half Adjust
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This calculation line shows a result field being half
adjusted to two decimal positions (2 in column 52

and H in column 53).

2nd Position
4
35.7968 Result of an add operation.

5 Add 5 to the number at the
right of the last decimal position
specified.

35.80xx Drop all decimal positions to the
right at the position specified.
35.80 Result after half adjusting.
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COLUMNS 54-59 (RESULTING INDICATORS)
Entry Explanation
01-99 Any 2-digit number

KA-KN,  Any command key indicator
KP, KQ

H1-H9 Any halt indicator
L1-L9 Any control level indicator
LR Last record indicator

OA-OG, Any overflow indicator
ov

U1-U8 Any external indicator
Columns 54-59 have three purposes:

® To test the value of the result field after an arithmetic
operation or after a CHAIN, KEY, LOKUP, COMP,
READ, TESTB, or TESTZ operation. See Operation
Codes under Part 2, RPG /1 Programmer’s Guide for
more information on each specific operation.

® To specify which command keys can be pressed for a
SET operation.

® To specify which indicators to turn on or off using the
SETON and SETOF operations.

Note: Command key indicators can be used as resulting
indicators only if the operation is SET or SETOF.

Test Results

By entering an indicator in columns 54-59, you specify
that the result field is to be tested after the operation
specified in columns 28-32 is performed. Normally, only
indicators 01-99 and H1-H9 are used for testing. The
indicator specified is turned on only if the result fieid
satisfies the condition being tested for. If the condition
tested for is not met, the indicator is turned off. This
indicator can then be used to condition following calcula-
tions or output operations (see Example). |f the same

indicator is used to test the result of more than one opera-

tion, the operation last performed determines the setting
of the indicator. ‘

Notice that three fields (columns 54-55, 56-567, and 58-59)
can be used for this purpose. Each field is used to test for
different conditions: columns 54-55, plus or high;
columns 56-57, minus or low; columns 58-59, zero or
equal. You can test for any or all conditions at the same
time.

Columns 54-55 (Plus or High): An indicator in these
columns when testing the result field to find:

® |f the result field in an arithmetic operation is positive.
® |f factor 1 is higher than factor 2 ina compare operation.

® |f factor 2 is higher than factor 1 in a table array
look-up operation.

® If a CHAIN operation is not successful.

® |f each bit named in factor 2 is off for a TESTB opera-
tion.

® |f the character tested in a TESTZ operation is one of
the characters &, A-l.

® |f the numeric field entered in a KEY operation is
positive.

Columns 56-57 (Minus or Low): Place an indicator in

these columns when testing the result field to find:

® |f the result field in an arithmetic operation is negative.

® |f factor 1 is lower than factor 2 in a compare operation.

® |f factor 2 is lower than factor 1 in a table or array
look-up operation.

® |f the bits named in factor 2 are of mixed status (some
bits on, some bits off) for a TESTB operation.

® |f the characters tested in a TESTZ operation is one of
the characters -, J-R.

® |f the numeric field entered in a KEY operation is
negative.
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Columns 58-59 (Zero or Equal): Place an indicator in
these columns when testing the result field to find:

® |[f the result field in an arithmetic operation is zero.
® |f factor 1 is equal to factor 2 in a compare operation.

® |f factor 2 is equal to factor 1 in a table or array look-up
operation.

® |f an end-of-file condition is reached for the demand
file using the READ operation.

® |f each bit named in factor 2 is on for a TESTB operation.

® |f the character tested in a TESTZ operation is any char-
acter other than &, A-l, or -, J-R.

® If the numeric field entered in a KEY operation is zero
or if an alphameric field is blank.

Allowing Command Keys To-Be Pressed (SET)

Columns 54-69 can contain command key indicators
(KA-KN, KP, KQ) for a SET operation.

When a SET operation occurs, only the command keys

in columns 54-569 for that SET operation can be pressed
at that time. From one to three command keys can be
entered for each SET operation. If one or two command
keys are specified, they can appear in any of the three
sets of columns. See Operation Codes, SET under Part 2,
RPG Il Programmer’s Guide for complete information on
this operation.

Setting Indicators (SETON, SETOF)

You can turn on or off indicators by using the operation
codes SETON or SETOF. See Operation Codes, Setting
Indicators under Part 2, RPG 1/ Programmer’s Guide for
more information on these operations. Any indicators to
be turned on or off by the SETON or SETOF operation
codes are specified in any of the three resulting indicators
fields (Figure 78). Column headings in columns 54-569
have no meaning for SETON or SETOF operations.

Figura 78. Setting Indicators
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Example

Figure 79 shows the entry of two indicators that are used
to test for the different conditions in a compare operation.
These indicators are used to condition the calculations
which must be performed for a payroll job. Indicator 10
is turned on if the hours worked (HRSWKD) are greater
than 40 and is then used to condition all operations
necessary to find overtime pay. Indicator 20 is turned on
if HRSWKD is less than 40. It is also used to condition
other operations. In line 03 if 20 is not on (the employee
worked 40 or more hours), regular pay based on a 40 hour
week is calculated. In line 06 if 20 is on (employee worked
less than 40 hours), pay based on less than a 40 hour week
is calculated.

COLUMNS 60-74 (COMMENTS)

Enter in columns 60-74 any meaningful information you
want. The comments you use should help you understand
what you are doing on each specification line. Comments
are not instructions to the RPG |l program. They serve
only as a means of documenting your program.

COLUMNS 75-80 (PROGRAM IDENTIFICATION)

See Common Entries.

RPG CALCULATION SPECIFICATIONS Form Gx21 90032
IBM International Business Machine Corpomt[on
Program Punching Graphic Card Etectro Number 12 Program 75 76 77 78 79 80
Programmer I Date Instruction | Punch Page D] 0'___ ificati
c R Indicators Result Field pesutting.
é‘ = | I 2 ‘Arithmetic
38 And  And Factor 1 Operation Factor 2 2| [Ptus IMinus] zero Comments
8 H 3 8l Compare
tne &3 o Nams | Length |5 2[1 <a[i=7]
HEERNERRE e
3 4 E 617 819 110[11]12]1314}15[16f17]18 19 20 21 22 23'2_4__2_5_26 2722? 30 31 .32 3334353537383940“4_1[4344454647 4449 50 61 5253255?&?755m5l6263646586676559 70 711 72 73 74
of1]| |e S 0 Jh 192
ofe| Je] || If HIKISWKD Swp | K | OVIERTM | ]
ofs] |e /YzaL,_ | | PAYRATE | | MuLT| ¥ , AN A AR
oo e[ 1T I OVE| MALITT DVERRATE | OVARPAY | L2 11 B
oo e 1@ OVERAAY | | AD AN 1T PAl |
ofs| |c| || 12 RATE | | M //Rs’wr(p éP/
c
jod i | N | TR
Figure 79. Conditioning Operations (Resulting Indicators)
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Chapter 8. Output Specifications

Output specifications describe your output records. These COLUMNS 1-2 (PAGE)
specifications can be divided into two general categories:
See Common Entries.
® Record description entries {columns 7-31) which
describe the output file record.
COLUMNS 3-5 (LINE)
® Field description entries {columns 23-74) which
indicate the position and the format of data on the See Common Entries.
output record.

Write the specifications on the output specifications sheet COLUMN 6 (FORM TYPE)
(Figure 80). The field description entries start one line
lower than record description entries. An O must appear in column 6.
RPG  OUTPUT  SPECIFICATIONS 62190902 UM 050"
IBM international Business Machine Corporation
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Figure 80. Output Specifications Sheet
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COLUMNS 7-14 (FILENAME)
Use columns 7-14 to identify the output file you will be
using. The filename must begin in column 7. Use the

same filename given by the file description specifications.

When writing the specifications for output records, the

filename need be specified only on the first line for the file.

On subsequent lines for the same file, the filename need
not be specified. However, the filename must be repeated
if another output file is specified and you then want to
continue with further specifications from the first output
file (Figure 80) L

COLUMNS 14-16

Use columns 14-16 to specify AND/OR lines for output
operations. For further information, see Columns 23-31
{Output Indicators), AND and OR Lines under Output
Specifications.

COLUMN 15 (TYPE)

Entry Explanation

H Heading records

D Detail records

T Total records

E Exception records (lines to be written during

calculation time)

Use column 15 to indicate the type of record to be written.

Column 15 must have an entry for every output record.
This record can be printed, written on the disk, or written
on the display screen. We suggest you describe output
files by entering the records for each file in this order:
heading, detail, total, and exception (Figure 81, insert A).

Another method of describing output files is to enter all
heading records for all output files, then all detail records
for all output files, etc (Figure 81, insert B).

Heading Records (H)

Heading records usually contain unchanging identifying
information such as column headings and page and date
information.

Detail Records (D)

Detail records are closely connected with input data.
Most data in a detail record comes directly from the input
record or is the result of calculations performed on data
from the input record.

Total Records (T)

Total records usually contain data that is the end result
of specific calculations on several detail records. Total
output cannot be specified for primary or secondary
update files.
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Figure 81. Order of Output Record Types
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Exception Records (E)

Exception records are written on disk or printed during
calculation time. This can be indicated only when the
operation code EXCPT is used. See Operation Codes under
Part 2, RPG Il Programmer’s Guide for further information
on the EXCPT operation code.

COLUMNS 16-18 (ADD A RECORD)

Entry Explanation

ADD Add a record

Use columns 16-18 to specify that a record is to be added
to an indexed or sequential file defined as an input,
output, or update file. In addition to the ADD entry in
columns 16-18, you must enter A in column 66 of the file
description specifications sheet for the file to which
records are being added. The output device for these

files must be a disk.

The ADD entry must not be specified in an OR line. An
ADD entry in columns 16-18 of the previous line also
applies to the record in the OR relationship.

COLUMN 16 (FETCH OVERFLOW)
Entry Explanation

F Fetch overflow

Fetch overflow applies to the printer only. When the fetch
overflow routine is not used and overflow is specified for
the file, the following occurs when the overflow line is

sensed:

1. All remaining detail lines in that program cycle are
printed.

2. All remaining total lines in that program cycle are
printed.

3. All lines conditioned by an overflow indicator are
printed.

4, Forms advance to a new page if a skip to a new page
is specified.
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When the fetch overflow routine is not used and the
overflow is not specified for the file, the following occurs
when the overflow line is sensed:

1. All remaining detail lines in that program cycle are
printed (if a printer operation spaced or skipped to
the overflow area).

2. All remaining total lines in that program cycle are
printed.

3. A skip to line 06 occurs.

If you do not want all of the remaining detail and total
lines printed on the page before overflow lines aré printed
and forms advance to the new page, you can cause overflow
lines to be printed ahead of the usual time. This is known
as fetching the overflow routine and is indicated by the
entry in column 16. Overflow is fetched only if all
conditions specified by the indicators in columns 23-31 are
met and an overflow has occurred. See Overflow Indicators
under Part 2, RPG /1 Programmer’s Guide for detailed -
information and examples of a fetched overflow routine.
The fetched overflow routine does not automatically

cause forms to advance. A skip to a new page (01-06 in
columns 21 and 22 of the output specifications sheet) must
also be specified on a line conditioned by the overflow
indicator.

You must enter an F in column 16 of each OR line if you
want to fetch the overflow routine for each record in the
OR relationship.

COLUMNS 17-22 (SPACING AND SKIPPING)

Use columns 17-22 to specify spacing and line skipping for
printer and display screen files. Figure 82 shows the pos-
sible spacing and skipping entries for the various files.

If columns 17-22 are blank, single spacing occurs after
each line is printed. Otherwise, the system performs
exactly the spacing and skipping you specify. There can
be as many as six spaces (three before, three after) between
two lines of printing on the printér.

You can save time by specifying that spacing or skipping
should be done after printing. This means that the output
file does not have to wait for paper movement before it
can print.
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Files Space Before Space After Skip Before' Skip After!
Column 17 Column 18 Columns 19-20 Columns 21-22
Printer 0-3 0-3 01-84 01-84

The skip entries you specify in columns 19-22 must not exceed the forms length specified in
line counter specifications or must not exceed 66 if no line counter specifications are supplied.

Figure 82. Possible Spacing and Skipping Entries

You can specify different spacing and skipping on OR

lines. If there are no spacing or skipping entries in the OR
line, spacing, and skipping are done according to the entries
in the line preceding the OR line.

Note: If an incorrect entry is made in these columns, the
compiler drops the entry and assumes blank. The specifi-
cation is then processed as discussed in the preceding
paragraphs.

You may want to specify a skip to a new page at the
beginning of each job to prevent OCL statements from
printing on the same page as output data. When specifying
spacing and skipping, remember that if the last output line
for the job is printed on line 01 of a page and no printer
movement is specified, the system begins printing OCL
statements for the next job on the next line. If this is not
desirable, specify the appropriate printer movement (space
1 after).

Column 17 (Space Before)

Entry Explanation

0-3 Number of lines to be spaced for display
screen or printer files.

Column 18 (Space After)

Entry Explanation

0-3 Number of lines to be spaced for display
screen files or printer files.

Columns 19-20 (Skip Before)
Entry Explanation
01 Display screen is to be blanked immediately.

01-84 Skip to lines 01-84 for printer files.

Columns 21-22 (Skip After)
Entry Explanation

01-84 Skip to lines 01-84 for printer files.

Spacing and Skipping for Printer Files

Line spacing and skipping can be specified both before and
after printing of a line. 1 both spacing and skipping are
specified on the same line, they are done in this order:

1. Skip before

2. Space before

3. Skip after

4, Space after

Spacing or skipping to the overflow line or past the over-
flow line causes the overflow indicator to turn on. Skipping

past the overflow line to a line on the next page, however,
does not cause the overflow indicator to turn on,



If you want to turn on the overflow indicator to condition
overflow operations when you skip to a lower line number
(higher position) on the next page from a line above the
overflow line, you can use a SETON operation. This is
necessary because the overflow indicator is not turned on
if the skip to a new page occurs on a nonoverflow line.

Skipping before and after refers to jumping from one
printing line to another without stopping at lines between.
This is usually done when a new page is needed. A skip
to a lower line number means advance to a new page.
Skipping can also be used, however, when a great deal

of space is needed between lines. The entry must be the
2-digit number which indicates the number of the next
line to be printed. You can indicate that skipping should
be done before (columns 19-20) or after (columns 21-22)
a line is printed. |f you specify a skip to the same line
number the forms are positioned on, no movement of the
paper occurs.

Spacing and Skipping for Display Screen Files

The following rules apply to spacing and skipping for
display screen files:

® A space before entry (0-3) can be made in column 17,

® A space after entry (0-3) can be made in column 18. If
columns 17-22 are blank, the system assumes an entry
of 1. If there are no spacing or skipping entries in an
OR line, spacing and skipping are done according to the
entries in the line preceding the OR line.

® A skip before to line 01 only can be specified in
columns 19-20. Enter 01 in these columns whenever
you want to clear the display screen.

® A skip after entry (columns 21-22) must not be
specified for display screen files.
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COLUNMNS 23-31 (OUTPUT INDICATORS)

Entry Explanation

01-99 Any resulting indicator, field indicator, or
record identifying indicator previously
specified.

KA-KN,  Any command key indicator previously

KP, KQ specified.
LO-L9 Any control level indicators previously specified.

H1-H9 Any halt indicators previously specified.

U1-u8 Any external indicator set prior to program
execution.

OA-OG, Any overflow indicator previously assigned

ov to this file.

MR Matching record indicator.

LR Last record indicator.

1P First page indicator.

Use output indicators to give the conditions under which
output operations are to be done. More specifically, use
them to tell:

® \When you want to output a line (see Examples,
Example T1).

® When you want to output a field (see Examples,
Example 2).

When you use an indicator to condition an entire line of
print, place it on the line which specified the type of
record (Figure 83, insert A). Place an indicator which.
conditions when a field is to be printed on the same line
as the field name (Figure 83, insert B).

Output Specifications  1-157



There are three separate output indicator fields (columns
23-25, 26-28, and 29-31). One indicator can be entered in
each field. If these indicators are on, the output operation
is done. An N in the column (23, 26, or 29) preceding

each indicator means that the output operation is done only
if the indicator is not on. No output line should be con-
ditioned by all negative indicators (at least one of the
indicators used should be positive). If all negative indicators
do condition a heading or detail operation, the operation is
performed at the beginning of the program cycle when 1P
lines are written.

AND and OR Lines

If you need more than three indicators to condition an
output operation, use an AND line. Enter the word AND

in columns 14-16 and as many indicators as needed. The
condition for all indicators in an AND relationship must

be satisfied before the output operation is done. A maximum
of 20 AND lines can be used for an output operation if no
OR lines are used.

Output indicators can also be in an OR relationship. |f

one or the other condition is met, the output operation is
done. A maximum of 20 OR lines can be used for an output
operation if no AND lines are used. If AND and OR lines
are combined, the total number of AND and OR lines for

an output operation cannot exceed 20.

AND and OR lines are used to condition entire output
lines; they must not be used to condition fields (see
Examples, Example 3).

The use of an LO-L9 indicator in an OR relationship with
an LR indicator can result in the specified operation being
done twice when LR is on. One operation is performed
during LR processing and the other at detail or total time.
The following example shows how to correctly use the
LO-L9 indicators in an OR relationship.
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Command Key Indicators (KA-KN, KP, KQ)

Use command key indicators in columns 23-31 to condition
output operations; however, any command keys entered

in these columns must also be specified in columns 54-59
of the calculation specifications sheet for a SET or SETOF
operation. See Operation Codes under Part 2, RPG 1/
Programmer’s Guide for complete information on each
specific operation.

Overflow Indicators (OA-OG, OV)

Overflow indicators condition output operations on the
printer. The operations conditioned by the overflow
indicator are done only after the overflow line (end of
page) has been reached.

If you have not assigned an overflow indicator to the printer
file in the file description specifications, you cannot use an
overflow indicator in the output specifications. In this

case, advancing the forms to a new page is handled by the
compiler, even though no overflow indicator is assigned.

If an overflow indicator is assigned by file description
specifications and a specification line not conditioned by
an overflow indicator specifies a skip to a line on a new
page, the overflow indicator turns off before forms advance
to a new page.

An overflow indicator can appear on either AND or OR
lines. However, only one overflow indicator can be
associated with one group of output indicators. That
overflow indicator must also be the same indicator associated
with the file by the file description specifications.

When the overflow indicator is used in an AND relationship
with a record identifying indicator, unusual results are
often obtained. This is because the record type might not
be the one read when overflow has occurred. Thus, the
record type indicator is not on and all lines conditioned by
both overflow and record type indicators do not print.

An overflow indicator cannot condition an exception line
(E in column 15) but can condition fields within the
exception record.



First Page Indicator (1P)

The first page (1P) indicator is usually used to allow
printing on the first page. It can also be used in connection
with the overflow indicator to allow printing on every page
(see Examples, Example 4). The information printed on
the line conditioned by the 1P indicator must be constant
information used as headings or fields for reserved words,
such as PAGE and UDATE. The constant information is
specified on the output specifications sheet.

The 1P indicator is used only with heading or detail output
lines. It cannot be used to condition total or exception
output lines. The 1P indicator cannot be used in an AND
relationship with control level indicators. See Column 41
(1P Forms Position) under Control Specifications for
information on forms alignment of the first page.

Halt Indicators (H1-H9)

On certain error conditions, you may not want output
performed. Halt indicators can be used to prevent the
data that caused the error from being used (see Examples,
Example 5).

External Indicators (U1-U8)

A file named in the output specifications can be conditioned
by an external indicator in the file description specifica-
tions. In this case, every output record for that file must be
conditioned by the same external indicator used in the file
description specifications.

Examples

Example 1: Figure 83, insert A, shows the use of one
indicator to condition an entire line of printing. When 44
is on, the fields. named INVOIC, AMOUNT, CUSTR, and
SALSMN are all printed.

Example 2: Figure 83, insert B, shows the use of a control
level indicator to condition when one field shouid be
printed. When indicator 44 is on, fields INVOIC, AMOUNT,
and CUSTR are always printed. However, SALSMN is
printed for the first record of a new control group only if
44 and L1 are on.

Example 3: The use of indicators in both AND and OR
lines to condition an output line is shown by Figure 84,

_insert A. The specifications in lines 01-04 say that the

detail line is printed if either one of two sets of conditions
is met. 1f 21, 40, 01 and 16 are all on, the line is printed;
if 21 and 40 are on and 01 and 16 are off, the line is also
printed.

A maximum of three indicators can be used on the output
specifications sheet to condition a field since AND and OR
lines cannot be used to condition an output field {(Figure 84,
insert B).

However, you can condition an output field with more than
three indicators by using the SETON operation in calcula-
tions. For instance, indicators 10, 12, 14, 16, and 18 are
used to condition an output field named PAY. In calcula-
tion specifications, you can SETON indicator 20 if
indicators 10, 12, and 14 are on; then condition the output
field PAY on indicators 20, 16, and 18 on the output
specifications sheet.
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Figure 83. Output Indicators
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Figure 84. Output Indicators in AND and OR Lines
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Example 4: Figure 85, insert A, shows how the 1P
indicator is used when headings are to be printed on the
first page only. Figure 85, insert B, shows the use of the
1P indicator and overflow indicator to print headings on
every page.
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Figure 85. 1P Indicators

Example 5: Figure 86 shows coding necessary to check In the output specifications, FIEL.DA and FIELDB are
for an error condition and to stop processing on and printed only if H1 is not on (lines 04 and 05 of Figure 86,
printing from the record in error. |f FIELDB contains insert C). Therefore, if indicator H1 is on, fields A and B
all zeros, halt indicator H1 turns on (line 03 of Figure 86, are not printed. Use this general format when you do not
insert A). In the calculation specifications, if H1 is on, want information that is in error to be printed.

all calculations are bypassed (line 01 of Figure 86, insert B).
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Figure 86. Preventing Fields From Printing
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COLUMNS 32-37 (FIELD NAME)

In columns 32-37, use one of the following to name every
field that is to be written out:

® Any field name previously used in this program.

® The special words PAGE, PAGE1, PAGE2, *PLACE,
UDATE, UDAY, UMONTH, and UYEAR.

® A table name, array name, or array element.

Field Names

The field names used are the same as the field names on

the input specifications sheet (columns 53-58) or the
calculation specifications sheet (columns 43-48). Do not
use these columns if a constant is used. See Columns 45-70
(Constant or Edit Word). |f a field name is entered in
columns 32-37, columns 7-22 must be blank.

Fields can be listed on the sheet in any order since the
sequence in which they appear on the printed form is
determined by the entry in columns 40-43. However, they
are usually listed sequentially. If fields overlap, the last
field specified is the only field completely printed.

The sign (+ or -) of a numeric field is in the units position

(rightmost digit). The units position prints as a letter
unless the field is edited. See Column 38 (Edit Codes).
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Special Words
Page Numbering (PAGE, PAGE1, PAGE2)

PAGE is a special word that, when used, causes automatic
numbering of your pages. Enter the word PAGE, PAGE1,
or PAGEZ2 in these columns if you want pages to be
numbered. When a PAGE field is named in these columns
without being defined elsewhere, it is assumed to be a 4-
digit, numeric field with no decimal position. Leading
zeros are suppressed automatically.

The page number starts with 0001 unless otherwise
specified, and 1 is automatically added for each new page.
See Columns 53-58 (Field Name) under Input Specifications
for information concerning page numbering starting at a
number other than 1.

' is possible at any pointin your job to restart the page
numbering sequence. To do this, set the PAGE field to

zero before it is printed. One method of setting the PAGE
field to zero is to use blank after (column 39). Another way
is to use an output indicator. If the status of the indicator
is as specified, the PAGE field is reset to zero (Figure 88).
Remember that 1 is added to the PAGE field before it is
printed (see Examples, Example 1)

The three possible PAGE entries (PAGE, PAGE1, and
PAGE?2) may be needed for numbering different types of
output pages.

Note: A PAGE field named only in output specifications
is four digits long and need not be defined elsewhere.
However, a PAGE field can be defined in input or calcula-
tion specifications and may be of any length. These PAGE
fields are treated exactly as if they were names only in
output specifications except for the difference in field
length.



Repeating Output Fields (*PLACE) ® Define each field and its corresponding end position
each time it is to be printed or written on disk (Figure 87,

*PLACE is a special RPG |l word which makes it possible insert A, and Figure 89).
to write the same field in several locations on one record
without having to name the field and give its end position ® Use the special word *PLACE (see Figure 87, insert B).

each time the field is to be written. The fields are written
in the same relative positions ending in the column speci-
fied by *PLACE. For example, if you want FIELDS A, B,
and C to appear twice on one record, you can specify this
in two ways:
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Figure 87. Writing Fields Twice on the Same Record

Output Specifications 1-165



Both coding methods produce a record which looks like
this:

Record Positions 10 20

Fields FIELDA FIELDB

FIELDC

40 50 60 75

FIELDA FIELDB FIELDC FIELDD

However, it is easy to see that using the special word
*PLACE saves extra coding.

When using *PLACE, all fields named for each record type
(H/D/T/E) are written as usual in the location specified.
The entry *PLACE then causes all of these same fields

to be written ending at the position specified in the
*PLACE statement. When using *PLACE, remember:

® *PLACE must be specified after the field names which
are to be placed in different positions in one record
(see Examples, Example 2).

® *PLACE causes all fields (in a record type) above the
*PLACE entry to be written, not just the field named
on the line above *PLACE.

® *PLACE must appear on a separate specification line
for every additional time you want the field or group
of fields written.

® An end position no greater than 256 must be specified
for every *PLACE line. Allow enough space for all
fields prior to the *PLACE to be printed again (see
Examples, Example 2). Otherwise, overlapping occurs.

® Multiple or successive *PLACE entries can be specified
for repetition of the fields or positions the first
*PLACE repeats (see Examples, Example 2).

® The leftmost position of the fields to be moved by the
*PLACE specification is always assumed to be position 1.

® The high end position to be used by *PLACE cannot be
defined by a whole array. |f a whole array does have
the highest end position of all fields preceding the
*PLACE, a field must be defined which has an end
position greater than the end position of the whole
array. This field can be a 1-position blank constant.
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e Additional fields or constants can be specified after
*PLACE. These fields are not affected by any *PLACE
above them.

Note: Attempts to use the *PLACE function for other
than its defined purpose may produce unpredictable results.

Date Fields (UDATE, UMONTH, UDAY, UYEAR)

Often you want the date to appear on your printed report

or program listing. Use special words UDATE, UMONTH,
UDAY, and UYEAR to get the date field you desire. The

date fields are established at job setup time. The following
rules apply to date fields:

® UDATE gives a 6-character numeric date field in one
of three formats:

Month/Day/Year
Year/Month/Day
Day/Month/Year

Use columns 19 and 20 of the control specifications
sheet to specify the date format and the editing desired.
If columns 19-20 are blank, the date format is based on
the contents of column 21.

® Use UDAY for days only, UMONTH for months only,
and UYEAR for years only.

® These fields cannot be changed by any operations
specified in the program. Thus, these fields are usually
used only in compare and test operations.



Examples

Example 1: Figure 88 shows how an output indicator can
be used to reset a PAGE field to zero. When indicator 15
is on, the PAGE field is reset to zero and a 1 added before
the field is printed. When 15 is off, a 1 is added to the
contents of the PAGE field before it is printed.
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Figure 88. Resetting the PAGE Fields to Zero
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Example 2: Figure 89 shows the use of the special word Notice also that an end position is given for every *PLACE.

*PLACE to print the same fields several times on the same FIELDS A, B, and C have a total length of 15 characters.
line. FIELDS A, B, and C are to be printed four times on Thus the end positions given for the *PLACE entries allow
one line (Figure 89, insert A). They are printed once room for the printing of 15 characters. This eliminates
when they are named and once for every *PLACE entry. any overlapping.

In Figure 89, insert B, *PLACE is specified after the fields
which are to be printed several times on the same line.

All fields to which *PLACE applies appear on the same
record. FIELD D, which appears on the total record, is not
affected by *PLACE.

|jIELDA | FIELDB I FIELDC | Fields to be placed on the same line
several times.

Final
Printed
Detail
FIELDA l FIELDB l FIELDC IFIELDA IFIELDB I FIELDC | FIELDA | FIELDB FIELDCI FIELDAI FIELDBI FIELDC | Line

0 5 10 15 20 25 30 35 40 45 50 55 60

®

*PLACE
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Figure 89. *PLACE
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COLUMN 38 (EDIT CODES)
Use column 38 when you want to:

® Suppress leading zeros of a numeric field.

® Omit a sign from the low-order position of a numeric field.

® Punctuate a numeric field without setting up your own
edit word.

A table summarizing the edit codes that can be used is
printed above columns 45-70 on the output specifications
sheet. Each edit code punctuates differently. |If you use an
edit code in column 38, columns 45-70 must be blank except
for the following condition: if asterisk fill or a floating
dollar sign is required, enter ‘*’ or ‘$’ in columns 45-47.
When an edit code is used to punctuate an array, two spaces
are automatically left between fields of the array to the left
of each element. Only unpacked numeric fields can be
edited.

Note: Editing fields of nonprinter files is not recommended.
If you do edit fields of a nonprinter file, you must be aware
of the contents of the edited fields and the effects of any
operations you want to do on them. For example, if you
add an unedited field to an edited field, erroneous results
will occur.

Figure 90 shows the edit codes and the options they provide.
Figure 91 illustrates how data looks when it is edited by

edit codes. Each code punctuates the field a little differently.
All codes suppress leading zeros, except when J is entered in
column 21 of the control specifications sheet. For this

J entry all zero balances and balances with zero values to the
left of the decimal comma are always written with one
leading zero (such as 0,00 or 0,04). If an edit code is speci-
fied by the output specifications and the edit code is to
print zero balances, a zero balance field always has a zero to
the left of the decimal comma. The edit code cannot
suppress this zero.

Figure 92 shows editing for date fields.

Sign For Negative Balance | Entry in Column 21 of Control Specifications

Edit Decimal Zero
Code || Commas Point No Sign | CR | - (Minus) | D or Blank | J Suppress
1 Yes Yes No Sign .00or 0 ,000r0 | 0000r0 Yes
2 Yes Yes No Sign Blanks Blanks Blanks Yes
3 Yes No Sign .000or 0 ,000r0 | 0,000r0 Yes
4 Yes No Sign Blanks Blanks Blanks Yes
A Yes Yes CR .00or0 L00o0r0 0,000r0 Yes
B Yes Yes CR Blanks Blanks Blanks Yes
C Yes CR .00or0 ,000r0 0,000r0 Yes
D Yes CR Blanks Blanks Blanks Yes
J Yes Yes - .00o0r 0 ,000r0 | 0,000r0 Yes
K Yes Yes - Blanks Blanks Blanks Yes
L Yes - .00or0 ,000r0 0,000r0 Yes
M Yes - Blanks Blanks Blanks Yes.
x!
Y? Yes
4 Yes
! The X code performs no editing.
2The Y code suppresses the leftmost zero only. The Y code edits a three to six digit field according to the following pattern:

nn/n

nn/nn

nn/nn/n

nn/nn/nn
Figure 90. Edit Codes
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Zero Balance—

Two Decimal Positions

Positive Positive Negative Negative Entry in Column 21 of
Number — Number — Number' —| Number' — Control Specifications Zero Balance —
Edit 2 Decimal No Decimal | 3 Decimal No Decimal No Decimal
Codes Positions Positions Positions Positions D or Blank I J Positions
Unedited 1234567 1234567 00012 00012 000000 000000 000000 000000
1 12,345.67 1,234,567 120 120 .00 ,00 0,00 0
2 12,345.67 1,234,567 .120 120
3 12345.67 1234567 .120 120 .00 ,00 0,00 0
4 12345.67 1234567 .120 120
A 12,345.67 1,234,567 .120CR 120CR .00 ,00 0,00 0
B 12,345.67 1,234,567 .120CR 120CR
Cc 12345.67 1234567 .120CR 120CR .00 ,00 0,00 0
D 12345.67 1234567 .120CR 120CR
J 12,345.67 1,234,567 .120- 120- .00 ,00 0,00 0
K 12,345.67 1,234,567 .120- 120-
L 12345.67 1234567 .120- 120- .00 ,00 0,00 0
M 12345.67 1234567 .120- 120-
X 1234567 1234567 00012 00012 000000 000000 000000 000000
Y 0/00/00
Z 1234567 1234567 120 120
! The character % is a negative zero.
Figure 91. Examples of Edit Code Usage
Edit Contents of Contents of Contents of Column 21
UDATE Code Column 19 Column 20 Blank D 1 J
Jan 30, 1974 Y Blank Blank 1/30/74 30/01/74 30.01.74 30.01.74
— 1-30-74 30-01-74 30-01-74 30-01-74
M Blank 1/30/74 1/30/74 1.30.74 1.30.74
—_ 1-30-74 1-30-74 1-30-74 1-30-74
D Blank 30/01/74 30/01/74 30.01.74 30.01.74
_— 30-01-74 30-01-74 30-01-74 30-01-74
Y Blank 74/01/30 74/01/30 74.01.30 74.01.30
— 74-01-30 74-01-30 74-01-30 74-01-30

Figure 92. Date Fields
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Normally, when you use an edit code in column 38, you
cannot define an edit word in columns 45-70; however,
there are two exceptions:

® {f you want leading zeros replaced by asterisks, enter e
in columns 45-47 of the line containing the edit code.

® If you want a dollar sign to appear before the first
digit in the field (floating dollar sign), enter ‘" in
columns 45-47 of the line containing the edit code.

Asterisk fill and the floating dollar sign are not allowed
with the X, Y, and Z edit codes.

It is also possibie to have a doliar sign appear before the
asterisk fill (fixed doltar sign). This is done in the following
manner:

1. Place a dollar sign constant one space before the
beginning of the edited field.

2. Place "*' in columns 45-47 of the line containing the
edit code.

Figure 93 shows the effect the different edit codes have on
the same field with a specified end position for output.

Negative Number — 2 Decimal Positions
End Position Specified as 10

Edit Output Print Positions
Codes 3l415|/6(7|8|9]|10] 11
Unedited of{oj4[1]|K!

1 4. 1|2

2 4. 11]2

3 4 112

4 41.11|2

A 4(.]112|C|R

B 41.11]12|C]|R

C 4 1{2|C|R

D 4. {1|2|C|R

J 41.11]12]-

K 41.(1]2]-

L 41.1112]-

M 4]1.11]12]-

X ofol4]1]K!

Y ol/[4a]1]/]2

z 41112

t K represents a negative 2.

Figure 93. Effect of Edit Codes on End Position

COLUMN 39 (BLANK AFTER)

Entry Explanation
Blank Field is not to be reset.
B Field specified in columns 32-37 is to be reset

after the output operation is complete.

Use column 39 to reset a field to zeros or blanks. Numeric
fields are set to zero and alphameric fields are set to blanks.
This column must be blank for look ahead and UDATE
fields.

Resetting fields to zeros is useful when you are accumulating
and printing totals for each control group. After finding the
total for one group and printing it, you want to start
accumulating totals for the next group. Before you do this,
however, you want your total field to start with zeros, not
with the total it had for the previous group. A B-entry in
column 39 resets the total field to zero after it is printed.

Note: If blank after (column 39) is specified for a field,

to be printed or written more than once, the B shouid be
entered on the last line specifying output for that field.

COLUMNS 40-43 (END POSITION IN OUTPUT RECORD)

Entry Explanation

1-4096 End position for disk or SPECIAL.
1-132 End position for 132-position printer.
1-40 End position for display screen.

Columns 40-43 apply to all output devices. Use these
columns to define the end position on the output record of
a field or constant. All entries in these columns must end
in column 43. Enter only the number of the end position
of the rightmost character in the field or constant.

Repeating Output Fields (*PLACE)

When *PLACE is specified for the printer, end position
indicates the end position of the last field of the group that
is to be printed. See Columns 32-37 (Field Name). Thus
you must be sure you have indicated an end position that
atllows enough room for all specified fields to be printed. Be
sure to allow enough space (as indicated by end position
entries) on your output record to hold edited fields.

Note: Overlapped edited fields may result in undesirable
output.
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COLUMN 44 (PACKED OR BINARY FIELD)

Entry Explanation

Blank Field is unpacked numeric data, alphameric
data, or to be printed.

P Field is to be written on disk in the packed
decimal format.

B Field is to be written on disk in the binary

format.

Column 44 must have an entry if a numeric field {decimal
number) is to be written on disk in packed decimal or
binary format. Packed decimal and binary fields cannot
be displayed or printed; these fields can only be written
on disk. Column 44 must be blank for *PLACE.

After decimal numbers are processed, they can be left in
the unpacked format. However, for efficient use of disk
space, decimal numbers can be converted into packed
decimal or binary format. When binary output is specified,
a numeric field one to four digits long (unpacked in storage)
is converted into a 2-byte binary field when it is written

on disk; a numeric field five to nine digits long is con-
verted into a 4-byte binary field. When packed decimal
output is specified, a byte of disk storage (except for

the low-order byte) can obtain two decimal numbers.

See Column 43 (Packed or Binary Field) under Input
Specifications for a description of how data fields are
represented in unpacked decimal, packed decimal, and
binary formats.

Note: Although packed and binary fields require less
disk storage space, the conversion routines needed to
handle such data increase the object program size.

COLUMNS 45-70 (CONSTANT OR EDIT WORD)

Use columns 45-70 to specify a constant or an edit word.
If you are using edit codes, you can also use columns 45-47
to specify a floating dollar sign or asterisk fill.

Constants

A constant is any unchanging information that is entered
by a specification. Constants are usually words used for
report headings or column headings.

The following rules apply to constants (Figure 94 contains
examples):

® Field name (columns 32-37) must be blank.

® A constant must be enclosed in apostrophes. Enter the

leading apostrophe in column 45.
An apostrophe in a constant must be represented by two
apostrophes. For example, if the word you're appears

in a constant it must be coded as ‘YOU"'RE’.

Numeric data can be used as a constant.
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Figure 94. Examples of Output Constants

1-172




e Up to 24 characters of constant information can be
placed in one line. You can use additional lines, but

each line must be treated as a separate line of constants.

The end position of each line must appear in columns
40-43.

Edit Codes

If you use an edit code in column 38, columns 45-70 must
be blank except for the following condition: if asterisk
fill or a floating dollar sign is required, enter ‘*" or ‘$’ in
columns 45-47. When ‘*’ is entered in columns 45-47,
asterisks replace all leading zeros (**NN). When ‘$’

is entered in columns 45-47, the dollar sign appears before
the first digit in the field ($N.NN). For more information
on edit codes, see Column 38 (Edit Codes) under Output
Specifications.

Note: Asterisk fill and the floating dollar sign cannot be
used with the X, Y, and Z edit codes.
Edit Words

An edit word gives you more flexibility in punctuating a
numeric field than an edit code. You specify directly:

® |f commas, decimal points, and zero suppression are
needed.

® If the negative sign should print.

® |f the output is dollars and cents, whether you want a
dollar sign and leading asterisks.

The following rules apply to edit words:
® Column 38 (edit codes) must not be used.

® Columns 32-37 (field name) must contain the name of
a numeric field.

® Columns 40-43 (end position in output record) must
contain an entry.

® An edit word must be enclosed in apostrophes. Enter
leading apostrophe in column 45. The edit word itself
must begin in column 46.

® Any printable character is valid, but certain characters
in certain positions have special uses. See Editing

Considerations in the following text.

® An edit word cannot be longer than 24 characters.

® The number of replaceable characters in the edit word
must be equal to the length of the field to be edited.
See Fditing Considerations in the following text.

® All leading zeros are suppressed unless a zero or asterisk
is specified in the edit word. The zero or asterisk
indicates the last leading zero in the field to be replaced
by a blank or asterisk.

® Any zeros or asterisks following the leftmost zero or
asterisk are treated as constants; they are not replaceable
characters. ‘

Editing Considerations

One important thing to keep in mind is that you must :
leave exactly enough room on the printed form for the .
edited word. If the field to be edited is seven characters
long on the input record, consider whether seven positions
allow enough space for it to print on the report. By the
time the field is edited, it may contain many more char-
acters than seven.

~ When computing the length of an edited output field,

determine how many of the editing characters are replace-
able. The number of replaceable characters in the edit’
word must be equal to the length of the field to be edited.
A replaceable character is a part of the edit word that
does not require a position in the output file. The replace-
able characters are:

0 (if used for zero suppression)
* (if used for asterisk fill)
b (blank)

$ (if it appears immediately to the left of zero suppress:
a floating dollar sign)

A fixed dollar sign, decimal points, floating dollar sign,
commas, ampersands (representing blanks), negative signs
(- or CR), and constant information all require space in
the output field. '
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Note: There are two exceptions to the rule that the
number of replaceable characters in the edit word must
be equal to the length of the field to be edited. The
exceptions are:

® An extra space must be left in the edit word for the
floating dollar sign. This ensures a print position for
the dollar sign if the output field is full.

Unedited Replaceable
Characters in
Edit Word

Unedited Edit Edited Field
Field Word Field Length
72432N  'BB,BSO.BB&-' $7,243.250- 6 7

® An extra space can be left in the edit word if the first
character in the edit word is a zero. In this case, the
field to be edited is not zero suppressed by the leading
zero, but all other specified editing is performed.

Unedited Replaceable

Unedited Edit Edited Field Characters in

Field Word Field Length Edit Word

00746J  ‘QBBY,BBY 007,461 6 7
Formatting Edit Words

The printer spacing chart is helpful when forming edit
words. Figure 95 shows how an output line can be
formatted using this chart. Note that Xs and zeros are

used to show field positions. A zero indicates where zero
suppression stops. An X indicates any number can appear
in the position. Use blanks in place of the Xs when writing
the edit words. Two additional Xs are provided for percent
profit or loss since a negative value must be recognizable.

If it is necessary to show a negative number, a sign must
be included in the edit word. You can use either the minus
sign (=), or the letters CR. These print only for a negative
number; however, the character positions they require
must be taken into consideration when entering the end
position of the field on the output specifications sheet.
Figure 95 shows that for the field PERCPL, CR is to be
printed for a negative balance. Assume the field PERCPL
contains the negative data 2N (which is -25). The printed
output looks like this: 25CR. If PERCPL is positive, CR
does not print and the same field appears as: 25.

You can also use a minus sign to indicate a negative
balance. If you want to leave a space between the number

1174

and the negative sign, place an ampersand (&) in the edit
word before the minus sign. PERCPL then prints as: 25k -.

If you want to print a dollar sign, you also indicate this in
your edit word. To print a dollar sign at the left of the

field called SPRICE, put the dollar sign ($) next to the

first quote mark and then put in the necessary blanks and
punctuation. A dollar sign in this position is called a

fixed dollar sign. The SPRICE field in Figure 96, line A,

can look like any of the following (N stands for any number):

$SNNN.NN
$ NN.NN
$ N.NN
$ .NN



Unedited Data

Item number 000241
Item cost 02000
Selling price 02200
% profit or loss 25

Printer Spacing Chart
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Edited Output

241 $20.00 $22.00 25
Figure 95. Using the Printer Spacing Chart to Format Data
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Suppose, however, you do not want a lot of empty space
between the dollar sign and the first digit when zero
suppression occurs. (This is commonly the case when
writing checks.) You can fill in this empty space with
asterisks (*). Instead of using 0 to indicate zero suppres-
sion, use the asterisk (*) to indicate that all extra spaces
should be filled with asterisks. The SPRICE field in
Figure 96, line B, can look like any of the following (N
stands for any number):

$NNN.NN
$*NN.NN
$** N.NN
$*** NN

You may want the dollar sign to always be next to the
leftmost digit instead of filling in the space with asterisks
or leaving extra blanks. This is indicated in the edit word
by placing the $ next to the zero suppress 0. A dollar sign
which changes positions depending upon the number of
positions zero suppressed is known as a floating dollar
sign. When printed, the SPRICE field in Figure 96,

line C, can look like any of the following:

SNNN.NN
$NN.NN
$N.NN
$.NN

Note that an extra space must be left in the edit word for
the floating dollar sign. This ensures a print position for
the dollar sign if the output field is full.

Examples of Edit Words

Figure 97, inserts A and B, shows examples of edit words.
All examples assume that column 38 is blank. To avoid
confusion about the number of blank positions in an
edited data field, the symbol b is used to indicate where
blank spaces appear. Zercs are not slashed where no
confusion with the letter O is likely to result.

Examples numbered 1-9 are sample edit words for some of
the most frequently desired output formats. The examples
numbered 10-71 show possible ways of handling many of
the editing situations you might have.

The numbers under the heading Example Number in
Figure 97, inserts A and B, refer to the numbers in the
following text:

1. Normal method of editing an amount field. Decimal
point appears between dollars and cents; commas
offset appears every three positions in the dollar
portion of the field. The symbol CR appears in the
edited data field when the data is negative; otherwise,
it is replaced by blanks. Since zero suppression
occurs through the unit-dollars position (zero in the
edit word just left of the decimal point), blanks
replace leading zeros and constants until a significant
digit is encountered or until the specified zero is
encountered. Thus, the decimal point and data to
its right always appear in the edited data. Notice
that, since zero suppression occurs through the posi-
tion of the zero in the edit word, that zero is replaced

Figure 96. Different Edit Words Used on the Same Field
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by a blank when no significant digit appears in the 3. Normal editing of an amount field. Because the zero

data field. suppression 0 appears in the 10-dollar position of
the edit word, leading zeros and constants are
2. Normal method of punctuating a quantity field. retained starting with the unit-dollars position.
Leading zeros and constants are replaced by blanks Because the dollar sign is placed just left of the zero
through the position of the zero suppression 0 (the suppression 0, it becomes a floating dollar sign. In
next-to-last position in the edit word). Thus, if the an edited data field, the floating dollar sign always
entire data field is zero, a zero appears only in the appears to the immediate left of the first digit or
low-order position of the edited data. A minus sign retained constant. Notice that an extra position is
appears in the edited data if the field is negative; if allowed in the high-order portion of the edit word
not, the minus sign is replaced by a blank. The to accommodate the floating dollar sign. The minus
constant ON HAND always appears in the edited sign appears if the field is negative; the asterisk always
data as it is specified in the edit word, regardless appears as a constant since a zero is specified to the
of whether the minus sign appears as specified or left of it.
as a blank.
Edit Word Example Source Data Appears in Output Record as:
e memy anm s e menasaneswen]| Number
) Ll ] [elel]! 1 0000000005 - BBYBBBBBIES . 0SBCR
R ,| 8l Fldlolnlelniainio] 2 00000000 BRBISBBBSBS0BBONBHAND
L LD -] | e 3| 0000000005 + BBBBBBBBBS0. 058* ]
) P $] T [clrf«]«] 4 0034567890 - BB1BsS345,678,90CR** 1
ML L] el | 5 0000000000 SPBBIBBIBIBIBE . 00
Sl | |2 5| Tl |1 | lel-elclklo[s]s|” 6 1234567890 - $PB12,345,678.90B-BGROSS
TTTLUTTE ! 7 00000000123 - RBIBBBBEBL . 23-
1) > J T clrl” 8 0000000000 BB EBEBBBIBIBCR
) 5| & -[! 9 0000135792 = *xxkx] 357,928
10 | 0000135678 0000135678
11 | 0000135678 + 0000135678
12 | 0000135678 - 0000135679Q
! ' 13 0000000000 VBBBPPERRE
! ’ 14 0000135678 + VP¥Pp135678
! ! 15 0000135678 - PrpPB135678
! 16 0000135678 - PYPPB135678
! ! 17 0000135678 + P000135678
&|CIRlgNE(T]" 18 0000135678 + BBBIB1356 7 SPBBIBNET
T ciRlgNE ] 19 0000135678 - B181B161 356 78BCRENET
I &-&[&NET] 20 0000135678 - WIi8181356 78~ BBNET
T &N[e[Ti8|cR[’ 21 0000135678 BBBBEL,356.78BBYE-NET
! DNEGCERE 22 0000135678 - BIBIB135678BNETHCR
' yePRIOJE [T 23 0000135678 BBBPL3567 SEBPROFIT
JE - &N[ET] 24 0000135678 + SKI6BB1 356 7 SPBPBHET
's e [WNET] 25 0000135678 - SBPYBL35678B-BNET
l¢ - olulelT] 26 0000135678 BS$000135678BBNET
I sl | [6lciR]’ 27 0000135678 - BBBIKS135678BCR
I | 18lclR|” 28 1234567809 - $1234567809BCR
! & [wTiomalL]’ 29 0000000000 - BBBBBBBBBEE-BTOTAL
olé|-l&[TlolTlAlL]’ 30 0000000000 - BBBBBBBEBBB-BTOTAL
'8 ¥l | leclRzialelols]s] 31 0000000000 + SBBBBYBILBO0BBBBGROSS
' Slol | [#lcjrielaiRlo]s|s| 32 0000000000 - BIBBBIBIIS 00BCRBGROSS
! | 169" 33 0000000000 - VIBBBBBEB5S
@

Figure 97 (Part 1 of 2). Examples of Edit Words
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Edit Word Example Source Data Appears in Output Record as:
e e s s e 5 5 % 0 e ot o gn o7 Number
! l I %|6 C|Rl 34 0000000000 - *hkkkkkkkk*YOR
i M | IR 35 0000000000 - * %% %% ¥ % % 00JSCR
* 36 0000135678 - *000135678
b ' 37 1234567890 + 1234567890
¥ 38 0000135678 - **k*k*x]135678
AR | Blclrigl&MElT]" 39 0000135678 - BBBBBL, 356 . 78CRBBNET
T Elclrie]-Meir] 40 0000135678 BBBIBL , 356 . 78BBBB-NET
"kl LI T T1eINER 41 0000135678 + $PB0,001,356 . 78BNET
' ) Seld |- CEuk 42 0000000005 BBABBBBIBBS0 . OSENET
' oL [ ] fslele [ 43 . 0000000005 BERERBERIEES - 05
' sl L bLIsE ] 44 1234567890 - $12,345,678.90~
' J [ 11! lelel-] | kR’ 45 0001356789 - BBBBS13,567.89CR
111 S| -1 | [elclRlxe’ 46 0000135678 + *kkxx*] 356, 78BBB**
) BNCERRGEEEE 47 00000000 - BBBBBES . 00BCR*
5 S T THT 48 0000000000 - KEKAKIKIKK ()0~
5| Bld o | HslalLlgls!” 49 0000001234 BBILBBI6S ,012 .. 34BSALES
S TR T T iR 50 1234567890 - SP12,345,678.90CR
T ’ ) -lojol&lslaliMclel” 51 1234567890 - 1,234,567,890-OLD¥BALANCE
TLUTTETTT I Holcoklslalivclel” 52 0000000000 + VBB BSBEB0BOLDBBALANCE
11 5] || ploleii[alRls] | [c|eMs]’ 53 0000135678 BBBBBL , 356 DOLLARS78CENTS
Th DlolLlL[AlRls] | lc]elviis|” 54 000000 + VBBBBRBIBIL BB BBBCENTS
"1 bl | blolaRrl] | kieMTsi|cR’ 55 000000 BBBBODOLLARS 00 BB
T T Tlels B T ol [rlalrlele]-[" 56 000002 + BBBOLAS . BO 2 BB BIBI1B1Y
' llLBls]-[ | lolz]- [T|a]R[e[8|-T 57 000002 - BBBBLBS . 0202, TARES~
el H 1 I 58 095140036 $95-14-0036
Mol ulels]- T InltInfs]- {slo]" Telclolclx|"] 59 0042 JBOHRS ., 421INS, B0 " CLOCK
TH TR 60 000000 BBRBIBY . 00
b ol [ 61 000000 BBERBIEE0
o [ sblel L] 1] 62 00123456 PPIPLS, 234 .56
M1l BCECERS 63 0000000000 - BBRBBBBEE0* 00
bl [ blel [ 7 64 001234 ¥,012,034
T1DI T T e 65 0000001234 k*kx*k (0]2%34
'1&] o1 Tels ' 66 013579 *%%]303,579
TTFHTRTT lulal]ele]” 67 093066 %9-30-66BLATER
I TR T EL]alr]e]e]” 68 093066 BB 30866 BLATER
' N1 69 100166 10,/01/66
T ) S 70 000000015 - BBBIBBIBBBIBBL5~
T, LUl T T 71 000000005 PBBBBBIBIEEO . 058

Figure 97 (Part 2 of 2). Examples of Edit Words
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Similar to example 3, except that (1) zero suppression
is allowed up to the decimal point, {2) CR is used to
indicate a negative value, and (3} two asterisks are
printed at the end of the edited data. In the edited
data shown, the dollar sign has floated to the left to
precede the first significant digit. If the unedited
data were all zeros, it would appear in the output
record as $.00Bb**. Note the extra position in the
leftmost portion of the edit word to allow for the
dollar sign.

Similar to example 4, except that (1) no symbol
indicates a negative value, and (2) the edit word
includes a fixed dollar sign. Because the dollar sign
is placed in the extreme left position of the word and
is not followed immediately by a zero suppression 0,
it is a fixed dollar sign. The fixed dollar sign always
appears in the leftmost position to the edited data
field.

This example shows that a space can be left in the
edited data field between a fixed dollar sign and the
first digit, even when the entire field contains
significant digits. An ampersand (&) in an edit
word becomes a blank in the edited field. The
minus sign appears in the edited data if the field is
negative; the constant GROSS always appears in
the edited data.

By not specifying a zero or asterisk, zero suppression
can occur throughout the field; thus, edited data
begins with the first significant digit. If the unedited
data field only contained zeros, the entire edit word,
except the minus, would be replaced by blanks when
the field was edited.

Zero suppression can occur throughout the field.
The symbol CR appears in the edited data field
when the field contains a minus zero.

This example shows the use of asterisk fill. Asterisks
replace all positions in the edit word to the left of
the first significant digit. 1f the asterisk were in the
rightmost position of the edit word, the entire edited
field contains asterisks when the data is all zeros.

10, 11, and 12. No edit word. The data in the output

record has the same format as the unedited data.
Notice that the low-order position of the output
field is printed as an alphabetic character (J-R}) if the
source data field is negative.

13, 14, and 15. A blank edit word. All leading zeros are

blanked and any sign in the low-order position of
the unedited field is removed when the data is
edited. Negative values are not identified.

16.

17.

The effect is the same as shown in examples 13, 14,
and 15,

Although the zero suppression 0 appears in the high-
order position of the edit word, suppression of the
first leading zero cannot be avoided. See the note
under Editing Considerations for a discussion of

this exception.

18 and 19. An ampersand appears as a blank in the edited

20.

data. The symbo! CR appears in the edited data if
the field is negative; it is replaced by blanks if the
field is positive. The constant NET always appears
in the edited data field.

An ampersand appears as a blank in the edited data.
A minus sign, instead of CR, indicates negative values.

21 and 22. NET CR indicates when the edited data fieid

23.

is negative. Therefore, when the edited field is
positive, CR appears as blanks.

The constant PROFIT appears in the edited data
field. Negative values are not identified.

24 and 25. Similar to example 20, except that a fixed

dollar sign is shown. An extra position is added to
the edit word to allow for the dollar sign.

When the dollar sign appears to the immediate left
of the zero suppression 0, it becomes a floating
dollar sign, even when the dollar sign is entered in
the leftmost position of the edit word.

27 and 28. The floating dollar sign is shown for different

numbers of leading zeros. Note the extra position
in the high-order portion of the edit word to allow
for the dollar sign.

29 and 30. Even if there is no zero in the edit Word, the

31.

32.

minus sign appears in the edited field when the
contents of the data field are minus zero. The
constant TOTAL always appears in the edited field.

This example shows how some zeros can appear in
the edited field when the entire field is zero. Zero
suppression occurs through the position of the zero in
the edit word. This leaves two positions in which
zeros can appear in the edited field.

Similar to example 31, except that this example uses
a floating dollar sign to replace the last suppressed
zero.
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33. Because the dollar sign is adjacent to the zero in the
low-order position, it is a floating dollar sign. The
floating dollar sign appears in the low-order position
of an all-zero data field. This gives full protection
with a floating dollar sign, even when all leading
zeros are suppressed.

34. Because the asterisk appears in the low-order
position of the edit word, asterisks appear through-
out the edited field when the contents of that field
are zero. This gives full protection with an asterisk,
even when all leading zeros are suppressed.

35. This example shows asterisk protection to a certain
position; thereafter, any additional leading zeros
appear in the edited field.

36 and 37. This example shows asterisk protection and
zero suppression for a single position. Note that
the asterisk is replaced by a significant digit in the
position. Negative values are not identified.

38. Asterisk protection and zero suppression for an
entire field. Asterisks are replaced by significant
digits.

39 and 40. A method of editing an amount field. Punctua-
tion and zeros to the left of the first significant digit
are blanked. The decimal point is also lost when there
are fewer than three significant digits. The CR symbol
is printed for an all-zero negative field; the constants
NET or -NET always appear in the edited field.

41. The ampersand, which appears in the edited field as
a space, makes it possible to keep the dollar sign
fixed while limiting zero suppression to the minimum
one position. All punctuation is retained regardless
of leading zeros because the zero in the edit word is
placed to the left of the first comma.

42 through 45. Standard methods for placing the floating
dollar sign so that at least the decimal point is
retained regardless of the number of leading zeros.
The extra position appears in the leftmost position
of the edit word to compensate for the floating dollar
sign.

46. Asterisk protection and zero suppression to the
decimal point. The decimal point is retained regard-
less of the number of leading zeros. Note that
asterisks replace punctuation when leading zeros
are suppressed. The second asterisk appears only
when the edited data field is negative; the third and
fourth asterisks always appear in the edited field.

1-180

47. This example shows a standard programming technique

for retaining the decimal point while suppressing all
leading zeros. The edited data shown is a minus zero
value.

48. Asterisk protection and zero suppression to the
decimal point. The decimal point is retained regard-
less of the number of leading zeros. A minus sign
appears in the edited data if the field is negative.

49. This example shows that a constant (in this case,
a comma) follows the dollar sign in the edited data
if the floating dollar sign and the zero suppression 0
immediately precede a constant. This applies if
there is a number of leading zeros. In the case of a
comma, this has an awkward-looking effect; in the
case of a decimal point, it is a normal approach (see
Example 43).

50. This example shows how to insert a space between a
fixed dollar sign and the first data digit when all
digits in the field are significant. An ampersand in
an edit word appears as a space in the edited data
field.

51. Normal punctuation of a quantity field. In this
example, all leading zeros, including the units
position, are suppressed (compare with example 52).

52. Normal method of showing a single zero in the edited
data field when the data field contains only zeros.

53 through 57. Constants in the edit word are handled the
same as punctuation marks. That is, only constants
to the right of the first significant digit or the zero
suppression 0 appear in the edited data. Examples
56-56 show how more edit word constants, other
than the CR or minus, can be blanked on a positive
field. Examples 565-57 also show the effect that the
position of the zero suppression 0 has on constants.
In example 56, an ampersand placed after the first
constant provides a space following that constant
in the edited data.

58. Possible method for editing a social security number
field. A hyphen (-) is used within the edit word. In
the example shown, the initial zero is suppressed.
However, if you want the initial zero to appear in
the edited data, you'must leave an extra position
in the edit word. See the note under Editing
Considerations for a discussion of this exception.

59. This example shows the use of constants in the edit
word. In this example the constant is an apostrophe.



60 and 61. This example shows the effect that the position

62,

of the zero suppression 0 has on the decimal point
(or any other constanits) and following zeros.

This example shows that a dollar sign separated from
the zero suppression 0, even if only by a comma,
is not a floating dollar sign, but a constant.

63 through 66. Any zero or asterisk to the right of the

high-order zero or asterisk is a constant, not a zero
suppression 0 or asterisk-protection symbol.

Examples 65 and 66 also show that asterisk protection
replaces not only blanks but also other constants to
the left of the first significant digit.

67 through 69. These are three examples of editing a date

field. Since month numbers have at most one leading

zero, it is not necessary to specify a zero suppression 0.

Example 68 shows the use of an ampersand to retain
a blank space in the edited data.

70. This example shows what happens to the decimal
point when no zero suppression 0 is specified for
a field which has fewer than three significant digits.
This applies if the field is more than three digits long.

71.  This example shoivs how to retain the decimal point
in a data field which has fewer than three significant
digits. This applies if the field is more than three
digits long.

COLUMNS 71-74

Columns 71-74 are not used. Leave them blank.

COLUMNS 75-80 (PROGRAM IDENTIFICATION)

See Common Entries.
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Indicators are used to signal when certain conditions occur
or do not occur. After you have assigned an indicator (on
one of the specification sheets) to signal a certain condition,
the indicator assigned should be associated with that one
condition throughout the entire program.

Many times you want operations to be performed only
when certain conditions occur. Because the indicator
associated with the condition tells whether or not the
condition has occurred, you can use the indicator to signal
whether or not the operation should be done. In this way,
indicators condition operations. _

The status (on or off) of an indicator assigned on a specifi-
cation line is determined by the results of processing the

Chapter 1. Indicators

instruction on that specification line. If the condition is
satisfied, the indicator turns on; if it is not, the indicator
turns off.

Usually indicators are set on or off by the condition in the
program itself. However, you can also set certain indicators
by the SETON, SETOF, and SET operations. At the start
of each program all indicators are off except the 1P indi-
cator, LO indicator, and any external indicators which have
been set on. All indicators which you can use are shown in
Figure 98. A summary of all indicators is shown in Figure
99.

Note: Only record identifying indicators and control
level indicators (L1-L9) are turned off at the beginning of
each program cycle. All other indicators are left unchanged.

File
Description
Specifications Output
Indicators Input Specifications Calculation Specifications Specifications
File 'Record !Field Control
Overflow Condition- | Identifying{ Record Level Conditioning| Resulting Conditioning
(33-34) ing (71-72)| (19-20) Relation Field (7-8) (9-17) (54-59) (23-31) .
(63-64) (65-70)
01-99 X X X X X X
H1-H9 X X X X X X
1P x3
MR x2 X X
0A-0G, OV X X X x4
Lo X X
L1-L9 X x2 X X X X
LR X X X X X
u1-us x5 X X X X
KA-KN,
KP, KQ X X X

Note: X denotes the indicators that can be used.

Not valid on look-ahead fields.
When field named is not a match field or a control field.
Only for detail or heading lines.

“n DW=

Not valid for table input files.

Figure 98. Valid Indicators

Cannot condition an exception line, but can condition fields within the exception record.
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Where Normally Used

Normally Turned On

Normally Turned Off

Location on Specification Sheets

Indicators Where Located as Conditioning By When By When
Indicators
Record identifying | Input sheet 3 Input: field record Record Before total- Different Before total-
indicator cols 19-20 relation (cols 63-64) | identification time record type time
%Calculation: indica- calculations calculations
tors (cols 9-17)
30utput: output indi-
cators (cols 23-31)
Field indicators: Input sheet Calculation: indicators| Data field with Before detail- | Data field with-
(cols 9-17) plus or minus time calcula- | outa plusor
Plus/minus Cols 65-68: balance tions minus balance
Numeric data
only
Zero/blank Cols 69-70 QOutput: output Data field with Initially upon | Data field with-| Before detail-

indicators (cols
23-31)

zero or blank
balance

blank-after, and
before detail-
time calcula-
tions when field|
is zero or blank’

out a zero or
blank balance

Control level

Input sheet

3Calculation: control

Control break of

Before total-

A control field

(L1-L9) cols 59-60 level (cols 7-8) that or higher time calcula- with the same | output
Calculatlon indica- level tions contents as the
tors (cols 9-17) control field of
Output: output previous record
%mducators (cols
23-31)
Matching records | Input sheet %Calculatlon indi- Matching of Before detail- | Nonmatch Before detail-time
(MR)—based on cols 61-62: cators (cols 9-17) primary with any | time calcula- between pri- calculations
Matching fields M1-M9 control Output: output secondary record [ tions mary and
MR indicators (cols other records
23-31)
Calculation Calculation g Calculation: indi- Failure to Immediately
resulting sheet cols cators (cols 9-17) satisfy the
indicators 54-59 Output: output assigned condi-
indicators (cols tion when the
23-31) specifications in|
the line are ex-
ecuted
Arth { Plus Plus result Immediately
cops Minus Minus result when the
Zero Field contents specified
Zero* condition is
met upon exe-
High Factor 1 > cution of the
COMP Factor 2 operation
Low Factor 1 <
Factor 2
Equal Factor 1 =
Factor 2

_Figure 99 (Part 1 of 2). A Summary of Indicators
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Where Normally
Used as

Normally Turned On

Normally Turned Off

Conditioning
Indicators Where Located Indicators By When By When
Plus Presence of a C
zone
TESTZ ( Minus Presence of a D
zone
Blank Any zone other
2 thanaCor D
% zone
c
-8 High Factor 1 <
g Factor 2
'S LOKUP< Low Factor 1 >
(§- Factor 2
5 Equal Factor 1 =
c Factor 2
Qo
=
g Plus Plus result Immediately Failure to satisfy| Immediately
- KEY Minus Minus result when the the assigned
Zero Field contents specified con- | condition when
Blank Zero or blank dition is met the field is keyed|
after the field
is keyed
Where Normally Specified to be
Indicators Turned On or Off . Turned On by Program ltself Turned Off by Program ltself

Name/Number

L1-L9 (control
level)

Control level: cols 59-60—input
sheet

Before total time upon control
break

After.each detail-output time

LO (level zero) Nowhere initially and after each detail- Never
output time
LR (last Nowhere Before total time following last After detail-output time (unless
record total) data record (after / * ¥ ) LR terminated job)
Note: Zero or blank indicators
for arithmetic and TESTZ opera-
tions are on initially and following
Blank-After
1P (first page) Nowhere At beginning of program execution| After first detail-time output
OA-0G, OV Nowhere When end of page is reached After next detail-time output
{overflow) unless fetch overflow is specified
H1-H9 (halt) Field and resulting indicators Never but, if on at detail-output When system is restarted after
time, halts system thereafter halt
01-99 (general) Field and resulting indicators Never Never
KA-KN, KP, KQ Resulting indicators Never Never
U1-U8 External or resulting indicators During calculation During calculation

Figure 99 (Part 2 of 2). A Summary of Indicators
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01-99 (FIELD INDICATORS, RECORD IDENTIFYING
INDICATORS, RESULTING INDICATORS, AND
CONDITIONING INDICATORS)

You can assign any of the numbers 01-99 to indicate such
things as:

® The type of record read. See Columns 19-20 (Record
Identifying Indicator,**) under /nput Specifications.

® The status (plus, minus, zero/blank) of an input field.
See Columns 65-70 (Field Indicators) under Input
Specifications.

® The results of a calculation operation. See Columns
54-59 (Resulting Indicators) under Calculation
Specifications. See Examples, Example 1 and Example 2.

Any of these indicators which you have assigned in those
columns or used in SETON or SETOF operations can also
be used to:

® Establish field record relations. See Columns 63-64
(Field Record Relationship) under Input Specifications.

® Condition calculation operations. See Columns 9-17
(Indicators) under Calculation Specifications.

® Condition output operations. See Columns 23-31
(Output Indicators} under Output Specifications.

Indicators reflect only one condition at a time. When one
indicator is used to reflect two or more conditions, it is
always set to reflect the condition in the last operation
performed (see Examples, Example 3).

If any indicator 01-99 is set on or off by the operation
codes SETON or SETOF, it remains on or off until an
instruction in a specification line containing that same
indicator is performed. The indicator is then set to reflect
a condition from the operation performed.

Good Programming Practice

When assigning two or more numeric indicators (01-99),
use indicators that are close to each other numerically.
The system requires less main storage to check the status
of indicators 02, 03, and 04 than it does to check 02, 15,
and 22.

Examples

Example 1: Figure 100, insert A, shows that resulting
indicator 10 is assigned to signal when a minus condition
occurs. Indicator 10 turns on if the result is negative after
the subtraction operation is performed. It then remains on
(or off depending upon the result) until the same operation
is performed again. The indicator is always set to reflect
the result of the subtraction operation each time it is done.

Figure 100. Indicators 01-99
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Example 2: Figure 100, insert B, shows the same operation
as insert A. However, this operation is conditioned by

indicator 01. The operation is done only when indicator 01.

is on. Resulting indicator 10 is set on only when the result
of the operation is negative.

Example 3: Figure 100, insert C, shows the use of the same
indicator (10) in two lines. The status of this indicator
reflects the result of each operation. For instance, indica-
tor 10 turns on after the operation in line 05 is done if the
result of the operation is negative. However, if the result

of the operation in line 07 is positive or zero, indicator 10
turns off. It is then reset only when the operation in

line 05 is done again.

KA-KN, KP, KQ (COMMAND KEY INDICATORS)

Command key indicators can be assigned to indicate what
command keys the operator can press for a SET operation.
See Operation Codes, SET for further information.

Any of the indicators which are used in a SET or SETOF
operation can then also be used to:

® Condition calculation operations in columns 9-17 of the
calculation specifications sheet.

® Condition output operations in columns 23-31 of the
output specifications sheet.

The command key indicators used as conditioning indica-
tors in calculations (columns 9-17) and in output operations
(columns 23-31) are turned on and off in the following
manner:

® The indicators are turned on by pressing the appropriate
command key or keys for a SET operation.

® The indicators are turned off when the SET operation
in which they are specified is performed or when a
SETOF operation is performed.

H1-H9 (HALT INDICATORS)
Use any halt indicators to:

® (Cause the program to stop after finding an unacceptable
condition.

® Condition calculation or output operations that are
not to be performed when such an unacceptable condi-
tion occurs. This is necessary because all calculation
and detail output operations are still performed for the
record that caused the unacceptable condition before
processing stops.

® Establish field record relations. See Columns 63-64
(Field Record Relation) under Input Specifications.
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Using the same indicator to test for two or more error The use of two different halt indicators as shown in

conditions is not usually good practice. For example, Figure 101, insert B, does not allow a situation like the
Figure 101, insert A, shows the use of H1 in two different one just described to occur.
specification lines. If the result of the calculation opera-
tion in line 01 is negative, H1 turns on. This is an error Any halt indicator assigned to test for zero or blank is off
condition. Processing continues, however, until this at the beginning of the program.
program cycle is completed. Thus, the operation in line 03
is done. If the result of this subtraction operation is Note: If a halt indicator stops processing, it is turned off
positive, H1 turns off. The program does not stop because when the system is restarted. |f more than one halt
H1 is not on, even though an error condition was found in indicator turns on during a program cycle, each halt
line O1. indicator causes a separate program halt.
RPG CALCULATION SPECIFICATIONS Form GXz1-90032

IBM Internationsl Business Machine Corporation

12 75 76 77 78 79 8O
Program Punching Graphic Card Electro Number Program
. Page D] of " .
Programmer l Date Instruction | pynch —_—
i . Resulting
c 4 Indicators Result Field Indicators
- Arithmetic
ﬁ z l I . .§ = [ Plus [minus] Zero
9 And Factor 1 Operation Factor 2 2|z Comments
5% 3 H Compare
Line 3 < §§1>2h<2h=2
£ :. o 5 g & | &= [Lookup{Factor 2}is
2|8 %|% 2 2 & [ [Fiign | Low [Equal
45 7.8 9|u1||21314|51a|7|319202122232435262729293031:sz333435:53735:940“4%44454647gaﬁ505!5253545ssss7sssslaos|_z_£_45_s‘ﬁ£§gs97071727374
0|2 T

=)
5000 ¢ 0 ® Form Type

[T

@ This operation is not conditioned.
It will always be done even when
the halt indicator is on to signal an
error condition,
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If H1 turns on as a result of the operation
in line 01, this operation is not performed.

Figure 101. One Halt Indicator Testing for Two Conditions
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1P (FIRST PAGE INDICATOR)

Use the first page indicator to condition those lines which
are to be printed on only the first page. These lines are
usually heading lines. Data is provided for lines conditioned
by the 1P indicator by constants entered in columns 45-70
of the output specifications sheet.

All lines conditioned by the 1P indicator are printed even
before the first record from input file is processed. There-
fore, do not condition output fields which are based upon
data from input records by the 1P indicator. You get
meaningless output if you do.

Calculation operations cannot be conditioned by the 1P
indicator. This indicator is on at the beginning of the pro-
gram and turns off after the detail output has been per-
formed on the first page output.

MR (MATCHING RECORD INDICATOR)

Use the MR indicator to condition calculation and output
operations which are to be done only when records match.
The MR indicator turns on when a primary file record
matches any secondary file record on the basis of the match-
ing fields indicated by M1-M9. The matching record
indicator is always set to reflect the match or nonmatch
condition before any detail calculation operations are
performed. If all primary file records match all secondary
file records, the MR indicator is always on.

When a control level indicator {L1-L9) is specified in
columns 7-8 (total time) and MR is specified in columns
9-17, MR indicates the matching condition of the previous
record and not the one just read that caused the control
break. After all operations conditioned by control level
indicators (specified in columns 7-8 of the calculation
specifications sheet) are done, MR then indicates the match-
ing condition of the record just read.

If record types are read for which no matching fields are
specified, they are processed immediately as if they belong
to the same match group as the record previously processed.
MR is always off for these types.

0A-0G, OV (OVERFLOW INDICATORS)

Use overflow indicators for printer files. Use them primar-
ily to condition the printing of heading lines. If you use an
overflow indicator to condition output lines, you must
assign an overflow indicator to the printer file on the file
description specifications sheet (columns 33-34). This same
indicator must then condition all lines that are to be written
only when overflow occurs. -

If the destination of a space/skip or print operation falls
within the form overflow area, the overflow indicator is
turned on and remains on until all overflow lines are
printed. However, if a skip is specified that advances the
form past the overflow line to the first line or past the
first line on a new page, the overflow indicator does not
turn on. Certainly you do not want the overflow indica-
tor on to signal a need for a new page when you just
skipped to a new page.

If an overflow indicator is used as a conditioning indicator,
it indicates that output is to be performed at overflow:
time. This applies regardless of whether or not the line
conditioned by the indicator is in an AND or OR relation-
ship with other indicators.

When an overflow indicator is used, a forms skip specifica-
tion usually is made on the first line conditioned by an
overflow indicator. Otherwise, forms do not advance.
Remember, they advance automatically if you do not use
overflow indicators.

The overflow indicator can be set by the SETON or SETOF
operation code. After all total records are written, however,
the indicator is set as it normally is in accord with the
overflow line. See Overflow Indicators in this section for
further information.

L1-L9 (CONTROL LEVEL INDICATORS)

Control level indicators signal when a change in a control
field has occurred. Because they turn on when the informa-
tion in a control field changes, they can condition opera-
tions (such as finding totals) that are to be performed only
when all records having the same information in the
control field have been read. They can also be used to
condition total printing (last record of a control group),
or to condition detail printing (first record in a control
group). Control level indicators always turn on after

the first record of a control group is read. Control level
indicators can be used in three different types of specifica-
tions: input, calculation, and output.

Input Specifications

If a control level indicator is entered in columns 59-60 of
this sheet, the field described in columns 53-58 is a
control field. This means that the field on each record
read is matched against the same field on the previous
record. If the information is not the same, the control
level indicator turns on. All lower level indicators turn
on when a higher level indicator turns on. For example,
if L8 turns on, L1-L7 also turn on.
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When a control level indicator is used on the input specifi-
cations sheet in columns 63-64 (field record relation), the
data from the field named in columns 53-58 is accepted
and used only when the control level indicator is on.

If record types without a control field are read, they are
treated as if they belong to the same control group as

the preceding record. No control level indicator is set for
them. Control level indicators can also be used to establish
field record relations. See Columns 63-64 (Field Record
Relation) under Input Specifications.

Calculation Specifications

When a control level indicator is entered in columns 7-8 of
this sheet (total calculations), it conditions the operation
so that it is done only when a control field changes. If
any control level indicator appears in columns 9-17 (detail
calculations), the operation is done only on the first
record of a new control group.

A control level indicator can be turned on or off by
operation codes SETON and SETOF. However, these
operations do not cause all control level indicators lower
than the one specified to turn on or off. For example, when
L2 is set on, L1 does not automatically turn on.

Output Specifications

Control level indicators entered in columns 23-31 of this
sheet specify when output records are written:

® |f the control level indicator is entered along witha T
in column 15 and no overflow indicator is used, the
record is written only after the last record of a control
group is processed.

® |f the indicator is entered along with an H or D in
column 15 and no overflow indicator is used, the
record is written only after the first record of the
new control group is processed.

® |f the control level indicator is entered along with an
overflow indicator, the record is written after the
overflow line is sensed (provided a control break has
also occurred).

210

LO INDICATOR

The LO indicator is never assigned, but it is always
automatically on. It is normally used only in columns 7-8
of the calculation specifications sheet to specify that the
calculation is to be done at total time.

LR (LAST RECORD INDICATOR)

Use the LR indicator to condition all operations that are
to be done only at the end of the job. For disk or console
files, the LR indicator is normally turned on when the last
record is detected. No record identifying indicators can
be on while last record processing is performed for these
files. When LR is turned on, all other control level
indicators (L1-L9) used also turn on automatically.

For keyboard files, the LR indicator must be turned on at
the appropriate time in calculation specifications. Record
identifying indicators may be on while last record proces-
sing is performed for these files. When LR is turned on in
detail calculations, all other control level indicators are
automatically turned on at the beginning of the next cycle.

Do not specify an LO-L9 indicator in an OR relationship
with an LR indicator. If you do, the specified operations
are done twice at LR time.

In System/32 RPG 11, all total lines conditioned by LR are
performed last. The job ends after all total records are
written. The LR indicator cannot be turned off by a
SETOF operation.

U1-U8 (EXTERNAL INDICATORS)

Indicators U1-U8 are external indicators. This means they
are normally set prior to processing by an operation control
language (OCL) statement. Their setting can be changed
during processing, allowing the program to alter the status
of these indicators.

You can use these indicators as file conditioning indicators.
They tell whether or not a certain file is to be used for a
job. For example, you may have a job which one time
requires the use of two output (or input) files and another
time the use of only one.

Instead of writing two different programs (one using one
file, the other two), you can condition a file (in columns
71-72 of the file description specifications sheet) by an
external indicator. When the indicator is on, the file is
used; when it is off, the file is not used.



If a file is conditioned by an external indicator, all output
data handled by the file must also be conditioned by the
same indicator. Any calculation operations which are not
done when the file is not in use should also be conditioned
by the same indicator.

In addition to using these indicators as file conditioning
indicators, you can use them:

® To condition calculation operations.
-® To condition output operations.

® As field record relation indicators (columns 63-64 of
the input specifications sheet).

Indicators
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An RPG Il program processes one record at a time.
Normally only the information from the record being
processed is available for use. However, the RPG |l look
ahead function enables you to use information from
records that follow the one being processed. The fields
containing the information are called look ahead fields.

LOOK AHEAD FIELDS

Look ahead can be used only with input or update files.
Chained files and demand files cannot use look ahead.
To use look ahead, you must describe the look ahead
fields and reference them as you do normal fields. You
can describe any or all of the fields in a record as look
ahead fields. The description applies to all records in the
file, regardless of their type. All record types should
contain the same look ahead fields. (The specifications
for describing the fields are given later.)

Look ahead fields always apply to the next record in the
file provided the file is not an update file. Thus, if you
want to use information both before and after the record

is selected for processing, you must describe the field
twice, once as a look ahead field and once as a normal field.

For update files the look ahead fields apply to the next
record in the file only if the current record selected for
processing was read from another file. Therefore, when you
are reading from only one file and the file is an update file,
look ahead fields always apply to the current record and
contain the same information as a normal field.

Figure 102 shows the processing of three records from
two input files, one primary and one secondary. The first
record from each file is read (Figure 102, insert A). In
Figure 102, insert B, record P1 is selected for processing;
in Figure 102, insert C, record P2; and in Figure 102,

Chapter 2. Look Ahead

insert D, record S1. The records available for look ahead
during the processing of these records are:

Records Being Records Available For

Processed Look Ahead
P1 P2 and S1
P2 P3 and S1
S1 P3 and S2

In general, when the record being processed is from an
input file, the next record in the input file is available

as are the records which were read, but not selected from
the other files.

Figure 103 shows the same files as Figure 102 with one
exception: the primary file is an update file. The records
available for look ahead during the processing of the three
records are:

Records Being  Records Available For

Processed Look Ahead
U1 U1 and S1
U2 U2 and S1
S1 U3 and S2

In general, when the record being processed is from an
update file, only the records which were read, but not
selected from the other files, are available for look ahead.
The next record from the update file is not read until after
the current record is processed. Therefore, the next record
from the update file is not available for look ahead.

After the last record from a file is processed, every look
ahead field for the file is automatically filled with 9s. For
example, a field three record positions long contains 999.
The 9s remain in the fields until the job ends. Note also
that blank after (B in column 39 of the output specifica-
tions sheet) cannot be used with look ahead fields.
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Figure 102 (Part 1 of 2). Available Records: Two Input Files
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Figure 102 (Part 2 of 2). Available Records: Two Input Files
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UPDATE FILE (Primary File) SECONDARY FILE
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Figure 103 (Part 1 of 3). Available Records: One Input File, One Update File
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Figure 103 (Part 2 of 3). Available Records: One Input File, One Update File
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SPECIFICATIONS

You can describe any or all of the fields in a record as look
ahead fields. The description applies to all records in the
file, regardless of their type. Look ahead fields must not
be described for chained files or demand files and they
must not be used as array fields. Describe look ahead
fields on the input specifications sheet before or after
the field descriptions for any of the records in the file.
To indicate that look ahead fields are described in the
following specification lines, enter ** in columns 19-20
of a specification line. Enter any alphabetic characters
in columns 15-16 of that specification line. Leave
columns 7-14, 17-18, and 21-74 blank.

Describe the look ahead fields on separate lines
immediately following the ** line (as shown in Figure 104,
insert B). Describe each field as follows:

® Leave columns 7-43 blank.

® In columns 44-51, identify the record positions in which
the field is located.

e |f the field is numeric, enter the number of digits to
the right of the decimal point in column 52, If the
field is not numeric, leave column 52 blank.

® In columns 53-58, identify the look ahead field by
name. If the field is also one of your normal fields,
be sure to use a different name here. Use this name
to refer to the look ahead field.

® Leave columns 59-74 blank.

EXAMPLE

Figure 104 shows a job which reads records from two disk
files. The primary file is named PRIMARY: the secondary
file, SECONDRY. If a record from the primary file
matches one from the secondary file, the information in
positions 1-10 of the secondary file record is placed in
positions 31-40 of the primary file record. When there is
no match, a 6 is placed in position 1 of the primary file
record. The 6 indicates an unmatched record in the
primary file.

Because the primary file record is processed first when: it
matches a secondary file record, the information from the
secondary file can only be made available by using a laok
ahead field.

®

Figure 104 (Part 1 of 2). Look Ahead Fields
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Multifile processing applies to programs that read records
from a primary file and one or more secondary files. It
is the name given to the methods by which the programs
select records for processing. The method used depends
upon whether or not match fields are used in the records.

NO MATCH FIELDS

When no match fields are used, records are selected from
one file at a time. When the records from one file are all
processed, the records from next file are selected. The
files are chosen in this order:

1. Primary file.

2, Secondary files in the order in which they are
described by the file description specifications.

MATCH FIELDS

When match fields are used, records are selected according
to the contents of the match fields. One record is read
from every file, and the match fields in the records are
compared. |f 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 with the
highest match field is selected.

When a record is selected from a file, the next record from
the file is read. At the beginning of the next program
cycle, the new record is compared with the other records
in the read area which are waiting for selection, and one is
selected.

Records without match fields can be included in the files.
Such records are selected before records with match

fields. 1f two or more of the records being compared have
no match fields, selection of those records is determined by
the priority of the files from which the records came. The
priority of files is:

1. Primary file.

2, Secondary files in the order in which they are
described by the file description specifications.

Chapter 3. Multifile Processing

When the primary record matches one or more of the
secondary records, the MR {matching record) indicator
is turned on. The indicator can condition calculations or
output for the record that is selected. When one of the
matching records must be selected, the selection is
determined by the priority of the files from which the
records came.

Figure 105 shows when the MR indicator is turned on
during the RPG Il cycle. For more information on the
RPG |l cycle, see Part 2, Chapter 6, RPG /1 Object Program
Logic (Detailed).

EXAMPLE

Figures 106-108 show the order of record selection from
three files using match fields. In Figure 106, the file
description specifications sheet shows a primary file and
two secondary files.

On the input specifications sheet, two record types are
described for each file: one type has a match field
assigned match value M1, in the other type the field in

the same position is not used as a match field. Figure 107,
part 1, shows all the records from the three files. The
circled numbers represent the order of selection for the

26 records shown.

Figure 107, part 2, provides a summary of the 26 cycles
required to process the records shown in Figure 107,
part 1. The summary tells what file is being processed in
each cycle, the indicators that are on for the cycle, and a
brief explanation of why a particular record was selected.

in Figure 108 a more thorough explanation is given for
the selection of the first 10 records from the disk files
shown in Figure 107, part 1. The reasons for selection of
these 10 records cover most of the situations involved in
multifile processing.
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Figure 106. Match Field Specifications for Three Disk Files
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The records from the three disk files are selected

in the order indicated by the circled numbers.

Figure 107 (Part 1 of 2). Normal Record Selection from Three Disk Files
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Cycle File Processed Indicators On Reason for Record Selection

1 PRIMARY 02 No match field specified
2 PRIMARY 02 No match field specified
3 FIRST SEC 04 No match field specified
4 SEC SEC 05 Second secondary low

No primary match
5 PRIMARY 01, MR Primary matches first secondary
6 PRIMARY 01, MR Primary matches first secondary
7 FIRST SEC 03, MR First secondary matches primary
8 FIRST SEC 03 First secondary low

No primary match
9 FIRST SEC 03 First secondary low

No primary match
10 SEC SEC 05 Second secondary low

No primary match
11 PRIMARY 01 Primary low

No secondary match
12 PRIMARY 01, MR Primary matches second secondary
13 PRIMARY 02 No match field specified
14 SEC SEC 05, MR Second secondary matches primary
15 SEC SEC 05, MR Second secondary matches primary
16 SEC SEC 06 No match field specified
17 PRIMARY 01, MR Primary matches both secondary files
18 FIRST SEC 03, MR First secondary matches primary
19 FIRST SEC 04 No match field specified
20 SEC SEC 05, MR Second secondary matches primary
21 FIRST SEC 03 First secondary low

No primary match
22 PRIMARY 01, MR Primary matches both secondary files
23 FIRST SEC 03, MR First secondary matches primary
24 FIRST SEC 03, MR First secondary matches primary
25 SEC SEC 05, MR Second secondary matches primary
26 SEC SEC 05, MR Second secondary tnatches primary

Figure 107 (Part 2 of 2). Normal Record Selection from Three Disk Files
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Step

The first record from each file is
read. The P and S records have no
match field, so they are processed
before the T record which has a
match field. Because the P record
comes from the primary file, it is
selected for processing first.

Step

The next P record is read. It con-
tains no match field, and comes
from the primary file, so the new
P record is also selected for pro-
cessing before the S record.

Step

The next P record read has a
match field. The S record has
no match field, so it is selected
for processing.

Step

S 20

The next S record is read. All
three records have match fields.
Because the value in the match
field of the T record is lower
than the value in the other two,
the T record is selected for
processing.

The next T record is read. The

matching P and S records both have
the low match field value, so they
are processed before the T record.
Since the matching P record comes
from the primary file, it.is selected
for processing first.

S 20 T 30
Step

Figure 108 (Part 1 of 2). Normal Record Selection from Three Disk Files
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Step

6
P 20 S 20 T 30 The next P record is read. Because it
contains the same match field and
comes from the primary file, the new
P record is selected instead of the S
record.
P 40 T 30 The next P record is read. The value
s;” of the match field in the S record is
the lowest of the three, so the S
record is selected for processing.
The next S record is read. Because
P 40 s 30 T 30 the S and T records match and have the
lowest match field, they are selected
Staep before the P record. Because the S
record comes from the first secondary
file, it is selected for processing before
the T record.
P 40 T 30 The next Srecord is read. Because it
Step also has the same match field as the
8 S record just selected, it too is selec-
ted before the T record.
P 40 S 60 T 30 The next Srecord is read. The T
St::)p record contains the lowest match’

Figure 108 (Part 2 of 2). Normal Record Selection from Three Disk Files

field value, and is selected for
processing.
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You are able to perform many different types of operations
on your data using the RPG |1 language. Special codes are
set up which indicate the operation to be performed.
Usually these are just abbreviations of the name of the
operation. You must use these codes to specify the opera-
tion to be performed.

Operations can be divided into 12 categories; all codes

in each category are explained in this section. Examples
are also given for many codes. Figure 109 provides a
summary of the operation codes. It also shows what other
specifications need to be used with each code.

ARITHMETIC OPERATIONS

Arithmetic operations can be performed only on numeric
fields or literals. The result field must also be numeric.
Decimal alignment is performed for all arithmetic opera-
tions. Even though truncation may occur, the position of
the decimal point in the result field is not affected. For
arithmetic operations in which all three fields are used:

® Factor 1, factor 2, and the result field may all be
different fields.

® Factor 1, factor 2, and the result field may all be the
same field.

® Factor 1 and factor 2 may be the same field but
different from the result field.

® Eijther factor 1 or factor 2 may be the same as the
result field.

The length of any field involved in an arithmetic operation
cannot exceed 15 characters. If the result exceeds 15
characters, characters may be dropped from either or both
ends depending on the location of the decimal point. The
results of all operations are signed (+ or -). Any data
placed in the result field replaces the data that was there
previously.

Chapter 4. Operation Codes

Add (ADD)

Factor 2 is added to factor 1. The sum is placed in the
result field. Factor 1 and factor 2 are not changed by
the operation.

Zero and Add (Z-ADD)

Factor 2 is added to a field of zeros. The sum is placed
in the result field. Factor 1 is not used.

Subtract (SUB)

Factor 2 is subtracted from factor 1. The difference is
placed in the result field. Factor 1 and factor 2 are not
changed by the operation.

Note: Subtracting two fields which are the same is a
method of setting the result field to zero.

Zero and Subtract (Z-SUB)

Factor 2 is subtracted from a field of zeros. The difference
is placed in the result field. This actually places the nega-
tive of factor 2 in the result field. This operation can be
used to change the sign of a field. Factor 1 is not used.

Multiply (MULT)

Factor 1 is multiplied by factor 2. The product is then
placed in the result field. Factor 1 and factor 2 are not
changed. You must be sure the result field is large enough
to hold the product. To determine the minimum result
field length, use this rule: result field length equals the
tength of factor 1 plus the length of factor 2 plus one.
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Operation  _ £ - « - 4 4
oo £5 5 5 5 %o o8 E2 % %8
Type of . . (Columns E: § % & 2z st g 2 5% 8%
Operation Function of Operation 28-32) 8 - E £ &£ gir &3 & I 3 o« =
Arithrnetic Add factor 2 to factor 1. ADD O O R R R (0] (o) (o] (o]
Operations Clear result field and add factor 2. Z-ADD O O B R R (0] (o] (0] o]
Subtract factor 2 from factor 1. SsuUB O O R R R 0 (0] 0 (o)
Clear result field and subtract factor 2. 2-suB O O B R R (0] (0] (0] (0]
Multiply factor 1 by factor 2. MULT O O R R R (o) (o] 0 (0]
Divide factor 1 by factor 2 DIv O O R R R (0] 0 (o] (o]
Move remainder of preceding division to a MVR O O B B R 0 (o) (o] 0
result field.
Sum elements of an array and put sum in XFOOT O O B R R (o] (o] (o] (o]
result field.
Derive the square root of factor 2. SQRT O O B R R 0 o) lo) B
Move Move factor 2 into result field, right-justified. MOVE 0O O B R R (o) (o) B B
Operation Move factor 2 into result field, left-justified,. = MOVEL O O B R R 0] 0 B B
Move factor 2 into result field, left-justified. = MOVEA 0O O B R R (0] B B B
Move Zone Move zone from low-order position of MLLZO O O B R R (0] (0] B B
Operations factor 2 to low-order position of result field.
Move zone from high-order position of MHHZO O O B R R o B B B
alphameric factor 2 to high-order of alpha-
meric result field.
Move zone from low-order position of factor 2 MLHZO O O B R R (0] B B B
to high-order position of alphameric result
field.
Move zone from high-order position of MHLZO O O B R R (o] (o] B B8
alphameric factor 2 to low-order position
of result field.
Compare Compare factor 1 to factor 2. comp O O R R B B B B R
and Zone Identify the zone in the leftmost position of TESTZ 0 O B B R (e} B B R
Testing an alphameric result field.
Operations
Bit Operations Set on specified bits. BITON O O B R R (0] B B B
Set off specified bits. BITOF O O B R R (o] B B B
Test specified bits. TESTB O O B R R (0] B B R
Setting Set one, two, or three specific indicators on. SETON O O B B B B B B R
Indicators Set one, two, or three specific indicators off. SETOF O O B B B B B B R
Branching Branch to another RPG Il calculation GOTO O O B R B B B B B
Within specification line.
RPG |1 Identify the name in factor 1 as a destination TAG O B R B B B B B B
labe! to which GOTO may branch.
Branching to Branch to user-written assembler subroutine. EXIT O O B R B B B B8 B
External Transfer data to user-written assembler sub- RLABL B B B B R (0] 0 B B
Subroutines routine.
Look up Table look up. LOKUP O O R R (o] (o] (o] B R
Operations Array look up. LOKUP O O R R B B B8 B R

Figure 109 (Part 1 of 2). Operation Codes
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Operation £ - « =c 25
Code [ ® = P £ o £ =7
Type of Commns £3 3 2 % 33 3B £z .3 33
Operation Function of Operation 28-32) S 5 2 og & |¥ & &©3 g e £3 <= 4
Subroutine Beginning of the subroutine. BEGSR ! B R B B B B B B
End of the subroutine. ENDSR ' B o B B B B B B
Call to execute the subroutine. EXSR O O B R B B B B B
Program Pause for input data from keyboard. KEYnn? O O O &8 R (0] (o] B 0
Control of Control of console buffer clear and command SETnn2 O O O O B B B B 0
Input and key specification.
Output Call for immediate input. READ O O B R B B B B 3
Forcing record to be read on next cycle. FORCE B O B R B B B B B
Forcing output printing. EXCPT O O B B B B B B B
Sets lower limits for indexed sequential files SETLL O O R R B B B B B
being processed within limits.
A record is read from a disk file. CHAIN O O R R B B B 8 4
Debug Aid in finding programming errors. DEBUG O O O R 0 B B B B
Function :
O — Optional
R — Required
B — Blank

! Columns 7-8 must have an SR entry for all subroutine lines.

2The nn entries in columns 31-32 are for message indicator (MIC) numbers.

3Columns 58-59 may contain an indicator for this operation; columns 54-57 must be blank.

‘A resulting indicator should be entered in columns 54-55; columns 56-59 must be blank.

Figure 109 (Part 2 of 2). Operation Codes
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Divide {DIV)

Factor 1 (dividend) is divided by factor 2 (divisor). The
quotient (result) is placed in the result field. Factor 1 and
factor 2 are not changed.

If factor 1 is 0, the result of the divide operation is O.
Factor 2 cannot be 0. If it is, the job stops immediately.
You can continue processing, however, by responding to
the halt. When processing is continued, the result and
remainder are set to zero.

Any remainder resulting from the divide operation is
lost uniess the move remainder operation (MVR) is
specified as the next operation. If move remainder is
the next operation, the result of the divide operation
cannot be half-adjusted (rounded).

Move Remainder (MVR)

This operation moves the remainder from the previous
divide operation to a separate field hamed under result
field. Factor 1 and factor 2 must not be used. This
operation must immediately follow the divide operation.

The maximum length of the remainder (including
decimal positions) is 15. The number of significant decimal
positions is the greater of:

® The number of decimal positions in factor 1 of the
previous divide operation.

® The sum of the decimal positions in factor 2 and the
result field of the previous divide operation.

The maximum whole number positions in the remainder
is equal to the whole number positions in factor 2 of the
previous divide operation. Figure 110 shows the use of
the move remainder operation.

Figure 110. Move Remainder Opeoration
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Square Root (SQRT)

This operation derives the square root of the field named
in factor 2. The square root of factor 2 is placed in the
result field. Do not use factor 1.

A whole array can be used in a SQRT operation if factor 2
and result field contain array names.

The number of decimal places in the result field can be
either less than or greater than the number of decimal
places in factor 2. However, the result field should not
“have less than half the number of decimal places in
factor 2. The result of a SQRT operation is always half-
adjusted.

If the value of the factor 2 field is negative, the job halts.
You can continue processing by responding to the halt.

When processing is continued, the result field is set to zero.

Summing The Elements Of An Array (XFOOT)

This operation is used only on numeric arrays. 1t adds
all the elements of the array together and puts the sum
into a separate field specified as the result field. Factor 1
is not used. Factor 2 contains the name of the array.

MOVE OPERATIONS

Move operations move part or all of factor 2 to the result
field. Factor 2 remains unchanged, but the result field
is changed.

Factor 1 is not used in any move operations. It must
always be blank. No resulting indicators can be used.
Numeric fields can be changed to alphameric fields and
alphameric fields can be changed to numeric fields by the
move operations. To change a numeric field to an alpha-
meric field, place the name of the numeric field in the
factor 2 columns and use an alphameric result field. To
change an alphameric field to a numeric field, place the
name of the alphameric field in the factor 2 columns and
use a numeric result field.

When move operations are specified to move data into
numeric fields, decimal positions are ignored. For example,
if the data 1.00 is moved into a numeric field with one
decimal position, the result is 10.0.

Move (MOVE)

This operation causes characters from factor 2 to be
moved to the rightmost positions in the result field.
Moving starts with the rightmost characters.

If factor 2 is longer than the result field, the excess left-
most characters of factor 2 are not moved. If the result
field is longer than factor 2, the excess leftmost characters
in the result field are unchanged.

An alphameric field or constant can be changed into a
numeric field by moving it into a numeric field. When this
is specified, the digit portion of each character is converted
to its corresponding numeric character and then moved to
the result field. Blanks are transferred as zeros. However,
the zone portion of the rightmost alphameric character is
converted to a corresponding sign and is moved to the
rightmost position of the numeric field where it becomes
the sign of the field. A numeric field can also be changed
into an alphameric field by moving it into an alphameric
field. The MOVE operation is summarized in Figure 111.
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a. Alphameric

b. Alphameric

c. Numeric

d. Numeric

a. Alphameric

b. Alphameric

c. Numeric

d. Numeric

a. -Alphameric

b. Alphameric

¢. Numeric

d. Numeric

S+
]

(&, 8]
it

Factor 2
PP1H 4,8, Ny
|P|H|4|S|N|

IP1H; 4,8 Ny
P1H 4, S Ny

112,7,8,4 2

Factor 2 Shorter Than Result Field

5)

[1|2|7|8|4 2

5

11,2,7,8,4 2

5y

5)

Factor 2

|A,C,E|G,P,H,4.S|NJ

Result Field

+
Before MOVE Operation 112,3;4,5,6,7,8,4)
After MOVE Operation ¢1,2,3,4,P,H,;4,5|N,

+
Before MOVE Operation §112131415,6,718,14;
After MOVE Operation |1;213141718;41215]

Before MOVE Operation §1;2,3;4,5,6,7,8,9,
After MOVE Operation 1,2;112171814,2,5}

Before MOVE Operation y Ay Cy F1 G1P Hy4 SN,
After MOVE Operation |A|Cl1|2|7|8|4l215J

Factor 2 Longer Than Result Field

A C E\GPH 48N,y

IA|C|EIG|P|H|4ISINJ

AC E G PyH 4,5 Ny

|112I7I814l2|

5)

1,2,748,4,2,5,

I1|2|7|8|4|21

5,

0.2,7,8:4,2,

5)

Factor 2

P4H 4,5 N
P H 4 SNy

PyH 4,5, Ny
P H4,5, Ny

718:4,2,5
71814125

7,8,4,2,5,
7.8,4,2,5,

letter D

letter N

Figure 111. MOVE Operations
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Result Field

Before MOVE Operation |6;6,7,8,4
After MOVE Operation ) Pl HI 4l S| NI

+
Before MOVE Operation (5,6,7,814
After MOVE Operation { 7 1 8 1 4| 2 \ 5 |

Before MOVE Operation 15,6,7,4,8,
After MOVE Operation |7 1814,2,5;

Before MOVE Operation IPI HI 4l S 1 Nl
After MOVE Operation (7,8;4,2,5)

Factor 2 and Result Field Same Length

Result Field

Before MOVE Operation | 5,6, 7,8,4,
After MOVE Operation P, H,4,S N

Before MOVE Operation |5,6,7,84,
After MOVE Operation 7,8,4,2,5,

Before MOVE Operation |A, LT, 5, F )
After MOVE Operation | 7;,8,4,2,5,

Before MOVE Operation |A\L,T,5,F,
After MOVE Operation 7,8,4, 2, N,

Alphameric

Numeric

Numeric

Alphameric

Alphameric

Numeric

Numeric

Alphameric

Alphameric

Numeric

Numeric

Alphameric



Move Left (MOVEL)

This operation causes characters from factor 2 to be moved
to the leftmost positions in the result field. Moving begins
with the leftmost characters.

If factor 2 is longer than the result field, the excess right-
most characters of factor 2 are not moved. If the result
field is longer than factor 2, the excess rightmost characters
in the result field are unchanged. In this case the sign of a
numeric field is not changed either.

An alphameric field or constant can be changed into a
numeric field by moving it into a numeric result field.
When this is specified, the digit portion of each character
is converted to its corresponding numeric character and
then moved into the result field.

Blanks are transferred as zeros. If the rightmost character
is moved, the zone is also converted and used as the sign
of the field. When the rightmost character is not trans-
ferred, the zone is, nevertheless, still transferred and used
as the sign of the result field.

A numeric field can also be changed into an alphameric
field by moving it into an alphameric field. Both digit
and zone portions of the rightmost character are trans-
ferred if that character is to be moved. A summary of
rules for MOVEL transfers are as follows (Figure 112).

Factor 2 is the same length as the result field.

® Factor 2 and result field numeric: the sign is moved
with the rightmost position.

® Factor 2 numeric, result field alphameric: the sign is
moved with the rightmost position.

® Factor 2 alphameric, result field numeric: if the zone
from the rightmost position of factor 2 is a D (minus
zone), a minus zone is moved into the rightmost position
of the result field. If the zone from the rightmost
position of factor 2 is not a D, a positive zone is moved
into the rightmost position of the result field. Digit
portions are converted to their corresponding numeric
characters.

® Factor 2 and result field alphameric: all characters are
moved.

Factor 2 is longer than the result field.

Factor 2 and result field numeric: the sign from the
rightmost position of factor 2 is moved into the right-
most position of the result field.

Factor 2 numeric, result field alphameric: the result
field contains only numeric characters.

Factor 2 alphameric, result field numeric: if the zone
from the rightmost position of factor 2 is a D (minus
zone), a minus zone is moved into the rightmost
position of the result field. If the zone from the right-
most position of factor 2 is not a D, a positive zone is
moved into the rightmost position of the result field.
Other result field positions contain only numeric
characters.

Factor 2 and result field alphameric: only the number
of characters needed to fill the result field are moved.

Factor 2 is shorter than the result field.

Factor 2 either numeric or alphameric, result field
numeric: digit portion of factor 2 replaces the contents
of the leftmost positions of the result field. The sign:
in the rightmost position of the result field is not
changed.

Factor 2 either numeric or alphameric, result field
alphameric: characters in factor 2 replace the equivalent
number of leftmost positions in the result field. No
change is made in the zone of the rightmost position of
the result field.
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a. Numeric

b. Numeric

c. Alphameric

d. Alphameric

a. Numeric

b. Numeric

c. Alphameric

d. Alphameric

Numeric

Alphameric

Numeric

Alphameric

Factor 2

|7,8',4,2.§l

I7|8|4|2|5|
|7|8!4|2|5|

Before MOVEL Operation
After MOVEL Operation

Before MOVEL

17,8142, 5 (5-letter N)After MOVEL

Py H 45, N,
PrH 4,5 Ny

PiHi 4,5, Ny
PiH 4,5 Ny

Factor 2

Before MOVEL
After MOVEL

Before MOVEL
After MOVEL

Factor 2 Longer Then Result Field

10,0,0,0,0,8,4 ,,2,:%J Before MOVEL Operation

,0,0,070,0;8,4,2,5)After MOVEL Operation

19,0,3,1,7,8,4,2,5Before MOVEL

|9|0]311|718'4|2|54[Afte|'MOVEL

.B.R|W|C,X,H|4,S|NJBef0re MOVEL

|B|R|W|C|X|H|4|SLNJAfter MOVEL

(B, RyW;C, X H,4 S, N, Before MOVEL

(B, R,W,C, X H 4 S N After MOVEL

Factor 2

1718,4,2,5,
17,8,4,2,5,

Ly Py T 5Ny
4P Ty5, Ny

71814,2,5,
718,4,2,5,

C,P,T,5iN,

LCyP,T,5, N,

Figure 112. MOVEL Operations
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Factor 2 Shorter Than Result Field

Before MOVEL Operation
After MOVEL Operation

Before MOVEL
After MOVEL

Before MOVEL
After MOVEL

Before MOVEL
After MOVEL

Factor 2 and Result Field Same Length

Result Field

5,6,718,4,

|7|8|4|2| ]

ALK T4,D
|7|8|4|2|N|

o+

+
15,677,8,4;
7481412,5,

ALK Ti4,D,
PyHI415N,

Result Field

+
|5!6|7|8|4|
|010|0|O|0|

(A1K(T4,D,
19,0,3,1,7,
{+
(5,617,814,
2,916,317,

1A1KyT,4,D,
|B|R|W|C|X|

Result Field

+
1*3|0|9|4|3|,2|1|04

+
798,4,2,65,3,2,1,0,

143,0,9,4,3,2,1,0,
I3I7l3l5|5|3I2|1L0_l

BIRWC X Hi41S A,
718142 NHi4,S5,A,

By RIWIC X H4,S1A)
1C(P T,5 NH4,S1A,

The arrow ‘ between numbers indicates a decimal point.

Numeric

Alphameric

Numeric

Alphameric

Numeric

Alphameric

Numeric

Alphameric

Numeric

Numeric

Alphameric

Alphameric



MOVE ZONE OPERATIONS

These operations are used only to move the zone portion
of a character. There are four varieties of the move zone
operation (Figure 113).

Using a minus (-) sign in a move zone operation does not
yield a negative character in the result field, since minus
is represented by a X'60’ internally, and a D zone is
required for a negative character. Characters J-R have

D zone representations, and can be used to obtain a
negative value (J=X'D1’, ... ,R=X'D9).

Note: Whenever the word high is used, the field involved
must be alphameric; whenever Jow is used, the field
involved can be either alphameric or numeric.

Aphameric| | | ) | 4 |y |y | Factor2

| MLHZO
MHHZO 1 MLLZO
} MHLZO

Alphamericl 1 l | l | l LI | IResult Field

Nomerie |y Ly L al gy ] ractor

MLHZO
ﬁ'—/ l MLLZO
| l | J | I i ' | |Result Field

Alphamericl I I 1 I 1 I | | [JFactor2

Alphameric I

l MLLZO

MHLZO

nomeric L Lo Lo 1o [Y | Resutt Fietd

Numericl ( I | I | I i IJ IFactor2
MLLZO

Numericl 1 I | I | l | ] 1 IRes“'t Field

Figure 113. Function of Move Zone Operations

Move High to High Zone (MHHZO)

This operation moves the zone from the leftmost position
of factor 2 to the leftmost position of the result field.
Factor 2 and the result field must be alphameric.

Move High to Low Zone (MHLZO)

This operation moves the zone from the leftmost position
of factor 2 to the rightmost position of the result field.
Factor 2 can be only alphameric. The result field can be
either alphameric or numeric.

Move Low to Low Zone (MLLZO)

This operation moves the zone from the rightmost position
of factor 2 to the rightmost position of the result field.
Factor 2 and the result field can be either alphameric or
numeric.

Move Low to High Zone (MLHZO)

This operation moves the zone from the rightmost
position of factor 2 to the leftmost position of the result
field. Factor 2 can be numeric or alphameric, but the
result field can only be alphameric.

MOVE ARRAY OPERATION (MOVEA)

The MOVEA operation causes characters from the leftmost
positions of factor 2 to be moved to the leftmost positions
of the result field. The length of the move is determined
by the shorter of the lengths of factor 2 and the result
field. If factor 2 is longer than the result field, the excess
rightmost characters of factor 2 are not moved; if the
result field is longer than factor 2, the rightmost characters
in the result field are unchanged.

Factor 2 and/or the recult field must reference an alpha-
meric array; however, both cannot reference the same
array (regardless of whether the array is indexed). If a
field is used with the MOVEA operation, that field must
be defined as alphameric.
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The MOVEA operation makes it possible to:

® Move several contiguous array elements to a single field.

® Move a single field to several contiguous array elements.

® Move contiguous elements of one array to contiguous

elements of another array.

Movement of data starts with the first element of an array
(if the array is not indexed) or with the element referenced
(if the array is indexed). The movement of data is term-
inated when the last array element is moved or filled, or
when the number of characters moved equals the length

of the shorter field specified by factor 2 and the result
field. Note that this could cause the move to terminate

in the middle of an array element. Figure 114 illustrates
the use of the MOVEA operation.

RPG CALCULATION SPECIFICATIONS

Example: Array to array move.

No indexing; different length Punching | Graphic

Card Efectro |

Instruction Punch
arrays, same element length.

Operation

3 27128 29 30 31 32133 34 35 36 37 38 39 40 41

Factor 2

Result Field

ARRX

l1,2]3,4]5,6]7,8]9, 0]
—_

> One Element

—
l1,2]3,4]5,6]7, 89, 0]
L

R

Before
MOVEA

After
MOVEA

R TTT

ARRY

la,als,8lc,clp,plE E|F,F]

\.'V./
>One Element
e

l1.2]3,4]5,6]7,8]9,0]F,F|
A -

Figure 114 (Part 1 of 3). MOVEA Operation
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RPG CALCULATION SPECIFICATIONS
Example: Array to array move.

Index result field. Punching | G7aphic Card Etectro t

Instruction Punch

Result Field

Operation Factor 2

Leng

34 35 38 37 38 39 40 41 42]43 44 45 46 47 4849 50

B_27128 29 30 31 32|33

| [MOVE]
ARRX ARRY

|1 2|3 45 6|7 8|9 of “Bn"cf)‘:;EA |a ale 8lc c|o o|E E]
One Element One Element
Af
|1 2|3 4|5 6|7 8|9 o MOVEA |a AlB 8|1 2|3 4|5 6]

e

RPG CALCULATION SPECIFICATIONS
Example: Array to array move.

No indexing, different length  punching | Grevhic Card Eleciro 1
Insruction [ o
array elements.

Result Field

Operation Factor 2

i 27128 20 3031 32]33 34 35 36 37 38 39 40 41 42143 44 45 46 47 48]49 SO

ARRY ARRZ
Before
|1 2|3 4|5 6|7 8|9 0] vmovea |A A AlB B B|ccclpDp D
A ——g
One Element Aft One Element
|1 2|3 4|5 6|7 8|9 0] ovea |1 2 3/a 56|78 9]0 b D]
- — —

Example: Array to array move. RPG CALCULATION SPECIFICATIONS

Index factor 2, different length P P
array elements. tnsteuction [ pur

Result Field

Operation Factor 2

26 2728 29 30 31 32§33 34 35 36 37 38 39 40 41 4243 44 45 46 47 48|49 50

- OMERRRRYL M || @

|1 2|3 4|5 6|7 8|9 o zi;(UEA- |a A AlB B B|c c c|p D D

\w
?One Element >0ne Element

li 2|3 4|5 6|7 8|0 o fng(i;EA |7 8 9]0 8 8|c ¢ c|o b D

—C =

Figure 114 (Part 2 of 3). MOVEA Operation
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Example: Field to array move. RPG CALCULATION SPECIFICATIONS
No indexing on array.

Punching Graphic Card Electro
Instruction | Punch
Result Field
Operation Factor 2
Name Leng

6_‘27287930:“ 3233:\‘353&373839!0"4_2_'4344!5464746#950
VEAGAEE RIRY[ ][ |

) |

FIELDA ARRAY
[1 234567 “BA‘:;‘\’/'EA l[o 8 6|5 4 3|2 1 0|]A B ¢
One Element
After
123456 7| movea |1 23|45 6|7 10[a B ¢
N

\ Za

Example: Array to field move. RPG CALCULATION SPECIFICATIONS
Variable indexing.

Punching Graphic Card Electro !

Instruction Punch

Result Field

Operation Factor 2

Name Leng

6 27]28 28 30 31 32JJMJEMJ73&3‘404|42‘3M46464748LQSO
— —

OlVIENARIRX, Fil L

=z
]
w

ARRX FIELD
Before

lo,1]0,al0,2]0,8[0;3[0,c]  movea [0,7]0,A]
>OneE|ement

0 After
lo,1]0,Al0,2|0 BJ03Jo,c]  pvea  [0,2]9,8

\ 7

Figure 114 (Part 3 of 3). MOVEA Operation
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COMPARE AND TESTING OPERATIONS

These operations test fields for certain conditions. The
result of the test is shown by the resulting indicators
assigned in columns 54-59. No fields are changed by these
operations.

Compare (COMP)

This operation causes factor 1 to be compared with
factor 2. As a result of the compare, indicators are turned
on as follows:

High Factor 1 is greater than factor 2.
Low Factor 1 is less than factor 2.
Equal Factor 1 equals factor 2.

Factor 1 and factor 2 must either be both alphameric or
both numeric.

The fields are automatically aligned before they are
compared. If the fields are alphameric, they are aligned

to their leftmost character. If one is shorter, the unused
positions are filled with blanks (Figure 115). The maximum
field length for alphameric fields which are to be compared
is 256 characters.

€,€,€,C,C,C
: Equal Length

Alphameric Fields
c:€,Cc,C,C,C

€,€,€,C€,C€,C
Unequal Length

Alphameric Fields
1€41C,C bbb,

Figure 115. Comparision of Alphameric Fields

If the fields which are to be compared are numeric, they
are aligned according to the decimal point. Any missing
digits are filled with zeros (Figure 116). The maximum
field length for numeric fields which are to be compared
is 15 digits.

If an alternate collating sequence is defined, alphameric
fields are compared according to the alternate sequence.

Figure 117 shows some specifications for compare
operations.

Line 01: The contents of the field SLS69 (1969 sales)
are compared with the contents of SLS70. If 1969 sales
exceed 1970 sales, resulting indicator 21 turns on; if they
are less, indicator 26 turns on; if the two years had equal
sales, indicator 30 turns on.

Line 03: The alphameric constant OCTOBER is compared
against the contents of the field named MONTH (which
must also be defined as alphameric). If the MONTH field
does not contain the word OCTOBER, indicator 13

turns on; if it does, indicator 15 turns on after the compare
operation.

Line 05: The contents of the field named GRSPAY
{which must be defined as numeric) is decimal-aligned
with numeric constant 1250.00. If the value in field
GRSPAY is greater than or equal to 1250.00, indicator 04
turns on; if its value is less than 1250.00, indicator 05
turns on.

Line 07: The contents of the field NETPAY (which must
be defined as numeric) is decimal-aligned with numeric
constant 0 and then compared to it. If NETPAY is
greater than zero, indicator H1 remains off after the
compare operation. If NETPAY is zero or negative,
indicator H1 turns on.

L 1516171945
Equal Length

N ic Field
2.1,0.5,7,6 umeric Fields

0,0;1;7,.5,6
Unegual Length

Numeric Fields
2,514;3,.2,0

Figure 116. Comparison of Numeric Fields
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Figure 117. Compare Operations

Test Zone (TESTZ)

This operation tests the zone of the leftmost character in
the result field. The result field must be alphameric since
this operation can be done only on alphameric characters.
Resulting indicators are used to determine the results of
the test. The zone portion of characters &, A-l causes

the plus indicator to turn on. The zone portion of the
characters - (minus), J-R causes the minus indicator to
turn on. All other characters, when tested, cause the zero
indicator (columns 58-59) to turn on. Factor 1 and
factor 2 are not used in this operation. ’

BIT OPERATIONS

Three operation codes BITON, BITOF, and TESTB set
and test individual bits. You can use the individual bits
as switches in a program, thus allowing a saving of storage
for binary type switches.

Note: When using the BITON, BITOF, and TESTB
operations, any field named in factor 2 or result field

must be a 1-position alphameric field. A field is considered
alphameric if there are no entries in the decimal positions
columns on input or calculation specifications sheet.

242

RPG CALCULATION SPECIFICATIONS Form 62160892
IBM usiness Moching C
S -1 12 75 76 77 78 79 80
Program Punching Graphic 1 Card Electro Number o [D o Program
Programmer l Date Insteuction | o 0 ge _ e
. . Resulting
C o Indicators Result Field Indicators
3 l Arithmtic
= [ . Pius [Minusf z
3 g And  And Factor 1 Operation Factor 2 & |z s [Winus] Zero Comments
i § E < Name Length °s- 3 Compére
Line | >3 o —E§|>211<z[1-2
€ §: o 8 5 £ |« [Lookup(Factor 2}is
2[8 512 2 2 8|2 [Figh | Low [Eau
a4 slel7 sloloi1hi2[1]1a]vs]16]17]18 10 20 21 22 23 24 25 26 27]28 20 30 31 3_3}333435:3 37 38 39 40 41 42043 44 45 45 47 48]49 60 6152|5354 65|56 57)s0 salen 61 62 63 64 66 65 67 63 69 70 71 72 73 74
oft] Je S|LISl 1 IloMA] ISiL]s]7i0 1176130 |
of2 c
; I N
ofs| | OCTOBER' CIOMP| MONTH 1314131
ola| |e )
oo Je GRiSPAY oMP| [1250.19¢
oje [+
of7i fe 11 ME Y Comp | HLHL
o|s [4
oje Cc

Set Bit On (BITON)

This operation code causes bits identified in factor 2,

to turn on (set to 1) in a field named as the result field.
Factor 2 is always a source of bits for the result field.

The bits to be turned on can be entered as literals in

factor 2, or can be contained in a field named in factor 2.
If literal values are entered in factor 2, the bits to be turned
on are identified by the numbers 0-7 (0 is the first bit
number). The bit numbers must be enclosed by apos-
trophes, and the entry must begin in column 33. From

one to eight bits can be identified in factor 2 for a BITON
operation, If a field name is entered in factor 2, the field
must be a 1-position alphameric field. The bits that are

on in the factor 2 field are turned on in the result field.
The field in factor 2 can be an array element if each
element in the array is a 1-position alphameric element.
When factor 2 is a field name or array element, apostrophes
are not required, and the entry begins in column 33.

The result field is the field in which the bits are turned on.
The field named here must be a 1-position alphameric
field. The result field can be an array element, if each
element in the array is a 1-position alphameric element.
See Figure 118 for a summary of the BITON operation.

The operation code BITON must appear in columns 28-32.
Conditioning indicators can be used in columns 7-17, and
field length must be 1.

Factor 1, decimal positions, half adjust, and the resulting
indicator columns must be blank.



Form GX21-9093-2
Printed in U.S.A.

RPG CALCULATION SPECIFICATIONS

Business Machine

8 = T T
e bd Iy [ | | . L i I
= Q T 2 t = Y] T + -+
~ S | VT Q. i = ; I
- e { <<= =~ i Q =~ T ! I
~ @ 3 ~ Q. i ¢ P_Ul E\ i i ¢
3 H QW =3 T_IWEy > = R 1
H E Sl T~T g Qs s L T T
3 8 gy ~ W LWN LYaE] .
g% L a ~o T~ N >
g3 W< V W <] T < <O
| 3 U= <0 Ay N [AWL\Y] |
| g L Ty O <~ AN LA
5 5L~ =~ S22 UL L~ W<y N
~ ! g = [\\) W ~ITw ,Whl ) T
-m | g ..,m.msm =z WA TE] wuwm A, ‘, _
Py _m.m.m.lmhw,_tlnvl’ ~ M/ <t ; M x W i : 1
A E N E < SV H g2, < k=D ;
Ammmwwhwﬁlw > =X x>~ x ~J
e 1R g s A== Q A wWhkRIQ AI=0
gl 8E Q3 8] W S0 — i
. (H) 3snipv y1eH 3 ™~ ~J < 0 o= < ) T
m suontsod jewiosq B e Wl 1 W N~ | < |~ = U0 ] :
E s 5= = o= === = O~ — !
2 g 8~ T L2 Q 2 Q<X - [ !
g z 3 &) < =~ 2QQ W ~ WM :
3 i E , A R~ & | L I W< X :
8 E ° § W 0o O~ N ~ T %: [ = = 7
& E =~ 1)) "~ Vi =W~ O 0 = NS IR ‘
z qWis] B i~ S W2 & NN N~ W) T
B — <~ <~ L ~| - A Q< W N [
o 2 [y (oK YRR ) ) 1 xS < <t <
T~ j [S) W Ox = LIS JESNANY
[ (DI T =N IS :
s=Q b=l QS ; Q~vin :
~ =W 4’ ERE2IN T Ly ! !
) & =z BN ~ < < nd < IR > -
! 2 B[~ Q. | N X0 Q] < Qe = N = i
; w g QI ) W, VERRRR X WS S ~ X T !
,_ g/~ W ~ KW T ® W SQt] {0 & N& _
; = =X W NNV g QW= N B ,
2l e al<C - O~ ~ Q= W < V=W < - <
8 g < BIEY310) = — O = ¥ 0 =S = I
el kS s~ Q ! Q RN Q = Q QS g :
j £ m"W»D ~ OAHn ~ 1Q ,N?T | DMW“M, w = W ,
25 S 3 -~ ~ ~ -~ -~ ~ ~ : - ~ ~ ~
£5 M e © =~ LSS L VYR Y] S S S VL Y\
SE 82 W) T . <A T K~
== 5O ~ YW VW e [RT~ IS - L
N wEW W (W WV~ Pl
- u._w Q. Q= [NIY] OEE3LY r
5 & QS ~ Q- Q=& <<
| g X LY ~ N O ~ QX<
! * s[\Dl~ B << LS ] O~ =/~
! = |- 2 0O = O = =M =
i el ~] ]~ = . ~[w ~ =2 ~| Vel
EEIM =WV~ EJESIENILN) SIS
2 SO (@)1 = O 1S INIENENET
18| A 0[=Q S~ SWRM G ~ N [
o l_® IE NIL <S4 QD N0 [<[~[— SN[ T
S < HIS) x D Q QN[O ~ AT
3 sl [~ w o~ ) J<C W Wi S,
e o N o] TW\Yy > QI[N K<
< E = R JL W[ <[u) [ EELNLY
EEIGILT Il x| (=[N LY
N el (2] =8 EEIEILVIN [~
{HO/NV ‘HS 47 o
‘6707 237 jonuo SR SK EJESET EJESETE o I Al b
m adAluiod o]l o |0 |0 © volo|o o v|lojolo]o o olv|jo/o|lovlo]o olo| o ©
E|E ° B
§le O £ -

Figure 118. Summary of BITON Operations
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Set Bit Off (BITOF)

This operation code causes bits identified in factor 2, to
turn off (set to 0) in a field named under result field.

Factor 2 is always used as a source of bits for the result
field. The bits to be turned off can be entered as literals
in factor 2, or can be contained in a field named in
factor 2. If literal values are entered in factor 2, the bits
to be turned off are identified by the numbers 0-7 (0 is
the first bit number). The bit numbers must be enclosed
by apostrophes, and the entry must begin in column 33.
From one to eight bits can be specified in factor 2 for a
BITON operation. If a field name is entered in factor 2,
the field must be a 1-position alphameric field. The bits
that are on in the factor 2 field are turned off in the result
field. The field in factor 2 can be an array element if
each element in the array is a 1-position alphameric
element.
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When factor 2 is a field name or array element, apostrophes
are not required, and the entry begins in column 33.

The result field is the field in which the bits are turned off.
The field named here must be a 1-position alphameric
field. The result field can be an array element if each
element in the array is a 1-position alphameric element.
See Figure 119 for a summary of the BITOF operation.

The operation code BITOF must appear in columns 28-32.
Conditioning indicators can be used in columns 7-17, and
field length must be 1.

Factor 1, decimal positions, half adjust, and the resulting
indicator columns must be blank.
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Test Bit (TESTB)

This operation code causes bits identified in factor 2 to

be compared with corresponding bits in a field named as
the result field. The condition of the result field bits is
known by the use of resulting indicators in columns 54-59.

Factor 2 is always a source of bits for the comparison

with the result field. The bits to be tested can be entered
as literals in factor 2, or can be contained in a field named
in factor 2. If literal values are entered, the bits to be
compared are identified by the numbers 0-7 (0 is the first
bit number). The bit numbers must be enclosed by apos-
trophes, and the entry must begin in column 33. From

one to eight bits can be identified in factor 2 for a TESTB
operation. If a field name is entered in factor 2, the field
must be a 1-position alphameric field. The bits that are on
in the factor 2 field can be compared with corresponding
bits in the result field. The condition of the result field
bits is known by the use of resulting indicators in columns
54-59. The field in‘factor 2 can be an array element if each
element in the array is.a 1-position alphameric element.
When factor 2 is a field name or array element, apostrophes
are not required, and the entry begins in column 33.

The result field is the field which corresponding bits are
compared from the bits specified in factor 2. The result
field must be a 1-position alphameric field. This field can
be an array element if each element in the array is a
1-position alphameric field.
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See Figure 120 for a summary of the TESTB operation.
Indicators can be assigned in columns 54-59 to reflect the
status of the result field bits. At least one indicator should
be assigned, and as many as three can be assigned for one
operation. Two indicators can be the same for a TESTB
operation, but not three. A resulting indicator has the
following meanings for these columns:

Columns 54-55: An indicator in these columns turns on
if each literal bit specified in factor 2, or each bit that is
on in the factor 2 field is off in the result field.

Columns 56-57: An indicator in these columns turns on

if the literal bits specified in factor 2, or the bits that are
on in the factor 2 field are of mixed status (some on, some
off) in the result field.

Columns 58-59: An indicator in these columns turns on
if each literal bit specified in factor 2, or each bit that is
on in the factor 2 field is on in the result field.

The operation code TESTB must appear in columns 28-32.
Conditioning indicators can be used in columns 7-17, and
field length must be one. At least one resulting indicator
should be assigned in columns 54-59. As many as three
resulting indicators can be assigned, but not more than
two can be the same,

Factor 1, decimal positions, and the half-adjust columns
must be blank.
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Setting Indicators

These operation codes turn indicators off or on. Any
indicator to be turned on or off is specified in columns
54-59. The headings in the resulting indicators field

(plus or high, minus or fow, zero or equal) have no mean-
ing in these operations. When setting indicators, remember:

® The following indicators cannot be turned on by the
SETON operation: 1P, MR, LO, KA-KN, KP, KQ.

® The following indicators cannot be turned off by the
SETOF operation: 1P, MR, L0, and LR.

® |f the LR indicator is turned on by a SETON operation
which is conditioned with a control level indicator
(columns 7-8 of the calculation specifications sheet),
processing stops after all total output operations are
finished. If it is turned on by a SETON operation at
detail time (not conditioned by a control level
indicator in columns 7-8), processing stops after the
next total output operation is completed.

® |f the halt indicators (H1-H9) are set on and not turned
off before the detail output operations are complete,
the system stops. Processing can be continued by
responding to the halt for every halt indicator that
is on.

® Setting L1-L9 on or off does not automatically set any
lower control level indicators.

® |Indicators L1-L9 and the record identifying indicators
are always turned off after the next detail output
operations are completed regardless of the previous
set on or set off operation.

® Whenever a new record is read, record identifying
indicators (01-99) and field indicators are set to reflect
conditions on the new record. The setting from any
previous SETON or SETOF operation does not apply
then.

® if a numeric indicator (01-99) is SETON and not changed

in other calculations, it remains on until it is set off by
another calculation step.

Set On (SETON)

This operation causes any indicators in columns 54-59
to be turned on.

2-48

Set Off (SETOF)

This operation causes any indicators in columns 54-59 to
be turned off.

BRANCHING WITHIN RPG I

Operations are normally performed in the order that they
appear on the calculation specifications sheet. There may
be times, however, when you do not want the operations
performed in the order they are specified. For example,
you may wish to:

® Skip several operations when certain conditions occur.

® Perform certain operations for several, but not all,
record types.

® Perform several operations over and over again.

Go To (GOTO)

This operation allows you to skip instructions by specify-
ing some other instruction to go to. You can branch to an
earlier line or to a later specification line. You can branch
from a detail calculation line to another detail calculation
line, and you can branch from a total calculation line to
another total calculation line. You cannot branch from a
detail calculation line to a total calculation line or vice
versa. Neither can you branch from calculations condi-
tioned by LO-L9 to calculations conditioned by LR or
vice versa. (A total calculation line is defined as one
which is conditioned by a control level indicator in
columns 7-8 of calculation specifications sheet.)

Factor 2 must contain the name of the point to which you
want to go (identified by the label on a TAG statement).
The name in factor 2 is called a label. The label can be
from 1-6 characters long, and must begin in column 33
with an alphabetic character. The remaining characters
can be any combination of alphabetic or numeric char-
acters.

Blanks must not appear between characters in the label.
Factor 1 and the result field are not used in this operation.
The GOTO operation can be conditioned by any indicators.
If it is not conditioned, the operation is always done. See
Examples under Branching Operations for use of the GOTO
operations.



Tag (TAG) 2. If the branch is not taken in line 02, the multiplica-
tion in line 03 is performed. Then the branch to

The operation code names the point to which you are RTN1 (line 09) must be taken because this branch

branching in the GOTO operation. Factor 1 contains this is not conditioned by indicators.

label. The name must begin in column 18. The same

label cannot be used for more than one TAG instruction. 3.  Operations in lines 10-12 are then done. If the
operation in line 12 does not turn indicator 15 on,

Factor 2 and the result field are not used. No indicators a branch is taken backwards to RTN2 (line 05).

are to be entered in columns 9-17 for a TAG instruction.

Control level indicators must be used, however, if branch- 4, Operations then go in the order specified again from

ing is to occur only when the information in a control lines 06-12. Nothing is done in line 09 since TAG

field has changed. (See Examples under Branching only gives a name. These same operations are

Operations for use of the TAG operation.) performed again and again until 15 does turn on.

5.  When 15 is on, the branch to RTN2 is not taken.

Examples The TESTZ operation is then performed. If this
operation causes 20 to turn on, a branch is taken to

Example 1: Figure 121 shows how TAG and GOTO can line 17 (GOTO END). If 20 is not on, the operation

skip operations on certain conditions. in line 16 is done.

1. If the result of the subtraction in line 01 is minus

(indicator 10 is on), a branch is taken to RTN1
(routine 1) named by the TAG operation code in
line 09. Notice that both the GOTO (line 02) and
TAG (line 09) are not conditioned by control level
indicators.

RPG CALCULATION SPECIFICATIONS vty
!BM International Business Machine Corporation
Program Punching Graphic Card Efectro Number . [ilf]o’ rogram 75 76 77 78 79 80
Programmer lDate Instruction | pynch * —_ cati
C o Indicators Result Field :;:\e;i‘::‘::z‘r]s
3 & l | 2 Arithmetic
:ﬁ'g And And Factor 1 Operation Factor 2 % Z|Plus CM:““ Zero Comments
v ;ompare
Line .i! =i Name Length 12 glixzi<eli=3
El2 9] . - w % w |Lookup(Factor 2}is|
HEEE 2 2 &) E [igh [ Low [Equal
3 4 6{6]7 8 9101‘1213‘41516171319202|222314252627l2_879303|3233343535373839404\42‘3444546474849505'52 E555657E‘59MG16263648565676859707'7 73 74
o] e 1 T TIFl/ElLoa s EAEANE A Eledds] T Tslel [ 11 111 T T
0|2 |¢ by , Gloirlo| RITwiz| L ] |
MM 1| FILELIDB 1 a8 L SAVE _8)2] 4 1
ol e . G RTWIZL L L L L | INENE
ols| |c RITWI2 TAIG B ] | B
i e Some Calculation —- e 1 1 ' -
o7} j¢ : Operations L]
ols| |c I
ofs| |c - R T W\ Z | e 7 | i |
AL T Some Calculation = J A4 B
e . t rations L T G
12| Jc 15
INEIRG W 5] 1Gjoiri0 R|TWI2 B
1[e] fe TESITZ || Frielcoe] | 1] 128 | Rig| | I
1ls| ¢ 2 }_G o710 IEWD
¢ H\LIZIO|F|/ EILIPIC| | |/ E\L|IDID | |
c JEWD L{TAG INEN | 11
c
RS b L

Figure 121. Using GOTO and TAG (Skipping Operations)

Operation Codes 2-49



Example 2: Figure 122 shows how TAG and GOTO can
eliminate coding when several operations have to be
performed again and again. Assume you want to make
eight mailing labels for every customer you have. The

customer’s name and address are found on an input record.

Since you want to write eight labels for each record, you
have to use exception lines and the operation EXCPT,
(See Exception (EXCPT) under Programmed Control of
Input and Output for further information.)

The EXCPT operation can be coded as shown in Figure 122,
insert A. You have to write the EXCPT operation code
for every mailing label. However, by using branching, you
can code it all in five lines (Figure 122, insert B). An
EXCPT line is printed out. One is added to COUNT to
keep track of how many times the line is printed. Then
COUNT is compared to 8. If COUNT does not equal 8,

a branch is taken back to the beginning (GOTO DOAGIN).
If COUNT equals 8, the branch is not taken. Instead 8

is subtracted from the COUNT field so that it is zero for
the next cycle.
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BRANCHING TO EXTERNAL SUBROUTINES

Linkage from RPG |l to an assembler language subroutine
can be done using the EXIT and RLABL operations.
Control cannot be transferred from one user assembler
subroutine to another user assembler subroutine.

Exit to an External Subroutine (EXIT)

The EXIT operation code designates a point in the cal-
culation specifications where control is to be transferred
from RPG Il to an assembler language subroutine.

The rules for use of the EXIT operation RPG !l calculation
specifications are as follows:

Columns Entry
Operation (28-32) EXIT
Factor 1 (18-27) Blank
Factor 2 (33-42) The name of the subroutine to
which control is to be passed. The
name must consist of five or six
characters, the first four of which
are SUBR. The remaining char-
acters must be alphabetic for
user-written subroutines. (Numeric
characters are reserved for IBM-
supplied subroutines.) The module

name and entry point name must
be the same

Result field (43-48) Blank

Resulting indicators Blank
(54-59)

The EXIT operation can be conditioned by control level
entries (columns 7-8) and indicator entries (columns 9-17).
if not conditioned by control level entries, the EXIT
operation occurs at detail calculation time.

The position of the EXIT operation in the calculation
specifications of the RPG program determines when the
actual subroutine execution occurs (Figure 123).

A subroutine for a SPECIAL file can be used on an EXIT
calculation entry. It is the responsibility of the user to
keep track of the EXIT that he took. On an EXIT, index
register 2 does not point to the DTF.

L’osition

First detail line in Immediately following data

calculation specifications routine file, that is, after
data is extracted from
input record.

Execution of Subroutine J

Immediately before heading
records output time.

Last detail line in calcu-
lation specifications

Immediately following input
routine (after determination of
record type and testing for
control level break).

First total line in calcu-
lation specifications

Last total line in Immediately before total
calculation specifications records output time.

Any other detail/total Immediately following the

line in calculation previous calculation opera-
specifications tion.

Figure 123. Relationship Between Pasition of EXIT Operation
and Execution of Subroutine
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RPG Il Label (RLABL)

The RLABL operation allows the subroutine specified in
an EXIT operation to reference a field, table, array, or
indicator defined in the RPG 11 program. RLABL
operations must be specified immediately after the EXIT
operation which refers to the subroutine using the field,
table, array, or indicator in the RLABL statement. All
external subroutines become part of the root segment and
are not to be put into overlays.

The rules for use of RLABL in RPG il calculation
specifications are as follows:

Columns Entry

Operation (28-32) RLABL
Result field (43-48) Field, table or array name, or
indicator

Field length (49-51) Length of field (optional)
Decimal indication {optional)

Decimal positions
(52)

A name defined by a TAG, BEGSR, or ENDSR specifica-
tion cannot be used in an RLABL specification.

An assembler subroutine can reference indicators in the
RPG I program to which it is linked. When an indicator is
specified in an RLABL operation, you must use the form
1Nxx, where xx is the indicator to be transferred to the
subroutine. For example, if the MR indicator is to be
transferred to a subroutine, you must specify INMR as

the result field for the RLABL operation.

Only RLABL operations specifying a field or a table or

array name can have entries for field length (columns 49-51)
and decimal positions (column 52).

2-52

The following columns must be left blank in an RLABL
operation: columns 7-8 (control level), columns 9-17
(indicators), columns 18-27 (factor 1), columns 33-42
(factor 2), column 53 (half adjust), and columns 54-59
(resulting indicators).

Using RLABL Fields in the EXIT Routine

When linkage is #ffected from RPG Il to an assembler
subroutine, there are three possible entries in the result
field of the RLABL specification: field, table or array,
and indicator. Figure 124 shows the RPG i coding for
the linkages. (See RPG Linkage Sample Programs for
further examples.)

The subroutine can refer to a table or array defined in the
RPG Il program by utilizing the control field created for
that table or array. This control field, one of which is
created for each table or array built by the RPG Il program,
is in the following format:

Bytes Meaning

1-2 Rightmost address of the first entry
34 Rightmost address of the last entry
56 Initialized to rightmost address of first

entry; used at object time for rightmost
address of the last looked-up entry

7-8 Length of an entry

The subroutine can obtain the data retrieved from the
preceding LOKUP by using the address in bytes 5-6.

To access the table or array itself, the address in bytes 1-2
must be used. Data the subroutine uses is left unpacked.
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RPG Linkage Sample Programs

Sample Program 1

In this sample program, the RPG 1| coding uses the EXIT
operation code to effect linkage to the assembler language
subroutine SUBRA (Figure 125). The RLABL specification
names a field called HERE, into which SUBRA moves a
character A, When control is returned to the RPG II
program, a compare operation is performed to determine
which character was placed in the field HERE.

Sample Program 2

In this sample program, the RPG Il coding uses the EXIT
operation code to effect linkage to the assembler subroutine,
SUBRB (Figure 126). The first RLABL specification
names a table, TABB, and the second names an indicator,
IN44. The subroutine refers to both RLABL entries. It
first tests the indicator. If the indicator is off, control is
returned to the RPG il program. If the indicator is on,

a character C is moved into the last looked-up entry in the
table, TABB. When control is returned to the RPG 11
program, a compare operation is performed to see whether
or not the subroutine placed a C in TABB.

LOOK UP OPERATIONS (LOKUP)

Use look up operations when searching through a table or
an array to find a specific element. The LOKUP operation
code causes a search to be made for a particular item in a
table or array. The table or array is named in factor 2.
Factor 1 is the search word (data for which you want to
find a match in the table or array named). Factor 1, the
search word, can be:

® An alphameric or numeric constant

® A field name

® An array element

® A table name

2-54

Remember that when a table is named in factor 1, it refers
to the element of the table last selected in a LOKUP
operation, not to the whole table.

Resulting indicators are always used in connection with
LOKUP. They first indicate the type of search desired
and then reflect the result of the search. A resulting
indicator assigned to equal (columns 58-59) instructs the
program to search for an entry in the table or array equal
to the search word. The indicator turns on only if such an
entry is found. If there are several entries identical to the
search word, the first one that is encountered is selected.

An indicator assigned to low (columns 56-57) instructs
the program to locate an entry in the table that is nearest
to, yet lower in sequence than, the search word. The first
such entry found causes the indicator assigned to low to
turn on.

The indicator assigned to high (columns 54-55) instructs

the program to find the entry that is nearest to, yet higher
in sequence then, the search word. The first higher entry
found causes the indicator assigned to high to turn on.

In all cases the resulting indicator turns on only if the search
is successful.

At least one resulting indicator must be assigned, but no
more than two can be used. Resulting indicators can be
assigned to equal and high or to equal and low. The pro-
gram searches for an entry that satisfied either condition
with equal given precedence; that is, if no equal entry can
be found, the nearest lower or nearest higher entry is
selected. [f resulting indicators are assigned both to high
and low, the indicator assigned to low is ignored. When
using the LOKUP operation, remember:

® The search word and each table or array item must
have the same length and the same format (alphameric
or numeric).

® You can search on high, low, high and equal, or low
and equal only if your table or array is in sequence.

® No resulting indicator turns on if the entry searched
for is not found.
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Figure 125. RPG Il Coding for Sample Program 1
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LOKUP With One Table

When searching a single table, factor 1, factor 2, and at
least one resulting indicator must be specified. Condition-
ing indicators (specified in columns 7-17) can also be used.

Whenever a table item is found that satisfies the type of
search being made (equal, high, low), a copy of that table
item is placed in a special storage area. Every time a
search is successful, the newly found table item is placed
in this area, destroying what was there before. If the
search is not successful, no table item is placed in the
storage area. Instead, the area keeps the contents it had
before the unsuccessful search.

Resulting indicators reflect the result of the search. If

the indicator is on, showing a successful search, you know
that a copy of the item searched for is in the special storage
area.

LOKUP With Two Tables

When two related tables are used in a search, only one is
actually searched. When the search condition (high, low,
equal) is satisfied, the corresponding data items from both
tables are placed in their respective special storage areas
and are made available for use.

2-56

Factor 1 must be the search word and factor 2 must name
the table to be searched. The result field must name the
related table from which data is made available for use.
Resulting indicators must also be used. You can specify
conditioning indicators in columns 7-17 if needed.

The two tables involved should be the same length. If the
table that is searched is longer than its related table, it is
possible to satisfy the search condition. However, there
will not be a data table iterfi in the second table which
corresponds to the item found in the search table.
Unpredictable results may occur,

Note: Using a table name in an operation (other than
LOKUP) before a successful LOKUP occurs may lead to
unpredictable results, since you do not know what is in
the special storage area referenced by the table name.

In Figure 127, insert A, the related tables TABEMP and
TABPAY are read into storage. Assume that an input
record is read with 443 in the EMPNUM field. With 443

as the search word, the table TABEMP can be searched for
an equal entry. When the correct entry is found, the table
item 443 is moved into the special storage area for TABEMP,
At the same time, the corresponding item 268 is moved
into the special storage area for TABPAY. The contents of
the storage areas can now be referenced in subsequent cal-
culation operations by the appropriate table name. Insert B
of Figure 127 shows the coding needed to perform the
LOKUP operation described in insert A. 1t also shows how
to reference the contents of the special storage area after a
successful LOKUP operation.



TABEMP TABPAY TABEMP TABPAY

441 243 443 268
442 321 Special storage areas
443 268
444 272
445 310
446 411
443 is the
search word
RPG CALCULATION SPECIFICATIONS T porm GX31 20932
IBM Internationel Business Machine Corporation
Program punghing | Graphic Card Electro Number 12 rogram 75 76 77 78 79 8
Programmer I Date Instruction | pnen 4 D]o'—— et
N Indicators Result Field H:s;l::;gs
C g & [ I § l:r:hmstic
%g And And Factor 1 Operation Factor 2 E Ff P'“‘(lzr:::lzsm Comments
Line g ;: Name Length | %m
Elgal, o o . - jLookup{Factor 2}is
EEE 2 2 i &) [Wigh b Low [ Equsf .
3 4 6lef7 8l9oho[1112{1314]16|16]17]18 19 20 21 22 23 24 25 26 27|28 20 30 31 32{33 34 35 36 37 38 39 40 41 42 43444546474_81&_251 52 5351_{&_52575858 SOEE&J,&_‘_EQ&GSW 70 71 72 73 74
o] [e EMp[Nju LolulpTiABEMP TABPAN 9 |
ol2| |c
°*| |°ndl ITHIEL ABlo\VIEl o[P|ERIATILION| WILL |SEARCH [T %%qi FloR| AN [EINTIRIY| [THA[T
°l*] e ITo THIE| CONTIENTS| o|F| [THE HIELD INAMED| EMPINUM,| [TIF THEl CloRRECT]
°ls| [cpé TS| IFIOUIND] |TIN| TABEIMPL| @9 TURNIS| ON|,| IAND| TIHE [TABIEMP| |ENTIRY| |AND
ole| |opd |RELATIED] [ENTRY| (TN TABIPIAY] |ARE| MolvED] [INTO mhlETR| SIEPARATIE IsiTo
/7| |chel |AREAlS] i
0|8 c - 4 - - - L | 4
ol o HIRIsWxD| | | | MulLT| [Tl AlY T ] | e
1{o| |c
[ Jehd T qEQVE OPERATION WILL MulLTIPLY| MHE CONTENTS oF| THE FIELD NAMED
'12| lcidt [HIRISWIKID] [BYY] [TIHE| (CONITEINTIS| o|F THE ISP L. STORag,“gREA FOIR [TABPAIY.| [THE
13| lché ISPECTAIL| ISITORAGE! AREIA [FOR TABIPAN| (CONTAILINS| (THE [RESWLTIS| lolF [THE [LASTT
4] |© Siclciesis|FuL LOKUIP 10PIERIATIIION ITINVIOILIV] N|§ TIABIPIAY,
15| |e

®

Figure 127. LOKUP with Related Tables

Operation Codes  2-57



Referencing the Table Item Found in a LOKUP Operation

Whenever a table name is used in an operation other than
LOKUP, the table name really refers to the data placed in
the special table storage area by the last successful search.
Thus, by specifying the table name in this fashion, you can
use data items from a table in calculation operations.

If the table is used as factor 1 in a LOKUP operation,

the contents of the special table storage area is used as
the search word. In this way a data item from a table

can itself become a search word.

The table can also be used as the result field in operations
other than the LOKUP operation. In this case the contents
of the special table storage area is changed by the calcula-
tion operation. The corresponding table item in the table
in main storage is also changed. This is a way in which you
can modify the contents of the table by calculation
operations (Figure 128).

Example

Figures 129 through 132 show the use of the LOKUP
operation. Figure 129, insert A, shows the content of
four tables: table A, table B, table C, and table D (loaded
at compile time). Each table has five entries.

Figure 129, insert B, shows the extension specifications
for these tables. Tables A and B are described separately
and are, therefore, entered separately. Tables C and D
are related tables and are entered in alternating format on
the table input records. Figure 130 shows the order in
which the table input records are loaded into the system
at compile time.

Figure 131 shows 15 different LOKUP operations using
these four tables. The results of these operations are
shown in Figure 132. Figure 132 tells if the entry searched
for was found, and if so, what indicator is on to indicate
the result of the search and what item was taken from a
related table (when one is used),
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Figure 128. Referencing the Table Item Found in LOKUP Operation
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Table A
Table B
Table C
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®
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Specification | Entry | Indicator | Table Item Table Item
Line Number | Found | On Satisfying Used From
Search Related
Condition Table
01 Yes 01 32 28.70
02 Yes 02 05 02.12
03 Yes 03 08 47.15
04 Yes 05 08
05 Yes 07 08
06 No
07 No
08 Yes 10 32 GGG
09 Yes 12 08 LLL
10 Yes 14 NNN 8
11 Yes 15 GGG
12 No
13 Yes 17 LLL 3
14 Yes 18 2
15 No

Figure 132. Results of LOKUP Operations

Operation Codes
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Using the LOKUP Operation with Arrays

“The LOKUP specifications for arrays are the same as for
tables except that if factor 2 is an array, the result field
cannot be used. In addition, if the desired item is found,
it is not moved to a special holding area since these holding
areas are only associated with tables. Instead, the indica-
tors reflect only that the desired item is in the array; the
programmer does not have ready access to this item.

Example: Figure 133 shows two LOKUP operations per-
formed with an array. MANNOS, a 2100-element array
of employee numbers, is read in at execution-time from
file ARRFILE with six 10-position elements per record;
the array elements are in ascending order. Line 01 of
the calculation specifications sheet shows a LOKUP of
array MANNOS to find the element nearest to but
higher in sequence than the search word 100336. If this
desired element is found in the array, indicator 20 turns
on and the GOTO in line 02 is performed. Notice that
the result of this LOKUP indicates only whether or not
the desired element exists in the array.

262

Line 05 of the calculation specifications sheet shows
essentially the same LOKUP operation. Indicator 20
turns on when the first element higher in sequence than
100336 is found. Note, however, that in this LOKUP
operation, the array MANNOS is indexed by the field
INX. This index field was set to 1 in line 04 so the LOKUP
begins at the first element of MANNOS. If the desired
element is found, the number of this element (not its
contents) is placed in the field INX. In this way, the
actual element which satisfied the LOKUP can be used in
subsequent calculation operations, as in line 07. If no
element was found to satisfy the LOKUP, the field INX
is reset to 1. Refer to Starting the Search at a Particular
Array Item under Look Up Operations (LOKUP) for
more information on indexing an array in a LOKUP
operation.
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Figure 133. LOKUP with an Array
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Starting the Search at a Particular Array Item

It is possible, to save processing time, to start the LOKUP
search at a particular item in the array. This type of
search is indicated by additional entries in columns 33-42.
Enter the name of the array to be searched in these
columns followed by a comma and a numeric literal or
the name of a numeric field (with no decimal positions).
The numeric literal or numeric field tells the number of
the item at which you want to start the search (Figure 134).
This numeric literal or field is known as the index because
it points to a certain item in the array. All other columns
are used as previously described for the normal look up
operation.

The search starts at the specified item and continues until
the desired item is found or until the end of the array

is reached. When an index field is used, an unsuccessful
search causes the index field to contain the value of one.

If, however, an item is found which satisfies the conditions
of the LOKUP operation, the number of that array item
(counting from the first item) is placed in the index field.
A numeric literal used as an index is not changed to

reflect the result of the search.

Note: If aliteral or field index for an array is zero or
greater than the number of elements in the array, the
following results:

® For a literal index, a severe error occurs, and compila-
tion ceases.

® For a field index the job halts, allowing the operator .
to cancel or restart the program. If the program is
restarted, the field index is given a value of one.

RPG CALCULATION SPECIFICATIONS o a2

Figure 134. Array Look Up: Starting at a Particular Array ltem
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SUBROUTINE OPERATIONS

These operation codes are only used for subroutines.

See Subroutines under Branching to External Subroutines
for information on external subroutines. All subroutine
lines must be written on specification lines following all
operations conditioned by control level indicators specified
in columns 7-8. Subroutine lines are always identified by
an SR in columns 7-8.

Begin Subroutine (BEGSR)

This operation code serves as the beginning point of the
subroutine. Factor 1 must contain the name of the
subroutine.

End Subroutine (ENDSR)

This operation code must be the last statement of the
subroutine. It serves to define the end of the subroutine.
Factor 1 can contain a name. This name then serves as a
point to which you can branch by a GOTO statement with-
in the subroutine. The ENDSR operation ends the sub-
routine and automatically causes a branch back to the

next statement after the EXSR operation.

Note: Neither BEGSR operations nor ENDSR operations
can have conditioning indicators (columns 9-17).

Execute Subroutine (EXSR)

This operation causes operations in the subroutine to be
performed. EXSR can appear anywhere in the program.
Whenever it appears, the subroutine is executed. After
operations in the subroutine are done, the operation in
the line following the EXSR operation is performed.

This operation can be conditioned by any indicators,
meaning the subroutine is executed only when all condi-
tions are satisfied. Factor 2 must contain the name of the
subroutine that is to be executed. This same name must
appear on a BEGSR instruction. A subroutine must not
call itself.

PROGRAMMED CONTROL OF INPUT AND OUTPUT
The normal program cycle can be altered to allow input and
output operations during calculations. (See General RPG I/
Program Logic under Introduction for a brief description
of the program cycle.) The following operations provide
this capability:

® Exception (EXCPT)

® Read (READ)

® Force (FORCE)

® Chain (CHAIN)

e Key (KEY)

® Set (SET)

® Set lower limits (SETLL)
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Exception (EXCPT)

This operation allows records to be written during calcula-
tions. Use this primarily when you want to have a

variable number of similar or identical records (either
detail or total) written in one program cycle. (Remember
that normally only the exact number of records specified
by the output specifications are written on a file in one
program cycle.) For example, you might use EXCPT to
produce a variable number of identical mailing labels,

to write out contents.of a table, or to produce a number of
records having the same information.

When the EXCPT operation is used, EXCPT is entered

in columns 28-32. Columns 7-17 can also have entries.
All other columns must be blank. The line or lines which
are to be written during calculation time are indicated

by an E in column 15 of the output specifications sheet.
Figure 135 shows the use of the EXCPT operation to
produce a variable number of records on a printer file
having the same information.

Records in the input file have two fields, NAME and
COUNT. The NAME field is to be entered into a certain
number of records. That number is indicated in the
COUNT field.

2-66

The first calculation line compares COUNT to zero. if
COUNT is equal to zero, indicator 02 turns on and the
GOTO operation avoids further calculations. [f the
COUNT field is one or more, the EXCPT operation is
performed, and the exception record indicated by the E

in column 15 of the output specifications sheet is printed.
The field CONSEC is used to keep track of the number of
records printed. Each time an exception record is printed,
one is added to CONSEC. CONSEC is then compared with
COUNT, the field that tells how many records should be
printed. If they are not equal {indicator 20 is not on), a
branch is taken back to DOAGIN. Another record is
printed. One is added to CONSEC and CONSEC is
compared to COUNT. If these fields are equal, another
input record is read. If not, the same operations are done
again. Whenever CONSEC equals COUNT, enough records
are printed. CONSEC is then subtracted from itself,
making it zero. This last operation is necessary so that

an accurate count can be kept for the next record.
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Read (READ)

The read operation calls for immediate input from a
demand file during the calculation phase of the program
cycle. This operation differs from the force operation
because force calls for certain input on the next program
cycle, not the present one.

The operation code READ must appear in columns 28-32.

Factor 2 contains the name of the file from which a
record should be read immediately. An indicator can be
used in columns 58-569. An indicator specified in these
columns turns on when an end-of-file condition is reached
for the demand file, or on each READ operation after an
end-of-file condition is reached. If columns 58-59 are

left blank, a halt occurs on an end-of-file condition and
on subsequent read operations after the end-of-file
condition is reached. Indicators can be specified in
columns 7-17.

The following columns must remain blank for a READ
operation: columns 18-27 (factor 1), columns 43-48
{result field), columns 49-51 (field length), column 52
(decimal positions), column 53 (half adjust), and
columns 54-55 and 56-57 (resulting indicators).

The following files can appear as factor 2 in a READ
operation:

® Sequential disk files processed consecutively, and
specified as input or update files.

® |ndexed disk files processed sequentially by key, and
specified as input or update files.

® Indexed disk files processed sequentially by limits,
and specified as input or update files.

® Direct files processed consecutively as input or update
files.
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Remember these points when using the READ operation:

® All demand files, except those assigned to the KEYBORD,
must be processed by the READ operation.

® Control levels, matching fields, and look ahead fields
are not allowed with demand files.

® Numeric sequence testing on input specifications sheet
is not allowed for demand files.

® Columns 63-64 (field record relation) on input
specifications sheet cannot use the MR indicator for
demand files.

Note: When a program is doing multiple read operations
from one or more demand files during the same RPG ||
cycle, the record identifying indicators assigned to the

file or files remain on throughout the cycle if the previous
READ operations were executed successfully.

Force (FORCE)

FORCE statements enable you to select the file from which
the next record is to be taken for processing. They apply
to primary or secondary input and update files. The
FORCE operation cannot be used to read from files
assigned to the KEYBORD.

Factor 2 in a FORCE statement identifies the file from
which the next record is to be selected. If the statement
is executed, the record is read at the start of the next
program cycle. If more than one FORCE statement is
executed during the same program cycle, all but the last
is ignored. FORCE should not be specified at total time.

FORCE statements override the multifile processing
method by which the program normally selects records.
However, the first record to be processed is always
selected by the normal method. The remaining records
can be selected by FORCE statements.



Example: Figure 136 shows how the FORCE operation On the next cycle, the secondary file is selected as a

can be used to control input from primary and secondary result of the FORCE operation. Indicator 02 turns on.
files. In calculations, the SUB operation in line 02 is performed,
reducing the NBR field to zero. It is not negative so
Three disk files are defined: a primary file, a secondary indicator 03 is not on and the program moves to line 03.
file, and an output file. Each primary record has a Again, the FORCE operation calls for input from the
numeric field named NBR. This field contains the number secondary file on the next program cycle. In output
of secondary records to be written after each primary specifications, the fields from the secondary file are
record is read. If the field is zero, no primary or secondary written because indicator 02 is on.
records are written. |f the field contains a 2, for example,
then the primary record is to be written followed by two On the next cycle, the secondary file is again selected as
secondary records. When the correct amount of secondary aresult of the FORCE operation. Indicator 02 turns on.
records are written, the primary file is read again. In calculations, the NBR field is reduced by one, and is
now negative (-1). Indicator 03 turns on as a result of
When a primary record is read, indicator 01 turns on. In the negative condition, and the program moves to line 04.
calculations, NBR is compared to 0. If NBR is lower than In this line the FORCE operation calls for primary input:
or equal to 0, a halt occurs. No primary or secondary on the next cycle, since the requirements of two secondary
records are written. Processing begins with the next records written for the last primary record are met after
primary record, according to normal record selection. the present cycle. In output specifications, the fields
from the secondary record are written because indicator
Assume that the NBR field in the next primary record is 2. 02 is on. This is the second and last secondary record
This indicates that two secondary records are written written after the primary record was selected.
after the primary record is written. The SUB operation
in line 02 acts as a counter. The NBR field is reduced by On the next cycle, the primary file is selected as a result
one and tested. In this case, it is not negative. This of the last FORCE operation. The appropriate number
indicates that more than one secondary record is to be of secondary records are written for that primary record
written and the program moves to line 03. This FORCE using FORCE to control the input from the secondary
operation calls for input on the next program cycle from file.

the secondary file. Since indicator 03 is not on, line 04
is skipped. In the output specifications the fields are
written for the primary record because indicator 01 is on.
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Figure 136 (Part 1 of 2). FORCE Operation
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Chain (CHAIN)

The chain operation causes a record to be read from a
disk file during calculations. This operation allows one
record to be read in when the operation code CHAIN
appears in columns 28-32 of the calculation specifications
sheet. Factor 1 (columns 18-27) defines the record to be
selected for processing. Factor 2 (columns 33-42) speci-
fies the name of the chained file.

You can use indicators in columns 7-17, but result field,
field length, decimal position, and half adjust (columns
43-53) must be blank. If the chained file is conditioned
in the file description specifications by an external
indicator, the CHAIN statement should be conditioned
by that same external indicator.

Columns 54-55 should contain an entry. If the record is
not found, the indicator specified in these columns turns
on. No update is permitted to a chained update file
when the specified record is not found; however, addition
to a file is allowed. Columns 56-59 must always be blank
for chain operations.

If an indicator is not specified in columns 54-55 and the
record is not found, the program halts. Processing can
be continued by pressing ENTER. If LR processing is
already initiated, the bypass and begin new cycle option
is not allowed. If the controlled cancel option is taken,
files are closed but the rest of LR processing does not
occur.

When chaining to a file with packed record keys, factor 1
of the CHAIN operation must have a packed length which
is the same as the length of the key field in the chained
file. Packed key fields can be up to eight bytes long.

The following chart shows the packed equivalents for
unpacked fields up to 15 bytes long:

Unpacked Length Packed Length

In Bytes In Bytes
15 8
14 8
13 7
12 7
1 6
10 6
9 5
8 5
7 4
6 4
5 3
4 3
3 2
2 2
1 1

The chain operation has two purposes:

® Random processing of an indexed, sequential, or
direct file.

® | oading a direct file.

Note: When chaining to one or more files during the same
RPG Il cycle, record identifying indicators assigned to

the chained file or files remain on throughout the cycle if
the previous chain operations were executed successfully.
When chaining to the same file more than once during an
RPG 1l cycle, only the last record processed is updated
during output time unless an exception output is
associated with each chain operation.
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Random Processing

To read a record from a sequential or direct file, the
record must be identified by relative record number.

To read a record from an indexed file, a record key is
used for identification. The relative record number or
key can be contained in a field specified for that purpose.

The chain operation requires the operation code CHAIN
in columns 28-32 of the calculation specifications sheet.
Factor 1 entries must be a relative record number or key,
or the name of a numeric field that contains a relative
record number or key. Factor 2 must contain the name
of the file from which the record is read. This file is
referred to as the file that is chained to or the chained
file. Itis this file that must be defined with a C entry in
column 16 of the file description specifications sheet
(see Example).

Direct File Load

A direct file load is defined by specifying the disk file

to be loaded as a chained output file on the file description
specifications sheet. In the calculation specifications,
factor 1 must be a relative record number, columns 28-32
must contain the operation code CHAIN, and factor 2 must
be the name of the direct disk file to be loaded. The
relative record number of the input record defines the
record position for each record in the direct disk file,

The relative number can be all or part of a field in the
input records. Such fields are used for record identification
of the input record, as well as for the disk records after the
disk file is loaded.

When a direct file is loaded, the disk space required for

the file is filled with blanks. When a record is read in, the
relative record number is used to chain to the correspond-
ing relative record position in the disk file. The blanks at
that record position are read in, and the information con-
tained in the input record is then written on disk, replacing
the blanks with data. [f a record is missing from the input
file when a direct file is loaded, the space reserved for that
record in the disk file remains blank (until the proper
record is read in later).
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Once the direct file is loaded, records are inserted or
changed in the file by defining the direct file as an update
file processed consecutively or by the CHAIN operation.
(Remember that any file defined as a chained output file
is cleared entirely to blanks before any records are pro-
cessed.)

You may have to allow for synonyms when you load a
direct file. Synonyms are two or more records with the
same relative record number. If you have synonyms, you
can load the file in one of two ways, using multiple passes:

® Define the disk file as a direct file and clear it to blanks
in your first job (by defining it as a chained output
file). Once the file is cleared, one or more subsequent
jobs can be run using the update function to read
record locations and check for synonyms while loading
the file.

® | oad the direct file with records without synonyms,
then run another job using the update function to
identify synonyms and load them into the file.

Note: The insertion of records in direct disk files is very
different from record addition to sequential or indexed
files. For sequential disk files, the new record is added

in at the first available position at the end of the file.

The same process occurs for an indexed file, except that
the record key and disk address are added to the file index.
Any new records inserted in a direct disk file already have
a space reserved for them. Hence, the record is inserted

in its proper place, not merely added to the physical end
of the file.



Example

If the master record is found (20 not on) the total

quantity for the item number is subtracted from the

Figure 137 shows the coding necessary to chain to and
update an indexed file, MASTINV. The RECIN file
consists of records sorted by item number, each record
representing some quantity ordered. Item number is used
as a control field. When all the quantities for one item
number are added, a control break occurs. At this point
in calculations, the master record for that item number
must be found and updated. ITEMNO is a field containing
the item number of the records presently being worked
on. The chain operation uses ITEMNO to find the master
record for thatitem number. If it is not found, a SET
operation displays on the display screen the item number
of the reconjs.— Note that indicator (20) turns on when
the records are not found.

File Description Specification

quantity on hand. After the total calculations, the QOH
field in the master record is updated.
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Figure 137 (Part 1 of_ 2). Chain Operation
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Key (KEY)

The KEY operation causes a pause in calculations during
which the operator can enter data from the keyboard
(KEYBORD). As the data is keyed by the operator, it is
displayed on the display screen. When fields are entered
from the keyboard using the KEY operation and not all
positions of a field are keyed:

® Numeric fields are right-justified and padded to the
left with zeros.

® Alphameric fields are left-justified and padded to the
right with blanks.

If no data is entered, a numeric field contains zeros and
an alphameric field contains blanks.

Bypassing a Key Operation

When the KEY operation causes a pause, the operator has
the option of going to the next calculation operation
without keying any data. If this is necessary, the operator
simply presses the ENTER key when the program is at

the KEY operation. This causes any data in the KEY
operation result field to be changed to zero or blank.
After each KEY operation (regardless of whether data is
entered or not), the operator must press ENTER before
the next calculation operation can be done. See Operation
Codes, Set (SET) for the special situation which allows the
SET and KEY operations to be combined with only one
depression of the ENTER key.

Note: The keying operations described in this section
apply to entering data from the device KEYBORD, not
to entering data from the device CONSOLE. To perform
the operations described here, you must first specify a
keyboard file on the file description specifications sheet.

Calculation Specifications Used for KEY Operations

Columns 7-8: Enter any valid conditioning indicator.
Leave these columns blank if the KEY operation is not a
part of a subroutine, or if it is to be performed only at
detail time. You can also use the AN/OR relationship.

Columns 9-17: Enter any valid conditioning indicators.
Leave these columns blank if the KEY operation is to
be performed on every program cycle. Command key
indicators can be used here if they have been specified
in a SET or SETOF operation.

Columns 18-27: Enter the constant, literal, field name,
table, or array element to be displayed on the display
screen.

Columns 28-30: Enter the operation code KEY.

Columns 31-32: Enter the message identification code
(MIC) corresponding to the message in the user message
member file you want displayed on the display screen
to prompt the operator to perform a KEY operation.
Valid entries are 01-99.

An entry is required when columns 18-27 are blank or
when a special combination of SET and KEY operations
are desired (see Special Combinations of the SET and

KEY Operations). |f no user message member is specified,
the system prompt ‘MESSAGE INDICATOR 00nn’ is
displayed, where nn is the contents of columns 31-32. If
columns 18-27 already contain an entry by which the
keying operation is being prompted, the contents of
columns 31-32 are neglected.

Columns 33-42: Leave these columns blank.

Columns 43-48: Enter the name of the field to be keyed.
A field name can be from one to six characters long and
must begin in column 43. The first character must be
alphabetic; the remaining characters can be any combina-
tion of alphabetic and numeric characters (special char-
acters are not allowed). Blanks must not appear between
characters in the field name.

Columns 49-51: Enter the length of the keyed field if
that field is not defined elsewhere. The maximum length
for a numeric field is 15; the maximum length for an
alphameric field is 40.
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Column 52: Leave this column blank for alphameric
fields. For numeric fields, enter the number of decimal
positions (0-9) in the keyed field if that field is not
defined elsewhere.

Column 53: Leave this column blank.

Columns 54-59: Use these columns to test the condition
of numeric fields. You can test for three conditions:
plus (columns 54-55), minus {columns 56-57), zero or
blank (columns 58-59).

Columns 54-55 (Plus): Any valid indicator entered here
is turned on if the numeric field named in columns 43-48
is greater than zero.

Columns 56-57 (Minus): Any valid indicator entered here
is turned on if the numeric field named in columns 43-48
is less than zero.

Columns 58-59 (Zero or Blank): Any valid indicator
entered here is turned on if a numeric field named in
columns 43-48 is all zeros or if an alphameric field is all
blanks.

Columns 60-74: Enter any meaningful comments you
want. Figure 138 shows the different keying operations
that can be performed.

The KEY operation is normally used with the SET
operation. See Operation Codes, Set (SET) for further
information on this topic.
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Figure 138 (Part 2 of 2). Possible Keying Operations

Using KEY and SET Operations in Subroutines

Sometimes it is necessary to write a program performing
the same KEY operations at several different points in

the program. Instead of writing these KEY operations and
related SET operations every time they are needed, it

is easier and less time consuming if they are written

just once in a subroutine. Then, you can refer to the
subroutine each time it is needed (see Subroutines for
information on specifying and using subroutines).

User Message Member

The System/32 system control program (SCP) lets you
create your own message members. These message mem-
bers are called user message members and can contain
prompts or informational messages to be displayed during
your RPG Il program.

You can display messages contained in user message
members by using the H1-H9 halt indicators or the message
indicator option of the SET and KEY operation codes.
Messages displayed using the halt indicators or the SET and
KEY operation codes must be formatted so MIC numbers
0001-0109 are assigned to the specific function as follows:

MiC Function

0001-0099 Message to be displayed as specified by
the nn portion of the SET and KEY
operation codes (SETnn, KEYnn, where
nn = 01-99).

0100 Message to be displayed at the end of a
RPG Il cycle when the system is
finished processing outstanding halt
indicators.

0101-0109 Message to be displayed at the end of a
RPG 1l cycle in which the system has
encountered H1-H9 halt indicators
(0101-0109 correspond to H1-H9
respectively).
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When using the SETnn and KEYnn operation codes, if a
user message member is not specified prior to execution
(with // MEMBER USER1 - library name statement), the
system prompt ‘'MESSAGE INDICATOR 00nn’ is displayed
where nn is as defined in columns 31-32 of the SET or
KEY operation and 00nn is the MIC (message indicator) to
be displayed.

The first level message corresponding to the HO-H9 halt
indicators may be described in more detail by using an
associated second level message member. The text of a
second level message may be up to 200 bytes long.

Note: No second level messages are displayed for programs
using BSCA.

For information on creating user message members, see
1BM System/32 System Control Programming Reference
Manual, GC21-7593.

Set (SET)

The SET operation allows any or a combination of the
following functions:

® Allows command keys to be pressed.

® To cause the field, literal, table or array element
specified in factor 1 to be displayed on the display
screen.

® Allows user messages (from USER1 message member)
0001-0099 to be displayed by specifying numbers
01-99 respectively in the nn portion of the SETnn and
KEYnn operation codes.

® To blank an interactive data entry buffer by using
ERASE in the result field.

Allowing Command Keys to be Pressed

This function of the SET operation allows you to specify
command keys that the operator is allowed to press at
this point in the program. When the operator presses

a command key, the corresponding command key indica-
tor is turned on. These command key indicators can be
used to condition subsequent calculation or output
operations. Command key indicators remain on until
they are used again in a SET operation or until they are
turned off using the SETOF operation code. When the
program is at a particular specification line, you can give
the operator the option of pressing one to three command
keys. For each command key to be pressed, the operator
first presses the CMD key and then presses the digit key
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corresponding to the command key indicator (KA-KN, or
KQ). After all command responses have been entered, the
operator presses the ENTER key.

If you do not want to press any command keys, the
operator responds to the SET operation by pressing only
the ENTER key. This causes the indicators to be turned
off and is called a nul/ response. Using this null response
in your programs is not recommended because of the
possibility of an accidental null response. For example, if
the operator neglects to press the CMD key before pressing
the appropriate digit key, a null response occurs.

Calculation Specifications Used for SET Operations

The following specifications describe all SET operations.
The calculation specifications required for a SET operation
vary depending upon which function, or combination of
functions, you want to perform (see Figure 139 for a
summary of these specifications).

Columns 7-8: Enter any valid conditioning indicator.
Leave these columns blank if the SET operation is not a
part of a subroutine, or if it is to be performed only at
detail time.

Columns 9-17: Enter any valid conditioning indicators
for any SET operation. Leave these columns blank if the
SET operation is to be performed on every program
cycle.

Columns 18-27: Enter the constant, literal, field name,
table or array element to be displayed on the display screen.

Columns 28-30: Enter the operation code SET.

Columns 31-32: These columns may contain a message
indicator for prompting to a SET operation. An entry

is required when command keys are specified in columns
54-59 and columns 18-27 are blank. Valid entries are
01-99. An entry indicates the message identification code
{MIC) in the user message member that prompts the SET
operation on the display screen. If no user message
member is specified, the system prompt ‘"MESSAGE
INDICATOR 00nn' is displayed, where nn is the contents
of columns 31-32.

Columns 33-42: Leave these columns blank when the only
function performed by the SET operation is allowing
command keys to be pressed or displaying factor 1 or a
MIC 01-99 on the display screen. When the erase function
specified in the result field is to be performed on a console
file, enter the console filename.
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Figure 139. Summary of Calculation Specifications for SET Operations

Columns 43-48: Leave these columns blank when the only
function performed by the SET operation is allowing
command keys to be pressed or displaying factor 1 or
MICs 01-99 on the display screen. Enter erase to clear
input from the console file. '

Columns 49-563: Leave these columns blank.

Columns 54-59: Enter the command keys (KA-KN, KP,
KQ) that the operator is allowed to press when the program
has paused at this specification line. You can specify one
to three command keys. If only one or two command
keys are specified, they can be entered in any of the three
sets of columns. When the operator presses a command
‘key entered in these columns, that command key indicator
remains on until it is used again in a SET operation or

until it is turned off using the SETOF operation code. A
halt occurs if the operator presses a command key other
than those specified in columns 54-59 of a SET operation.

Either factor 1 or message indicators in columns 31-32
‘must be specified on a SET operation when command
key indicators are entered in columns 54-69. If both
factor 1 and message indicators are present, the message
indicators are ignored.

Several lines of prompt can be displayed on the display
screen before the system halts for input by stacking

set operations with a factor 1 {or MIC) and no command
key entries. The system does not halt until a keyboard
function is encountered.

Columns 60-74: Enter any meaningful comments.

Examples: Figure 139 shows the coding needed to
perform the SET operation. Figure 140 shows the
possible combinations of these functions.
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Figure 140. Possible Combinations of Functions Performed by SET Operation
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Special Combinations of the SET and KEY Operations

Normally, the operator must press the ENTER key after
each KEY operation or after command keys specified in
a SET operation are pressed. However, it is possible to
combine these operations so that the operator can press
command keys (specified in columns 54-59 of a SET
operation) and key a field (specified in a KEY operation)
with only one depression of the ENTER key. This is
only possible if:

® The SET operation immediately precedes the KEY
operation.

® The SET and KEY operations are conditioned by the
same indicators (columns 7-17). Indicators for both
operations must be specified in the same order.

® The SET and KEY operations contain the same
message indicators (Figure 141).
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Figure 141. Special Combination of SET and KEY Operations
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Set Lower Limits Operation (SETLL) Factor 2 must contain the name of the file for which the

lower limit is to be set. In the event a read is performed
The SETLL operation allows the lower limits for an indexed to the file prior to a SETLL instruction being issued, the
sequential demand file being processed within limits to be record with the lowest key in the file is fetched. Refer to
set during calculations. Figure 142 for an example of SETLL coding.

Factor 1 must contain a field name or literal representing
the value of the lower limit being set. The length of the
field or literal must be equal to the length of the key
specified on the filename in factor 2.

File Description Specification
File Type Mode of Processing File Addition/Unordered
F File Designation Length of Key Field or = Extent Exit Number of Tracks
- of Record Address Field < for DAM for Cylinder Overflow
End of File g
Record Address Type li Z|  Name of Number of Extents
; Sequence - i Symbolic 1@ ) Jpel Exit
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Fite Format Organization o 5] Rewind
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& Qe = = S u1-us
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IBM International Business Machine Corporation
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Note: FIELDA would be defined as an 8-position alphameric field.

. . @ Figure 142. SETLL Operation Coding
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DEBUG OPERATION

The debug operation is an RPG Il function that helps you
find errors in a program which is not working properly.
This code causes either one or two records to be printed.
They contain information which is helpful for finding
programming errors.

Debug (DEBUG)

The DEBUG operation code can be placed at any point
or at several points in the calculation operations. When-
ever it is encountered, either one or two records are
printed depending upon the specifications entered. One
record contains a list of all indicators which are on at
the time the DEBUG code was encountered. The other
shows the contents of any one field.

Note: The decimal point is not printed.

Specifications

Factor 1 is optional; it can contain a literal or the name of
afield of one to eight characters to help identify the
particular DEBUG operation. The name entered here is
printed on record 1. Factor 2 must contain the name of
the output file on which the records are written. The
same output filename must appear in factor 2 for all
DEBUG statements in a program. The result field can be

a field or array whose contents you want to appear on
record 2. Any valid indicator can be used in columns 7-17.
Columns 49-59 must be blank.

The operation code produces results only if the proper
entry (1 in column 15) was made in the control specifica-
tions. If the control specifications entry was not made,

the operation code DEBUG and the indicators conditioning
it are treated as a comment. See Column 15 (DEBUG)
under Control Specifications for more information.

Records Printed for Debug

Record 1 is required. It is printed in the following format:

Print Positions Information
1-8 DEBUG-
9-16 Literal or contents of field entered

in factor 1 (optional)
17 Blank
18-32 The words INDICATORS ON-

The names of all indicators which
are on, each separated by a blank;
the word NONE, if no indicators
are on. More than one record may
be needed.

33-any position
(depending on
length of field)

Record 2 is optional and is printed only when there is a
result field. The record is printed in the following format:

Print Positions Information

1-14 The words FIELD VALUE-

The contents of the result field
{up to 256 characters). If the
result field is an array, more than
one record may be needed to
contain the array.

15-any position
(depending on
length of field)
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Overflow occurs when a record is printed on the overflow
line or when a space or skip instruction causes forms
movement past the overflow line. When overflow occurs,
the overflow indicator you specified on the file description
specifications sheet is turned on. This indicator remains on
for the rest of the program cycle; it is turned off after

all lines conditioned by an overflow indicator have been
printed.

According to RPG 1l logic, there are three times in the
program cycle when an overflow indicator can be turned
on: (1) at total time, (2) at detail time, and (3) at
calculation time if exception output is used. There is only
one time in the program cycle, however, when the RPG 11
program checks to see if the overflow indicator is on. This
is right after all total records are printed.

If overflow occurs when a total record s printed, the
appropriate overflow indicator turns on, and the remainder
of the total lines are printed. A test then determines
whether or not the overflow indicator is on. If itis, all
total, detail, and heading lines conditioned by the overflow
indicator are printed.

If overflow occurs when a detail record is printed, the
appropriate overflow indicator turns on, and the remainder
of the detail lines are printed. The next record is read. If
this record causes a control break, total calculations and
total output operations are performed, followed by over-
flow output.

When the printer has reached the end of a printed page,
the RPG I! language allows you to do one of four things:

® Advance to the top of the next page and continue
printing.

@ Ignore the fact that the end of the page is reached and
continue printing.

® Print special lines at the bottom of the page and at the
top of the new page.

® Alter the basic RPG Il overflow logic by fetching the
overflow routine at detail time, total time, or during
calculations using exception output.

Chapter b. Overflow Indicators

AUTOMATIC PAGE FORMATTING

In the first case, RPG |1 automatically advances to the
next page and continues printing once overflow has
occurred. Line counter specifications can be entered, but
they are optional. Do not specify an overflow indicator
on either the file description specifications sheet or the
output specifications sheet.

When RPG I1 handles overflow automatically, printing is

set to begin on line 06 once the operator has positioned

the first page. This means that detail lines begin on line 06
for all pages except the first. When RPG |1 handles overflow,
printing ends on line 60 or on the defined overflow line.

While it is convenient and easy to allow RPG Il to handle
overflow automatically, it allows you little control over
how the report looks.

CONTINUOUS LISTINGS

In the second case mentioned, you want to print some
reports in the form of a continuous listing. In such a case,
you must make an entry which causes the automatic
handling of overflow and advancing of forms to be dis-
continued. To do this, make the following entry on the
file description specifications sheet. Assign an overflow
indicator in columns 33-34 of the specification line used
to describe the printer file. This entry causes overflow to
be ignored and a continuous listing to resuit. No entries
are required on either the line counter specifications sheet
or the output specificétions sheet.

USING OVERFLOW INDICATORS TO CONTROL PAGE
FORMATTING

In the third case, RPG Il allows you to print special lines

at the bottom of the page and at the top of a new page
once overflow has occurred. To do this, code the following
specifications:
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File Description Specifications

Line Counter Specifications (Optional)

Assign an overflow indicator in columns 33-34 of the o Enter the appropriate filename in columns 7-14.
specification line used to describe the printer file
(Figure 143).

® Specify the number of lines per page in columns 15-17.
® Enter FL in columns 18-19.

® Specify the print line to be used as the overflow line
in columns 20-22,

® Enter OL in columns 23-24 (Figure 144).

File Description Specification
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L1 1 1 1 1
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Figure 143. Assigning an Overflow Indicator to a Printer File

Line Counter Specifications
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Figure 144. Page Formatting (Line Counter Specifications)
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Output Specifications

® Use the overflow indicator assigned by the file descrip-
tion specifications sheet to condition those lines you
want printed on each page. Usually these lines are total
lines which must be printed at the bottom of each
page or heading lines which must be printed at the
top of each new page (Figure 145).

® The normal sequence is:
\

1. Print page totals

2. Skip to new page

3. Print heading lines

If you have specified an overflow indicator and are using
it to condition output lines, the following steps occur
when the overflow line (end of a page) is sensed:

1. Detail lines are printed (if that part of the program
cycle is not already completed).

2.  Total lines are printed.

3. Total overflow lines are printed if conditioned by
the overflow indicator.

4, Forms advance to the next page if indicated by the
skip specifications on a heading line or total line.

5. Heading and detail lines are printed if conditioned by

overflow indicators.

USING OVERFLOW INDICATORS AND CONTROL LEVEL
INDICATORS

Often you want each page to contain information from
only one control group. (Information from one group may
require several printed pages, however.) You might also
want each page to have headings identifying the type of
information on the page. For these cases use both type
control level indicators and the overflow indicators.
Together they condition when both headings and group
information are to be printed.

A new page should advance either when the overflow line
is reached (the overflow indicator you assigned is on) or
when there is a change in a control field (control level
indicator is on). You must specify that each indicator
causes a new page to be advanced by specifying a skip

to the appropriate printing line on a page. If the control
level has changed and the overflow condition has occurred
at the same time, it is possible to duplicate an output line .
(one called for by the overflow indicator, the other by the
control level indicator). A blank page can appear in your
report as a result.

-9080-2 U/M 050"
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| g - No 2 B K Field Edit
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Figure 145. Page Formatting (Output Specifications)
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Figure 146 shows the coding necessary for printing
headings on every page: first page, every overflow page,
and each new page to be started because of a change in
control fields (L2 is on). Line 01 aliows the headings to be
printed at the top of a new page (skip to 01) only when an
overflow occurs (OA is on and L2 is not on).

Line 02 allows printing of headings on the new page only
at the beginning of a new control group (L2 is on). This
way, duplicate headings caused by both L2 and OA being
on at the same time do not occur. Line 02 allows headings

to be printed on the first page after the first record is read.
This is true because the first record always causes a control
break (L2 turns on), if control fields are specified on the
record.

Figure 147 shows the necessary coding for the printing
of certain fields on every page; a skip to 06 is done either
on an overflow condition or on a change in control level
(L2). The NL2 indicator in line 01 prevents the line from
printing and skipping twice in the same cycle.
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Figure 146. Printing Headings on Every Page
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Figure 147. Printing Fields on Every Page
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FETCHING THE OVERFLOW ROUTINE

When the overflow line is reached during detail time, the
remaining detail lines, total lines, and overflow total lines
(total lines conditioned by the overflow indicator) are
printed on the page even after overflow has occurred.
Therefore, you must leave enough space between the
overflow line and the actual end of page for all these lines
to print.

However, you can run into problems when you do this.

If a different number of detail or total lines can be printed
depending upon when overflow occurs, you may find that
you have allowed too little or too much space below the
overflow line. Assume that your job involves printing two
detail records or four total records in a program cycle.
Sometimes, both detail and total records may be printed
in the same program cycle. In this case, the overflow
indicator can be turned on: (1) when any one of the
detail records is printed or (2) when any one of the total
records is printed.

If overflow occurs when the first detail record is printed,
the second detail line and all total lines (provided a

control break has occurred) will print before forms advance.

Printing is done on the perforation and run over onto the
next page unless you specified the overflow line high
enough on the page.

On the other hand, suppose overflow was caused by the
third total record instead of the first detail record. Only
one more total line prints before forms advanced. In this
instance, you may find that you have allowed so much
room between the overflow line and the end of the page
that only half a page is actually used.

To prevent printing over the perforation and at the same
time use as much of each page as possible, you can fetch
the overflow routine. Fetch overflow specifications allow
you to alter the basic RPG Il overflow logic. You can
cause forms to advance when total or detail records are
printed instead of waiting for the usual time. To fetch
the overflow routine, enter an F in column 16 of the
output specifications sheet for any detail or total record.

The fetch overflow specification causes the computer to
check if the overflow indicator is on before it prints

total or detail records. The test is made each time an F

is entered in column 16 of the output specifications sheet.
If the overflow indicator is on when the test is made, all
operations conditioned by the overflow indicator are
performed immediately.

When the overflow routine is fetched (F in column 16 of
the output specifications sheet), the following operations
are done:

1. All total lines conditioned by the overflow indicator
are printed.

2, Forms advance to a new page when a skip to 06 is
specified in a line conditioned on an overflow
indicator.

3. Heading lines and detail lines conditioned by the
overflow indicator are printed.

4, The line that fetched overflow is printed.

5. Any detail and total lines left to be printed for that
program cycle are printed.

You should fetch the overflow routine (F in column 16)
only when: (1) printing a particular line causes overflow
and (2) if it did, there would not be enough space left

on the page to print the remaining detail and total output
lines and heading lines conditioned by the overflow indica-
tor.

Note: Fetch overflow cannot be specified when an over-
flow indicator is specified in columns 23-31 on the same
specification line. If this condition does occur, fetch
overflow is not performed.

To determine when to fetch the overflow routine (F in
column 16 of the output specifications sheet), you must
study all possible overflow situations. By counting lines
and spaces, you can calculate what happens if overflow
occurs on each detail and total line.
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Figure 148 shows the use of the fetch specification. Total
lines 03 and 09 can fetch the overflow routine. They do
this, however, only if the overflow is sensed prior to the
printing of one of these lines. When it is time for the
operation in line 03 to be performed, a test is made to see

if the
flow r

internal overflow indicator is on. If it is, the over-
outine is fetched causing these operations to be

performed:

All total lines conditioned by the overflow indicator
are printed (if a control break has occurred).

2. Forms are advanced provided a skip to 06 has been
specified in a line conditioned by the overflow
indicator.

3. Heading lines conditioned by the overflow indicator
are printed (line 01). -

4, An internal overflow indicator is turned off so
that overflow processing will not be repeated until
another page overflows.

Note: The external overflow indicator is not turned
off at this time.

5.  The record specified on line 03 is printed.
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Figure 148. Uses of Fetch

290

Another test is made to see if the internal overflow indicator
is on because of the fetch specification (F in column 16)

in line 09. If line 03 causes the form to advance, the
internal overflow indicator is not on at this time. The

total record in line 09 prints normally.

However, if the records in line 03, 05, or 07 were printed
on the overflow line, the internal overflow indicator
would be on. The specification in line 09 then fetches the
overflow routine,

OVERFLOW PRINTING WITH EXCPT OPERATION CODE

Overflow indicators cannot condition an exception line,

but can condition fields within an exception line. The use
of the EXCPT operation code with exception lines (E in
column 15 of the output specifications sheet) causes only
exception lines to be printed during calculation time. If

the overflow line is sensed when an exception line is printed,
the overflow indicator turns on as usual, but overflow
processing does not occur until another exception line
conditioned to print (and with fetch overflow specified) is
encountered.

The actual overflow output lines (totals and/or headings)
must be coded as H, D, or T types. Using fetch overflow
causes the H, D, or T overflow output lines to be printed
if the overflow indicator is on. The overflow output
lines are printed prior to the printing of the line on which
fetch overflow is specified. The user can also force over-
flow by issuing a SETON of the appropriate overflow
indicator prior to the EXCPT operation code, provided
fetch overflow is specified.



ASSIGNING OVERFLOW INDICATORS

When using the overflow indicator to condition overflow
printing, consider the following:

Overflow indicators can be turned on and off by the
operation codes SETON and SETOF.

Spacing past the overflow line causes the overflow
indicator to turn on.

Skipping past the overflow line to any line on the same
page turns the overflow indicator on.

Skipping past the overflow line to any line 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 indicator
to turn off.

Figure 149 shows the setting of overflow indicators during
the normal overflow routine and during a fetched overflow
routine for both normal output and exception output.
The lefthand portion of the graph shows when the indica-
tors are on or off in relation to the general program cycle.
For example, during normal output, if a detail line is
printed on the line number specified as the overflow line,
the overflow indicator turns on. It remains on until the
end of the next program cycle. The solid black lines
indicate that the indicator is on. The dashes show a
connection between the end of one cycle and the start of
the next.
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For each record that is processed, the RPG Il object program
goes through the same general cycle of operations., Within
each program cycle, calculation and output operations can
be performed at two different times: total time and detail
time. First, total calculation and total output operations
{those conditioned by control level indicators) are per-
formed. Second, all detail calculation and detail output
operations are performed. (Detail calculation and output
operations are those not conditioned by control level
indicators in columns 7-8 of the calculation specifications
sheet or a T in column 15 of the output specifications sheet.)
Total calculation and total output operations are performed
on data accumutated for a control group. Detail calcula-
tion and detail output operations are performed for
individual records as they are read, provided conditioning
indicators are satisfied. See General RPG I/ Program

Logic under Introduction for a general description of the
logic flow.

The specific steps taken in one program cycle are shown
in Figure 150. The item numbers in the following descrip-
tion refer to the numbers in the figure. A program cycle
begins with step 1 and continues through step 26.

1. All data files to be used by the RPG Il object
program are opened; that is, they are prepared to
be processed by the object program. Preexecution-
time tables and arrays are loaded before the first
program cycle.

2. The object program performs all output conditioned
by the 1P indicator. This output is performed only
once per job and does not fall within the program
cycle (steps 3 through 26).

3. The object program performs all specified heading
and detail output operations whose conditions are
satisfied. This includes specifications that are
conditioned by the overflow indicator if the overflow
routine has been fetched.

4. The object program tests to determine if the overflow
line was encountered during detail calculations in
the previous cycle or when heading and detail records
were written in the current cycle. If so, the overflow
indicator turns on. Otherwise, the indicator turns
off, unless the overflow routine was fetched in step 3.

Chapter 6. RPG I Object Program Logic (Detailed)

5. The object program tests the halt indicators. If the

halt indicators are off, the program branches to step 6.

a. The execution of the program is stopped once for
each halt indicator that is on. The operator
selects one of three options: continue, controlled
cancel, or immediate cancel.

b. If the operator desires to continue the job, the
program returns to step b to test for other halt
indicators. If the operator selects one of the
cancel options, a branch is taken to step 35.

6. All record identifying indicators and indicators 1P,
L1-L9, and H1-H9 are turned off.

7. The program tests to see if the LR indicator is on.
If it is, the program branches to step 27.

8. The program tests to see if the keyboard is the
primary file. if it is, the program branches to step 18.

9. The program reads (and translates, if necessary),
the next input record. At the beginning of processing,
one record from each input file (except forced files
and demand files) is read. If the file has look ahead
fields, it is read only on the first cycle. After that,
records with look ahead fields are identified only.

10. The program tests to determine if the record is an
end-of-file record. If an end-of-file condition has
occurred, the program branches to step 12.

11.  If end of file has not occurred, a test determines if
the input records are in the sequence specified for
them on the input specifications sheet. If the
sequence is incorrect, the program branches to
step 33. The program also branches to step 33 if
nonsequential input records are specified and the
record cannot be identified.

12.  If end-of-job conditions have been met, a branch
is taken to step 27. All files for which an E is
specified in column 17 of the file description
specifications sheet must be at end of file.

13. When multiple input files are used, it is necessary

to select the next record to process. A branch to
step 28 is made.

RPG |l Object Program Logic (Detailed) 2-93
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14.

15.

16.

17.

18.

19.

20.

21.

22.

2-96

If there is only one input file, no record selection
is needed. A test determines if sequence checking
is requested. If so, a branch is taken to step 31.

The record identifying indicator specified for the
current record type turns on. Data from the current
record type is not available for processing until

step 25.

If the record contains control fields, the object
program tests to determine if a control break has
occurred (the contents of the control field are not
equal to the contents of a previously stored field).
If a control break has not occurred or control fields
are not specified, the program branches to step 18.

If a control break has occurred, the control level
indicator reflecting the condition is turned on. All
lower level indicators are also turned on.

If this is the first program cycle or the first control
break, the program bypasses all total calculation and
output operations, and branches to step 21.

All calculations conditioned by control level
indicators (columns 7-8 of calculation specifications)
are performed and resulting indicators are turned on
or off as specified. If the LR indicator is on, calcula-
tions conditioned by LR are done after other total
calculations. File translation, if specified, is done
for exception output, chain, and read operations.
Fetch overflow is performed if it is required by
exception output. If the overflow line has been
reached because of the exception output, the over-
flow indicator is turned on.

All total output that is not conditioned by an
overflow indicator is performed. The program tests
to determine if an overflow condition has occurred.
If an overflow condition has occurred at any time
during this cycle, the overflow indicator turns on.

If the LR indicator is on, output conditioned by LR
is done after other total output. File translation, if
specified, is done for total output. Fetch overflow
is performed if required.

The program tests to determine if the last record
indicator (LLR) is on. If the indicator is on, the
program branches to step 38.

The program tests to determine if any overflow
indicators are on. If no overflow indicators are on,
the program branches to step 24.

23.

24.

25,

26.

27.

28.

29,

30.

31.

32.

All output operations conditioned by a positive

{no N preceding the indicator) overflow indicator
are performed. File translation, if specified, is done
for overflow output.

The MR indicator turns on if this is a multifile
job and the record to be processed is a matching
record. Otherwise, the MR indicator turns off.

Field indicators are turned on or off as specified.
Data from the last record read and from specified
look ahead fields is made available for processing.

Any calculations not conditioned by control level
indicators (columns 7-8 of the calculation specifica-
tions) are performed, and resulting indicators are
turned on or off as specified. File translation, if
specified, is done for exception output, chain, and
read operations. Fetch overflow is performed if it
is required by exception output. If the overflow
line is reached because of the exception output,

the overflow indicator is turned on. Processing
continues with step 3.

The last record indicator (LR) and all control level
indicators (L1-L9) are turned on and processing
continues with step 19.

If a file was forced, the next record in that file is
selected for processing and a branch is taken to
step 15.

If a record with no matching fields is found in a
normal input file which is not at end of file, it is
selected.

When matching fields are specified, the normal file
with the highest priority matching record filed is
selected. If two or more files have equal and highest
priority matching record fields, the highest priority
file is selected. (The primary file has the highest

file priority, the first specified secondary file is next,
and so forth.)

The match field value is compared to the match
field value of the last record. If itis in sequence,
the record is accepted and processing continues
with step 15.

The execution of the program is stopped because

a file with matching fields is out of sequence. The

operator’s option, indicated in step 34, is to bypass
(read the next record from the same file) or cancel

the job.



33.

35.

The execution of the program is stopped because of
a record type sequence error or an unidentified
record.

Step 34 tests the operator’s decision either to bypass
the record which causes the error condition (branch
to step 4) or to cancel the job.

If the operator elects to terminate the job by means
of a controlled cancel, steps 36-40 are performed.
1f the operator selects an immediate cancel, the job
is terminated.

36 and 37. All operations conditioned by the LR indica-

38.

39.

40.

tor are done.

The program writes any tables or arrays for which a
to filename entry is specified on the extension
specifications sheet. Output tables or arrays are
translated, if necessary.

All files used by the program are closed (final
termination functions are done).

End of job occurs.

RPG |1 Object Program Logic (Detailed)
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A subroutine is a routine that is part of another main
routine. A routine is something done over and over again.
A program can be called a routine because the instructions
in a program are done again and again (the program cycle).-
A subroutine is a group of instructions in that main

routine (program) which can be done several times in one
program cycle.

Sometimes it is necessary to write a program which at
several points does the same operations. Instead of having
to write these instructions every time they are needed,

it is easier and less time consuming if they can be

written just once and then referred to each time they

are needed. You can do this by writing a subroutine
which then consists of all those operations you have to do
at several points in your program.

Chapter 7. Subroutines

CODING SUBROUTINES

Subroutines are coded and used on the calculation specifi-
cations sheet. They are entered after all other calculation
operations. Every subroutine must have a name, but no
two subroutines used in the same program can have the
same name. A subroutine name cannot be used as the
label of a TAG or ENDSR operation.

Enter the name of the subroutine in factor 1. On the

same line, enter the operation code BEGSR (line 10 of
Figure 151). The subroutine name can be one to six char-
acters long and must begin in column 18 with an alphabetic
character. The remaining characters can be any combina-
tion of alphabetic or numeric characters (no special
characters). Blanks cannot appear between characters

in the name.
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Figure 151. Subroutine Lines (SR)
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Each specification line within the subroutine except
AN/OR lines must have SR in columns 7-8 to identify it

as a subroutine line (Figure 151). The last statement of the
subroutine is indicated by the operation code ENDSR

(line 17 of Figure 151). Factor 1 of the ENDSR statement
can contain a name. This name indicates the point to which
a GOTO within the subroutine can branch (Figure 152).
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Figure 162. Subroutines (ENDSR)
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The subroutine, even though specified last on the calcula-
tion specifications sheet, can be performed at any point in
the calculation operations. Whenever the subroutine is to
be used, enter the operation code EXSR (execute sub-
routine). The name of the subroutine to be used must also
be entered in factor 2 (lines 04 and 08 of Figure 153).
Using the EXSR operation is known as calling a subroutine.

The operation code EXSR causes the operations in the
subroutine named in factor 2 to be performed. After all
calculation operations in the subroutine are done, the next
operation after the EXSR is performed. For example, when
the EXSR operation (line 04 of Figure 153) is encoun-
tered, all subroutine operations (lines 11-15) are done.
Then the operation in line 05 is performed. Use indicators
with EXSR code to condition when the subroutine should
be executed. Any valid indicator can be used in columns
7-17. If no indicators are used, the subroutine is always
executed.

All possible RPG [l operations can be performed within
asubroutine. Operations within the subroutine can be
conditioned by any valid indicator in columns 9-17
(Figure 153). Since SR must appear in columns 7-8,
control level indicators cannot be used in these columns.
This means that individual operations within the sub-
routine cannot be conditioned by a control level indicator
used in columns 7-8. However, entire subroutines can be
conditioned by control level indicators. This can be done
by using the control level indicator with the EXSR opera-
tion (line 08 of Figure 153).

Fields used in the subroutine can be defined either inside
or outside the subroutine. In either case, they can be used
by both the main routine and the subroutine.
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Figure 153. Subroutines (EXSR)
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You can use as many subroutines in your main program Subroutines need not be defined in the order in which they

as you want. However, you cannot write a subroutine are used. However, you must make certain that each one
within a subroutine. This means that within one sub- has a different name and a BEGSR and ENDSR operation
routine you cannot have the BEGSR and ENDSR opera- code.

tion codes. One subroutine can call another subroutine;
however, a subroutine must not call itself. In other words,
within a subroutine you can have an EXSR operation
(Figure 154).
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Figure 154. Subroutines: Calling Another Subroutine
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When you use a GOTO statement in a subroutine, you can
only branch to another statement in that same subroutine.
Branching (GOTO) to a statement in another subroutine
or outside of a subroutine causes an error condition.

You cannot use a GOTO from outside the subroutine to a
statement within the subroutine either. Figure 155 shows
the correct use of GOTO and TAG within a subroutine.
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Tables and arrays are systematic arrangements of data

items having like characteristics; that is, the same field
length, data type (alphameric or numeric), and number of
decimal positions. Both tables and arrays are described

on the extension specifications sheet. Important differences
exist, however, in defining and processing tables and arrays.

Tables are used during the execution of a program much
like a shipping clerk uses a rate table for obtaining freight
rates. The clerk scans the table for the desired city, then
selects the corresponding rate. Tables are referenced by
searching the table, one item at a time, for a specific

item of data with a unique identifier.

Arrays can also be searched for a uniquely identified data
item. Unlike tables, however, array items can also be
referenced by their relative position to other items. This
is done by indexing to a specific item in the array. Also,
an entire array can be processed sequentially by using the
array name only once in certain calculation operations.

Several terms are used to describe tables and arrays:

® Compile-time tables and arrays are compiled with the
source program and become a permanent part of the
object program. A compile-time table or array can be
permanently changed only by recompiling the source
program with the revised table or array.

® Preexecution-time tables and arrays are loaded with
the object program before actual execution of the
RPG I program begins; that is, before any input files
are read, calculations are performed, or output
functions are performed.

® FExecution-time arrays are loaded or created by input
or calculation specifications. They are loaded after
actual execution of your RPG |l program has begun
(read in as input data or created during calculations
in your program). An execution-time array is also -
described by extension specifications. Tables cannot
be specified for execution time.

Chapter 8. Tables and Arrays

Related tables and arrays are tables and arrays that are
used together. The items in each table or array are
called corresponding items; each item in the second
table or array gives additional information about its
corresponding item in the first. You can specify
related tables or related arrays, but you cannot enter
specifications to relate tables with arrays or vice versa.

In Figure 156, table A (TABA) and table B (TABB) are
related. An item in table A gives a part number, the
corresponding item in table B gives the part cost.
Although all items within one table or array must have
the same characteristics, corresponding items of

related tables or arrays may have different character-
istics. Related tables and arrays do not have to have
the same number of entries.

Short tables and arrays are those in which not all of
the entries contain data. The unused parts of numeric
tables and arrays are filled with zeros; the unused

parts of alphameric tables and arrays are filled with.
blanks. You usually create short tables or arrays

when you have only a few table or array items available
when building the table, but know that more items

will soon be included. Short tables and arrays must
have at least one entry.

Full tables and arrays are those in which all possible
entries contain data.

Entry is one element in a single table or array or
corresponding items in related tables or arrays.
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TABA TABB

{Part Number) {Unit Cost)
345126 373
38A473 498
30K143 1297
40B125 93
41C023 3098
42D893 87
43K832 349
24A111 679
45P673 898
46C732 47587

@ Related Tables

TABA TABA TABA TABA TABA TABA TABA TABA TABA TABA
entry entry entry entry entry entry entry entry entry entry —— blank ——
12 3 4 5 &7 8 9 w0 112|134 1516 17 18f1920 21 22 23 24 25 26 27 28 20 30§31 32 33 34 35 36437 38 39 40 41 42| 43 44 45 46 47 48]49 50 §1 52 653 54 |55 56 57 58 59 60| 61 62 63 84 65 68 67 68 63 /0
This record contains TABA entries in positions 1-60.
TABB | TABB | TABB | TABB | TABB | TABB | TABB | TABB | TABB | TABB
entry entry entry | entry entry | entry entry entry entry entry blank ~——-—
12 3 a4 s 6 7 8 9 10311 12 13 14 15018 17 18 19 20§21 22 23 24 26126 27 28 29 30031 32 33 34 35036 37 38 30 40 J41 42 43 44 45§46 47 48 49 5051 52 53 54 55 58 57 58 59 60 61 62 03 64 66 66 67 6A 68 70

This record contains TABB entries in positions 1-50.
The two tables are described as separate table files.

TABA TABB TABA TABB TABA TABB TABA TABB TABA TABB TABA TABB
entry entry entry entry entry entry entry entry entry entry entry entry

12 34 5 6 708 9 10 11 {1213 14 15 16 174 18 19 20 21 22 |23 24 25 26 27 28| 2930 31 3233 |36 3536 37 38 30| a0 A1 42 43 44 | 45 45 47 4B 4p 50| 51 52 53 54 55 |56 57 5B 50 60 61] 62 G3 64 66 66

TABA TABB TABA TABB TABA . TABB TABA TABB
entry entry entry entry entry entry entry entry | — blank

67 68 69 70 71 T2 73 74 75 %6 77 78 79 80 81 62 63] 84 85 86 87 88 | 8o 50 91 92 93 94) 5 96 5/ ap 9y |100 101 102102104 105] 106107 108308 110 | 111 112113 194 115 116 117 118 119 120

This record contains TABA and TABB entries in alternating format in positions 1-110.
© The two tables are described in alternating format.

Figure 156. Related Tables
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RULES FOR CREATING TABLE OR ARRAY INPUT
RECORDS

Table and array data must be recorded according to
certain rules: '

® The first table or array entry for each input record
must begin in position 1.

® An entire record need not be filled with entries. If
it is not, blanks or comments can be included after
the entries (Figure 157).

® Each input record except the last must have the same
number of entries. You may want to place just one
entry on each record or as many entries as the record
can hold.

® Each entry must be entirely on one input record. An
entry cannot be split between two records; thus, the
length of a single entry is limited to the maximum
record length for the input device. If related tables
or arrays are used, corresponding items must be on
the same input record; together they cannot exceed
the maximum record length for the device.

® Related tables or arrays can be described separately or

in alternating format. Alternating format means that
together, the corresponding items are considered one
table or array entry.

® The number of table and/or array names used in a
program must be no more than 60.

DEFINING TABLES AND ARRAYS

All tables and arrays are described on the extension
specifications sheet. One line describes each set of table
or array input records.

If only one table or array is described, columns 11-45
are used. If alternating tables or arrays are described on
one set of input records, the second table or array is
described in columns 46-57 of the same line as the first
table or array. |If preexecution-time tables and arrays are
being described, entries in columns 11-18 and 27-45 are
required. Columns 19-26 are used if the table or array

is to be written at the end of the job. Columns 11-18
are not used for compile-time tables and arrays or
execution-time arrays.

Tables and arrays can be specified in any sequence.
Compile-time and preexecution-time tables and arrays can
be mixed. Remember, the sequence in which tables and
arrays are specified on the extension specifications sheet
determines the order in which they must be loaded at

the start of the job.

48K16343J64044H12648A47.349K3465081 2551C04352D89373K33274H121

|| 2 3 4 5 8 7 8 9 101112 13 15 16 17 18 1920 20 22 23 24 25 26 27 28 29 30 3 32 33 34 35 36 37 38 30 40 41 42 43 44 45 46 47 43 4 50 51 52 53 §4 %6 6 & 58 9 €0

85P67396C79598F37199K704

TABLE OF PART NUMBERS

6162 63 64 65 6 67 68 69 70 71 72 73 74 76 78 77 78 70 80 B1 82 83 84 85 6 87 83 89 90 91 02 93 94 95 96 97 98 % 100 mummamumoswﬂoalmuommn:uansnemuuunnuJ

The table entries in this disk record end at position 84.
The remaining record positions may remain blank or may
be used for comments as in this example.

Figure 157. Table input Record with Comments
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Figure 158 shows the extension specifications required
for each type of array.

Line 1 specifies a compile-time array, ARRAYC.
This array has a total of eight elements (three elements
per record). Each element has a length of 12 positions,

Compitation-Time Tables and Arrays

Tables and arrays loaded at compilation time are compiled
along with the RPG Il source program and they become

a part of that program. Rules for loading tables and
arrays at compile time are as follows:

including four decimal places.

Line 2 specifies a preexecution-time array, ARRAYE,
to be read from file DISKIN. ARRAYE has 250
alphameric elements (12 elements per record); each
element is five positions long and is equal to or higher
than the previous element in collating sequence.

Line 3 specifies an execution-time array, ARRAYI, to
be read from input records. ARRAY]! has 10 numeric
elements each 10 positions long.

Any of these specifications can include entries in
columns 19-26 (to define a filename of a file to which
the array is output at end of job) and in columns 46-57
(to define an alternating array).

LOADING TABLES AND ARRAYS

Tables and arrays can be loaded at compilation time or

preexecution time. Arrays can also be loaded at execution

time.

Compile-time tables must be placed in the library
following the RPG Il source program. (Refer to /1BM
System/32 System Control Programming Reference
Manual, GC21-7593 for information on system control
programs.)

A record with **#in positions 1-3 must be placed
before each table entered.

Tables are loaded in the same order as they are
described on the extension specifications sheet.

A compile-time array must have entries in columns
33-35 of the extension specifications sheet and must
not have entries in columns 11-18 of the extension
specifications sheet.

Tables and arrays must not be in packed or binary
format. Figure 159 shows the arrangement for the
RPG 11 source program when compile-time tables
are loaded.

RPG EXTENSION AND LINE COUNTER SPECIFICATIONS g m CSA
IBM international Business Machine Corporation
12 75 76 77 78 79 80
Program Punching Graphic Card Electro Number rap D] u Program I __I__l__l
Programmer Date Instruction Punch _— ificati
Extension Specifications
E Record Sequence of the Chaining File
Number
Number of the Chaining Fietd of Number £l Tabl gl
. Length | [S[8 able or Length sla
Line To Filename Table or Enteies | of of" g (2] Array Name | of %< Comments
8 Array Name | Per Entries & (Alternatin S
2 : Ent 8] g | Entry = B
= . Record | Per Table LA L3 1 x|l e
From Filename J|E| 8] Format) SlELS
E or Array HHE HHE
fid NEE £1814]
345S'IB9|0lll2|3|4l5|ﬁ|7|8'9202‘2223242526272829303132333‘353587383940“ 46 47 48 49 50 5152 63 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74
ol e T T | pleRAYd 113 [ ] T
°f2| |e HSKIIWL L L] )] ,,,,Aﬁk Ye| L2 2 , .
of2| Jel AN ARRAY|! 19 g @ |
ofa] le
ofs| |
0(6 E
o7 E
ols8] |
E
_ 1 4 -
E

Figure 158. Extension Specifications for the Three Types of Arrays
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Source **% | TABA | **b TABB | End-
of-

Program File

These tables are located
in the source library.

Figure 159. Arrangements of the RPG Hl Source Program for
Compile-Time Tables

Preexecution-Time Tables and Arrays

Preexecution-time tables and arrays are not part of your
source program. They are used by the object program like
any other data file.

Preexecution-time tables or arrays are loaded from the disk.
The table or array file must have been created earljer.

OCL statements are used just prior to program execution
to identify the table or array file on the disk. If two or
more tables or arrays are to be loaded, they must be

loaded from different disk files.

Execution-Time Arrays

If you are loading an array from information in input
records, you must describe that information in your
input specifications. The specifications made depend

on whether the array information is contained in one or
more than one record. Any type of array (compile-time,
preexecution-time, execution-time) can be referenced in
the input specifications. Execution-time arrays are not
sequence checked. However, the array sequence (A or D
in column 45) must be specified if high or low LOKUP is
used.

Array Information In One Record
If all of the array information is in one record, it can

occupy consecutive positions in the record or it can be:
scattered throughout the record.
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If the array elements are consecutive on the input record,
they can be loaded with a single input specification,
Figure 160 shows an array, INPARR, of six elements

(12 positions each) being loaded from a single record
from the file ARRFILE.

If the array elements are scattered throughout the
record, they can be defined and loaded one at a time,
one to a specification line.

RPG EXTENSION AND LINE COUNTER SPECIFICATIONS Prowed nOSA
IBM  ciccnctonsi Busines Mschine Corparation
12 75 76 77 78 79 80
Program Punching Graphic Card Electro Number , ) Program
Programmer lnm Instruction 1 pyney age of  Identification
Extension Specifications
E Record Sequence of the Chaining File
Number
A 2
Nurmber of the Chaining Field Table o N g | B[] Teble o | icngn Els
. g|a g
une |4 To Fitename or oo | B of %[2| Array Name | of 3|z Comments
4 Array Name | Per S I 18| (Arernating | oy 4 b
& . Record | PerTable | oty xls v |e|w) 8
e From Filename 3| €] 8] Format) S| ElS
£ or Array 5 g 3 sle 3
é =|3|3 K EH
34567B910"‘2'3|4|5'5'7|5‘9202‘7223242525272829303‘3233343536]7383340‘|4243“454647‘84550515253 58597606‘5263549506576859707‘72773774
o] |E /
of2| |E
ofs| |
(GX21-9094-2 U/M 080"
RPG INPUT SPECIFICATIONS e U5 A,
IBM international Business Machine Corporation
12 75 76 77 78 79 80
Program Punching Graphic Card Etectro Number o []] o Program l
Programmer Date Instruction Punch _
8 Record |dentification Codes i
I g Field Location Fiewd
E 1 2 3 § E ndicators
2 a < |5 k4
. 8| | |5 sl 2 |8g| &
Line Filename g Z| |€5 ] Z! FieldName | 3 (23] ®
8 =i5| 8 3 s 3| § Zero
= & g|21s | poston |5 [B] rostion |5 | position |5 |E|C|e| From To |3 2 12e| & |Pus [Minusfor
E E.5§ 2lals gl D £ 2|52 = Blank
5 a B |Nj2 BN 8iN @ g £ |23 3
g anmEEE 3|5)8 5|8 335)5/3|2 H 5|28| 2
A|N[D
345673910”|2|3|4|5|617|B|9202122231425262728293031323334353537333940414241444546474349505152535456565755595(18152636455566766697071727374
ol |TARRF/LIE U s , N
olz| |1 1l | 172 R
of3 I [
ola| |T
ols| |t

Figure 160. Defining an Execution-Time Array with Consecutive Elements
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In Figure 161, an array, ARRX, of six elements with 12
positions each, is loaded from a single record from file
ARRFILE; a blank column appears between each two
elements.

RPG EXTENSION AND LINE COUNTER SPECIFICATIONS et i GO
IBM Businos Mchine
12 75 76 77 78 79
Program Punching Graphic Card Electro Number' D] Program 80
) Page f i
Programmer Date Instruction Punch of .
Extension Specifications
E Record Sequence of the Chaining File
Number
Number of the Chaining Field of Number 2. Table or =1 P
i Length | |2(2 Length 2|la
Line | g] To Filename Table or s""'“‘ ‘E' i o 512 Array Name | of 512 Comments
Array Name | Per ntries o {Altesnating £
2| Recard | Por Toblo | Entry =I5 | 8 Enty |51 8
From Filename S| E{ 8] Format 3| E
£ or Array 55 B HEE
s z|o|B KL
3459789|01‘|1Z|3|4|516|7l8|9202122232‘2525212829303132 37@@%&%43“45%47484950:“5253 !ul5960>6|v6263646566576869»707!727374
o' [ AlGRX [ (72
ol2| |E
0|3 E ]
S B O S S S ] ; .- i . .
BARS
RPG INPUT SPECIFICATIONS grarsens2ymos
IBM i Business Machine C
12 76 76 77 78 79 80
Program Punching Graphic Card Etectro Number Program
Instructi Page of identification
Programmer LDale instiuction Punch entiticatl
Record identification Codes i
I 8 Field Location ':'e'.d
3 1 2 3 & 5 ndicators
£ P I 3
Line Filename s |z E 6 B %| Field Name 3 |25 ®
- g I=le § 3 & g |= 8 Zero
= B|e = Position || |&| Position || 5 position || [E||et From To |3 2 |22 & |Pus Minus|or
€ E%% ng E%é :Sggg % .E £l o Blank
= 5 5] 2
2 ofr] 28] & zoag 35 2|sl5)al= o Sggf
ARG
3456739IO‘I\|213|415‘IG171819202122132425252725293031?’1""‘353637383940414243444546474549505|525354555657585960616263648565878869707!727374
ol [ [-MIRRFl LIE WAl | B2 HENRRREER
of2) |z 112 ARRX|1 | | jERE RN
03| |I 2 R J 2
JONED 217 | 138 PRRX 3| | | INRERERRN
ols| |T _ 12| ARIX ) IgEEREN
ofel |T e ) 53 | brfl WRRXLSL |1l
of| |z | | 77 BRRX 6| | || |
o8| |T
ole| [T }» }»

Figure 161. Defining an Execution-Time Array with Scattered Elements
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The following input specifications are required for
loading an array from a single input record:

Column Entry

6 |

7-42 Blank

43 P (packed), B (binary), or blank
{unpacked)

44-47 Field location of either an entire array

and (consecutive elements) or individual

48-51 field locations of single elements of the
array

b2 This column must be left blank

53-58 The name of the array or the name of a

single element (array name with index).
This array name must be the same name
as that used on the extension specifica-

tions sheet
59-62 Blank
63-64 Field record relation indicator. See

Columns 63-64 (Field Record Relation)
under /nput Specifications for informa-
tion on this entry

65-70 Blank

71-74 Blank

Array Information in More Than One Record

If the array information is in two or more records, there
are many methods that can be used to load the array into
the system. The method you use is primarily based on
the size of the array and whether the array entries are
consecutive in the input records. Figure 162 shows the
array that results by loading array information from
certain input records. Each record identified by a 1 or 3
in column 1 contains 12 items of array information.
Records identified by a 2 in column 1 do not contain
array information, although they appear in the same
input file. Examples of loading and storing array informa-
tion are found in Examples of Building and Using Arrays
in this section. Keep in mind that the RPG Il program
processes one record at a time. You cannot process

2112

the entire array until all of the records containing the
array information are read and the information is moved
into the array fields. It may, therefore, be necessary to
suppress calculation and output operations until the
entire array is read into the system.

SEARCHING TABLES AND ARRAYS

Tables and arrays can be searched using the LOKUP
operation code. See Look Up Operations under Operation

Codes in this section for a description of how to use LOKUP.

USING ARRAYS

Arrays can be used in input, output, or calculation speci-
fications (see Examples). The elements in an array can be
referenced individually, or the array can be referenced as
awhole. Individual elements are referenced by an array
name plus an index. The array name alone references the
entire array.

Array Name and Index

The array name is specified beginning in column 27 or
column 46 of the extension specifications sheet and must
be a valid RPG Il name.

The length of the array name depends on how the array

is being used. The array name can be from one to six char-
acters long. The array name is used by itself only when
referencing the entire array.

If individual elements of the array are to be referenced,
the array name requires an index. An index can be a
numeric field with zero decimal positions or a literal.
The array name and index must be separated by a comma.
The array name with comma and index never occupies
fewer than three character positions. The total length

of an array name with comma and index entry is limited
to either six or 10 positions. It is limited to six positions
for input specifications, output specifications, or the
result field of calculation specifications or 10 positions
for factor 1 or factor 2 of calculation specifications. The
index must not be zero, negative, or greater than the
number of elements in the array.



Records from Input File Resulting Array
3 GROUP2 007609950189024900770043 0040
0061
0143 From
0691 record 1
0433
| 0032
2 GROUPX 0076
0995
0189 From
0249 record 3
0077
1 GROUP1 004900610143069104330032 0043
Figure 162. Loading an Array from Input Records
Some examples of array names with and without index are:
Valid Invalid
ARAYOL BALANCE (array name has more than six characters)
B 6TOTAL (first character is not alphabetic)
AR/ (the first element of array AR) TOTAL- (name contains special character)
X, YY2 (where YY2 is a field name) CR TOT (name contains blank)
A1,A1 (array is used as index)
BAL,XX1 (name including comma has more than

six characters. This name is valid for
factor 1.and factor 2 of the calculation
specifications only)
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Referencing an Array in Calculations

You can reference an entire array or individual elements
in an array using calculation specifications. Process
individual elements like normal fields. Remember, if

an array field is to be used as a result field, the array
name with comma and index entry cannot exceed six
characters (see Examples, Example 8).

To reference an entire array, use only the array name.
You can use it as factor 1, factor 2, or the result field.
The following operations can be used with an array name:
ADD, Z-ADD, SUB, Z-SUB, MULT, DIV, SQRT, MOVE,
MOVEL, MOVEA, MLLZO, MLHZO, MHLZO, MHHZO,
DEBUG, XFOOT, and LOKUP. Except when using
XFOOT and LOKUP, factor 1 and factor 2 cannot be an
array name unless the result field is also an array name.

There are also several operations that can be used with an
array element only, but not the array name alone. These
operations are COMP, TESTZ, BITON, BITOF, TESTB,
KEY, SET, and MVR.

The following rules apply when using array names without
an index in calculations:

® When the factors and the result field are arrays with the
same number of elements, the operation is performed
using the first element from every array, then the
second element from every array, etc, until all elements
in the arrays are processed. If the arrays do not have
the same number of entries, the operation ends when
the last element of the array with the fewest elements
has been processed.

® When one of the factors in a field or constant, and
the other factor is an array, and the result field is an
array, the operation is performed once for every
element in the shorter array. The same field or
constant is used in all of the operations. Except for
XFOOT, the result field must always be an array.

® |f an operation code uses factor 2 only (such as Z-ADD,
Z-SUB, or SQRT) and the result field is an array, the
operation is performed once for every element in the
array. The same field or constant is used in all of the
operations. b : :

® Resulting indicators {columns 54-59) cannot be used
due to the number of operations being performed.
Exceptions are XFOOT and LOKUP which allow
resulting indicators.
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MODIFYING CONTENTS OF TABLES AND ARRAYS

Tables and arrays can be temporarily changed during the
execution of a job. This is done when the table or array
name is used as a result field in an arithmetic or move
operation. The appropriate entry in the table or array

is modified for the duration of the job. The next time
the job is executed, however, the table or array will have
the original entries. Temporary changes can be made
permanent by changing the table input records.

Figure 163 shows the specifications for modifying the
contents of related tables TABFIL and TABLIT. The
item in TABFIL which contains 25 is to be changed to 30.
The corresponding item in TABLIT is to be changed to
500. The search word is the constant 25. When a match
is found in the table TABFIL, the item from TABFIL and
its corresponding item in TABLIT are placed in their
respective storage areas. The number 500 is then moved
into the storage area for TABLIT; the number 30 is
moved into the storage area for TABFIL. The contents
of the appropriate original table entry are now modified
to agree with the new entry in the special storage areas.

Adding Entries to Short Tables or Arrays

Entries can be added to short tables and arrays before or
during execution of the job. The simplest way to add
entries to a table or array is to write additional entries
on the table input records before program execution.
However, entries can also be added during execution of
a program. The entries added during execution can be
created by calculation operations or read from an input
record.

Figure 164 shows how entries are added to related numeric
tables. The LOKUP operation is conditioned by indicator
01. Indicator 01 is on when a record is read which contains
information in the fields NEWA and NEWB. These fields
are to be added to the short tables TABA and TABB
respectively. To get the entry in the correct place in the
table, a search is made to find the first empty entry.
Unfilled entries in short numeric tables are filled with
zeros. Thus, the search word used is 000. When the first
000 entry is found (indicator 35 turns on), NEWA and
NEWB are moved into the storage areas of the related
tables TABA and TABB. They, in turn, become part

of the tables.

These entries are temporary unless they are written in
table input records. If these entries are to become a
permanent part of the short table, they must be written
in records and included with the other table file records.
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Figure 163. Changing Table Data with MOVE Operations

RPG CALCULATION SPECIFICATIONS Form @x21-3003.2
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Figure 164. Adding Entries to Short Tables
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TABLE AND ARRAY OUTPUT

Entire tables and arrays can be written out under control
of RPG Il only at the end of the job (LR ison). To
indicate entire table or array output, specify in columns
19-26 of the extension specifications sheet, the name of
the output file to be used. This specification causes the
program to write out the entire table or array with all
modifications.

If an entire array is to be written on an output record
(via output specifications), describe the array along with
any normal fields for the record:

e Columns 32-37 of the output specifications sheet
must contain the same array name used on the extension
specifications sheet.

® Columns 40-43 of the output specifications sheet must
contain the record position where the last field of the
array is to end.

If an output record is to contain only certain fields from
a table or array, describe the fields in the same way as you
do normal fields, using either an array name with an index
or a table name as the field name.

Editing Entire Arrays

When editing an entire array, any editing you specify
applies equally to al! fields in the array. If you require
different editing for various elements, reference them
individually.

When you specify an edit code for an entire array
{column 38), note that two blanks are automatically
inserted to the left of every field in the array. When you
specify an edit word instead, the blanks are not inserted.
The edit word must specify all the blanks you want
inserted.

EXAMPLE OF USING TABLES

A payroll job requires two related tables. TABNUM is
the sea: ch table containing employee numbers. TABRAT
is the related table containing employee salary rates
(Figure 165, insert A). After an employee’s rate is found,
rate is multiplied by the number of hours worked. The
result is the amount earned.
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TABNUM TABRAT
12345 407
12346 593
12347 369
12348 390
12349 1379

®

Figure 165 (Part 1 of 3). Related Tables Used in Payroll Job

Table input records are organized in alternating format.
There are eight entries in each record. Each table has

500 entries. Therefore, 63 records are required. The first
62 contain characters in positions 1-72 (5-position element
in TABA, plus 4-position element in TABB, times eight
entries per record). The last record has only four entries
and contains characters in positions 1-36. Figure 165,
inserts B and C, shows the RPG 11 specifications needed

to do the job. The following paragraphs explain the entries
made.

File Description Specifications

The file containing input records is called TIMECARD. It
is an input file (I in column 15) and a primary file (P in
column 16). When this file reaches end of file, processing
ends (E in column 17). This file is read in from the disk.

The file containing the related tables is called RATETABL.
It is an input table file (I in column 15, T in column 16).
The file is to be read in from disk prior to execution time.
An E is required in column 39 to show that additional
information about the file is on the extension specifications
sheet.
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Figure 165 (Part 3 of 3). Related Tables Used in Payroli Job

Extension Specifications

The extension specifications complete the definition of
the file RATETABL. The table searched is called TABNUM
{columns 27-32). There are eight entries in each record

(columns 33-35) and 500 entries in the table (columns 36-39).

Each table entry is five positions long (columns 40-42)

and contains no decimal positions (column 44). The table
is organized in ascending sequence (column 45). The
alternating table is called TABRAT (columns 46-51). Each
entry is four positions long (columns 52-54) and contains
two decimal positions (column 56).

Input Specifications

The input file (TIMECARD) is assigned a sequence of AA
(columns 15-16). Record identifying indicator 01 is turned
on whenever an input record is present for processing.

No record identification codes are specified, because there
is only one record type. Lines 02 and 03 describe the
locations of the two input fields used by the program. The
employee number (EMPNUM) is in positions 1-5 of the
input record. The number of hours worked by the
employee (HRSWKD) is in positions 42-44 of the input
record.
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Calculation Specifications

On line 01, factor 1 contains the search word EMPNUM
(employee number), LOKUP in columns 28-32 causes
the look up operations to be performed. Factor 2 con-
tains the name of the table to be searched (TABNUM).
The result field contains the name of the related table
(TABRAT).

Line 01 causes the employee number (EMPNUM) to be

used as the search word for the data contained in TABNUM.
Indicator 03 is turned on when the program finds an entry
in the search table that is equal to the search word.

Line 02 is performed when indicator 03 is on. The rate
for the employee, taken from the related table TABRAT,
is multiplied by the number of hours worked (HRSWKD).
The result is stored in the field EARNS, which is five
positions long with two decimal positions. The result is
half-adquted.

When an equal entry is not found in TABNUM (indicator
03 is not on), line 03 is performed. The literal 000.00 is
then moved to the field EARNS, specifying that the
employee does not have an entry in the table.



EXAMPLES OF BUILDING AND USING ARRAYS Blanks and other fields can appear on the input records
since the array elements and their index are identified by

Example 1: Figure 166 illustrates a method of loading an the from and to entries.

array using fields in input records as indexes. The example

shows a 12-element array with element length five. The This method requires a minimum of coding and no
array can be made larger without additional input specifi- calculations to set up the array. Extra work, however,
cations by assigning different values to fields X1-X10 on is required to set up the indexing scheme for the input
each input record type 03 and to fields X1 and X2 on each records.

04 record type. Succeeding type 03 records then load
10 additional elements into array AR; each type 04 record
loads two additional elements.
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Figure 166. Building an Array Using Input Fields as Indexes
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Example 2: |n Figure 167, eighteen 5-position elements
of array AR1 are loaded with only two specification lines.
On succeeding input specifications, other elements of AR1
are loaded one after another until the array is full. Each
additional element is coded on a separate line. Each new
record requires a separate means of identification. For
example, if another 03 record followed the first, the
fields on the second record overlay the fields read in from
the first record. This method illustrated in example 2
works well for small arrays.
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Figure 167. Building an Array Using Fixed Indexes
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Example 3: The specifications in Figure 168 perform the L2B, L2C, and L2D. Similarly, at an L2 control break

function of tabulating three levels of totals. The fields the second level totals are added to third level totals
FIELDA, FIELDB, FIELDC, and FIELDD are added as L3A, L3B, L3C, and L3D. In addition, as control breaks
they are read from input records, to the first level totals occur, L1, L2, and L3 total output is performed; total
L1A, L1B, L1C, and L1D. These first level totals are fields are zeros after they are written on the output
added at the time of an L1 control break to totals L2A, device.
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Figure 168, Calculating Totals Without Arrays
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Figure 169 shows the same functions being performed

using arrays. Note the reduction in coding required to
specify the functions. For example, line 5 of the calcula-
tion specifications performs the same function as lines
through 8 of the calculation specifications of Figure 168.
Similarly, the output specifications are reduced from 15
lines to 6. {Notice, however, that the method using

arrays results in only two positions between array elements.)
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Figure 169, Calculating Total With Arrays
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Example 4: This example illustrates the use of three In the first output record, the location and contents of the

arrays defined as follows (Figure 170). arrays are (b represents a blank):
Array Number of Field Array Location Contents
Name Fields Length
ARA 85-89 12345
ARA 4 5 (first field)
ARB ' 5 10 ARC 37-84 ¥1.236b1B45.67bBY
89.0116B23.45661
ARC 6 4 67.89461¥87.656CR
Array ARA is contained in the input records corresponding For the second output record assume that the contents
to indicator 01, ARB in the records corresponding to 02, of field X1 is 4; the locations and contents of the arrays
and ARC in both types of records. Array ARC and the are:
first field of array ARA are to be included together in an
output record as are arrays ARC and a field (identified by Array Location Contents
field X1) of array ARB. Every field in array ARC is
edited according to the edit word 0. b6 & CR (where ARB 91-100 JIMBKNOTSHY
B represents a blank).
(fourth field)
hat th t ft in the first t
ﬁsssmz:o:;stafe?on ents of the arrays in the first two ARC 37.84 1. 23066145.67B1615
P ' 89.01118623 4561
Record Array Array Contents 67.891487.656CR
1 ARA 12345678901234567890
ARC 01234567890123456789876N
(note that N equals minus 5)
2 ARB JOHNBDOEBYJOEBSMITHY
LEEBMARXBBJIIMBKNOTSY
TIMBTYLERW®
ARC (the same as in record 1)
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