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This publication is intended as a reference manual. Itis -
organized so that all the information necessary to write
RPG 11 programs for the IBM System/3 Model 10 Disk
System, IBM System/3 Model 12, and IBM System/3
Model 15 can be easily found.

System/3 Model 8

The System/3 Model 8 is supported by System/3 Model 10
Disk System Control Programming and Program Products.
The facilities described in this publication for the Model 10
are also applicable to the Model 8, although the Model 8 is
not referenced. It should be noted that not all devices and
features which are available on the Model 10 are available on
the Model 8. Therefore, Model 8 users should be familiar
with the contents of IBM System/3 Model 8 Introduction,
GC21-5114.

- System/3 Models 12 and 15 Only

The IBM 3340 Direct Access Storage Facility attaches to
System/3 Model 12 and to System/3 Models 15B, 15C,

and 15D. Also, the IBM 3344 Direct Access Storage
attaches to System/3 Model 15D. Certain areas on the
3340 and 3344 disks are treated as 5444 disks. These
areas, known as 5444 simulation areas (or simulation areas),
are used for the program libraries and can also be used for
data files. The remainder of the disk space, known as main
data area, can be used only for data files.

References in this manual to 5444, 5445, and 3340 are to
be interpreted according to the disk storage device(s)
attached to the system. The following table should be
used to determine the meaning of the reference:

Preface

For further information, see the appropriate publications
listed under Related Publications.

All references to the System/3 Model 15 in this publication
apply to System/3 Models 15A, 15B, 15C, and 15D unless
otherwise specified.

IBM System/3 5448 Disk Storage Drive

The IBM System/3 5448 Disk Storage Drive on System/3
Models 8 and 10 uses the same program product support
as the IBM 5445 Disk Storage. However, a separate system
control program feature is required for the 5448. In
general, references to 5445 in this manual also apply to
5448. For specific information about 5448 operating
characteristics and programming support, see IBM
System[3 5448 Disk Storage Drive Program Reference
Manual, GC21-5168.

Modél 15A Models 12, 15B, 15C | Model 15D
Reference Meaning Meaning Meaning
5444 5444 Disk Storage 5444 simulation area | Simulation area on
Drive on 3340 3340 or 3344 .
5445 5445 Disk Storage Main data area on Main data area on
3340 3340 or 3344
3340 Not applicable Main data area on Main data area on
3340 3340 or 3344




.Related Publications

Order Number of Publication for
" Publication Model 8 Model 10 Model 12 Model 15 Model 15_ .
(5704-RG1) (5704-RG 2)
System/3
. GC21-5114 GC21-7510 GC21-5116 GC21-5094
Introduction
Introduction to
RPG 1I GC21-7514
RPG II.Disk File GC21-7566
Processing
RPG IT Additional GC21.7567
Topics
RPG IT Auto $C21-5057
Report
RPGII SC21-7507
Telecommunications
SCP Reference ‘ GC21.50 c
Manual GC21-7512 GC21-5130 21-5077 GC21-5162

System/3 3340

2511
Reference o 1
System/3 3741 GC21-5113
Referenc_e
Disk Concepts GC21-7571

and Facilities

System

Generation GC21-5126

GC21-7616

Operator’s

C A GC21-7634 GC21-7508 GC21-5144 - GC21-5075
Guide

User’s

Guide . - GC21-5142

Halt
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HOW TO USE THIS MANUAL

Chapters

This publication has nine chapters and several appendixes. Chapter 1 is an introduction.
Chapter 2 describes RPG II coding entries common to all specification types. Chapters
3-9 describe the seven types of RPG II specifications in the order they are read by the
RPG II compiler. The appendixes contain additional information useful in RPG II pro-

gramming, including convenient reference tables and performance improvement tips.

Column Descriptions

Specifications are described column-by-column as a programmer would write them. The
following information is included for each column description:

¢

1. List of possible entries.

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

w

Specific discussion of each entry.

4.  Charts and examples.

Special Topics

Some RPG II features require multiple, interrelated specifications or are especially
important and merit expanded discussion. Examples are multifile processing, tables
and arrays, and operation codes. These features are discussed near the specifications
which are key to their use. '

xi
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FUNCTION OF RPG 1l

RPG II consists of a symbolic programming language and a
compiler program. The RPG II symbolic language is a
highly flexible, problem solving language. It allows pro-
gramming solutions to a wide variety of data processing
problems. The compiler program translates the symbolic
language program (source program) into a machine language
program (object program). The object program is used by
System/3 to process information according to the program-
mer’s specifications.

Basically, the program undergoes two processes:

1. Compilation. The source program is translated into
an object program.

2.  Execution. The object program is used to process
data.

Chapter 1. Introduction

During compilation, the program specifications you wrote
are used to produce machine language instructions. Storage
areas are automatically assigned, constants or other refer-
ence factors are included, and program routines for check-
ing, for input/output operations, and for other functions
are produced.

During execution, the machine language instructions are

combined with the input data files and both are processed
through the system to do the job.

Introduction 1



USING RPG 11

" Doing a job using RPG II consists of the general operations
illustrated in Figure 1 and described as follows. (The
circled numbers in Figure 1 refer to the numbers in the
following text.)

1. The programmer analyzes the job requirements to
determine the format of the input files and the lay-
out of the finished report. For example, he deter-
mines what fields in the input records are to be used,
what calculations are to take place, where the data is
to be located in the output records, and how many
and what kind of totals must be accumulated.

2. After the programmer has analyzed the requirements
of the job, he provides the RPG II program with infor-
mation about these requirements.

a. He furnishes special information about his pro-
gram and describes his system by making entries

on the sheet containing Control Card specifications.

b. He describes all files used by the object program
. (input files, output files, table files, etc.) by
making entries on the File Description Specifica-
tions Sheet.

c. If the programmer uses record address files, tables,
or arrays in his object program, he furnishes infor-
mation about them through entries on the Exten-
sion Specifications Sheet.

d. He provides certain information about the format
of printed reports on the Line Counter Specifica-
tions Sheet.

e. He describes his input files by making entries on
the Input Specifications Sheet.

f. He states what processing is to be done (add, sub-
tract, multiply, divide, etc.) by means of entries
on a Calculation Specifications Sheet,

g. He defines the layout of the desired report (print
positions, carriage control, etc.) by making entries
on the Output-Format Specifications Sheet.

3. After the specifications have been written on the
appropriate forms, the data on the forms is recorded
in punched cards, entered into the system through the
keyboard or the 3741.

4.  These specifications (called the source program) are
preceded by the RPG II control card. The source
program and the control card are processed by the
RPG II compiler under control of the Disk System.
At the end of this processing run (referred to as the
compilation run), the object program is stored in an
object library, punched in cards, or written on a
diskette. This program contains all the machine in-
structions required to perform the desired job.

5. When the object program is to be executed, it is read
into main storage from cards, disk, or diskette.

6.  The input files are read by the system under control
of the object program. This is known as the object
run,

DEFINITIONS OF TERMS

EBCDIC (Extended Binary-Code-Decimal Interchange
Code) Notation: The 256-character machine code used in
the IBM System/3 Disk System. See Appendix D for a
table of hexadecimal equivalents of the EBCDIC characters.

Alphabetic Characters: The 26 alphabetic EBCDIC char-
acters and the three EBCDIC characters #, $, and @.

Numeric Characters: The EBCDIC characters 0-9.

Special Characters: The 217 EBCDIC characters not
defined as alphabetic or numeric.

Alphameric Characters: Any of the 256 EBCDIC characters.

Alphameric Fields: All fields for which a decimal-positions
specification has not been made in the appropriate column
of the specifications forms. Alphameric fields can contain
alphabetic, numeric, or special characters.

Numeric Fields: All fields having a decimal-positions speci-
fication in the appropriate columns of the specifications
forms.

Valid RPG II Names: The following rules apply to names
used in RPG II programs:

® RPGII filenames can be from 1-8 characters long;
RPG 1I field names can be from 1-6 characters long.

® The first character of either a filename or a field name
must be alphabetic (see preceding definition of alpha-
betic characters). 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.
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Figure 1. Perforniing a Job Using RPG II

Introduction



GENERAL RPG Il OBJECT PROGRAM LOGIC

Every object program generated by the RPG II Compiler
uses the same general program logic (Figure 2). The term.
program logic refers to all the RPG II functions performed
for each data record read. -

Knowledge of RPG II logic is helpful when writing RPG II
programs. For relatively simple jobs involving a single input
file, an understanding of the general logic presented here is
sufficient. Complex jobs require a more thorough under-
standing of the logic. Appendix C: Detailed RPG II Object
Program Logic contains a detailed flowchart and explana-
tion of the program logic. -

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 input deter-
mines when calculation and output operations occur.
According to RPG II program logic, calculation and output
operations (including exception output) are performed at
two different times in a cycle: total time and detail time.

Total Operations

Total calculations are specified by placing an L indicator in
columns 7-8 of the Calculation Sheet. Total output opera-
tions are specified by placing a T in column 15 of the Out-
put Sheet. The appropriate control level indicator should
be entered in columns 23-31 of the Output Sheet to dis-
tinguish between output operations performed for differ-
ent 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 is made to deter-
mine if information in a control field (when one has been
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 information accumulated from all records in that
group. Information on the record that started the new con-
trol group is not used in these total operations; only infor-

~ mation from records in the previous control group is used.

Detail Operations

Those calculations not conditioned by L indicators in
columns 7-8 are detail calculations. Detail output opera-
tions are specified by placing an H or D in column 15 of

the Output Sheet.' Detail calculation and detail output oper-
ations 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 conditions are met, detail time calculation and
output operations are done:

1.  All total calculation and total output operations
have been completed. ‘

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 previ-
ous 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.

General Program Cycle

Figure 2 shows specific steps in the general flow of RPG II
program logic. A program cycle begins with step 1 and con-
tinues through step 11, then begins again. Steps 7 and 8
are known as total time; steps 11 and 1 are known as detail
time.

The first and last program cycles of a job are somewhat
different from the normal cycle. Before the first record is
read, lines conditioned by the 1P indicator are written. Any
heading or detail lines having no conditioning or having all
negative conditioning indicators are also written at this
time. In addition, total operations are bypassed for the

first record even though a control break may occur.

When the last record to be processed is read, the last record
(LR) indicator turns on. This automatically causes all con-
trol level indicators to turn on also. Total operations are
performed and the job ends; only steps 3-8 of the program
cycle are done.



11.

10.

Before the first record is read, the program writes all’

heading or detail records (those having an H or D in column
15 of the Output Sheet). This is done only if all conditioning
indicators are satisfied.

All record identifying indicators are turned off.

A record is read and identified by the object program. The
appropriate record identifying indicator is turned on.

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.

1f a control break occurs, the proper control level indicators
turn on except LO which is always on.

A check is made to determine if this is the first cycle.
If it is, total calculations and total output (steps 7 and
8) are bypassed.

Total calculation operations (those conditioned by control
level indicators in columns 7-8 of the Calculation Sheet) are
performed if the control level condition is satisfied.

Total records (those havinga T in column 15 of the
Output-Format Specifications Sheet) are written or punched
out according to output specifications.

If matching fields have been specified, these fields are checked
for a matching condition. The matching record (MR)
indicator is set accordingly.

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.

All detail calculation operations (those not conditioned

by level indicators in columns 7-8 of the Calculation Sheet)
are performed on the data from the record read at the
beginning of the cycle. Chaining and exception output can
also be performed.

10

11

Write all heading
or detail records

Turn record identi-
fying indicators off

]

‘Read a record and
turn on record
identifying
indicator

Has a
control break
occurred ?

Turn on the proper
control level indi-
cators

Yes

Do total
calculations

T

Perform
total
output

Set MR
indicator
on or off

k|

Make data available
from record selected
to be processed next

Y

Do detail
calculations

I—

Figure 2. General Object Program Cycle
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SYSTEM CONFIGURATION

For minimum system configurations and optional device
support, see the appropriate system generation reference
manual listed under Related Publications in the Preface.

RPG Il SPECIFICATION SHEETS

The RPG II specification sheets are used when coding an
RPG II program. The format and column headings on each
of these sheets guide you in making the appropriate entries.

The sheets are designed so that one card is punched from
each specification line. There are six specification sheets:

1.

Control Card and File Description. This sheet con-
tains two types of specifications:

a. Control card specifications provide information to
the RPG II compiler.

b. File description specifications provide information
about all files used in the program.

Extension and Line Counter. This sheet contains
two types of specifications:

a. Extension specifications provide information about
tables, arrays, and record address files.

b. Line counter specifications provide information
“about the number of lin€s to be printed on the
forms that are used.

Telecommunications. This sheet is used to enter the
information necessary to establish and maintain the
BSC communications link. Each BSCA file defined
on the File Description Sheet must have a corres-
ponding Telecommunications Sheet entry.

Input. This sheet is used to describe the records in
an input file.

Calculation. This sheet is used to describe all opera-
tions that are to be performed on the data.

Output. This sheet is used to specify the arrangement
and type of data that will be written or punched on

.printed reports or cards, or stored on disk.

—~



Information on specification sheets is recorded in punched
cards to form a source program. The arrangement of the
cards is shown in Figure 3.

able or Array Loaded
at Compilation Time

Alternate Collating
Sequence Specifications,

File Translation
Specifications

Output Specifications

Calculation
Specifications

Telecommunications
Specifications

Extension
Specifications

¥ = Blank

Note: Required specifications are shaded.

RPG Control
Card

Figure 3. Record Arrangement in the RPG II Source Deck
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Chapter 2. Common Entries

This chapter defines entries common to all RPG II coding
sheets. Each coding sheet contains the following entries:

1.  Columns 1-2 (page).
2. Columns 3-5 (line).
3. Column 6 (form type).
4.  Column 7 (comments).

5.  Columns 75-80 (program identification).

COLUMNS 1-2 (Page)

Entry Explanation

01-99 Page number

/*, /&, or Indicates end of source specifications
/. data. /.is used on Model 15 only.
*k "~ Followed by a blank in column 3 is a

delimiter for table or array, data, alter-
nate collating sequence specifications,
and file translation specifications.

Columns 1-2 in the upper right corner of each sheet are for
numbering the specification sheets used in a job. You can
use more than one of each sheet, but all sheets of the same
type should be kept together. When all the specifications
sheets are filled out, arrange them in the following order
and number them in ascending sequence:

1.  Control Card and File Description
2. Extension and Line Counter

3. Telecommunications

4. Input
5.  Calculation

6.  Output

COLUMNS 3-5 (Line)
Entry Explanation
Any numbers Line numbers

Columns 3-5 are used to number the lines on each sheet.
Columns 3 and 4 contain preprinted line numbers so, in
most cases, line numbering is already done for you. For
instance, the Control Card and File Description Sheet con-
tains line numbers for lines 01-10. The unnumbered lines
below the preprinted numbers can be used for additional
lines or to insert a line between two other completed lines
(see Example).

The control card specification line is always line 01. Any
other lines on the specification 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 between two com-
pleted lines. To show that a line belongs between line 02
‘and line 03, a 5 is placed in column 5 (any number 1-9 can
be used). Line 025 should be inserted between 02 and 03.
All lines inserted between existing lines should be written
after the last line with a printed line number.

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

COLUMN 6 (FORM TYPE)

Entry Explanation

H Header card (Control Card Specification
Sheet).

F File Description Specifications Sheet.

E Extension Specifications Sheet.

L Line Counter Specifications Sheet.

T Telecommunications Specifications Sheet.

I ‘ Input Specifications Sheet.

C Calculation Specifications Sheet.

0 Output Specifications Sheet.

Column 6 contains a preprinted letter on all sheets. The
letter identifies the type of specifications for each line.

COLUMN 7 (COMMENTS)
Entry Explanation
* Comment liﬁe

You may wint to write comments to help you understand
or remember what is being done in a certain section of
coding. RPG II allows an entire line to be used for these
comments. The comment line is identified by placing an
asterisk in column 7. Any characters in the character set
may be used in a comment line. A card is punched from
this line and the comments appear in the source program
listing.

Comments are not instructions to the RPG II program.
They serve only as a means of documenting the program.
A comment line cannot be written in the control card
specifications line.

COLUMNS 75-80 (PROGRAM IDENTIFICATION) .-

Entry Explanation

Valid Program identification (the first character

RPGII must be alphabetic but cannot be #, $, or

name @; the remaining characters must be alpha-
meric with no imbedded blanks. Special
characters cannot be used.)

Blank RPGOBJ is assumed.

Control Cards

Columns 75-80 (at the top of the Control Card Sheet) are
used to name your object program. This name is used in a
directory that contains the location of your program on
disk. The compiler places the first four characters (columns
75-78) into positions 89-92 (or columns 73-76 if the object
program is put on 80-column cards) of each record in your
object program. Columns 75-80 of the control card must
contain an entry when an object program is permanently
cataloged on the object library (a C in column 10 of the
control card). If columns 75-80 are left blank, the compiler
assumes the entry is RPGOBJ. The compiler (the overlay
linkage editor on Model 15) uses columns 93-96 of each
object program record for consecutive numbering of the
records. The name should be unique.

Note: DIR, ALL, and SYSTEM are reserved names and
must not be used as the name of an object program.

All Other Source Cards

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

Common Entries 9
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Chapter 3. Control Card Specifications

Only one control card may be submitted for each program. COLUMNS 3-5 (LINE)

It provides information about your program and your sys-

tem to the RPG II compiler. If the control card is omitted, See Chapter 2,

a blank control card is assumed. For coding the control

card, one specification line is provided on the Control Card

and File Description Sheet (Figure 5). COLUMN 6 (FORM TYPE)

An H must appear in column 6. A control card with an H

punched in column 6 must be entered for every program
even if all the other columns are left blank.

COLUMNS 7-9 {CORE SIZE TO COMPILE)

COLUMNS 1-2 (PAGE) .
" Columns 7-9 are not used. The program is compiled in the
See Chapter 2. available main storage.
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Figure 5. Control Card and File Description Sheet
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COLUMN 10 (OBJECT OUTPUT)

¢

Entry Explanation

Blank Object program is written temporarily in
the object library. The system halts only
when severe errors are found.

D Object program is written temporarily in
the object library. The system halts for
both warning errors and severe errors. The
operator can continue the job after a halt
occurs for a warning error.

C Object program is written permanently in
the object library.
P Object program is punched into cards or

written on diskette.

Note: An object program in punched cards
cannot be run in level two under Dual Pro-
gram Feature (Models 10 and 12 only).

R Place non-link-edited object program in
library as a permanent entry (Model 15
only).

T Place non-link-edited object program in
library as a temporary entry (Model 15
only).

B Punch non-link-edited object program
(Model 15 only). '

Column 10 is used to indicate the output you want as a
result of compiling the source program. The object
program is written in the same object library in which the
compiler resides, unless specified to another unit via OCL.

You will usually want the object program written tempor-

arily in the object library until you have tested your program.
When a program is written permanently in the object library,

it deletes all programs temporarily written in the object
library. (Every object program written permanently in the
object library must be assigned a valid program name in
columns 75-80 of the Control Card Specifications Sheet.)

A program identification (columns 75-80) is required when
the object program is written permanently in the object
library (C entry in column 10).

No object program is produced when severe (terminal)
errors are present in the source statements.

12

If NOHALT (with severity 2 on Model 15) is specified on
your OCL for this job, no halts will be issued for either
warning or terminal errors. When terminal errors are
found, end-of-job occurs.

On the Model 15, there are advantages when a non-link-
edited object program is obtained and a link edit is per-
formed using the Overlay Linkage Editor. See IBM Sys-
tem/3 Overlay Lirikage Editor Reference Manual, GC21-
7561, for a description of the Overlay Linkage Editor.

When doing a separate link edit using the Overlay Linkage
Editor you can:

1. Control the start address of your RPG program.
2. Control the overlay structure of your RPG program.

3. Make changes to assembler subroutines used in your
RPG program without recompiling. Another link
edit must be performed to include the changed sub-
routine in the RPG program.

A non-link-edited program may require less disk space in
the object library.

COLUMN 11 (LISTING OPTIONS)
Entry Explanation
Blank 1.  The object program is produced

(if no severe errors are found).
2.  The program listing is printed.

The object program is produced
(if no severe errors aré found).
2.  The program listing is not printed.

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

2. 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 system halts after completing the
listing (provided a listing is to be printed). :



The blank entry is the usual case, producing an object pro-
gram (if no severe errors are found) and a source program
listing. The RPG Il listing consists of the source program
listing, table array information, indicator usage informa-
tion, the relative locations of fields and their attributes,
unreferenced field names, diagnostics, a main storage usage
map, and a statement defining the total number of library
sectors required for the object program., The main storage
usage map lists the identification, the start address, and the
size of each uniquely identifiable segment of code in the
object program, and defines the amount of main storage
required for execution. The main storage map is printed
only if the program is successfully compiled.

The B entry means that no program listing is printed;
however, an object program is produced. This entry can
be used 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. This can be used if you
don’t need a complete listing of the program. Excluded
from this printout are table/array information, field
information, a main storage usage map, and disk storage
information.

Note: ForModels 10 and 12 only, the compiler forces
logging of some error messages to the printer during com-
pilation. The printer is allocated to the program level the
compiler is executing in. Any programs executing con-
currently in the other program level cannot use the printer
for error logging,

COLUMNS 12-14 (CORE 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 256-byte increments are
needed (768 bytes).

Column 12 may be used on Models 10 and 12 to specify
additional 256-byte increments of storage. These incre-
ments 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. These additional increments are particularly useful
when using the dual programming feature (Models 10 and
12).

Column 12 must be 0 or blank for Model 15.
Example
The following char. shows examples of the possible entries

that can be made in columns 12-14 and the amount of stor-
age that would be 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
Columns 13-14
Entry Explanation
Blank The main storage required for object
program execution is the same as
that used to compile the program
(maximum of 48K, Model 15).
01-61 , The main storage required for
(Models 10 and 12) program execution (if different
02-48 from main storage available for
(5704-RG1) object program generation),
02-56
(5704-RG2)

Use columns 13-14 to specify some multiple of 1K bytes

" (Models 10 and 12) or 2K bytes (Model 15) of storage

(K = 1024).

Columns 13-14 define the main storage required for program
execution (not including main storage requirements for
external buffers, 5704-RG2). The entry must end in

column 14.
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For Models 10 and 12 RPG I, the size of the object pro-
gram will be less than, or equal to, the value specified in
these columns. For both Model 10 and Model 15 RPG I1,
if these columns are blank, the size of the object program
will be less than, or equal to, the storage size available for
compilation. If the total program cannot be contained in
the amount of main storage specified, RPG II automatically
tries to create overlays.

This entry can differ from the main storage available for
object program generation because: (1) your program can
be executed on a system other than the one that compiled
it, or (2) you might be using the Dual'Program Feature on
the Models 10 and 12 (see IBM System/3 RPG II Addi-
tional Topics Programmer’s Guide, GC21-7567).

If the system used for program execution is different from
that used for compilation, subtract.the amount of main
storage occupied by the supervisor from the total main
storage of the system used for execution (Models 10 and
12 only).’

If you are using the Dual Program Feature on the Models

10 and 12, subtract the amount of main storage allocated

to the second object program and the supervisor from the
total main storage of the system used for program execution.
On Model 15, main storage for object code will be allocated
in 2K increments. The compiler will diagnose any entry

that is not a 2K multiple and round up to the next 2K.

Whether or not an entry is made in these columns, the

" supervisor size must be considered. Remember, for Models
10 and 12, that the DPF supervisor is larger than the dedi-
cated supervisor. In all cases, even if no entry is made in
these columns, the maximum core available to load the
programs is the total main storage of the system less the
size of the supervisor.

14

Model 15 programs normally start at address X‘4000°. Pro-
grams larger than 48K (Program Number 5704-RG2) start
at a lower address. See the appropriate SCP reference
manual (5704-SC2) listed under Related Publications in the
Preface for details. Data management and other library
routines can be added to the generated object code on
Model 15, thus allowing the total program to exceed 64K
before overlays are created.

If at any time during compilation the total program size
(Models 10 and 12) or generated object code (Model 15)
last address exceeds X‘FFFF’ (65,535 in decimal), the
compilation ceases. A terminal halt occurs before an
attempt is made by the compiler to generate overlays.

When external buffers are specified (Program Number
5704-RG2), the total storage required for execution is the
size specified in columns 13-14, plus the size of external
buffers rounded to a 2K multiple. (The overlay linkage
editor shows the calculated partition size for execution of
the program.)

COLUMN 15 (DEBUG)

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

In order to perform a DEBUG operation:

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

2. The DEBUG 6peration code must appear in calcula-
tion specifications,

See Operation Codes, DEBUG Operation in Chapter 8 for
more information,
COLUMNS 16-20

Columns 16-20 are not used.



COLUMN 21 (INVERTED PRINT)
Entry Explanation
Blank Domestic format.
I World Trade format.

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

D United Kingdom format.

Use column 21 to describe the format and punctuation
used for numeric literals in the calculations specifications,
the order of the system date (referenced by UDATE) field
and edit codes used on output.

Note: The input for UDATE must be in the format
expected as output. For example, if D (United Kingdom
format) is specified in column 21, the input format must
be DD/MM/YY.

Figure 6 shows inverted print specifications and resulting
formats.

COLUMNS 22-25

Columns 22-25 are not used,

COLUMN 26 (ALTERNATE COLLATING SEQUENCE)

Entry Explanation
Blank Normal collating sequence is used.
S Alternate collating sequence is used.
Use column 26 only to alter the normal collating sequence

for a job. Additional specifications are required, as
described in the following discussion.

Inverted Print Numeric Literal Edit Codes Zero Suppress UDATE
Option using using to the Left/Right Appears
Period/Comma as a Period/Comma as of the asa
a Decimal Point a Decimal Point Decimal Point Slash/Period
Blank 4123.57 3,210.89 .50 MM/DD/YY
D 4123.57 3,210.89 .50 DD/MM/YY
| 4123,57 3.210,89 ,50 DD.MM.YY
J 4123,57 3.210,89 0,50 DD.MM.YY

Figure 6. Inverted Print Specifications

Control Card Specifications




Collating Sequence

Every alphabetic, numeric, or special character holds a
special position in relation to all other characters (see
Figure 7 and Appendix D, Table D-5). This order is known
as the collating sequence. System/3 uses a collating
sequence based on the way characters are represented in the
machine (see Character Structure under Columns 21-41 in
Chapter 4).

‘You can change this collating sequence if you wish. If you
want characters to appear in a sequence other than the one
used by System/3, 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 col-
lating sequence.

Note: An alternate collating sequence applies to matching
fields, sequence checking, and alphameric compare opera-
tions (COMP). It has no effect on control levels, numeric
compares, look up, or sequence checking of tables or arrays.

Defining an Alternate Collating Sequence

To define an alternate collating sequence you must enter an
§ in column 26 of the Control Card Specifications Sheet.

A table also must be entered which lists the changes you
wish to make in the normal collating sequence. This isa
special table requiring no File Description or Extension
Specifications Sheet. The following entries are needed for
each table record entered:

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 number of the
character whose normal collating sequence is being changed.
Table D-5 in Appendix D and Figure 7 list characters and
their hexadecimal equivalents.

Positions 11-12: Enter the hexadecimal number of the char-
acter that is replaced by the character being changed.

16

Positions 13-16, 17-20, 21-24, etc.: These positions are
used in the same way as positions 9-12. There may be as
many position entries as the record can contain. Additional
records may be used with the above format. The first blank
position terminates the record. ** or /* ends the table.

The alternate sequence table must be preceded by a record
with **H in positions 1-3. The remaining positions of the
record may be used for comments. This table must follow
the RPG II specification deck and file translation cards, if
used. Figure 3 shows the arrangement of cards in an

RPG II source deck.

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 a character to be considered the same as
another character, both must hold the same position in the
collating sequence. For example, you may want a blank to
be considered 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 position in the se-
quence, The alternate collating sequence input record looks
like this; '

Position  Entry

1-6 ALTSEQ

7-8 Blanks

9-12 40FO0 (blank takes the zero’s position)

Whenever a blank is read and used in a compare, it is con-
sidered as a zero. Thus, if you were comparing characters to
0036 to find an equal condition, 0036 -and 636 (where
B=blank) both compare equal to 0036.
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IBM International Business Machines Corporation Form X21-9096
. Printed in US.A.
TRANSLATION TABLE AND ALTERNATE COLLATING SEQUENCE CODING SHEET
Replaced ] eplaced Replaced
System/3 Bv7T akes System/3 BR;?T:: . System/3 g:‘/ﬂTm System/3 :yIT akes System/3 BvIpT'aks
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
00000001 01 00110100 34 01100113 67 10011010 9A 11001101 [
00000010 02 00110101 35 101000 68 10011011 98 11001110 CE
0000001 03 00110110 36 101001 69 10011100 9C 11001111 CF
00000100 04 00110111 37 101010 6A 10011101 90 11010000 | ¥ DO
00000101 5 00111000 38 1101011 |, 68 10011110 9E 11010001 _}J D1
00000110 06 00111001 39 01101100 | % 6C 10011111 9F 11010010 | K 02
00000111 07 00111010 3A 01101101 | — 6D 10100000 A0 11010011 | L D3
00001000 08 00111011 38 01101110 | > 6E 10100001 Al 11010100 [ M 04
00001001 09 00111100 3C 01101111 | 7 6F 10100010 A2 | 11010101 I N DS
00001010 0A 00111101 30 01110000 70 10100011 A3 11010110_{ O _D6_
00001011 0B 00111110 3E 01110001 71 10100100 A4 11010111 _| ¢ D7
00001100 oc 00111111 3F 01110010 72 10100101 A5 11011000 | @ Dg .
00001101 0D ot Blank 40 01110011 73 10100110 A6 11011001 _| R D9
00001110 OE 01000001 | - 41 01110100 74 | 10100111 AT 11011010 DA
00001111 OF 01000010 42 01110101 75 10101000 A8 11011011 08
00010000 10 01000011 43 01110110 76 10101001 A9 11011100 DC
00010001 1 01000100 44 01110111 77 10101010 AA 11011101 DD
00010010 12 01000101 45 01111000 78 10101011 AB 11011110 DE
00010071 13 01000110 46 01111001 79 10101100 AC 11011111 DF
00010100 14 01000111 47 01111010 | : IA 10101101 AD 11100000 EQ
00010101 15 01001000 48 01111011 | # 78 10101110 AE 11100001 3
00010110 16 01001001 | - 49 01111100 [ € 7C 10101111 AF 11100010 _| S €2
00010111 17 01001010_{ ¢ 4A 01111101 | * 7D 10110000 BO 11100011 | T _E3
00011000 18 0100101t | - 48 01111110 | = 7E 10110001 B1 11100100 { U E4
00011001 19 01001100 | < ac 01111111 |~ 7F 10110010 ° B2 11100101 | V ES
00011010 1A 01001101 | ¢ 4D 10000000 80 10110011 B3 11100110 | W E6
00011011 1B 01001110 | + 4E 10000001 81 10110100 B4 11100111 | X E7
00011100 1C 01001111 | | 4F 110000010 82 10110101 BS 11101000 | Y €8
00011101 1D 01010000 | & 50 | 10000011 83 10110110 B6 11101001} 2 €9
00011110 1E 01010001 51 10000100 84 10110111 87 11101010 EA
00011111 1F 01010010 52 10000101 85 10111000 B8 11101011 EB
00100000 20 01010011 53 10000110 86 10111001 89 11101100 EC
00100001 21 01010100 54 10000111 87 10111010 BA 11101101 ED
00100010 22 101 [ 55 10001000 88 10111011 BB 11101110 €E
00100011 23 01010110 |56 10001001 89 10111100 BC 1101111 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
00100111 27 01011010 | 1 5A 10001101 8D 11000000 co 11110011 3 F3
00101000 28 01011011 | § 58 10001110 8E 11000001 | A ] 11110100 {4 F4
00101001 29 [ ot011100 | * 5C 10001111 8F 11000010 | B c2 N1I0101_| 5 F5
00101010 2A 01011101 ) 5D 10010000 90 " 11000011 C c3 11110110 6 F6
00101011 28 01011110 | .7 SE 10010001 91 11000100 | D ] 10| 7 F7
00101100 2C 01011111_| 1 5F 10010010 92 11000101 | E cs 11111000 |8 F8
00101101 2D 01100000 | - 60 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 c8 11111011 F8
00110000 30 01100011 63 10010110 96 11001001 | 1 c9 11111100 FC
00110001 31 01100100 64 10010111 97 11001010 CA 11111101 FD
00110010 32 01100101 65 10011000 98 1100101 CB 11111110 FE
[EEEEEEE] FF




Altering the Normal Collating Sequence

You can alter the normal collating sequence in several ways.
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 4 is).
Regardless of how you alter the sequence, you must specify
every character to be changed by the alteration. For
example, if you want the dollar sign ($) to be positioned

in the collating sequence between 4 and B , the normal
sequence is changed as follows:

Normal  Altered
Sequence Sequence

Normal  Altered
Sequence Sequence

On the Translation Table and Alternate Collating Sequence
Coding Sheet, note that there are many characters between
Iand } ,R andS, Z and 0. These characters can be repre-
sented in the computer and on records by a certain code.
However, they have no printable graphic symbol. Due to
this particular arrangement of graphics, nongraphics, gra-
phics, etc. in the collating sequence, a character, when in-
serted between A and B, changes only the position of
graphics B through I. All other graphics are not affected.
B through I all move down one position, causing the 7 to
take the place of the non-graphic represented by hexadeci-
mal 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

A A F E
B $ G F The alternate sequence input record is constructed as
C B H G follows (this record must be preceded by a record with
D C I H **Y in positions 1-3):
E D 1 ’
International Business Machines Corporation Form X21
Printed in
TRANSLATION TABLE AND ALTERNATE COLLATING SEQUENCE CODING SHEET
. Re
System/3 S;'/)-:-a,ie:, System/3 g;.;}:g System/3 s;‘/’-'rm System/3 By.
Code Graphic Entry Place Of Code Graphic Entry Place Of Code Graphic Entry Place Of Code Graphic Entry Pla
00110011 33 01100110 66 10011001 99 11001100 cc
00110100 3 01100111 67 10011010 %A 11001101 )
00110101 35 1101000 68 10011011 %8 11001110 CE
00110110 36 0100 69 10011100 oC 11001111 CF
00110111 37 010 6A 10011101 8D 11010000 } Do
00111000 38 011010 ; 68 10011110 of 11010001 _|J D1
00111001 |39 01101100 | % 6C 10011111 oF 11010010 | K D2
00111010 3A 01101101 | — [ 10100000 AD 11010011 1, D3
00111011 38 01101110 | > E 10100001 Al 11010100_| M D4
00111100 3C 0110111 ? F 10100010 A2 N il
00111101 3D 0111000¢ 70 10100011 A3 11010110 | O D6
00111110 3E 01110001 71 10100100 Ad 1010111 P D7
00111111 3F 01110010 72 10100101 A5 11011000_| @ D8
01000000 Blank 40 01110011 73 10100110 A6 11011001 R [o}:]
01000001 2 01110100 74 10100111 A7 11011010 DA
01000010 42 01110101 75 10101000 A8 11011011 DB
01000011 43 01110110 76 10101001 A9 11011100 DC
01000100 44 o101 77 10101010 AR 1101110 - DD
["oiooo101 25 01111000 78 10101011 AG 01111 DE
00011 46 01 00 79 10101100 AC 11011111 DF
00011 47 01 01 H TA 10101101 AD 11100000 EO
001006 18 01111011 | # 78 10101110 AE 11100001 €1
60160 29 oni1100 | © 7C 0101111 AF [~11700010 |5 E2
01001010 ¢ 4A 0111110t : 7D Oﬂm BO 11100011 T E3
01001011_| + ) 01111110 | = 7€ 116001 B1 11100100 | U E4
01001100 [ < ac o | - 7F 110010 82 1100101V ES
01001101_| | D 10000000 80 10110011 B3 1100110 | W €6
01001110 | + 4E | 10000001 81 16110100 B4 1100111 [ x E7
01001111 | 4F 10000010 82 10110101 BS 11101000 Y E8
01010000 | & 50 10000011 83 10110110 B6 11101001 |z €9
01010001 51 10000100 84 10110111 87 11101010 EA
01010010 52 10000101 85 10111000 B8 11101011 EB
01010011 53 10000110 86 10111001 B9 11101100 EC
[ o1010100 54_ 10000111 87 10111010 BA 1101101 ED
101 " 55 10001000 88 10111011 BB 11101110 EE
01010110 __56 10001001 89 10111100 BC 11101111 EF
010 7 8A 10111101 BD . ; B
g:mu‘):»:) :8 ; $ takes B's position. 88 10111110 BE 1, B takes C's position. ;? -
1 10001100 8c 10111111 BF / 11110010 2 F2
101101 HA: 10001101 8D 11110011 3 F3
0101101 10001110 8E 1110100 | 4 F4
10001111 8F 11110101 5 F5
01011101 5D 10010000 9 1110110 [ 6 &
1011110_] : “sE i 10010001 91 3 4 o |7 F7
01100000 - & iabioor = Tiooorms T - T L8 &
hd 7
01100001 | ¢ 61 10010100 94 11000111 _| G o lea(sy]| C takes D's position, ;——
01100010 62 10010101 9 11001000 | H [N XA ] 1ni011 8
01100011 63 10010110 96 110010011 [:] iCA. \_ | 11111100 FC
01100100 64 10010111 97 11001010 cA 1111101 FD
01100101 65 10011000 98 11001011 cB \_{ . 11111110 FE
N FF
(no printable character) —

Figure 8. Altering the Collating Sequence
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Position Entry

1-6 ALTSEQ

7-8 (blanks)

9-12 5BC2 (8 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 CI9CA (I takes a new position held by no

other printable character)

COLUMNS 27-36

Columns 27-36 are not used by System/3.

COLUMN 37 (INQUIRY)
Entry Explanation
Blank The program cannot be interrupted (does

not recognize an inquiry request).

B The program can be interrupted (recog-
nizes an inquiry request). RPG II
5704-RG2 does not support B-type
programs.

1 The program is an inquiry pfogram that
can only be executed when an inquiry
request is made.

System/3 allows certain programs to be interrupted while

 they are being processed. A request for interruption is
called an inquiry request and is handled by the rollout/
rollin support of the supervisor. (For Models 10 and 12,
made by pressing the REQ key on the printer-keyboard;
for Model 15 using SCP 5704-SC1, made by entering a
ROLLOUT OCC command. See IBM System/3 Model 15
System Control Programming Reference Manual,
GC21-5077).

An I-type program is usually read in only when a B-type
program is interrupted. In this case, the I-type program

does not recognize an inquiry request. However, if an

I-type program is loaded in the normal manner (not because
of a program interrupt), input from the console on the
Model 10 is accepted after an inquiry request has been made.
On the Model 15, input from the CRT/Keyboard is accepted
after the PA1 key has been pressed. For Model 15, if
CRT77 input is not specified, the program is loaded and
executed as if column 37 was blank.

The RPG 1l inquiry request is outlined in these steps:

1. Only a B-type program recognizes an inquiry or roll-
out request.

2. When the program recognizes an inquiry or rollout
request, a rollout routine moves the interrupted pro-
gram from main storage to disk.

3. The program for which the interrupt was requested
is processed. The interrupting program may be any
type (blank, B, or I). This interrupting program
cannot be interrupted.

4.  After the interrupting program is executed, the inter-
rupted program moves back into main storage using a
rollin routine. The interrupted program resumes
execution at the point of interruption and terminates
in a normal manner.

On the Models 10 and 12 (in dual program mode) or Model
15 (with both partitions active), the same specifications

apply. However, only level 1 programs can be interrupted
and moved out of main storage by a rollout routine.

Note: An inquiry request can also be made by using IBM-
written subroutines (SUBR95 (Models 10 and 12) or
SUBR89 (Model 15) instead of rollout/rollin. For informa-
tion on this method see Appendix J. When these sub-
routines are used, it is not necessary to supply a code in
column 31 of the control card.

COLUMNS 38-40

Columns 38-40 are not used by System/3.

COLUMN 41 (1P FORMS POSITION)

Entry Explanation
Blank First 1P line is printed only once.
1 First 1P line can be printed repeatedly.
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When forms are first inserted in the printer, they may not
always be in perfect alignment. Sometimes several lines
must be printed to determine the correct positioning of the
form. Since you may not want to print several lines of a
report before getting the forms positioned correctly, you
have the option of repeatedly printing the first line condi-
tioned by the first page (1P) indicator. Each time the 1P
line is printed, the program halts so you may reposition the
forms if needed. Forms positioning applies to the first 1P
output line for the first printer file. Page count is not
incremented until the forms are positioned correctly.

COLUMN 42 (INDICATOR SETTING)

Column 42 is not used.

COLUMN 43 (FILE TRANSLATION)

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

are to be translated.

Use column 43 only when information contained in an
input, output, combined, or update file is in a form which
requires translation. When file translation is specified for
an update or combined file, both the input and output
portions of the file are translated. In this discussion, input
and output characters are referred to as external characters;
characters used for processing within System/3 are called
internal characters.

An F in' column 43 indicates either or both of the follow-
ing: ’

1. The character code used in the input data (external
character) must be translated into a form that can
be used by your program (internal character).

2.  The output data must be in a character code differ-
ent from that used by your program. '

FILE TRANSLATION

RPG II allows you to translate any character code into
" another character code. This capability is file translation.

A different character code used as input can be translated
into the code used by System/3,\and the code used by

System/3 can be translated into a different code for output.

20

Specifications for File Translation

To indicate that there are files to be translated, enter an F
in column 43 of the RPG II Control Card Specifications
Sheet. File translate table records must also be used to
specify how the translation is to be done. The following
entries are needed for each file translation table record
used: ‘

Positions 1-6: Enter *FILES to indicate that 4/l input,
output, update, and combined files are to undergo trans-
lation (both the input and output portions of update and
combined files will be translated). Then use the specifica-
tions listed below, beginning with positions 9-10. All files
will be translated according to the translate table specified
beginning in position 9,

If only certain files are to be translated, you need not
specify *FILES, but you must name the files to be
translated (in columns 1-8) as follows:

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

Positions 9-10: Enter the hexadecimal equivalent of the
external character, This is the character in a different char-
acter 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/3
code which internally represents the external input or out-
put character. '

Positions 13-16, 17-20, and 21-24, etc: These groups of
positions are used the same way as positions 9-12, The

first two positions of a group give the character to be trans-
lated into the character named in the last two positions of

a group. All tables for one file must be kept together. The
file translation table input records must be preceded by a
record with **¥ in positions 1-3. The remaining positions
of this record may be used for comments. The file trans-
lation records must directly follow the RPG II specifications
in the source program (Figure 3).



Example

Assume that a department store must process cards serving
as sales slips for all items sold. Each card contains a
punched and printed record of the actual, or wholesale,
cost of its associated item along with a retail price.

Since wholesale cost is confidential, the store uses indivi-
dual letters of a code name in place of wholesale cost
figures. '

A typical code name 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 ten 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 num-
ber 1; letter U represents number 2, etc. Letter M repre-
sents zero. Individual letters are combined to represent
each item’s wholesale cost. Thus a wholesale cost of
BBU.CC translates as 112.33; that is, one hundred twelve
dollars and thirty-three cents.

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

Letter in Hexadecimal Hexadecimal
Code name  Equivalent = Number  Equivalent
B C2 1 F1

U E4 2 F2

C C3 3 F3

K D2 4 F4

I Cc9 5 F5

N D5 6 FC

G C7 \ 7 F7

H C8 8 F8

A Cl 9 F9

M D4 0 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.

See Figure 9. Note that if letters BBU were read and never
translated, hexadecimal equivalents C2, C2, and E4 would
be used by System/3. As a result, it would be 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.

File translation table input card specifications for letters
in the word BUCKINGHAM are as follows:

v

Column  Entry
1-6 *FILES
7.8 Blank
912 C2F1
1316  EAF2
1720 C3F3
2124  D2F4
2528 C9F5
290.32  D5F6
33.36  C7F7
3740  C8F8
41444  CIF9
4548  DAFO

Only the letters of the previous example will be specified
for translation. All other characters will be handled in the
normal manner. Figure 10 shows the entries made on the
Translation Table and Alternate Collating Sequence Coding
Sheet for the previous example.

COLUMN 44 (PUNCH MFCU ZEROS)

Entry Explanation
Blank Leading zeros are removed.
1 Leading zeros are used.
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Intcrnational Busincas Machines Corporation

Vorm X21-9096

Printed in US.A.
TRANSLATION TABLE AND ALTERNATE COLLATING SEQUENCE CODING SHEET
ed: laced Replaced
'B‘;;:‘a:kes System/3 g:‘;':'m System/3 S;‘/’Takes System/3 vaT akes
Place Of Code Graphic Entry Place Of Code Graphic Entry Place Of Code Graphic Entry Place Of
01100110 66 10011001 99 11001100 cc
01100111 67 10011010 9A 11001101 cD
01101000 68 10011011 98 11001110 CE
110100 9 10011100 9C 11001111 CE
0110 A 10011101 90 11010000 | ¥ Do
1101 , B 10011110 3 11010001 | J D1
1101100 | % C 10011111 oF 11010010 | K D2
01101101 _| — 6D 10100000 AD 11010010 L 03
01101110 | > 6E 10100001 Al 11010100_| M D4
o101 |7 6F 10100010 A2 1 11010101 | N Dns
61110000 70 10100011 A3 11010110_| 0 D6
01110001 7 10100100 A4 1no1011_[ P D7
01110010 72 10100101 A5 11011000 | @ D8
01110011 73 10100110 A6 11011001_| R Dy
01110100 74 70100111 AT 11011010 DA
01110101 75 10101000 AB 11011011 DB
01110110 76 10101001 A9 11011100 DC
01110111 77 16101010 AA 11011101 DD
01111000 78 16101611 AB 1011110 DE
01111001 79 10101100 AC 11011111 DF
01111010 | : 7A 10101101 AD 11100000 E0
01111011 _| # 78 10101110 AE 11100001 E1
01111100 | © 7C 0101111 AF 11100010
01111101_| ) 10110000 BO [
01111110_| = 7€ 10110001 B1 11100106;
| - 7F 10110010 B2 11100101
10000000 80 10110011 B3 11100110 E6 ] .
1000000 81 10110100 B4 11100111 X E7 H :
10000010 82 10110101 85 11101000 | ¥ E8 E4, which if translated
10000011 83 10110110 B6 11101001 _| Z Eg would represent the
10000100 84 10110111 87 11101010 EA
10000101 85 10111000 B8 11101011 8 number 2, is the letter
10000110 86 10111001 B9 11101100 | EC U in the code used by
10000111 87 10111010 BA 11101301 ED
10001000 88 10111011 BB 11101110 _EE the System/3,
10001001 89 10111100 8C 11101111 EF
10001010 8A 10111101 ) 11110000 | 0 Fo
10001011 88 10111110 BE 11110001 | 1 F1
10001100 8C 10111111 BF 11110010 | 2 F2_
10001101 8D 11000000 11110011 |3 F3
10001110 8E 11000001 11110100__| 4 F4
10001111 8F 1100001 [ 11110101 |6 5
10010000 90 11000011 X 11110110_| 6 F6
10010001 91 11000100 [} ot |7 F7
10010010 92 11000101_| € c5 1111000 | 8 Fg
10010011 03 11000110 | F c6 11111001 { 9 )
10010100 04 11000111 |G} | o1 11111010 FA
10010101 95 11001000 |H | | c8 11111013 F8
10010110 % 11001001 _ | | ‘ co 11111100 FC
10010111 97 11001010 CA 11111101 FD
10011000 98 11001011 cB 11111110 FE
LEEEEEEE] FF

v

Figure 9. Differences in Character Codes

Cé, which if translated

would represent the
number 1, is the letter
B in the code used by

the System/3.

This column applies only to output on the MFCU., If the
column is left blank, all numeric output fields on the MFCU
will be zero suppressed to the units position. Entera I in
column 44 when you wish to have leading zeros on fields

punched or printed by the MFCU.

If an edit word or edit code is defined for fields to be

printed or punched on the MFCU, the edit word or code

will override column 44.
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COLUMN 45 (NONPRINT CHARACTERS)

Entry

Blank

Explanation

Program halts if an unprintable character
was in the last line printed.

No program halt for such unprintable
characters.



International Business Machines Corporation Form X21-9096
. Printed in U.S.A.
TRANSLATION TABLE AND ALTERNATE COLLATING SEQUENCE CODING SHEET
R ed - Replaced Replaced
System/3 B;?Ira:m System/3 33?}'&'; System/3 3;7731(25 System/3 By’/aTaies
de Graphic Entry Place Of Code Graphic Entry Place Of Code Graphic Entry Place Of Code Graphic Entry Place Of
11001 33 01100110 66 10011001 99 11001100 cc
100 34 01100111 67 10011010 9A 11001101 cD
10 35 101000 68 1011011 98 11001110 CE
110 36 101001 69 10011100 9C 11001111 CF
10111 37 101010 6A 10011101 9D 11010000 | } DO
11000 38 101011 |, 68 10011110 9E 11010001 | 4 D1
111001 | 39 101100 | % 6C 10011111 oF 11010010 | K D2 F 4
111010 3A 01101101 | — 60 10100000 A0 11010011 _[ L D3
110 38 01101110_| > 6E 10100001 Al 11010100 | M D4 Fo
111100 3c 01101911_| 7 6F 10100010 A2 11010101 | N Fe
111101 3D 01110000 70 10100011 A3 11010110 [ O D6
111110 3E 01110001 7 10100100 A4 now0111_[p 07
1 3F 01110010 72 1010010t A5 11011000 | @ [o):]
000000__| Blank 40 01110011 73 10100110 A6 11011001_| R D9
000001 a1 01110100 74 10100111 A7 11011010 DA
000010 a2 01110101 75 10101000 AB 11011011 DB *
000011 43 01110110 76 10101001 A9 11011100 oc
000100 a3 01110111 77 10101010 AA 11011101 DD
0001 a5 01111000 78 16101011 AB 11011110 DE
000 46 01111001 79 10101100 AC 11011111 DF
%0 47 0111101 : 7A 10101101 AD 11100000 EO
201000 48 0111101 # 78 10101110 AE 11100001 El
501001 39 01111100 | @ 7C 10101111 AF 11100010} S E2
01010_| ¢ 4A 01111101_{ ° f) 10110000 BO 11100011 [T E3
001011 | 48 01111110 | = 7E 10110001 B 11100100 | U E4 EZ2,
001100 | < ac onmnn_[~ 7F 10110010 B2 11100101 |V E5
001101 | { 4D 10000000 80 10110011 B! 11100110 | W E6
oo1110 | + 4E |_10000001 81 10110100 B4 11100111 _| x E7
001111 | | 4F 10000010 82 10110101 BS 11101000 | ¥ E8
010000 | & 50 10000011 83 10110110 B6 11101001 [z E9
010001 51 10000100 84 10110111 B7 11101010 EA
010010 52 10000101 85 10111000 [ 11101011 EB
010011 53 10000110 86 10111001 B9 11101100 EC
010100 54 10000111 87 10111010 BA 11101101 ED
010101 10001000 88 10111011 88 11101110 EE
010110 56 10001001 89 [ 10111100 BC 11101111 EF
010111 57 10001010 8A 10111101 BD 11110000 [0 Fo
011000 58 10001011 8B 10111110 BE 11110001 |1 F1
011001 £9 10001100 8C 10111 BF 11110010 [ 2 F2
| 5A 10001101 8D 11000000 [) 11110011_[3 F3
onon_| § 58 10001110 8E 11000001 | A [ F 7 11110100 | 4 F4
011100 | * 5C 10001111 8F 11000010 [ 8 c2 E 11110101 |5 F5
ontws |} [3:) 10010000 90 11000011 | C c3 F3 11110110 [ 6 F6
oo | - §E_ 10010001 91 11000100 | D ca 107 F1
ot |9 F 10010010 92 11000101 | E cs5 11111000 | 8 F8
100000 | - 60 10010011 93 11000110 | F c6 1111001 | 9 F9
100001 |/ 61 10010100 94 11000111__| G 11111010 FA
100010 62 10010101 95 11001000 [ H 11111011 FB
100011 63 10010110 96 11001001 | 1 11111100 FC
100100 64 10010111 . 97 11001010 11111101 FD
100101 65 10011000 98 11001011 g 11111110 FE
L \ [EEEEEEE] FF

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

Figure 10. Specifications for File Translation Input Cards

Column 45 is used to bypass machine halts for unprintable
characters. This column applies to the printer and the
printer keyboard. All characters are known to the system
by a numeric code. If a numeric code is formed which is
not known to your system (not in your character set) and
that character is to be printed, the machine will halt after
printing the line. The unprintable characters will have
been replaced by blanks.

] -
This is the hexadecimal equivalent of the
System/3 character that will be substituted
for the character that is to be translated.

If you wish to bypass this halt, enter a one (1) in column
45. An unprintable character will be printed as a blank and
no halt will occur. Note, however, that this option could
make some types of output data meaningless.

COLUMNS 46-47

Columns 46-47 are not used.
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COLUMN 48 (SHARED 1/0 AREA; EXTERNAL
BUFFERS FOR PROGRAM NUMBER 5704-RG2 ONLY)

Entry Explanation

1 All 5444 disk files share a single input/ *
output area (Program Number 5702-RG1
only).

E External buffers for disk devices (Program
Number 5704-RG2 only).

Blank All disk files use a separate input/output

area.

For Model 10 5444 disk files, enter a 1 in this column to
indicate that all disk files in the program share a single
input/output area. For Program Number 5704-RG2, enter
an E in this column to specify external buffers for disk
devices. This option causes all disk I/O buffers to be out-
side the generated object program. This allows the user
program to be up to 52K long excluding the I/O buffers.
When the object program is executed, the user must allo-
cate a partition large enough to contain the object program
and the disk buffers. For more information about external
buffers, see the appropriate SCP reference manual or overlay
linkage editor manual listed under Related Publications in

* the Preface.
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Normally an RPG II program uses one input/output area
for each file. A 1 in column 48 allows all 5444 disk files

to use one input/output area. By specifying a shared input/
output 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 stor-
age you have available. However, the use of a shared input/
output area increases 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 otherwise exceed the capacity of the system.

Note I: A shared input/output area cannot be specified for
multivolume files (entry greater than 01 in columns 68-69
of the File Description sheet).

Note 2: Additional input/output areas (entry in column 32
of the File Description Sheet) cannot be specified for disk
files using a shared input/output area.

COLUMNS 49-74

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

COLUMNS 75-80 (PROGRAM IDENTIFICATION)

See Chapter 2.



File description specifications are required for every file
used by a program. Write these specifications on the Con-
trol Card and File Description Sheet (Figure 11). Only one
line is needed to describe a file. A maximum of 20 file
description records are allowed per program.

At the end of this chapter is a series of charts showing all
possible files that can be defined on the File Description
Sheet. The charts are arranged by device, showing the
basic entries for all possible disk, card, console, and printer

files.

Chapter 4. File Description Specifications

COLUMNS 1-2 (PAGE)

See Chapter 2.

COLUMNS 3-5 (LINE)

See Chapter 2.

COLUMN 6 (FORM TYPE)

An F must appear in column 6,

RPG CONTROL CARD AND FILE DESCRIPTION SPECIFICATIONS P
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- 1.2 75 76 77 78 79 80
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Instruction 2 ificati
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Figure 11. Control Card and File Description Sheet
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COLUMNS 7-14 (FILENAME)

Use columns 7-14 to assign a unique filename to every file
used in your program except compile time table and array
files, which must not be named on the File Description
Sheet. (Compile time tables and arrays are described on
the Extension Sheet.) The filename can be from 1-8 char-
acters long, must begin in column 7, and must be a valid

RPG II name. The filename can be the same as a field name.

Pre-execution time table and array files are described on
the File Description Sheet. More than one table or array
file can be described for the same device (see columns
40-46 in this chapter). For the MFCU (but not for other
devices), a single file may contain more than one table or
array. In this case, the MFCU file would be named only
once on the File Description Sheet, but each table or array
within the file would be described separately on the Exten-
sion Sheet (see Tubles and Arrays in Chapter 5).

COLUMN 15 (FILE TYPE)

Entry Explanation

I Input file

(0) Output file

U Update file

C Combined file
D Display file

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

Input File

Input files are records that a program uses as a source of
data. When input files are described in a program it indi-
cates that records are to be read from the file. All input
files except table and record address files must be further
described on the Input Sheet. Table files and record address
files must be further described in the Extension Sheet.

Outpuf Files
" Output files are records that are written, punched, or
printed by a program. All output files, except table and

array output files, must be further described on the Output
Sheet. i
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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 on both the Input Sheet and
Output Sheet; only the fields to be updated must be
described on the Output Sheet. A record in a update file
can be updated only once during a cycle (see output file
output indicator description). A chained file or a demand
file may be updated at detail time or at total time or excep-
tion time. All other disk files should be updated only at
detail time, during the same program cycle that reads the
record, otherwise, results of the update will be unpredictable.

Model 15 Systems: The CRT/keyboard can be specified as
an update file. This gives you the flexibility of displaying
fields or constants on the CRT during output and respond-
ing to, altering, or adding to the fields or constants during
input. See Figure 12 for an example and refer to CRT/Key-
board Files (Model 15) in Chapter 4 for a further description.

Combined Files

A combined file is both an input and an output file. For
Models 10 and 12, a combined file can be assigned only to
the MFCU or 1442 Card Read Punch. For Model 15,
MFCU, MFCM, or 1442 Card Read Punch files can be
combined files. A program reads records from a com-
bined 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
on both the Input Sheet and Output Sheet.

Output data can be printed or punched on cards as they

~ are read.

Do not condition output to a combined file such that more
than one record can satisfy the output conditions during
the same cycle. (This condition should not exist for the
entire detail output cycle, even if output is going to more
than one combined file.)

All output records to a combined file are stored in a hold
area until another record is read from the combined file.
The output record is printed or punched just prior to the
time the new record is read. ‘

Since each record stored in the hold area overlays and
replaces any record previously stored in the hold area,

only one record can be available as output to a combined
file during any one RPG II cycle. This record will be the
last record that satisfied output conditions during the cycle.
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At input time the operator enters the information
called for. Any data displayed can be changed at
this time. All data displayed plus new data entered
will be available for processing.

Figure 12. Coding a CRT file as an update file
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Display Files

A display file is a collection of information from fields used
by a program. The DSPLY operation code must be used on
the Calculation Sheet in order to print a field or record
directly from storage and/or key data into a field or record
in storage. Display files need only be described on the File
Description Sheet. The device associated with a display file
for a Model 10 or 12 must be a printer-keyboard (CON-
SOLE). For a Model 15, it must be the CRT/keyboard
(CRT77). See Operation Codes, Display in Chapter 8 for
more information.

COLUMN 16 (FILE DESIGNATION)

Entry Explanation
P Primary file
S Secondary file
C Chained file
R Record address file
( /T/ Table or array file (pre-executioﬁ time

tables or arrays)

D Demand file

Use column 16 to further identify the use of input, update,
combined, and chained output files. Leave the column
blank for display 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. It can be an input, update, or combined 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.
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Secondary Files

Secondary files apply to programs that do multifile pfbcess— o

ing. All of the 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 Multifile Processing (columns 61-62) in Chapter 7 for
more information on primary and secondary files. '

Chained Files

A chained file is a disk file that is read randomly or loaded
directly via the CHAIN operation code. A maximum of 15
chained and/or demand files are aliowed per program.

A chained file can be an input, output, or update file. See
Column 28 (Mode of Processing), Random in this chapter,
and Operation Codes, CHAIN in Chapter 8.

Record Address Files

A record address file is an input file that indicates which
records are to be read from a disk file and 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 in extension
specifications.

Record address files contain either record key limits or
relative record numbers in binary format. Record address
files that contain record key limits can be disk files, card
files, tape files, diskette files or can be entered from the
printer-keyboard (Models 10 and 12) or CRT/keyboard
(Model 15). ‘

Record address files that contain binary relative record
numbers can only be disk or tape files. Those files that
contain limits are used with indexed files only. See
Column 28 (Mode of Processing), Sequential Within Limits
in this chapter for more information. '



Record address files on disk that contain binary relative

record numbers are called ADDROUT (address output) files.

They are produced by the Disk Sort Program and can be
used with any type of disk file. See Column 28 (Mode of
Processing ), By ADDROUT File in this chapter for more
information.

Table or Array Files

A table or array file is a sequential input file that contains
table or array entries. The entries can be read into the pro-
gram during compilation or immediately before execution
of the program. Only pre-execution time tables or arrays
are described on the File Description Sheet. However, both
pre-execution and compile time tables and arrays must be
described in the Extension Sheet.

A table or array output file (written or punched after LR
output) is defined as a normal output file and does not
require an entry in column 16.

Table and array files are not involved in record selection
and processing. They are only a means of supplying entries
for tables or arrays used by the program. When 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. See Tables and
Arrays in Chapter 5 for additional information.

Demand Files

Demand files can be input, update, or combined files. The
READ operation code must be used on the Calculation
Sheet in order to read from a demand file. Demand files
can be processed either sequentially by key or consecu-
tively. A maximum of 15 demand and/or chained files are
allowed per program. See Operation Codes, READ in
Chapter 8 for a discussion of processing demand files. If a
demand file is assigned to the same device from which the
OCL is read, the last OCL record may be placed in the
wrong stacker.

COLUMN 17 (END OF FILE)
Entry Explanation

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

Blank 1. The program can end whether or not
all of the records from the file have
been processed.

2. If column 17 is blank for all of the
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 or not the program
can end before all of the records from the file are processed.
It applies only to input, update, and combined files that are
used as primary, secondary, or record address files.

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

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

End-of-File Processing

By specifying an E in column 17 of the File Description
Sheet, you indicate that the job is to end after all records
are processed from the file for which you specified the E.
In most cases, the job will end at the time all records from
that file are processed. However, under certain conditions
additional records may be processed after all records from
the file with the E designation are processed. The excep-
tional situation is in matching records when an E is desig-
nated for the primary file and all records from that file have
been processed. The job will end only after all secondary
records that match the last primary record have been
processed or the first secondary record without a match
field has been encountered.
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Figure 13 shows the records that will be processed for COLUMN 18 (SEQUENCE)
various end-of-file situations.

Entry Explanation
Primary File Secondary File A Sequence checking is to be done. Records
in the file are in ascending order.

1 1 ) a

2 2 D Sequence checking is to be done. Records
_3_ __ 3 , in the file are in descending order.

" L___3 __ |

4 Blank No sequence checking is to be done.

Letter E Designated for Primary File Only

Column 18 applies to update files, combined files, and all

1 1 input files except table, array, chained, demand, and record
2 2 address files. Leave column 18 blank for output, display,
- 3 _ _ __ _nomatchfield record address, table or array files, and chained files. Use
" 4 it to indicate whether or not the program is to check the
5 sequence of the records. Use columns 61-62 on the Input

Letter E Designated for Primary File Onty Sheet to identify the matching fields containing the

sequence information.

1 1
2 2 Sequence checking is required when match fields are used
=3 __ 1 3 in the records from the file. When a record from a match-
I ] 3 ing input file is out of sequence, the program halts, and the
L _ _nomatch operator has three options: :
4
. he ;“at:h_ File OnI 1.  Bypass the record out of sequence and read the next
Letter E Designated for Primary File Only record from the same file.
: i ield
Key: o Numeric values show contents of match fields 7. Bypass the record out of sequence, turn on the LR
@ All records above dotted line are processed indicator, and perform all end-of-job and final total
before the job ends procedures.
Figure 13. End-of-File Processing 3.  Cancel the entire program.
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COLUMN 19 (FILE FORMAT)

Entry Explanation

F (or Fixed length records

blank)

v Variable length records (EBCDIC tape
files only)

D Variable length records (ASCII tape
files only)

Column 19 may contain an F, V or D entry. An F entry

indicates all records in the file are the same length. AV
entry indicates records in a tape file are variable length

EBCDIC. A D entry indicates records in a tape file are
“variable length ASCII. A blank defaults to fixed length
'records (F).

FOLUMNS 20-23 (BLOCK LENGTH)
i
Entry Explanation
19999 1. Multiple of record length or record
length for disk BSCA or SPECIAL
files.

2. Record length for MFCU, MFCM,
DISKET, CONSOLE, PRINTER,
PRINT84, READ42, CRT77, and
"READOL files.
189999 Tape file block length.

Blank Block length for this file is the same as
record length.

Columns 20-23 have a different use depending on the
device named for the file. If an entry is specified, the entry
must end in column 23, and leading zeros can be omitted
(Figure 16). T

Block Length for Disk Records

Disk block length must be a number equal to record length
or a multiple of record length. The maximum block length
is 9999.

Block length does not affect the way records are written on
disk. Its function is to specify the amount of main storage
to use for input/output area.

If a value equal to the disk record length is entered in these
columns, RPG II will assign an efficient block length. See
Table D-7 in Appendix D for block lengths computed by
RPG II for various disk files and record lengths.

Block Length for Tape Records

The block length for fixed length tape records must be a

" multiple of the record length plus the length of the buffer

offset and the total length must be from 18 to 9999 char-
acters. When figuring the block length, remember to
allow space for:

1.  The number of records to be in a block

2. Thelength of the buffer offset (block prefix). This
applies to ASCII files only.

The block length for variable length tape records need not
be an exact multiple of the record lengths, but the follow-
ing factors should be considered when calculating the
approximate block length:

1. Constants of four bytes per block and four bytes per
record should be added.

2. The minimum block size would be the maximum
record length plus eight.

For a discussion of buffer offset, see Collimns 54-59
(Continuation Line Option).
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(printer-keyboard)

Device Block Length Record Length Maximum System
(Columns 40-46) (Columns 20-23) (Cotumns 24-27) Record Length Supported
Blank (Device Record length or multiple Record length 9999 Model 15
independent files) of record length i
?l\}l?)iée?:?O?llszlfggd 15), Record length or a multiple Record length 9999 Models 10, 12,
or DISK40 {(Models 12 of record length. and 15
and 15 only)
MFCU1 or MFCU2 Record length Record length 96 ‘Models 10, 12,

‘ and 15
CONSOLE Record length Record length 125 , Models 10 and 12

or Programmable
Work Station)

PRINTER Record length Record length 96, 120,0r 132 Models 10, 12,
' (number of print end 15
positions)
PRINTR2 Record length Record length 96, 120, or 13? Models 10 and 12
(number of print
‘positions)
PRINTS84 Record tength Record length 132 Model 15
TAPE Record length or a multiple Record length 9999 Models 10, 12,
of record length plus the and 15
buffer offset.
READ42 Record length Record length 80 Models 10, 12,
and 15
CRT77 Record length Record Iengt'h 120 — Input or Model 15
(CRT/keyboard) . Output files
35 — Display files
279 — Update files
READO1 Record length Record length 80 Model 15
(2501 Card Reader)
MFCM1 and MFCM2 Record length Record length 80 Model 15
BSCA Record length or multiple Record length 9999 Models 10, 12,
of record length . and 15
SPECIAL Record length or multiple Record length 9999 Models 1_0, 12,
of record length and 15
DISKET Record length Record length 128 Models 10, 12,
(3741 Data Station and 15

Figure 14. Block Length and Record Length Entries
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COLUMNS 24-27 (RECORD LENGTH)

Entry Explanation
1-9999 The number of charactefs in each record
(limited by the device used).
189999  Record length for tape files.

Columns 24-27 arg used to indicate the length of records
in all files except variable length tape files. All of the
records in one file must be the same length. (For update
files, the length of a record after it is updated must be the
same as before it was updated.) The maximum record
length allowed and the size of the I/O area assigned de-
pends upon the device assigned to the file (Figure 14).
For printer and card devices, an 1/O area equal to the
maximum record length is assigned. The record length
specified, however, may be shorter than the maximum
length for the device. ‘

If no entry is placed in columns 24-27, the program de-
faults to the maximum record length for the device. For
disk files, the default is 256; for SPECIAL, the default

is 9999. » ' .

¥

The entry you place in these columns must end in column
27. Leading zeros can be omitted.

The record length for tape must specify the size of the data
records to be processed by this program. The record length
for printer and card devices will be the maximum for the
device (Model 15 only).

If variable length records are being used with a tape file,
the record length must be the length of the largest record.

COLUMN 28 (MODE OF PROCESSING)

Entry Explanétz‘on
L Sequential within limits.
R 1. Random by relative record number.

2. Random by key.

3. By ADDROUT file.

4. Direct file load (random load).
Blank 1. Sequential by key.

2. Consecutive.

Use column 28 to indicate the method by which records
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

files, the possible methods depend upon the organizations
of the files (Figure 15). For the other types of files, con-

secutive processing is the only possible method.

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

PRIMARY, SECONDARY, OR DEMAND FILES

Organization Possible Methods

Sequential . 1. Consecutively
) 2. By ADDROUT file

Direct 1. Consecutively
2. By ADDROUT file
Indexed 1. Consecutively

2. By ADDROUT file
~3. Sequentially by key
4, 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 15. Possible Record Retrieval Methods for Disk Files

Consecutive

The consecutive method applies to all sequential and direct
files. It may also be used with indexed input files. During
consecutive processing, records are read in the order in
which they physically 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.) You should allow for
these blank records in your program.

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 chapter for more information about the second
condition.
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By ADDROUT File

An ADDROUT (address output) file is a record address file
produced by the Disk Sort Program. It is a file of 3-byte
disk records or 18-byte tape records containing binary
relative record numbers of records in a disk file. Each tape
record contains six binary relative record numbers. The
binary relative record number is converted to a disk address
and the record at that address in the original disk file is
located and read. 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 1). See Column 17 (End of
File) in this chapter for more information about the second
condition.

Sequential By Key

The sequential by key method of processing applies to
indexed {“ﬂes that are used as primary, secondary, 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 file. See Column 17 (End

of File) for more information about the second condition.
Sequential Within Limits

The sequential within limits method of processing can be
accomplished by using either: (1) a record address file con-

taining limit records, or (2) the SETLL operation code during

calculations.

The first method applies only to indexed disk files used as
primary and secondary files and 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 located on disk, diskette,
tape, punched on cards, or entered via the keyboard.
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The second method applies only to indexed disk files used
as demand files and sets the lower limit only. The program
defaults to the address of the last record in the file for the
upper limit. The lower limit may be reset before end of file
is reached. '

To process sequentially within limits, the program reads:

1.  Alimits record from the record address file, or the
SETLL operation is used during calculations.

2. Records with keys greater than or equal to the low
record key and less than or equal to the high record
key (end of file when using SETLL). -

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 information about the
second condition.

The format of the records in a record address file containing
limits must conform to these rules:

1. Only ope set of limits is allowed per record in the
record address file. '

~ 2. Thelengthof arecord in a record address file must

be at least twice the length of the record key.

3.  The low record key must begin in position 1 of the-
record. The high record key must follow the low
record key. A record key can be from 1-29 charac-
ters in length.

4.  Both the low record key and the high record key must
be equal in length to the key field length specified in
columns 29-30. Therefore, leading zeros may be
necessary in specifying numeric record keys.

W

An alphameric record key may contain blanks.



Files containing limits and files being processed by limits
can have keys in different formats. (For example, one file
can have packed keys and the other unpacked.) During
execution time the format of the key from the file contain-
ing limits will bé 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 P in column 31. Also, the
unpacked key length must be twice the packed length,
minus either 1 or 2. See Packed Decimal Format (P) for
more information concerning this calculation.

Note: A key may not contain any X‘FF’.

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 record keys in a limits record can be equal. In this
case, however, only one data record will be read.

The SETLL operation code method of limits processing
applies to any indexed disk file designated as a demand file
(D in column 16 and L in column 28 of File Description
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. '

The maximum number of files which may be processed
using SETLL is limited by the number of demand files
permitted (a maximum of 15 demand and/or chained files
are allowed per program). See Example 2, Figure 17 for an
example of SETLL. For additional information on how to
set limits using the SETLL operation code, see Operation
Codes in Chapter 8.

Random

The two methods, random by relative record number and
random by key, apply to chained files only. They require
the use of the CHAIN operation code. The 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 positions of the records
relative to the beginning of the file. For example, the rela-
tive record numbers of the first, fifth, and seventh records

in a file are 1, 5, and 7 respectively. (See Operation Codes,
CHAIN in Chapter 8 for a description and example of direct
file loading.)

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. Indexed files may also be processed randomly by
relative record number if they are input files.

Records are read during the calculation phase of the pro-
gram, Therefore, fields from these records can be used dur-
ing 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 up-
dated (written back on the file with alterations) during
total output; the same also applies to detail calculations
and detail output (see Examples, Example 5).
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Examples

Example 1

Since end of file (£ in column 17 of the File Description
Sheet) is specified for the ADDROUT file, processing
continues until all records in ADRTFILE have been read.

Figure 16 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.
RPG CONTROL CARD AND FILE DESCRIPTION SPECIFICATIONS e s oso*
IBM tionn Business Machine Corporation ) .
Program Punching Graphic Card Electro Number o M Program 75 76 77 78 79 80
Programmer I Dats Instruction Punch w —
Control Card Specifications
H 8 8
g €
§
Core | core ) | 3| mumer [€ e §.gg3§ 2 =
Size to g §|Sizeto = £] =|of Print % £ k3 § %13 5" T ©| Refer 1o the specific System Reference Library manual for actual entries.
B &]compile | 5| & Execute 2 £|3 Pasitions |© Address 4 212171218 B &
Line 2 &lo 3 2lS 2| toStart 5 gl s|sI=[E| |S
HE 2|3 £lg H o HEHHERE s
€ 2l 2|2 HE 5 3 HEIAHEEE 9
2 S 8|z =5 2 K =| E[E|e|2] |= &
3 4 slel7 8 oliof11]12 13 14]1s]16]17 18 19 20| 21|22 23 24 2526 3 41]42]a3]as]as|46] 47| 51)
o1 Ju] | |
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 File of Record Address Field W for DAM for Cylinder Overflow
Record Address Type . Z|  Nameof . ' Number of Extents
Filename praanes TyolFle ||  Device Symbolic 12| Label Exit =
File Format Organization o g Rewind
Line or Additional Area | 3| . Core Index e
N g o | Overflow Indicator| § Condition
S| etock 5 —12 X
= S|e 2| e E:::: ¥|5 Key Field | 2 Continuation Lines S VR
E g % o3 « =ls Starting | £ 5
& Sl (wife 3 2J8 Location §¥ K Option Entry 3 |
3 4 slel7 8 9 10111213 1a)is|is17)4s]te 2021nz:s‘g%z_gnhzsm31&3333536&38394041 42 43 44 45 46|47 48 49 50 51 52 s3] 64 65 66 57 68 59 J60 61 62 63 64 65 68| 67]68 69]70]71 72|73 74]
of2] |FlalolRFrle[t [ueli [RlE] [H [ ]3] [ [ B 3LT ElDl1 S|k [] n
ofs] |FMASITER [ [1P] | IR l2isiel | 16R] | [t Dt S|K; L
of+| [FIPRII|NTEER) 1O Fl | Qe | Q6 PRI INTIEIR
o|s| |F I
alal e [

IBM International Business Machine Corporation

RPG EXTENSION AND LINE COUNTER SPECIFICATIONS

Card Electro Number

Form X21-9091
Printed in US.A.

75 76 77 718 79 80

Figure 16 (Part 1 of 2). Processing a Sequential Disk File with an ADDROUT File
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Figure 16 (Part 2 of 2). Processing a Sequential Disk File with an ADDROUT File
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Example 2

In Figure 17, 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 Sheet, is to be read from the primary
MFCM hopper. “

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. These
consist of two 5-position packed fields.

As MASTER is processed within each set of limits, the
corresponding records are written out on the printer output
fite, 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 inter-
rupted by additional SETLL operations.
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Figure 17 (Part 1 of 2). Processing an Indexed File Sequentially Within Limits
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Example 3 As each record is read from CHANGE, the MASTER record
corresponding to the account number is read during calcula-

In Figure 18, the direct update file, MASTER, is to be
processed randomly by relative record numbers. The

tion time by the CHAIN operation code. At detail output
time, the data in the NEW field replaces the original data in

account number (ACCT) from the primary MFCU file, the NAMADR field and the updated MASTER record is

CHANGE, is used as the relative record number.
file.

output to its original relative record location on the disk
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Figure 18 (Part 2 of 2). Random Processing of a Direct File by Relative Record Number
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Example 4

Figure 19 shows random processing by key of an indexed
file. MASTER, a chained update file, is described on the

File Description Sheet as an indexed file to be processed by

keys. As each record is read from the input card file,

CHANGE, the account number (ACCT) is used as the key

to chain to the corresponding record in MASTER at calcu-
lation 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 in this chapter for a
description of indexed file organization.
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Figure 19 (Part 1 of 2). Random Processing of an Indexed File by Key
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Figure 19 (Part 2 of 2). Random Processing of an Indexed File by Key
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Example 5

Figure 20 shows the updating of an indexed file. The
indexed file, MASTER, is described as a chained update 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
MASTER during calculations. If the character 2 is in posi-
tion 64 of the transaction record, the quantity in ADJUST
is added to the ONHAND field of MASTER. If the char-
acter 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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Figure 20 (Part 1 of 2). Updating an Indexed File
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Figure 20 (Part 2 of 2). Updating an Indexed File
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COLUMNS 29-30 (LENGTH OF KEY FIELD OR RECORD
ADDRESS FIELD)

Explanation

Entry

Number Length of record key or ADDROUT file

record

Columns 29-30 apply only to indexed disk files and record
address files. Enter:

1. The length of the record keys in indexed files and
record address files that contain limits.

2. The length of the records in ADDROUT files.

3.  The length of record keys in packed format.

All of the key fields in the records in an indexed file must
be the same length. The maximum is 29 bytes; 8 bytes are
for record keys in packed format. All of the records in an

ADDROUT file have a length of three. A leading zero is
not required for entries of 1-9.

COLUMN 31 (RECORD ADDRESS TYPE)

Entry Explanatfon
A Record keys in unpacked format are used
’ in processing and loading indexed files.

I The file is being processed by means of
an ADDROUT file or the file is an -
ADDROUT file.

P Record keys in packed format are used in
processing and loading indexed files.

Blank 1. Relative record numbers are used in

processing sequential and direct files.

2. Asequential or direct file is being
loaded.

3. Records are read consecutively.

4. The file is not a record address file.

46

PRIMARY AND SECONDARY FILES

Column 28 Column 31
Method (Mode of Processing)  (Record Address Type)
Consecutive Blank Blank
By ADDROUT R |
Record address Blank AorP
Sequential By Blank AorP
Key
Sequential L AorP
Within Limits

CHAINED FILES

Column 28 Column 31
Method (Mode of Processing)  (Record Address Type)
Random By R Blank
Relative
Record Number
Random By Key R A
Direct File Load R Blank*
{Random Load)

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

Figure 21. Specifications Identifying Methods for Retrieving
Records or Loading a Direct File

‘Column 31 applies to files specified as input, update, or

chained output files. It indicates the way in which records
in the file are identified (Figure 21). Together, columns 28
and 31 indicate:

1.  The method by which records are read from the file.

2. A direct file load.

For ADDROUT files, column 31 must contain an 1.

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



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

Entry Explanation

I Indexed file.

T ADDROUT file.

1-9 Sequential file or direct file. Use two
input/output areas for the file. (The digit
two is preferred because a maximum of two
input/output areas are allowed.)

Blank Sequential file or direct file. Use one

input/output area for the file.
{

Use column 32 to:

® Identify the organization of all files except ADDROUT
files,

® Identify ADDROUT files.

® 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 organ-
ized 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 disk. The index contains the record key and
record location of every record (Figure 22).

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 may be loaded with the keys in
ascending sequence or keys in non-ascending sequence.
After a file is loaded in non-ascending key sequence, the
keys in the index are sorted into ascending sequence. See
Column 66 of the File Description Sheet for a definition of .
the unordered load function. :

Note: Anindexed file in a simulation area on a 3340 or
3344 disk file cannot be processed as an indexed file. How-
ever, it can be processed as a sequential file. In this case,
the index is not used.
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Record Key

Records are stored in the data portion
of the file in the same order in which
they are read. When a record is stored
in the data portion, an entry for the
record is made in the index. After the
last entry has been made in the index,
the entries are sorted into ascending
order according to the record keys.

d
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//,
//
,I
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,/
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,/
i
4
4
V4
1 1 | ! |
6/D1 ] /D2 | 2/D3 | 1/D4 | 3/D5 | 4/D6 ]L 6 115t Record 51! 2nd 2| 3d 1] 4th 31 5th 4 | 6th 1
| 1 1 | |
________ (01! D2 D3 D4 D5 D6 :
--------- A "Disk Location
Y
Data

If the record keys are not in ascending sequence,
they are sorted into ascending sequence.

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 | 1st Record 5=2nd 2§ 3rd 1) 4th 3| 56th 4:6th
| | i 1
‘D1 D2 D3 D4 D5 D6
\ U
Y Y
Index # Data

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

Figure 22. 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 speci-
fic position (a specific disk address). Relative record num-
bers identify the relative position of a record within the
file.

Before a direct file is loaded the entire disk area (a mini-
mum of one track is allocated) 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 23). You
should handle these blank records in your program.

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.

Files other than disk files are always sequential files.

Additional Input/Output Area

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

Relative
Record Number*

(1

cannot be used for console files, table files, demand files,
or record address files, or for disk files using a shared I/O
area (Models 10 and 12 only). The devices associated with
these files can be the disk, MFCU, DISKET, READ42,
MFCM, and device-independent files for input or output
files; READO1 for input files only; the printer for output
files only. If you want two areas to be used for a card file,
do not specify stacker selection for the records in the file.
Stacker selection is described under Column 42, Stacker
Select in Chapter 7.

The use of two I/O areas may increase the size of the pro-
gram. 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 I/O area cannot be specified for disk files with

a shared input/output area (column 48 of the Control Card
Specifications Sheet). If both additional I/O and shared
input/output areas are specified, additional I/O is dropped,
and a warning message is given (Models 10 and 12). On the
Model 15 using Program Numbers 5704-SC2 and 5704-RG2,
an additional I/O area cannot be specified if file sharing is
used.

ADDROUT Files

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

Records are stored on disk in the order
indicated by the relative record numbers.
Spaces are left on disk for missing
records (in this case, records 5 and 7).

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

Figure 23. Direct File Organization
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COLUMNS 33-34 (OVERFLOW INDICATOR)

Entry Explanation

OA-OG,  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 file,

Any overflow indicators used in a program must be unique

for each output file assigned to the printer. Note that only

one overflow indicator can be assigned to a file. Do not

assign overflow indicators to a console file.

Overflow Indicators

Overflow indicators are used only with printer files, pri-
marily to condition the printing of heading lines. If you
intend to use an overflow indicator to condition output
lines on the printer, you must assign an overflow indicator
to the printer file on the File Description Sheet (columns
33-34). The same indicator must be used to condition all
lines that are to be written only when overflow occurs.

If the destination of a space/skip or print operation is a

line beyond the overflow line, the overflow indicator is
turned on and remains on until all overflow lines are printed.
However, if a skip or space 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,

If an overflow indicator is used as a conditioning indicator,
it indicates that output is to be performed at overflow time.
This applies whether or not the line conditioned by the
indicator is in an AND or OR relationship with other indi-
cators. However, to get output, all indicator conditions
specified in an AND relationship must be met.

The overflow indicator may be set by the SETON or
SETOF operation code. After all total records have been
written, however, the indicator is set as it normally is in
accord with the overflow line.
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USING OVERFLOW

When the printer has reached the end of a printed page,
RPG II language allows you to do one of three things:

1.~ Advance to the top (line 6) of the next page and
continue printing.

2, Iénore the fact that the end of the page has been
reached and keep right on printing.

3. Print special lines at the bottom of the page and at
the top of the new page.

You automatically get the first option by not assigning an
overflow indicator. You get the second by assigning an
overflow indicator and never using it to condition output
lines. You get the third by assigning and using overflow
indicators. These three possibilities are described as follows:

1. For every job you do you must determine how many
lines will be printed on each page or form. You can
indicate this by line counter specifications. From
these specifications RPG II determines which line is
the overflow line, (The overflow area includes the
first line past the overflow line to the end of the
form.) When the overflow line is sensed, an overflow
indicator automatically turns on and the following
steps occur:

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

b. Total lines are printed if required.

c. Forms advance to a new page.

d. The overflow indicator turns off,

2. If you are not concerned about pages or skipping to
new pages and want one continuous listing, you must
make an entry that will cause the automatic handling
of overflow and advancing of forms to be discontin-
ued. To cause overflow to be ignored, assign an over-
flow indicator to the printer file in columns 33-34 of
a file description specification line and do not
reference it on output specifications.

3. If you are concerned about pages and want certain
lines to appear on each page, assign an overflow indi-
cator to the printer file in columns 33-34 of the File
Description Sheet (Figure 24). Use this same indica-
tor to condition those lines which you want printed
on every page. Usually these lines are total lines
which must be printed at the bottom of every page, -
or heading lines which must be printed at the top of
each new page.
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Figure 24. Assigning an Overflow Indicator

RPG OUTPUT

When an overflow indicator is assigned and used, forms do IBM \.cnsionst Business Machine Corporation
not automatically advance to a new page. You have to Program Punching | Grephic
specify a skip to the first printing line on a new page. This Programmer ae e | punen
skip is usually specified on the first heading line you want N i
printed on the new page (Figure 25). o 3 %s"m S| Outputindieators od Narme
In the case where you have specified an overflow indicator e Filename E HHE AL And
and are using it to condition output lines, the following Al5l5] Elsl | 5] | |z .
steps occur when the overflow line (end of page) has been AL y e
Sensed: 3 4 8§ 7 8 9 10131213 22123)24125/26 |27)28)29/30 |31 |32 33 34 35 36 37
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a. Detail lines are printed (if that part of the program cycle : Z

has not already been completed). ofs
b. Total lines are printed (except at LR time). os
c. Total overflow lines are printed if conditioned by the ofs

~

overflow indicator. 0
d. Forms advance to the next page if indicated by the skip
specification on a heading line or total line,
e. Headings and detail lines are printed, if conditioned by
overflow indicators.

°
cloflw®

Writing Specifications Using Overflow 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
wish each page to have headings identifying the type of in-
formation on the page. For these cases you need to use-
both the control level indicators and the overflow indicators.
Together they condition when headings and/or group infor-
mation are to be printed. ° SEEEEEE
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Figure 25. Advance Forms to New Page
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A new page should advance either when the overflow line
has been reached (the overflow indicator you assigned is on)
or when there is a change in a control field (L indicator is
on). You must specify that each indicator causes a new
page to be advanced by specifying a skip to the first print-
ing 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 also appear in your report as a result.

Figure 26 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 ison). Line 01 allows the headings to be printed at

the top of a new page (skip to 01) only when an overflow
-occurs (OV 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 OV 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. (If the first record did not have a control field,
another OR line would be necessary with a 1P entry in
columns 24-25.)

Fetching The Overflow Routine

When the overflow line is reached, the same sequence of
events always takes place. These were described previously.
Briefly, remaining detail lines, total lines, and total over-
flow lines (lines conditioned by the overflow indicator) are
printed on the page even after overflow has occurred.
Therefore, you must leave enough room between the over-
flow line and the actual end of page to have room for all
these lines to print.

However, you can run into problems when you do this. For
example, if a different number of detail or total lines can be
printed each time, you may not have allowed enough room
between the overflow line and the end of page to take care
of all total lines which will print before the forms advance.
Therefore, printing is done on the perforation. You may
also have to allow so much room between the overflow line
and the end of page that often only half a page is used.

To take care of these problems, you may call for the
printing of overflow lines and a forms advance any time
after the overflow line has been reached. Causing overflow
lines to be printed ahead of the usual time is known as
fetching overflow. When overflow is caused in this way, the
following events occur:

1.  All total lines conditioned by the overflow indicator
are printed.
Figure 27 shows the necessary coding for the printing of
certain fields on every page: a skip to 01 (first line on new 2. Forms advance to new page when a skip to 01 has
page) is done either on an overflow condition or on a been specified in a line conditioned on an overflow
change in control level (L2). The NL2 indicator in line 01 indicator.
prevents the line from printing and skipping twice in the
same cycle.
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Figure 26. Printing Headings on Every Page
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If the output lines specified in 09 fetched overflow, line

11 does not fetch a new page again because an internal
overflow indicator was turned off after line 09 fetched
overflow. (The external overflow indicator is not turned
off at this time.) Setting off the internal overflow indicator
prevents overflow processing from occurring twice for a
single physical overflow. (Remember, a line can fetch
overflow only when the internal overflow indicator is on.)
Line 11 fetches overflow only if the output line specified
in 09 causes the overflow indicator to turn on.

You should fetch the overflow routine (F in column 16)
only when you feel that (1) this line, when printed, could
cause overflow and (2) if it did, there would not be enough
room left on the page to print the remaining detail and/or
total output lines plus lines conditioned by the overflow
indicator.

When more than one printer file is used, fetch overflow
applies only to the overflow lines associated with the file
containing the record that specified fetch.

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 over-
flow is not performed.

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 Sheet) causes only excep-

tion 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 pro-
cessing does not occur until another exception line condi-
tioned to print (with fetch overflow specified) is encoun-
tered.

The actual overflow output lines (totals and/or headings)
must be coded as H, D, or T types. The use of fetch over-
flow will cause the H, D, or T overflow output lines to be
printed if the overflow indicator is on. The overflow out-
put lines are printed prior to the printing of the line on
which fetch overflow is specified. The user may also force
overflow by issuing a SETON of the appropriate overflow
indicator prior to the EXCPT operation code, provided
fetch overflow has been specified.
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General Considerations

When using the overflow indicator to condition overflow
printing, remember:

1. Overflow indicators may be turned on and off by the
operation codes SETON and SETOF. ’

2. ' Spacing past the overflow line causes the overflow
indicator to turn on.

3. Skipping past the overflow line to any line on the
new page does not turn the overflow indicator on.

4.  Skipping past the overflow line to a line on the same
page causes the overflow indicator to turn on.

5. Askipto a new pagé specified on a line not con-
ditioried by an overflow indicator causes the overflow
indicator to turn off.

Figure 29 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
left-hand po;tion of the graph shows when the indicators
are on or off in relation to the general program cycle. For
example, if, during normal output, a detail line is printed
on the line number specified as the overflow line, the over-
flow indicator turns on. It remains on until the end of the
next program cycle. The solid blank lines indicate that the
indicator is on. The dashes are used to show a connection
between the end of one cycle and the start of the next.

COLUMNS 35-38 (KEY FIELD STARTING LOCATION)
Explanation

Entry

Record position in which the key field
begins.

1-9999

Columns 35-38 apply to indexed disk files only. . An entry
must be made in these columns for an indexed disk file.
Use them to identify the record position in which the key
field begins. The key field of a record is the field that con-
tains the information that identifies the record. The infor-
mation 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.
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Figure 29. Overflow Printing: Setting of the Overflow Indicator

Key fields cannot contain any X‘FF’ characters. Therefore,.
if the key field is a binary field or is generated by the

RPG Program you must be certain no X‘FF’ characters
appear in the key field.

COLUMN 39 (EXTENSION CODE)

Entry Explanation

E Extension specifications further describe
the file, »

L Line counter specifications further
describe the file.

Column 39 applies to (1) table and array files that are to

be read during program execution, (2) record address files,
and (3) output files that are assigned to the printer. Output
files that are assigned to the printer can be described on the
Line Counter Sheet. Table, array, and record address files
must be described on the Extension Sheet.

COLUMNS 40-46 (DEVICE)
See Figure 30 for the various devices supported.

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

The devices that can be used depend upon the form of the
records (Figure 31).
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Figure 33 shows the columns that cannot be used for the
devices named. The shaded columns must be blank for the
device named in the specification line. (MFCU is MFCU1
or MFCU2; MFCM is MECM1 or MFCM2; PRINTER is-

PRINTER, PRINTR2, or PRINT84; DISK is DISK, DISK40,

or DI$K4S; a blank entry is for device independent input or
output files on Model 15.)

For discussions of RPG II support for the IBM 1442 Card
Read Punch, see /BM System/3 80-96 Conversion Program
and RPG II Support for the IBM 1442 Card Read Punch
Reference Manual, SC21-7518. For information about the
RPG II Telecommunications feature (BSCA), see the IBM
System/3 RPG II Telecommunications Programming
Reference Manuai, SC21-7507.

Since the Model 15 support is identical to the Models 10
and 12 support, information concérning the use of the
3881 can.be found in IBM System/3 Model 10 Disk System
IBM 3881 Optical Mark Reader Model 1 Program Ref-
erence and Logic Manual, GC21-5103.

For the Mode] 15, information about the 1255 and 1419
Magnetic Character Readers is found in the IBM System/3
Model 15 1255/1419 Magnetic Character Reader Ref-
erence and Program Logic Manual, GC21-5132.
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Fora descnptlon of the IBM 3340 Disk Storage Drive, see
the IBM System/3 3340 Disk Storage Reference Manual,
GA26-1619.

CONSOLE (Printer-Keyboérd, Model 10 Systems)

Figure 31 shows the file types that can be assigned to the
printer-keyboard (CONSOLE). More than one printer-
keyboard file may be described in a program.

Records entered from a printer-keyboard file will be treated
as any other records. Every character to be entered must
be keyed ih. Key the information into the fields as you
would into a card. Fields must be properly right-justified
and left-justified by you. You must space where blanks
appear in a record. The END key must be pressed after

all characters have been keyed into a record.



Entry Explanation System supported On
MFCU1 5424 Multi-function Card Unit. The cards are in the primary hopper. Models 10, 12, and 15
MFCU2 5424 Multi-function Card Unit. The cards are in the secondary hopper. Models 10, 12, and 16
PRINTER 5203 Printer (Models 10 and 12) 1403 Printer (Models 10, 12, and 15). Models 10, 12, and 16
On the 5203, if the dual feed carriage feature is present, this entry
refers to the left carriage.
PRINTR2 5203 Printer (Models 10 and 12). If the dual feed carriage is present, this entry Models 10 and 12
refers to the right carriage.
PRINT84 3284 Printer Model 15
CONSOLE Printer-Keyboard Models 10 and 12
DISK 5444 Disk Storage Drive Models 10, 12, and 15
DISK45 5445 Disk Storage (Equivalent to DISK40 on models with 3340 or 3344 Direct Models 10, 12, and 15
Access Storage facilities.)
TAPE 3410-3411 Magnetic Tape Unit Modeéls 10, 12, and 15
SPECIAL Used for devices not supported by RPG Iénguage. Models'10, 12, and 15
CRT77 CRT/Keyboard Model 15
READO1 2501 Card Readér Model 15
MFCM1 2560 Multi-function Card Machine. The cards are in the primary hopperk. Model 16
MFCM2 2560 Multi-function Card Machine. The cards are in the secondary hopper. Model 15
READ42 1442 Card Read Punch Models 10, 12, and 15
BSCA Binary Synchronous Communications Adapter Models 10, 12, and 15
No Entry Device indepeﬁaéﬁt input or output file Model 15
DISKET 3741 Data Station or i’rogrammable Work Station (directly attached) Models 10, 12, and 15
DISK40 3340 Direct Access Storage Facility (Models 12 and 15) or 3344 Direct Access Models 12 and 15
Storage Facility (Program Number 5704-RG2 only)

Figure 30. Devices supported »

File Description Specifications

57



File Form Possible Devices
Table Files Cards MFCU1 or MFCU2, READ42,
MFCM1 or MFCM2, or READO1
Disk DISK, DISK40, or DISK45
Tape TAPE
Diskette DISKET
Keyed in by CONSOLE or CRT77
operator
Device
independent
Chained Disk DISK, DISK40, or DISK45
Input Files

Update Files Disk

DISK, DISKA40, or DISK45

File Form Possible Devices
Primary or Cards MFCU1 or MFCU2, READ42,
Secondary MFCM1 or MFCM2, READO1
Input Files
Disk DISK, DISK40, or DISK45
Tape TAPE
Keyedinby  CONSOLE or CRT77
operator
SI0C SPECIAL
TP lines BSCA
Diskette DISKET
De\)ice
independent
Record Addr- Cards MFCU1 or MFCU2, READA42,
ess Con- MFCM1 or MFCM2, or READO1
taining
Record-Key
Limits
Disk DISK, DISK40, or DISK45
Tape TAPE
Keyedinby = CONSOLE or CRT77
operator
Diskette DISKET
Device
independent
ADDROUT Disk DISK or DISK45
Files
Tape TAPE
Demand Cards MFCU1 or MFCU2, READA42,
Files MFCM1 or MFCM2, READO1
Disk DISK, DISK40, or DISK45
Tape TAPE
Keyed in by CONSOLE or CRT77
operator
Diskette DISKET
SioC SPECIAL
TP lines BSCA
Device
independent

Figure 31 (Part 1 of 2). Device Assignment
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(primary,
secondary, or
chained)
Displayed CRT77
output
S10C SPECIAL
Combined Cards MFCU1 or MFCU2, READ42,
Files MFCM1 or MFCM2,
{primary or
secondary) Ssioc SPECIAL
TP lines BSCA (only for conversational
reply)
Output Files Cards MFCU1 or MFCU2, READA42,
MFCM1 or MFCM2
Disk DISK, DISK40, or DISK45
Tape TAPE
Displayed CRT77
output
Printed PRINTER, PRINTR2, PRINTS4,
pages or CONSOLE
SI0C SPECIAL
Diskette DISKET
TP lines BSCA
Device
independent
Display Files Printed CONSOLE
pages
Displayed CRT77
output

Figure 31 (Part 2 of 2). Device Assignment




If the operator presses CNCL (cancel), those characters of
the record already accepted will be-erased; the keying ele-
‘ment will return to column 1, and the operator may begin
to key the record in again. If the operitor keys in more
characters than are specified for a record, the record is
automatically cancelled and the operator is notified to
key it in again.

For use of the printer-keyboard in the display operation,
see Operation Codes, DSPLY, in Chapter 8.

Note: When the printer-keyboard is used as an input
device, it is suggested that some output to the printer-
keyboard occur before input data is to be keyed in. This
provides a visual indication in addition to the PROCEED
light that data can be entered on the printer-keyboard.

CRT/Keyboard Files (Model 15)

rFigure 31 shows the file types that can be assigned to the
CRT/keyboard. More than one CRT /keyboard file may
be described in a program.

A record entered from the keyboard or displayed on the
CRT will be treated as any other record. The data is dis-
played on the CRT as follows:

Every character to be entered must be keyed in. Key the
information into the fields as you would into a card. Fields
must be properly right-justified and left-justified by you.
You must space where blanks appear in a record. Data
may be entered when the message ENTER DATA
Pn(n=the partition number) appears on the last line of the
CRT. After all the data is entered, press ENTER to enter
the data into the system. If an error is made while enter-
ing data, pressing ERASE INPUT causes those characters
already entered to be erased and the cursor to reposition
itself to position 121 for input files or to position 1 for
update files. If more characters than are specified for a
record are entered, the keyboard locks. Pressing RESET
restores the keyboard, allowing you to correct and re-enter
the record.

CAUTION

Only characters in the CRT character set can be displayed.
Nondisplayable characters not in the X'80’ through X‘BF’
range may be changed to displayable characters. Nondis-
playable characters in the X80 through X‘BF’ range are-
control characters that control the display of fields on the
CRT. For a further explanation refer to the /BM 3270 In-
formation Display System Component Description, GA27-
2749. When the CRT is used as an update file, any charac-
ters changed during the output operation are returned dur-
ing input as modified displayable characters. For example,
if the units digit of a negative number is a zero, the internal
represehtation is X’D0’, which is not displayable. This non
displayable character is changed to X‘560’ that is displayed
as the & (amipersand). During an update operation this
modified displayable character is reread from the CRT.

b
A o o e e e
. J 81_ - — — .
Update operations 121 - —_—
display data in 161:::::: —_‘::
positions 1-279* . __ __ .
. 281 o
281
Positions 281-480 332611 —— e e
not used by RPG | o= — — —— — ——- .
441

*Position 280 reserved for system use.

Output operations display data
in positions 1-120

Input data is displayed as it is entered
in positions 121-240

Note: CRT input data is specified as positions 1-120 on input specifications. See /nput Specifications, chapter 7.
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For use of the CRT/Keyboard with the DSPLY operation,
see Operation Codes, DSPLY, in chapter 8.

Printer Files With Dual Feed Carriage Feature (Models 10
and 12 Only)

The dual carriage feature allows you to produce two separate
printer output files in one program. The two output devices
assigned to the printer must be named PRINTER and
PRINTR2. The forms used for the two files are special
forms such as checks or invoices that are narrower than

the regular form for your printer. One form is controlled

by the left carriage of the printer (device name PRINTER)
and the other form is controlled by the right carriage of

the printer (device name PRINTR2). The two printer files
are considered as separate output files and must be described
as such. A minimum of 17 print positions are lost between
the two forms. Care must be taken, therefore, when
describing the location (end position) of output fields,

to avoid printing in positions where there is no form.
Numbering of print positions is not affected when dual
carriages are used; the first print position for PRINTR2
depends on where the forms are physically located on

the carriage.

~

SPECIAL Device Support

You can process files using devices not supported by
RPG II. To do this, you must indicate that the file will
be handled by a SPECIAL device (SPECIAL in columns
40-46 of the File Description Sheet). - You must also
supply a subroutine to perform the I/O operations
required to transfer data between the SPECIAL device
and main storage (subroutine name in columns 54-59 of
the File Description Sheet).

For a discussion of the file description specifications
necessary for SPECIAL device support, see Appendix F.

Device Independent Input Files (Model 15)

Device Independent Input Files allow you to assign input
devices during program execution and change input devices
without recompiling the program. Input devices are
assigned by a // FILE OCL statement. See Figure 32 for
an example.

—> // FILE NAME-INPUT, ,UNIT-MFCU2
» /| FILE NAME-OUTPUT,UNIT-F1,PACK-F1F1F1,TRACKS-10,RETAIN-T
File Description Specification
F File Type Mode of Processing File Ad.
y y y i Extent Exi [ Nom
. File Daimﬂt'lon :m l::vd:;l«; ic:ld 5 : ;t:z)nAquti ‘N:,(
End of File - S ¢ r—
Record Address Type Symbolic |5 Name o R »
Filename Sequence Type of File ) Device Dovice || Label Exit
File Format Organization | g
Line or Additional Area g Core Index
a a I o] Overflow Indicator| 2
2 g & 3 ::;km b gl3 Key Field g Continuation Lines
E 5 % oz ) 3 § S Starting | & i )
.S eI M Ed 3 = Location | K Option Entry 2
3 4 6]|6]7 8 9 1011 12 13 14{15]16]17]18]19]20 21 22 Zlgiﬂmaﬁmaﬁaﬂnn A0 41 42 43 44 45 46 |47 43 49 50 51 62 53154 65 66 57 68 69 160 61 62 63 64 €5 66|67168 -
L (ol TR T T (1JeL MR | Rl | b . 1] NEIRREEEND
[ iy ZNGIEIE

Figure 32. Coding Device Independent Input and Output Files
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The following rules apply to these files:

1.

File Description Specifications (see Figures 33 and
52 for possible entries)

® The DEVICE entry must be blank (column 40-46).
® Record length can be 1-9999. .

] Block length can be a multiple of record length.
Double Ibuffering is allowed.

Stacker select entries should not be used.

- The device you assign to the device independent

input file when you run your program must be
different from other unit record input devices used
in your program.

Packed or binary input is allowed from supported
devices.

FROM file for table load or record address is
allowed.

Variable length records are not allowed.

Multivolume disk files cannot be specified.

Only sequential file processing is allowed.

Device Independent Output Files (Model 15)

Device independent output files allow you to assign output
devices during program execution and change output devices
without recompiling the program. Output devices are
assigned by a // FILE OCL statement. See Figure 32 for

an example.

The following rules apply to these files:

1.

File Description Specifications (See Figures 33 and
52 for possible entries)

® The DEVICE entry must be blank (columns 40-46).
® Record length can be 1-9999. -

® Block length can be a multiple of record length.

A Device independent output file can be specified as
the TO file for table/array output or as factor 2 of

a DEBUG operation.

Stacker select, space, skip, or fetch, specifications
should not be used.

Packed or binary output is allowed on devices that
support this type of data. !

Card interpretation on the MFCU and MFCM is
not allowed.

The device you assign to the device independent
output file when you run your program must be
different from other unit record output devices
used in your program.

Multivolume disk files cannot be specified.

Record updating or record addition cannot be
specified.

Variable length records are not allowed.

Only sequential file processing is allowed.
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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
rp—— of Record Address Field | 5 for DAM for Cyinder Overfiow
Rocord Address Type s Z|  Nameof Number of Extents
" . ymbolic |& .
Filename chnm: 2: mua . Device Device i Label Exit Tare
File Format nization Rewind
Line - oo A 14 - Core Index s
e ol | Overfiow Indicator Condition|
X N = k ul-us
é s 5 :l:w twl: |5 Key Fisld Continustion Lines - -
E H > o =5 Starting ]
K ole), g2 3 g(s Location k|  Option Entry H
;‘537"‘-2."'_._‘.1-5-&.‘—.“' 32] JM“”ST@”CD““‘:‘}_‘_&“‘7‘349505'6253“““57“5@8001 2 63 84 65166
o|2| '|F 1 :
ola| [F MIF
of4] |F M
ols| |F R|
ole| (F
of+} Ir 6
ofs| |F C
ols| |F d
1fof |F
| |F P
F D!
ENGIARERNRERNNERRENER R |
TL KL OL 69 BB L9 99 9 €9 29 19 09 69 89 (9199 99 ¥9 €9 29 19 03 6F By LY O¥ S¥ ¥¥ £¥ T¥ Iy OF 6C 8C'(C € 9€ TLitor 6

5 L

Shaded Colymns
Must be.Blank

® Figure 33. Columns That Do Not Apply to Device Named '
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The following chart shows the possible devices that may
be used for device independent input or output files:

COLUMNS 47-52

Columns 47-52 are not used.

Device Independent Device Independent
Input Files Output Files
Name in Unit Parameter | Name in Unit Parameter
Device Type of FILE Statement of FILE Statement COLUMNS 53-65 (CONTINUATION LINES)
5424 MFCU1 or MFCU2 MFCU1 or MFCU2
Column 53
2560 MFCM1 or MFCM2 MFCM1 or MFCM2
Entry Explanation
2501 2501
1442 1442 1442 K Continuation record
5444 R1,R2, F1,0r F2 R1,R2, F1,0r F2 Continuation records provide additional information about
the TAPE file or SPECIAL file being defined. One or two
5445 D1, D2, D3, or D4 D1, D2, D3, or D4 continuation records can be specified for each tape file,
3410/2411 T1.T2.T3.0r T4 T1.72 T3.0r T4 and one continuation record can be specified for each
: M SPECIAL file. When specifying a continuation record,
1403 1403 columns 54-59 (Continuation Line Option) must be
284 p— coded and columns 60-65 (Continuation Line Entry) may
also need to be coded. Figure 34 shows an example of the
System READER coding necessary on the File Description Sheet for a
Input Device continuation record.
System A continuation record for DISK, DISK40, or DISK45 will
Punch Device PUNCH provide an additional amount of main storage for the index
System buffer (Model 15 only).
Printer Device PRINTER ’
3741 3741 3741
*3340 F1, F2, R1, or R2 F1, F2, R1, or R2
D1, D2,D3,0or D4 D1, D2, D3, or D4

*With Model 15 SCP 5704-SC2, these codes can also be specified:
D31, D32, D33, D34, D41, D42, D43, and D44.

File Description Specification
F File Type Mode of Processing File Addition/Unordered
Langth of Key Field Extent Exit Nomber of T
. '“‘E:‘:::‘:' - dn‘e:,d “m;:u s for DAM mmu:uwmrm
- Record Address T Name of . N 1E
Filename Soquenc Type of File = Device Sl;y“mzlic § Label Exit mh_:; @u
‘ “Fle Format Orpanlzation 3 Rewind
Line ] Core Index ]
e o] Overtiow Indicator Condition
= g § g by """“"’! gl [ oy Continuation Lines o VT
E ...3|5 " S 38 Location K Option Entry 2 2
3 ;l?lnt_ggu’i_vf‘m [l ﬂﬂﬁ-ﬁ-ﬁaﬂm 3 4)38 36 37 38 Joalazﬁg_ggﬂiggg_'uuunuﬂ&'gggﬂuuuese1.uao7o7|m£1_q
ofs] [eeEN [ [F : ' APE 1] R
olaf |F ’ A 1!
0| |FFI,L|§Q PE! | I A
ofs| [¢[ | | [ [dAsieli]1
ofe] ¢ FRMEREE 8id
ol [l gﬂpecm:. [ Sjug
ofs] IF KIARIRIAKX|L
ofo| |F|H![LIE] EOS |
tlo| IF LIND!
F .
LEEREREERRNERRRANEE HNEENENINEERRINERERNINEEE
‘ILIIOL--tl..nﬂnl.“.'Ll’l”"uu-“0..'.'!.'"”":'!'”0'““4“"‘“530 OCOZTO LEO ST YTEZITIZOZGILBLLL O SIPICIZIIION G B8 L 9 8§ % € Z 4

Figure 34. Continuation Record
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COLUMNS 54-59 (CONTINUATION LINES OPTION)

Entry Explanation

ASCII Tape file defined as an ASCII (American
Standard Code for Information Inter-
change) file.

BUFOFF  Tape input file contains a block prefix.

Table/ Name of table/array to be used by user-

array written IOS subroutine. The array name
name cannot be ASCII, BUFOFF, or INDEX.
INDEX Provide expanded index buffer, in main
storage for index files (Model 15).

BUFOFF can only be used for ASCII files. Therefore, if
BUFOFF is entered, ASCII must also be entered. BUFOFF
also requires an entry in columns 60-65 (Continuation Lines
Entry) Array name can only be used if SPECIAL device
support is specified for the file.

If INDEX is specified the amount of main storage provided
for the index buffer can be specified in columns 60-65
(Model 15 only). This entry applies to all 5444 and 5445
indexed files except for the index random input or update
files with no ADD specified, and the index output with no
ADD specified.

COLUMNS 60-65 (CONTINUATION LINE ENTRY)

Entry

Explanation
0-99 Length of the block prefix in an ASCII
tape mput file that spemﬁes BUFOFF.
1-9 Amount of storage, in sector increments,

to be provided for the index buffer.
(Example: 1 sector = 256 bytes, 2 sectors
=512 bytes, .. ., 9 sectors = 2304 bytes.)

An entry must be specified in these columns if BUFOFF
has been specified in columns 54-59. This entry cannot be
speclﬁed for tape’ output files. The entry must end in
column 65 (right Justlﬁed)

64

COLUMN 53 LABELS

Column 53 for labels is not used.

COLUMN 5459 NAME OF LABEL EXIT

Entry Explanation

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

SRyzzz Name of the IBM written subroutine (six-
character name in library is $$yzzz which
will perform the I/O operation for a device
supported by SPECIAL. (y = any of the
following 15 characters: B,C,D, F, G, H,
ILLL,M,0,P,R,S, T, or U;z = any of the
following 16 characters: A,B,C,D,F, G,
H,I,L,M,0,B,R,S,T,orU)

Blank No SPECIAL device is being used.

Note: Subroutines of the type SRyzzz are overlayable.
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. These columns are used to
specify the subroutine which will perform the input/out-
put operatlons 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 characters.

COLUMNS 60-65 (CORE INDEX)

Entry Explanation

6-9999 Number of bytes reserved for the core
index and highest added key.

Blank

No core index will be built.



Columns 60-65 apply only to indexed files processed
randomly using the CHAIN operation code. Core index
cannot be specified in shared I/O. Entries must be right-
justified. Leading zeros are not required. You can specify
up to 9999 bytes for the core index. This will usually pro-
vide for faster retrieval of records.

The core index is a table containing entries for tracks in the
index portion of a data file. Each entry contains a track
address and the lowest key field associated with the next
track. Figure 35 shows the layout on disk of the index for
the indexed file, INDEXT, which contains 1000 records.
Since all index entries are contained on three tracks, the
core index for INDEXT shown in Figure 36 contains only
three gntries, one per track. Each c.ore“ index entry contains
the low key on the next track and the track address. '

Use of the core index can signifjcantly reduce the amount
of time needed to process an indexed file because it enables
the system to go more directly to the specific record you
want. With the core index, the system can find a specific
record by searching only a small part of the file index.

Without the core index all index entries that precede the
record you want must be searched. Using the core index
shown in Figure 35 record 767 can be found in this manner:

1. Search the core index until the first key field higher
than record 767 is located. In this instance the key
is 769, on track C. Since 769 is the low key on track
C, key 767 must reside on track B.

2. Search track B in the file index until key 767 is
located. ’
3.  Chain directly to the associated data record.

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

For single volume indexed random add on a 5445 disk,
you must add one key length to the size of the core index
you specify. The extra key length will contain the highest
added key. Use of the save area for the highest key pro-
vides a significant performance increase, especially when

- the keys being added are in ascending sequence. The

RPG II program does not need to seavrch‘the previously
added keys for duplicates if the key being added is higher
than the highest added key in the save area.

For multivolume indexed random processing on a 5445 disk,
RPG II automatically reserves the minimum space required.
to provide two core index entries. In addition, for multi-
volume indexed random add on a 5445 disk, RPG II auto-
matically reserves dne‘ high key save area per online volume.

a a a a a
d d . d d d
Record#1 9| Recora#2 9| Record#3 ¢ Record #383 d| Record#384 ¢
Track A key e key ; key e key ; key . |,
s s s s o s
s s S s s
. ' 1 T o
— 16 Bytes —->|
a a a a a
d d d d d
Track B Record #385 4 | Record # 386 9 | Record # 387 d Record #767 ¢ | Record#768 ¢
key - e key e key e ‘key e key . e
s s s g $ ' s
[ S S s s
- - ‘ ‘ . .
a a a a a
d d d d d
Track C Record #769 | Record#770 ¢ | Recora#771 ¢ Record #999 ¢ | Record # 1000 ¢
) key e key e key e key e key e
s s s s s
S S S S S
L} R R

Figure 35. Disk Layout of the Index for INDEXT
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-t 45 bytes o
Key of Key of
Record # Record # FFFF
XX 385 | XX 769 I XX

T l-d——13bytes——l T | 13bytes»] T |13 bytesn]

Track A address Track B Track C
(2 bytes) address address
(2 bytes) (2 bytes)

Figure 36. Core Index for INDEXT

For most efficient processing, the core index should be large

enough to contain one entry (low key and track number) for

each track of index in the data file. Therefore, the most
efficient size for the core index is equal to key field length
plus 2, multiplied by the number of tracks in the file index
(plus one key length per online volume if a 5445 indexed
random add). For the indexed file, INDEXT, in Figures 35
and 36, the entry in columns 60-65 would be 45:

13 (key length)
+ 2 (length of a track address)
15 (length of a core index entry)
x 3 (number of file index tracks)
45 (size of core index for 5444)
+ 13 (if 5445 indexed random add, for highest added key)
58 (size of core index for 5445 indexed random add)

For 5444 disk, if the storage space you specify in columns
60-65 is not large enough to contain one entry for each
track of file index, RPG II may construct a core index con-
taining one entry for every cylinder of the file index or,
perhaps, for every other cylinder. However, the entry in
columns 60-65 will be ignored if there is insufficient space
for at least two index entries.

For a 5445 disk, if the storage space you specify in columns
60-65 is not large enough to contain one entry for each
_track of file index, RPG II may construct a core index con-
taining one entry for every other track, every fourth track,
etc. However, for a single volume file, the entry in columns
60-65 will be ignored if there is insufficient space for at
least one index entry (after reserving space for one high key
save area, if adding records). For multivolume files, the
entry in columns 60-65 is added to the minimum space
automatically reserved by the RPG II program. For a more
detailed description of performance considerations, see the
IBM System(3 Disk Concepts and Planning Guide,
GC21-7571.

COLUMN 66 (FILE ADDITION)

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

loaded in unordered sequence.
66

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

1.  The program is to add new records to the file (see
Examples, Example 1).

0

Records are to be loaded in an unordered sequence
(see Examples, Example 2). '

Records added to a sequential file are added at the end of
the file. To add records to a sequential file, the file must

be an output file (O in column 15 of the File Description

Sheet).

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.

Neither unordered sequence nor file addition in column 66
can be specified for indexed files from which records are
read using the sequential-within-limits-method. For more
efficient operation, records added to an indexed file should
be in ascending sequence. New records may be added to a
direct file by specifying the file as an update file processed
consecutively or by the CHAIN operation code.

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
records are to be added to an indexed file randomly, the
records to be added may:

1.  Contain keys that are above the highest presently in
the file. In this case, the records constitute an exten-
sion of the file. -

2. Contain keys 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:

1.  The key to be added must be lower than the key
retrieved and higher than the preceding key, or

- 2. The file must be at end of file, for single volume

files only.



If neither of the above conditions exists a halt occurs; As defined on the Input Sheet, all the cards in CARDIN

otherwise, the record is added. (See Appendix A for a dis- should have an 4 in position 80. The code identifies a
“cussion of halts and operator options.) record to be added to the disk file, and this record type is
assigned indicator 01. On the Output Sheet, notice that
Unordered Load (U in column 66) is specified when an when 01 is on, the data from the card is written on the disk
indexed file is to be built from records in an unordered file INDEXED and is also printed on the file PRINT to keep
sequence. After records have been loaded and an index a visual report of new records. '

built in the unordered sequence, the index is sorted into
ascending sequence.

In Figure 37, combinations of entries in file type (column Column 15 Column 66 Function
15) and file addition (column 66) show the functions that o Blank Load records in ascending key
can be performed for indexed files (7 in column 32). sequence to an indexed file.
If a large number of records are to be added to the file, the 0 v ::°ad records in “"Q'd:’edd
. . . e
time required for the index sort can be decreased by allo- ﬁ:' sequence to an incexe
cating a special work file. This requires no special RPG 11 _
coding but does require a special OCL statement. For addi- o A* Add records to an existing
tional information and an example, see the appropriate SCP indexed file.
reference manual listed under Related Publications in the -
Preface : ) | Blank Read records of an indexed
) file without adding new
records or updating records.
Examples | A* Read records of an indexed file
' and add new records to the file
’ that are not presently there.
Examp/e 1 No updating is performed.
Figure 38 shows how records can be added to an indexed u Blank Update records of an indexed
disk file. The new records are contained in a card file, file without adding new
CARDIN. The file INDEXED is the existing disk file to records.
w%uc_:h new records will be 'added. A printer ﬁle, PRINT, U A Update records of an indexed
will provide a report showing all the records in CARDIN, - file and add new records to
with an indication of which records were added to the file.
INDEXED and which records were not added.

*An Abin column 66 requires an ADD entry in columns 16-18 of
On the File Description Sheet, an 4 must appear jn column the Output-Format Sheet.
66 for the file INDEXED, and on the Output Sheet ADD

. Figure 37. Various Functions Performed on Indexed Files
must appear in columns 16-18 for the new record to be £ -

added. :
i
File Description Specification
F File Type ~ Mode of Processing File Addition/Unordered
File Designation : Length of Key Field or Extent Exit Number of Tracks
PR—r— of Record Address Field s for DAM Tor Gylinder Ovarflow
Record Address Type Z|  Name of Number of Extents
Symbol | 5 um!
Filename Sequence Type of File o Device D\:lr:ce € |&|  Label Exit o
File Format Organization o g Rewind
Line or Additional Ares g Core Index e
e o Overfiow Indicator! Condition
g gle 3 : § ulug
g5 S| S Key Field i Continuation Lines z ]
g 318l lelz Surtg |2 3
S Sle w2 Location W K Option Entry 3 &
3 4 51817 I’IO,&,‘I_!FE#151811|I|9 musngmmwalﬂAa«ﬁrﬁlgﬁ’gFﬂunug’i’ﬂgm w#grg_%ssuumumnrznlq
o[- ["EWROIN | [\PE| [ T MACul
ofs| [t INDIEXER 1o | [ [F 4] [Dit[s] It
o[ JFPRuNT | S 1A UpRrll
ol|s| |F : '
ofs| |F

Figu;e 38 (Part 1 of 2). File Addition
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Line Counter Specifications
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Figure 38 (Part 2 of 2). File Addition
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There may be records in CARDIN that do not belong in
that file, or some records may have a keypunch error.
These records are identified on the Input Sheet as not
having the character A4 in position 80, These records will
turn on indicator 02, and are not to be added to the disk
file INDEXED. On the Output 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, there will be a printed report of all records in
CARDIN, and the records not added to INDEXED are
identified by the constant RECORD NOT ADDED.

Example 2

Figure 39 shows the unordered loading of an indexed disk
file from an unsequenced input card 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 Sheet indicates that an unordered load is
to be done. The input file, CARDS, is described on the
‘Input Sheet as being without sequence.

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 disk.
After the entire file has been loaded and an index entry has
been constructed for each record, the index entries are
sorted into ascending sequence.

COLUMN 67

Column 67 is not used.

COLUMNS 68-69 (NUMBER OF EXTENTS)

Entry Explanation
Blank Single volume file
1-50 Number of volumes that contain the file.

Figure 39 (Part 1 of 2). Unordered Loading of an Indexed File
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Figure 39 (Part 2 of 2). Unordered Loading of an Indexed File
The entry must end in column 69. These columns define 1.  Consecutive Processing. A disk file to be processed
the number of volumes (disks) on which the disk file is consecutively can be located on a fixed disk, a remov-
located. A disk file must occupy consecutive cylinders on able disk, or both if the entire file is online during
each volume. For instance, a disk file could not occupy processing. However, when portions of the file are
cylinders 20-30 and 41-50 on one volume. The file could offline during processing, the file must be located on
occupy cylinders 20-40 on that volume, or the data in removable disks only. To determine the entry in
cylinders 41-50 could be placed on another volume. columns 68-69 for a multivolume file on 5444 disks,
see Figure 40. For a multivolume file on 5445 disks,
The number of volumes you can use depends on the mode the entry in columns 68-69 must be 02 (04 on
of processing and number of drives used. For single volume Model 15) if the entire file is online or 02-50 if por-
files the entry in columns 68-69 must be 01 or blank. The tions of the file are offline. The maximum number
Number of Extents entry in columns 68-69 must not be of offline, sequeniial volumes is 40. When the
greater than 01 when sequential processing within limits system is running under SCP 5704-SC2, the maxi-
(L in column 28 and A in column 31) or an unordered load mum number of offline sequential volumes is 192.

(U in column 66) is specified for the file.

For multivolume files, determine the entry as follows:

70



2.  Indexed Sequential or Random Processing by Keys.
A disk file to be processed indexed sequentially or
randomly by keys can be located on a fixed disk, a
removable disk, or both if the entire file is online
during processing. However, when portions of the
file are offline during processing, the file must be
located on removable disks only. To determine the
entry in columns 68-69 for a multivolume file on
5444 disks, see Figure 40. For a multivolume file on
5445 disks, the entry in columns 68-69 must be 02
(04 on Model 15) if the entire file is online or 02 or
greater if portions of the file are offline. When the
system is using SCP 5704-SC2, the maximum number

- of offline indexed volumes is 96.

Note: For indexed random processing, the volumes
must be processed sequentially. However, the records
on each volume may be processed randomly.

3. Random Processing by Relative Record Number. A
disk file to be processed randomly by relative record
number can be located on a fixed disk, a removable
disk, or both. To process a multivolume disk file
randomly by relative record number, the entire file
must be available to the system at any given time.
Therefore, the entire file must be online. To deter-
mine the entry in columns 68-69 for a multivolume
file on 5444 disks, see Figure 40. For a multivolume
file on 5445 disks, the entry in columns 68-69 must
be 02." .

Multivolume processing cannot be used with shared I/O.
Additional information on creating and processing multi-
volume files, including Operation Control Language state-
ments is contained in the appropriate SCP reference manual
listed under Related Publications in the Preface.

COLUMN 70 (TAPE REWIND)

Entry Explanation

R Rewind tape at end of file.
U Unload tape at end of file.
N Leave tape at end of file.

Column 70 is used only with tape files to control the re-
winding and unloading of tapes. This entry specifies what
the system should do with the tape after the tape files have
been processed. These entries may be overridden by the
END parameter on the FILE statement.

If column 70 is left blank, the tape rewind information
specified at program execution time is assumed.

COLUMNS 71-72 (FILE CONDITION)

Entry Explanation

U1-U8 The file is conditioned by the specified
external indicator.

Blank The file is not conditioned by an external

indicator.

ONE DRIVE TWO DRIVES
Maximum Maximum
number of number of
volumes volumes
allowed allowed
Consecutive processing, or
indexed sequential or random
R . 50 50
processing by keys (offline—
removable disks only)
Consecutive processing, or
indexed sequential or random
. . 2 4
processing by keys (online—
removable or fixed disks)
Random processing by rela-
tive record number (online— 2 4
removable or fixed disks)

Figure 40. Number of Volumes Allowed for Multivolume Files
(5444 Only)

Columns 71-72 apply to primary and secondary input
(excluding table input files), update, output, display, and
combined files. A record address file may be conditioned

by an external indicator which is off, it will be in end of

file status. Chained and demand files may be conditioned

by extemnal indicators. If an output file is conditioned by

an external indicator which is off, reco'rds will not be written
on that file. Any calculation operations which should not be
done when the file is not in use should also be conditioned
by the same indicator. When the indicator is off, the file is
treated as though the end of file had been reached (that is,
no records can be read from or written in the file). If a disk
file is conditioned by an external indicator which is off, the .
FILE OCL statement for that file should be removed.

Note: Information on setting external indicators (SWITCH
OCL statement) can be found in the appropriate SCP refer-
ence manual listed under Related Publications in the
Preface.
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U1-U8 (External Indicators)

Indicators U1-U8 are external indicators. This means they
are set prior to processing by Operation Control Language.
Their setting cannot be changed during processing. Thus,
the program has no control over them.

You may 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 con-
dition a file (in the file description specifications) 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, output

data handled by the file can also be conditioned by the
same indicator. If an input file is conditioned by an exter-
nal indicator which is off it will be in end of file status. If
an output file is conditioned by an external indicator which
is off records will not be written on that file. Any calcula-
tion operations which should not be 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 may use them:

1. To condition calculation operations.

2. To condition output operations,

3. Asfield record relation indicators (columns 63-64
of Input Specifications Sheet).

COLUMNS 73-74

Columns 73-74 are not used.

COLUMNS 75-80 (PROGRAM IDENTIFICATION)

See Chapter 2.
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FILE DESCRIPTION CHARTS

The File Description Charts in the following pages (Figures
41-54) are for:

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

2.  MFCU, Console, and Printer files.

3.  Tape files.

4. . MFCM, 2501, 1442, Device independent, and
CRT/Keyboard 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.

5.  Diskette files

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

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

The remaining columns represent information that changes
from program to program. For instance, in this example
these columns are required but may change from one pro-
gram to another: Filename, Record Length, Length of Key
Field, and Key Field Starting Location. Optional entries
are: End of File, Sequence; File Condition, Line, Block
Length, Number of Extents, and Core Index.
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Sequential 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.

1
Notes:

1. DISK, DISK40, or DISK45 can be specified as the device (columns 40-46).
2. Read-only operatipns are allowed on consecutively processed indexed disk files.

|

If no record address file is associated with a limits file it is assumed to be processed using the SETLL operation code.
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Note: DISK, DISK40, or DISK45 can be specified as the device (columns 40-46).
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DISK FILE . . e .
S ~File Description Specification
F File Type Mode of Processing File Addition/Unordered
- - ExtentExit | [
[emare o et s i 2 o | | oo
Symbolic || ~Nemeof Number of Extents
Filename Sequence Type of File o Device . Device =| Label Exit Toe
File Format Orgenization |3 3 : Rewind
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. MANG
" Disk addresses are | {1[7]" |F 0 {F
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record entered.

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

- -Note: DISK,-DISK40, or.DISK45 can be specified as the device (columns 40-46).
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DISK FILES

Record Address Files *

1.

2.

File Description Specification
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Length of Key Field or
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Tobels S/N/ETM

Core Index

Continuation Lines

Number of Tracks
for Cylinder Overflow

Number of Extents

ololfeo|lo|o|eo|ole |

cjlo|ewivw|o|ofs|w

-

gln|mIm{m|ajm]|n|[m|m |7 |7 [a FormType

99 59 ¥9 ©9

L

7593 %5 15 €5

05 67 6% LV 9y ¥ ¥¥ £¥ Z¥ L¥ O 6C BC LE 9E ST ¥C EC ZE IE OC 6 & L% T .

K3

OZ6L8BLLE SLSLPLELZLALOL 6 8 L 9 G ¥ £ C

ADDROUT files may be associated with indexed,
or direct disk files or sequential disk or tape files.

Record address files containing record key limits may only be
associated with indexed disk files, but may be a disk, 1442,
2501, CRT77, tape, MFCM, MFCU, console, or DISKET file
(see charts for MFCU and console files).

Note: DISK, DISK40, or DISK45 can be specified as the device (columns 40-46).
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File Description Specification
MFCU FILES
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Device can be

PRINTER (Models 10, 12, and 15),
PRINTR2 (Models 10 and 12}, or
PRINT84 (Model 15).
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Figuie 49. File Description Entries for 3277 CRT/Keyboard (Model 15)
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Figure 50. File Description Entries for 1442 Card Read Punch
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Figure 51. File Description Entries for 2501 Card Reader (Model 15)
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Figure 52. File Description Entries for 2560 MFCM (Model 15)
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Figure 53 (Part 1 of 2). File Description Specifications for Device Independent Output File (Model 15)
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I Figure 53 (Part 2 of 2). File Description Specifications for Device Independent Input File (Model 15)
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Figure 54. Diskette Files
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Chapter 5. Extension Specifications

Extension specifications are needed to describe the record Record address files require entries on the Extension

address files, tables, and arrays you may use in your job. Sheet in columns 11-26,

Enter these specifications on the Extension and Line

Counter Sheet (Figure 55). Figure 58 is a chart showing possible Extension Sheet
entries.

See Tables and Arrays at the end of the column descriptions
in this chapter for a complete description of tables and
arrays including definitions of terms used in this chapter COLUMNS 1-2 (PAGE)
and examples of tables and arrays.
See Chapter 2.
Pre-execution time tables and arrays are described in
columns 11-45. Compile time tables and arrays are
described in columns 19-45. If an alternating table or array COLUMNS 3-5 (LINE)
is to be specified with another table or array, it is described
in columns 46-57 of the same line as the first. A maximum See Chapter 2.
of 63 tables and arrays can be used per program. Only 60
of these tables or arrays may be compile-time tables or

arrays.
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12 75 76 77
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Figure 55. Extension and Line Counter Sheet
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COLUMN 6 (FORM TYPE)

An E must appear in column 6.

COLUMNS 7-10

Columns 7-10 are not used.

COLUMNS 11-18 (FROM FILENAME)

Entry Explanation

Record  The name of the record address file defined
Address  on the File Description Specifications Sheet.
Filename

Table or  Table or array file loaded at pre-execution
Array time.

Filename

Blank 1. Table or array loaded at compilation

time if an entry appears in Number of
Entries per Record (columns 33-35).

2. Array loaded at execution time
(loaded via input or calculations speci-
fications) if there is no entry in Num-
ber of Entries per Record (columns
33-35),

Columns 11-18 are used to name a table file, array file, or
record address file. Filenames must begin in column 11,

Leadve columns 11-18 blank for compile time tables or
arrays or for arrays loaded via input or calculations specifi-
cations (execution time array). These columns must con-
tain the table or array filename of every pre-execution time
table or array used in your program. More than one pre-
execution time table or array can be read from the same
MFCU or diskette file; therefore the From Filename might
be the same for more than one table or array (this is true
only for MFCU and diskette files).
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COLUMNS 19-26 (TO FILENAME)

Entry Explanation

Name ofan  The file procéssed via the record

input or address file named under From Filename.
update file

Name of an  The output file on which a table or array

output file  isto be written at end of job.

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

If a record address file is named under From Filename,
columns 11-18, the name of the primary or secondary file
that contains the data records to be processed must be
entered in To Filename, columns 19-26.

If you wish a table or array to be written or punched, use
columns 19-26 to enter the filename of the output file you
will use to do this. This output file must have been previ-
ously named in the file description specifications. Execu-
tion time tables/arrays cannot be written at end of job.
Leave columns 19-26 blank for execution time tables/arrays
or if you do not want the table or array written or punched.

If a table or-array is to be written or punched, it is auto-
matically written or punched at the end of the job after all
other records have been written or punched.

Since the table or array will be written or punched in the
same format in which it was entered, you may want to re-
arrange the output table or array through output-format
specifications. You may format table or array output by
using exception lines to write out one item at a time (see
Operation Codes, Exception in Chapter 8). Tables or arrays
will be written or punched under RPG II control only after
all records have been processed (Last Record indicator is
on).

Note: If a table or array is to be written to a printer file
at the end of a job, the last Output specification should
be a space or skip to the line at which table or array
output should begin.



COLUMNS 27-32 (TABLE OR ARRAY NAME)

Entry Explanation

Table or  Name of a table or array used in the
Array program,

name

\

Use columns 27-32 to name your table or array. No two
tables or arrays may have the same name. The name can be
from one to six characters long and must begin in column
27, and must be a valid RPG II name. If alternating tables
or arrays are being described, this must name the table or

array whose entry is first on the input record (see Example).

Table Name

Every table used in your program must be given a name
from three to six characters long beginning with the letters
TAB. Any name in these columns which does not begin
with TAB is considered an array name. This table name is
used throughout the program. However, different results
can be obtained depending upon how the table name is
used. Factor 2 on the Calculation Sheet can contain the

name of a table to be searched and the result field can con-
tain the name of another table from which an associated
function is to be obtained. When the table name is used in
Factor 2 or Result Field (on the Calculation Sheet) with
LOKUP operation, it refers to the entire table. When the
table name is used with any other operation code, it refers
to the table item last selected from the table by a LOKUP
operation. If the table name is used before any successful
look-ups are performed, the first table item is referenced.
See Operation Codes, Lookup in Chapter 8 for more infor-
mation,

Tables are processed in the same order as they are specified
on the Extension Sheet. Therefore, if you have more than
one table, remember the tables are to be loaded in the same
order as they appear on the sheet.

Tables cannot be used with an index (see Tables and Arrays,
Array Name and Index in this chapter).

Array Name

Every array used in your program must be given a name
from one to six characters long. An array name cannot
begin with the letters TAB. This array name is used
throughout the program. See Tables and Arrays after the
column description in this chapter for complete informa-
tion.
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Example

Figure 56, insert A, shows two related tables (TABA and
TABB) described in alternating form on a table input card.
An item for TABA appears first. Thus, in insert B, TABA
is named in columns 27-32 of the Extension Sheet: TABB
is named in columns 46-51.

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 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 related tables are described, each table input
record must contain the corresporiding items from each
table written in alternating form. These table items are
considered as one entry (see Example). The number entered
must end in column 35. Corresponding items from related
tables must be on the same record. If there is room, com-
ments may be entered on table input records in columns
following table entries.
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When loading an array the following must be considered:

1.  Toloada pre-execution time array, the array filename
must be entered in columns 11-18 and an entry must
be made in Number of Entries per Record (columns
33-35).

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

3. Toload an execution time array (via the input and/or
cdlculations specifications), the From Filename
(columns 11-18) and the To Filename (columns
19—26) entries must be blank and the Number of
Entries per Record (coluinns 33-35) must be blank.

Examble

Figure 56 insert A, shows the table items for the two

- related tables TABA and TABB. The corresponding items

in TABA and TABB are considered one entry. Even
though there are 14 table items on the card, there are only
7 table entries. Insert B shows the Extension specifications
which describe TABA and TABB as related tables.
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. 33 34 39 36 37 38 39 40 41 42 43 44 43 46 47 48 49 30 51 32 53 34 35 36 37 38 3) 60 61 62 €3 &
— — —Corresponding
Table Items €5 60 6T CE D TO 71 T2 7I T4 TS 76 T7 TH 79 80 B1 62 03 04 83 36 67 80 08 90 Bt B2 01 94 5 96
03240 00039.00
97 90 99 100 101 102103504 103 106 107 106 100 110 1 T2 W3 T4 NS 18 HT N NS 120 1AM W2 123 124 123 126 17 128
A 1 2 e
. . A
03648 00156.72 *Decimals in TABB 8 ~————— . o
are for illustration : TAB } TAB , TAB , TAB , TAB , TAB;
15632 00017.98 only. Decimal 1 - S L B 2
. Bll34!l'll.lo“|lll|4I3“l7l’lllo!‘H"l‘!!tl"ﬂl")é)l)!B
points are not a a 4 s A
28887 00002.97 part of table or 8 —\'A‘/\W 8
array input data. p TQB : TAB : TAB | TAB ! TQB : TAB 4
29821 00290-98 é 33 M !l')! 30 39 40 AI'AZ A4 s 8y M". 50 1 32 !S'M 3 58 57 38 59 ‘Olil 62 €) 64 é
A 7 A
8 \_,—-—\' — /\A’ 8
30001 00579.95 a | TAB 1 TAB1 TAB 4
2 1 g N ' 2
N ) eles er o070 1 7293 va 75 me 12 Y70 20 00 o1 uz 03 mabus w6 0 00 00 %0 w1 02 92 wa as 0e !
5 7 \_ 114 3700 /
Positions Positions . ‘
The corresponding items from the related
tables are punched in alternating format on
the table input card. The corresponding
items from the two related tables are
considered as one entry.
RPG EXTENSION AND LINE COUNTER SPECIFICATIONS Pt e
IBM Business Machine C
Program Punching | Graphic Card Electro Number Iilfl rogram 75 76 77 78 79 80
Programmer Date Instruction Punch Fose 0'— ificati
Extension Specifications
E Recard Sequence of the Chaining File
Number
Numbser of the Chaining Field of Number § B Table or § =
Line To Filename Table or Entries ‘E’ . :;:"gm % 2| Array Name t,mgm % § Comments
& Array Name | Per e | e 18| (Aternating | Enery = K
3 . Record | Per Table | Entry )] 2 4§
£ From Filename or Array 3 HEl Format} 3|l
8 o[58 21&|s)
34567B9|0|||2|J“|5|6|7|8|9202|2273742§7‘§" 13 45 4950 51|52 63 58 59 60 61 62 63 64 65 66 67 68 69 70 7172 73 74
o[+] e | 7 |9
ol2| [e }’ﬁ
olal Te / B 1 T L L §
0- Table whose items are punched first on —{— " Table whose items are punched second
o4 . . . .
E — the card is named in columns 27-32. 4_1\. I i» on the card is named in columns 46-51,
ols| |E
el e ) At
- This entry indicates the number of table entries
of7] |E ¥ |.on each card. Remember the corresponding items
0|8| [E from two related tables are considered as one entry.
E P e
£ EREARENRANERRRER NN ERE
Line Counter Specifications
L 1 2 3 4 5 6 7 8 9 10 1 12
N g . E’ E
Line | & Filename s 2 [ . -
5 |5 s (s 8 |26 8 |28 B R B T 5 o k- s S5 5 |85 s |28 B |s 8 T 5
’ BR8] o8 BB o (BY) LB\ o (EE LEEE LEIED| SE[ER| LB|RR|SE[EY E[EY B2
s 32|23l 52 |e2] 52 |62| 52 |62 52 |62 52 |62 52|62 52 |62 52 |62| 52 62| 5282|522 |52
3 4 506 |7 8 9 1011 1213 14 |5'|$l7 IS!Q%__!??D&lZS?STI?BZSJOQ! 32|33 34]35 36 37]38 39|40 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]
11 L
12 L
L

Figure 56. Related Tables

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

Entry Explanation
1-9999 Maximum number of table or array entries.

Use columns 36-39 to indicate the maximum number of
table items which can be contained in the table named in
columns 27-32, or the maximum number of array items
which can be contained in the array named in columns
27-32. This number may apply to one table or to two
alternating tables. If alternating tables are described,
corresponding table items are considered one entry. Any
number entered in these columns must end in column 39.

If your table or array is full, this entry gives the exact num-
ber 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 57). A table or drray that is not full is known as a
short table or array.

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

COLUMNS 40-42 (LENGTH OF ENTRY)
Entry Explanation
1-256 Length of a table or array 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 (see Column 43, Packed or
Binary Field), enter the unpacked decimal length in columns
40-42. For numeric tables or arrays in binary format, enter
the number of bytes required in storage for the binary field.
For a 2 character binary field, the entry in columns 40-42

is 4; for a 4 character binary field the éntry is 9.

All table 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 the front of

. numeric items to make them the same length and add blanks
to alphameric items. For alphameric items, blanks may be
added either before or after the item (see Examples,
Example 1).
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TABPRT TABAMT* TABPRT TABAMT*
(Part Number) (Price) (Part Number) (Price)
001 127.62 001 127.62
002 198,32 002 198.32
003 . 000.27 003 000.27
004 000.01 . 004 000.01
005 001.98 005 . 001.98
009 003.79
010 005,67
014 002.33
026 014.67
045 029.33
096 029,34
097 000.05
098 000.09
099 001.19
100 002.22
101 126.73
110 §96.74
115 393.75 -
126 . 697,75 .
137 001,92
If this data is loaded, TABPRf i If this data is loaded, TABPRT
and TABAMT will be fult (20 . and TABAMT will not be full.

entries fill the table).

*Decimals are for illustration only.

RPG EXTENSION AND LINE COUNTER SPECIFICATIONS

Punching Graphic Card Electro Number
Instruction Punch Pag
Extension Specifications
Number
of Number £ls]  Tabl £l
N able or 5
Filename Table or Entries | of ';:M ] g Array Name | o g S
Array Name | Per Entries [ {AReenating il
Record | Per Table | Entry |=)5]8 Entry ef5| 8
S|ElE] Forman J|E
or Array 5|8 g HEE
NG s o .§
.££££N|27unﬁ.ﬂ Mln 43| 45 146 414849505!522“555557
TIAIBFIR|T] T

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

ARRRERRRA AR RN AR AR AR R RN RRRRRRR R

Figure §7. Table Entries (Number per Table)

If two related tables or arrays are described on one Exten-
sion Sheet, the entry in columns 40-42 applies to the table
whose item appears first on the record (see Examples,
Example 2).



The maximum length of a numeric item is 15 characters.
The maximum length of an alphameric item is 256 char-

acters. See Tables and Arrays in this chapter for more
information.

Examples

Example 1: The following table, called TABMO, lists the
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 géggﬁi;?g All entries must
MARCH
APRIL MARCHbbbb have the same
MAY APRILbbbb length. Those
JUNE MAYbbbbbb items that are
oLy JUNE bbbbb

ST JULY bbbbb not as long as
QSS-:MBER AUGUSTbbb the longest
OCTOBER SEPTEMBER item must be
NOVEMBER OCTOBERbD padded with
DECEMBER NOVEMBERD

DECEMBERD blanks (b).

List of Months TABMO

Example 2: The following shows entries in a table input
card for related tables, TABC and TABD. Each item in

TABC is two characters long; each item in TABD is six

characters long. Since TABC appears first on the card, its

length (2) is specified in columns 40-42. The length of items

in TABD is indicated in columns 52-54.

2 3 4 SJ6 7 8 9 10 11 1213 14 13 16 17 W 19 20 21 22 23 24 23 26 27 28 20 30 % 22

/'
)),‘)’u!1l'7'w‘l‘ll!“‘l“'“‘l’os‘5!!)’41!!‘!7“”‘0“u‘l“

OS186 67 68 63]70 71 72 7374 TS 76 T7 78 79 80 B B2 £3 54 83 85 57 68 89 90 81 92 01 84 95 36

(23 nmnjmto)wuosmmmmno ™ORN A3 14 NS 16 M7 MO NP 120 125 R2 923724 ‘25 126 127 128

33 34 35 36 37 38 39 40 41 42 43 44 43 46 47 40 49 50 31 51 53 34 53 56 57 59 39 60 61 62 63 64

8

A e st

Bp“o i 1 [ :I
¢} b jc; p ici D iCi D
1 ) !‘I 4 3 67 l'. bln 19 IJDI!I'I ulnxonnuu'u =I

) 25 27 18 29 39 0 2
A

8 | : | ; | :

4

2 ¢ o ;¢4 o ¢} b ,

1 ! U U |

B8

A

8

4

2

1

4300 6765 6970 1 72 7374 75 76 77 76 79 80 51 62 B3 B4 93 06 07 36 29 90 91 52 33 94 95 96

“N&PPU=NI2GPD=NI2O>D

N—

N\

RPG EXTENSION AND LINE COUNTER SPECIFICATIONS
Punching Graphic Card Electro Number
Instruction Punch
, Extension Specifications
Number
: of Number E[5] Table or 8|,
" Table or Entries | of Length 2 s Arl ° N Length 2t
filename Per Entries of Sl% ray Rame  of 8§
Array Name Record | Per Tabte | Entry [z|S|E| (Aternating  fEmry | |%
A J1E|S] Forman dJlE
or Array E g .5'; E g
a |0 alol
12 23 24 25 26|27 28 29 30132'33_3135'36 37 38 39 _4_67474849 50 51 522355'56_!

The

le

on the table input card is entered in columns 40-42.

I
ngth of the table

item which appeared first
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COLUMN 43 (PACKED OR BINARY FIELD)

Entry Explanation

Blank Data for table or array is in unpacked deci-
mal format or is alphameric. This is used for
execution time arrays (must be blank for

compile-time tables or arrays).

p Data for table or array is in packed decimal
format (pre-execution time tables or arrays
only).

B Data for table or array is in binary format
(pre-execution time tables or arrays only).

For a complete discussion of unpacked decimal, packed
decimal, and binary data representation, see Column 43,
Packed or Binary Field in Chapter 7, Input Specifications.

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 numeric table or array have no
decimal positions, enter a 0.

If two alternating tables or arrays are described in one file,
the specification in this column applies to the table con-
taining 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 (ascending or
descending) of the data in a table or array. Execution time
arrays are not checked for sequence, but column 45 must
contain an entry if high or low LOKUP is to be used.

When an entry is made in column 45, the table or array is
checked for the specified sequence. If a pre-execution time
table or array is out of sequence, an error occurs and
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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 execution 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. Descend-
ing order means that the table or array items are entered
starting with the highest data item and proceeding to the
lowest.

If alternating tables or arrays are described in one file, 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 wish to know if the item is high or low com-
pared with the search word, your table or array must be in
either ascending or descending order. See Operation Codes,
Lookup in Chapter 8 for more information. When a speci-
ific sequence has been specified, RPG II checks the data in
the table or array to see if it really is in that sequence. In
checking for sequence, an equal condition is considered
valid. This allows you to pad the beginning of the table
with zeros or blanks, or to pad the end of the table with
9’s (assuming ascending sequence).

COLUMNS 46-57

Use columns 46-57 when describing a second table or array.
For compile time and pre-execution time tables and arrays,
these columns are used to describe a table or array that is
entered in alternating format with the table or array
described in columns 27-32. For execution time arrays,
these columns may be used to describe another table or
array which is loaded independently of the array described
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.

COLUMNS 58-74 (COMMENTS)

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

COLUMNS 75-80 (PROGRAM IDENTIFICATION)

See Chapter 2.



Business Machine

RPG EXTENSION AND LINE COUNTER SPECIFICATIONS

Form X21-9091

Printed in US.A.

1.2 75 76 77 78 80
Program Punching Graphic Card Eectro Number , D:\ Program 778 79
h f P
Programmer Date Instruction Punch o o
Extension Specifications
E Record Sequence of the Chaining File
Number
Number of the Chaining Field of Number gl Table or 2l
i Lengn | [£[8] @ Length | |2
Line To Filename Table or Entries :_' ) ot E[2| Array Name | of % g Comments
g Array Name | Per ntries =il (Alernating | g, =
g " Record | Per Table [ Entry [xf5|@ ntry el 518
From Filename J|g|g| Format J|Els
3 or Array NEE HEE
s =|8|3 a|o l§
3 4 5]6 9 20 21 22 23 24 25 26|27 28 29 30 31 32|33 34 35|36 37 38 39]40 41 42]43]44]45]46 47 48 43 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
7 T T T : T T
ol [e A l‘Olu;p,ut' fn:u‘ ﬁo;’m{nl{e;igng t=a ble A;l}el%'n'atmg !ta ?. ] Tables
of2| [E <+ Output file: Pre-execution time table: Alternating table 1
. INEREN L
0]4| [E le: Compile time array Alternating array 4+~ |}
——————+ —t et —t—— : - +
ols| |E Qutput file Pre-execution time array Alternating array }» Arrays
i ' 1 - X
ofs] [e Execution time array —fi—tjetal-Exec Time | |4 |)
of7| |E Array
ole| [e +R. A. Fil Input or Record Address Files
E update file
E L1
Line Counter Specifications
L 1 2 3 4 5 6 7 8 9 10 n 12
Line 5 Fitename ~§ s |8 s s lesl 5 lss s (55 [ s |z s s |55 s 13 % U O s |53
g 18, sl s lesl s les ss| 5 |ss ss| 5w 5 | 5 | 5 | 5
¢ o8 (S8 2|52 o0 |BE| 2 E || et D] et |BE| cfliE| ef (| oE || 2E (B L2 |BE| 258
£ 52 |g3| 52 (82|52 (62| 52 |62 32 |62 52 |62] 52 (62) 52 |62] 5262|532 62| 526252 )52
3 4 5|6 17 8 9 1011 12 13 14]15 16 17}18 1920 21 22|23 24|25 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 52|53 54|55 66 57[58 5960 61 62]63 6465 66 6768 63§70 71 72{73 74
11 L
112 L
L

The shaded columns must be blank for the file named.

For tables and arrays, columns 19-26 and columns 46-57 are optional.

Execution arrays are loaded via input and/or calculation specifications.

For record address files, columns 11-26 must have entries. ‘

Figure 58. Possible File Entries for Extension Specifications

Extension Specifications
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TABLES AND ARRAYS

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 posi-
tions. Both tables and arrays are described on the Extension
Specifications Sheet. See Figure 58 for possible entries.
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 would use a rate table for obtaining

freight rates, The clerk might scan the table for the desired
city, then select the corresponding rate:. Tables are refer-
enced by searching the table one item at a time for a speci-
fic item of data with a unique identifier. Table names must
begin with the letters TAB. '

Arrays can also be searched for a uniquely identified data
item. Unlike tables, however, array items can also be refer-
enced 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. Array names
must not begin with the letters TAB. .

Several terms are used to describ¢ 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.

® Pre-execution time tables and arrays are loaded with
the object program before actual execution of the
RPG II program begins; that is, before any input files
are read, calculations performed, or output functions
performed. ’ '
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® FExecution time arrays are loaded or created by input or
calculation specifications. They are loaded after actual
execution of your RPG II program has begun (read in
as input data or created during calculations in your pro-
gram). An execution time array is als6 described on the
Extension Specifications Sheet. ‘

® 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
gives additional information about its corresponding
item in the first. In Figure 59, TABA and TABB are
related. An item in TABA gives a part number, the
corresponding item in TABB gives the part cost. Al-
though all items within one table or array must have the
same characteristics, corresponding items of related
tables or arrays may have different characteristics.
Related tables and arrays do not have to have the same
number of entries unless they are described in the same
extension specification.

® 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 in-
cluded. Short tables and arrays must have at least one
entry.

® Fuyll tables and arrays are those in which all possible
entries contain data,



TABA TABB ™

T2 03 43 67 85 9 01 1210 M 131617 18 1 2021 222)24 2526272829300 32
345126 000373
33 34 25 36 37 30 39 40 41 42 4D 44 45 46 4T 40 49 30 51 32 33 34 55 536 57 34 39 60 &) 62 63 &4
38A473 000498 €366 67 686970 71 7273 74 75 76 77 76 75 80 81 82 83 54 35 86 87 83 85 90 %1 92 93 %4 93 %
| 97 98 9% 100 101 102103104 103 106 107 108 108 NO 1N N2 NI 14 NS 16 17 N NP 120 1A 22 123 124 125 126 127 28
39K146 001297 s b
A s TABA | TABA | TABA | TABA | TABA a
408125 000093 2 2 3 4 5 2
1BI!)lI(!llnllIIlJNI!“I‘II!IOIOZI38!!8423“!7!02!!0:!)!;
41043 041998 » TaBa| TABA | TABA | TABA | TABA s
36 | 7 8 9 10 2
420893 m0087 é3))‘:5)!)7).)'404!‘l'll“‘!“ﬂ““!oﬂ325)!4935'!75!5'(00!(8!)“;
A A
43K532 000349 s :
2 2
44M111 000679 1 uunuovnnnunnnn'rlnwolnuunuvunwuuuuuu‘

N—— N\
45P673 omags 12 3 43 67 8 9 01 1213 4151617 18 19 2021 2223242326 272029300 32

32 34 33 38 37 38 39 40 41 42 4) 44 43 &6 47 43 49 30 51 52 $3 54 35 56 57 38 59 60 61 62 63 &4

46C732 147587
k—/_\ €3 66 67 65 49 70 71 7273 74 75 76 77 T8 79 30 81 82 83 54 83 56 67 33 89 50 51 $2 93 %4 95 %

$7 98 $5 100 101 102 103 104 105 106 17 108 109 1O 1N 12 N3 14 NS 16 NT TO N9 120 120 2 123 124 123 126 1T 28

TABB TABB TABB TABB |TABB
1 2 3 - 4 5

102 3. 4.5 6 7 8 9 0N 12131415 % 1718 19 20 21 22 22 24 25 26 27 28 29 30 31 N2

@Related tables

TABB TABB TABB TABB
6 7 - 8 9

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 43 49 50 51 52 53 54 53 56,57 58 39 60 61 62 €3 ¢4

TABB
10

6586 6263 69 70 M1 72 7374 75 76 77 78 79 80 61 82 63 54 85 86 87 88 89 30 91 92 93 94 95 ¢
L 13M 3700

“NLRPOD=NI2OD>D~=NBODPD
“NDOPT=PNI2ODPD=NDOD>PD

\

TABA and TABB described as separate tables.

N
/l::Atcrl--onuuuuunanzonuunuunununu
3334 35 36 37 38 39 40 41 42 43 44 43 46 47 48 49 50 %) 52 33 54 55 36 $7 58 S9 60 &1 €2 €3 &4 N

/|::45;7-snnuuuuunnnmuunnzsunuuunn

€S 684768607071 727374 7S 76 77 78 79.80 81 62 83 84 85 06 67 55 89 50 91 92 93 34 95 96
333435 36 37 38 39 40 41 42 43 44 43 48 47 40 49 30 51 52 53 54 55 56 538 59 6O &1 62 63 &4

Bn-nmmmmmmmmmmmunumummunmwummmmmm
: TABA : TABB TABA : TABB TABA ;: €566 67 63 69 70 71 72 7374 7S 76 77 78 79 00 81 62 83 84 83 06 §7 88 83 90 91 92 93 54 95 %6
; 1 : 1 2 : 2 3 l; Bnnnmmmmmnsmmuwonomnzuuunsmmmnnmmnzmmmmmm
1|25450‘1lononnnuuu|1un:onnnuxsanunnslné A | | la
E | 1 ' A s TABA | TABB TABA | TABB TABA g
s TABB TABA | TABB | TABA | TABB & $ 8 | 8 9 | o9 10 12
4 3 4 1 a4 1 s ' 5 3 1 ! ! Iy
2 | 1 l 2 Bt::As|1-l;onuuunn'n|-uzozlunuzsanununna
é::unununlcounuu-sunuannu'nussununuonuuué : “TABB :
s [ TABA | TABB | TABA | TABB 8 410 2

4
2 6 : 6 7 : 7 2 ;uu;susruuwauuu4:ununsq=-us:uuunu”tonuuu;
’csunuunﬂnnnnnnunnnuuuosunun»mununu1 A A
§ 18M 3700 J/ 2 2
2 2
N . . T es e a2 6a 6070 72 7374 73 78 77 76 79 %0 &1 82 83 64 85 56 67 88 99 90 91 92 93 34 93 96 |

@ TABA and TABB described in alternating format. L R : )

Figure 59 Related Tables (TABA and TABB) Described Separately and Alternately
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Creating Table or Array Input Records

When creating compile-time or pre-execution time tables

or arrays, the table and array data must be recorded accord-
ing to certain rules. In the following list of rules, the term
entry refers to one element in a single table or array, or to
corresponding items of related tables or arrays.

Rules

1. The first table or array entry for each record must
begin in position 1.

2. An entire record need not be filled with entries. In
this case, blanks or comments can be included after
the entries. (Figures 60 and 61 show a table input
record and extension specifications for alternating
tables. Note that three blanks appear between the
last table entry and the comment.)

3.  Eachrecord, 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.

4.  An entire entry must be on one record. It cannot be
split. Thus the length of a single entry is limited to
the maximum record length for the device. If related
tables or arrays are used, corresponding items must
be on the same record and, together, cannot exceed
maximum record length for the device.

5.  Related tables or arrays can be described separately
or in alternating format. Alternating format means
that the corresponding items are considered one table
or array entry. Figure 59 shows ways in which .
related tables or arrays can be described.

6.  The number of table and/or array names used in a
program must be no more than 60.
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Packed Data To/From Table/Array

The following examples show results of loading arrays from
packed data fields. This applies to pre-execution time
tables and arrays only.

With one-byte array elements:
Packed Input Data

A . et
|1F} 2F| 3F] 4F] 5F] 6F]

~—v—

length = 1 byte i

Fi] F2] F3] F4] F5] F6

—— N ———
Array Data

With three-byte array elements:

Packed Input Data
A o et

{01, 2F[37,6F]50; 2D)

length =2 b;gsE,

length = 3 bytes

|Fo, F1, F2[ F3] F7! F6] F5. Fo, D2]
\-—,—_v-\—/
Array Data

Figure 61 shows an example of packed data in a pre-execu-
tion time array. The from file must be a device that sup-
ports packed data, The packed fields must be four bytes
long,



Table Entries

34J12638A47339K14640B12541C04342 )

192 3 4.5 67 69 1010 1213 14 1516 17 18 19 20 20 22 23 24 25 26 27 28 2 30 N 32

D89343K33244M11145P67346C73247L 1

3334 35 38 37 30 39 40 41 42 43 44 43 46 47 40 49 50 51 5z 33 34 33 36 57 38 33 60 61 62 €3 64

46 TABLE OF PART NUMBE R S<—————Comments

63 66 67 €3 69 70 71 7;751‘7:7(77?7'00001lzl)uts“vuumn 92 93 94 93 96

97 96 99 100 101 102 103 104 10% 106 107 108 109 110 11 112 W3 114 1S 116 N7 118 119 120 121 122 123 124 125126 127 128

12 345 6 7 8 9 100 1213141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

33 34 33 36 37 38 39 40 41 42 43 44 45 45 47 43 49 SO 51 52 53 54 55 56 57 58 59 60 61 62 63 64

“NLOPOD~NIODPO=NIODPO
“NAOPD=NIABPT-=NIOD>D

€5 66 67 66 69 70 71 72 73 74 TS 76 77 78 79 60 81 82 83 84 85 66 87 88 89 90 91 92 93 94 95 96

\ 18M 3700 /

Figure 60. Input Record for Alternating Tables, TABPAR and TABID
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Figure 61. Extension Specifications for Alternating Tables, TABPAR and TABID
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Defining Tables and Arrays

All tables and arrays are described on the Extension Sheet.
One line is used to describe one 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, columns 46-57 are used to
describe the second table or array. If pre-execution time
tables and array are being described, entries in columns
11-18 and 27-45 are required, as described in the first part
of this chapter. Columns 19-26 are used if the table or
array is to be written or punched at the end of the job.

Tables and arrays can be specified in any sequence. Com-
pile time and pre-execution time tables and arrays can be
.mixed. Remember the sequence in which tables and arrays
are specified on the Extension Sheet determines the order

Figure 62 shows the necessary extension specifications 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 posi-
tions, including four decimal places. Line 2 specifies pre-
execution time array, ARRAYE, to be read from file
CARDINP. ARRAYE has 250 alphameric elements (12
elements per record); each element is 5 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. ARRAYI has ten
numeric elements each ten positions long.

Compile time and pre-execution time arrays (lines 1 and 2)
can include entries in columns 19-26 (To Filename) and in
columns 46-57 (to describe an alternating array). Execution
time arrays cannot have To Filename and alternating array

in which they must be loaded at the start of the job (see specifications.

Loading Tables and Arrays).

Loading Tables and Arrays

Tables and arrays can be loaded at compilation time or pre-
execution time. When loaded at compilation or pre-execution
time, the entire table or array is loaded. Arrays can also be
loaded at execution time. :

Form X21-9091
Printed in US.A.
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ofs] [e JARRIYII near EXECUTIION
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Figure 62. Specifications for Three Types of Arrays
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Compilation Time

Tables and arrays loaded at compilation time are compiled
along with the RPG II source program. They become a part
of that program. Rules for loading tables and arrays at com-
pile time are as follows:

1.  The table or array records must follow the RPG II
source program.

A record with **p (blank) in positions 1-3 must
appear before each table or array entered. (Any
record with these characters in positions 1-3 will

be treated as a delimiter, so do not use these char-
acters as the first three characters on a data record.)

/* record must appear at the end of the last compile-
time table or array (followed by a // CEND statement
if compiling from the source library).

The tables and arrays must be loaded in the same
order as described on the Extension Sheet.

5.  Acompilation time array must have entries in columns
33-35 of the Extension Sheet and must not have en-
tries in columns 11-18 of the Extension Sheet.

6.  The tables and arrays must not be packed or binary.

Figure 63 shows the placement of compile time tables and
arrays in relation to RPG II source specifications.

Pre-execution Time

Pre-execution time tables and arrays are not part of your
source program. They are used by the object program like
any other data file.

Rules for loading tables and arrays at pre-execution time are
as follows:

1.  The table or array must be loaded before any other
processing is done.
2. A /*record must follow every pre-execution time

table or array,

L
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Figure 63. Placement of Compile-Time Tables in Relation to RPG II Source Specifications
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If two or more tables or arrays are loaded, they must
be loaded in the same order as described on the
Extension Sheet.

If errors are encountered during loading, additional
information about the error will be displayed on the
printer-keyboard if it has been defined as the log
device.

A pre-execution time array must have entries in col-
umns 11-18 and 33-35, and may have entries in 43
and 55 if appropriate.

Execution Time

If you are loading an array from information in input
records (execution time array), you must describe that
information in your input specifications. How the entries
are made depends on whether the array information is con-
tained in one or more than one record. Any type of array
(compile time, pre-execution time, execution time) can be
described on the input specifications,

Execution time arrays are not checked for sequence, but
column 45 (sequence) must contain an entry if high or low
LOKUP is used. '

If an execution time array is to be read in packed or binary
format, an entry should be given in column 43 of the Input
Sheet. In this case, the From and To columns on the Input
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 on the
Extension Sheet. An execution time array must not have an.
entry in columns 11-26, 33-35, 43, and 46-57 on the
Extension Sheet.

When reading packed information into an array from
input records, each element of information is read as if
it were an individual field.

Array Information in One Record

If all of the array information is in one record, it can occupy
consecutive positions in the record or be scattered through-
out the record.

If the array elements are consecutive on the input record,
they may be loaded with a single input specification. Figure
64 shows an array, INPARR, of six elements (twelve posi-
tions each) being loaded from a single record from the file

* ARRFILE.

If the array elements are scattered throughout the record,
they may be defined and loaded one at a time, one to a

Figure 64. Defining an Execution Time Array with Consecutive Elements
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Figure 65. Defining an Execution Time Array with Scéttered Elements

specification line. In Figure 65, an array, ARRX, of six
elements with 12 positions each, is loaded from a single
record from file ARRFILE; a blank column appears be-
tween each two elements.

Following are the input specifications required for loading
an array from a single input record:

Column

6

7-42
43
44-47

and
48-51

Entry

Blank

P (packed), B (binary), or blank.

Field location of either an entire array
(consecutive elements) or individual field
locations of single elements of the array.
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This column must be left blank.

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 Sheet.

Field record relation indicator. See

Columns 63-64 in Chapter 7 for infor-
mation on this entry.

52

53-58

59-62 Blank
63-64

65-74 Blank
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Array Information in More Than One Record

If the array information is in two or more records, there
are many methods that may be used to introduce the array
to the system. The method you use is primarily based on
the size of the array and whether the array information is
all together in the input records. Figure 66 shows the
array that could result by loading array information from
certain input records. Each record identified by a1 or 3 in
column 1 contains twelve 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 information are
found in Examples of Using Arrays in this chapter.

Keep in mind that the RPG II program processes one record
at a time. You cannot process the entire array until all of
the records containing the array information have been read
and the information moved into the array fields. It may,
therefore, be necessary to suppress calculation and output
operations until the entire array has been read into the sys-
tem,

Records From Input File

Searching Tables and Arrays

Tables and arrays can be searched using the LOKUP opera-
tion code. LOKUP is described under Operation Codes at
the end of the column descriptions in Chapter 8.

Using Arrays

Arrays can be used in input, output, or calculation specifi-
cations (see Examples). The elements in an array can be
referenced individually, or the array can be referenced as a
whole. 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 must begin in column 27 or column 46 of
the Extension Sheet and must be a valid RPG II name.

Resulting Array

3 GROUP2

€5 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 63 64 65 86 87 88 89 90 91 92 93 94 95 96

0076099501890249007700

t 2 3 4 5 6 7 8 91011 1213 WM 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3t 32

43009100300014076923950014

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 $3 54 55 56 57 58 59 60 61 62 63 64

N

0049
0061
0143
0691

2 GROUPX

12 3 456 7 8 9 1011 1213 14151617 18 19 20 21 22 23 24 25 26 27 28 29 30 I 32

33 34 35 36 37 38 39 40 41 42 43 44 45 45 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64

65 66 67 68 69 7O 71 72 73 74 75 76 77 78 79 60 81 82 63 84 85 86 87 83 89 90 91 92 93 94 95 96

N 0433
0032
0441
0396
0714

From
record 1

/ 1 GROUP1
32044103960714034500040079

“NAMODPOD=NLAOD>DOD~NDMOD>O

0049006101430691043300

12345 6 7 8 91011 1213 14151617 18 19 20 21 22 23 24 25 26 27 26 29 30 31 32
33 34 35 36 37 36 39 40 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 75 76 77 78 79 BO B 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96

97 98 99 100 101 102 103104 105 106 107 108 109 110 111 12 M3 114 1IS 16 17 NG N9 120 121 122 123 124 125 126 127 128
12 3 45 6 7 8 91010 1213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
33 34 35 36 .37 38 39 40 41 42 43 44 45 46 47 48 49 S0 S) 52 53 54 55 56 57 58 59 60 61 62 63 64

65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 68 89 90 91 92 93 94 95 96
1BM 3700

N 0345
0004
0079
0076
0995
0189
- 0249
0077
0043
0091
0030
0014
0769
2395
0014

From
record 3

“NAODPT-=NIODPT=NIOD>D

v

Figure 66. Loading an Array from Input Records
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The length of the array name depends on how the array is
being used. The array name can be from one to six charac-
ters long. The array name by itself is used only when refer-
encing the entire array.

If individual elements of the array are to be referenced, the
array name will require an index. An index may 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 entry is limited to six
positions (input, output specifications, or Result Field of
calculation specifications) or ten positions (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.

Some examples of array names with and without indexes
are as follows:

Valid Explanation

ARAYO01

B

AR,1 The first element of array AR.

X, YY2 Where YY2 is the name of a numeric
field with zero decimal positions.

Invalid

BALANCE  Array name has more than six characters.

6TOTAL First character not alphabetic.

TOTAL- Name contains special character.

CRTOT Name contains blank.

Al, Al 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.

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 cannot exceed six characters.

To reference an entire array use the array name without an
index. The following operations may be used with an array
name: ADD, Z-ADD, SUB, Z-SUB, MULT, DIV, SQRT,
MOVE, MOVEL, MLLZO, MLHZ0O, MHLZO, MHHZO,
MOVEA, DEBUG, XFOOT, and LOKUP. Factor 1 and
Factor 2 cannot be an array name unless the Result Field

is also an array name. For XFOOT and LOKUP operations,
Factor 2 can be an array name without an index.

There are also several operations that can be used with an
array element only (not the array name alone). These oper-
ations are: COMP, DSPLY, TESTZ, TESTB, BITON,
BITOF, and MVR.

The following rules apply when using array names without
an index in calculations:

1.  When the factors and the Result Field all 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 the entires, the oper-
ation ends when the last element of the array with the
fewest elements Eas been processed.

2. When one of the factors is a field or constant and the
" other 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 aperations.

3.  If an operation code uses Factor 2 only (such as
Z-ADD, A-SUB, or SQRT) and the Result Field is an
array, the operation is performed once for every ele-
ment in the array. The same field or constant is used
in all of the operations. An exception is the MOVEA
operation which moves the field into the array with-

~ out regard to elements. S

4.  Resulting indicators (columns 54-59) cannot be used

due to multiple operations being performed. Excep-
tions are XFOOT and LOKUP which allow resulting
indicators.
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Modifying the Contents of Tables and Arrays

Tables and arrays can be temporarily changed during execu-
tion of a job. This is done when the table or array name is
used as a result field in an arithmetic or move operation.
This causes the appropriate entry in the table or array to be
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 permanent if
the modified table or array entries are written or punched
out and the new records, instead of the original ones, are
used in the table or array input file or the original data is
modified.

Figure 67 shows specifications for modifying the contents
of corresponding tables TABFIL and TABLIT.

Adding Entries to a Short Table or Array

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 input records before program execution. However,
entries can also be added during execution of a program.
The entries added can be created by calculation operations
or read from an input record.

Figure 68 shows how entries are added to two related,
numeric tables.

Table and Array Output

Tables and arrays can be written out one of two ways
depending on whether or not you want to modify the table
or array output. If you specify the name of the output file
to be used in columns 19-26 of the Extension Sheet, the
RPG II program will write out the entire table or array with
all of its modifications. Using this method the RPG II
program will write out all types of tables and arrays except
execution time arrays.

If you wish to modify the output of a table or array, you
must describe the table or array on the Output Sheet
along with any normal fields for the output record. You
must also specify the name of the table or array in
columns 32-37 of the Output Sheet. Columns 40-43 must
contain the record position where the last field of the
table or 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 a table name or an array name
with an index.
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Figure 67. Changing Table Data During Calculations
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Figure 68. Adding Table Entries to a Short Table

Editing Entire Arrays

When editing an entire array, any editing you specify
applies equally to all 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 (Figure 69).
TABNUM is the search table containing employee numbers.

TABRAT is the related table containing employee salary
rates. After an employee’s rate has been found, the rate is
multiplied by the number of hours worked. The result is
the amount earned.

TABNUM TABRAT
12345 407
12346 593
12347 369
12348 1379

Figure 69. Tables Used in Payroll Job
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The table entries are organized in alternating format on the
input records. On line 01 of the Extension Sheet (Figure
70), the table searched is called TABNUM. There are eight
entries in each input record and 500 entries in the table.
Each table entry is five positions long and contains no deci-
mal positions. The table is in ascending sequence. The
related table is called TABRAT. Each entry is four posi-
tions long and contains two decimal positions.

Line 01 of the Calculation Sheet causes the employee num-
ber (EMPLNO) to be used as the search word for the data
contained in TABNUM (the search table). Indicator 03 is
turned on when the program finds an entry in TABNUM
that is equal to the search word.

Line 02 of the Calculation Sheet is performed when indica-
tor 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 posi-
tions. The result is half-adjusted.

When the search word does not find an equal entry in
TABNUM (indicator 03 is not on), line 03 is performed.
The literal 000.00 is then moved to the field EARNS, indi-
cating that the employee does not have an entry in the
table,
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Figure 70 (Part 2 of 2). Specifications for Payroll Job
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" Examples of Using Arrays

Example 1: Figure 71 illustrates a method of loading an
array using fields in input records as indexes. The example
shows a 12-element array with element length five. The
array can be made larger without additional input specifica-
tions by assigning different values to the I1-110 fields on
each input record type 03 and to the I1 and I2 fields on
each 04 record type. Succeeding type-03 records then load
ten additional elements into array AR;each type-04 record
loads two additional elements.

Blanks and other fields can appear on the input records
since the array elements and their index are identified by
From and To entries.

This method requires a minimum of coding and no calcula-
tions to set up the array. Extra work, however, is required
to set up the indexing scheme for the input records.

Example 2: In Figure 72 we see a method whereby eighteen
S-position elements of array AR1 are loaded with only two
specification lines. On succeeding lines of the Input Sheet
other elements of AR1 are load_éd 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 would overlay the
fields read in from the firstsrecord.

The method illustrated in Example 2 works well for small
arrays.
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Figure 72. Building an Array Using Fixed Indexes
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Example 3: The specifications in Figure 73 perform the
function of tabulating three levels of totals. The fields
FIELDA, FIELDB, FIELDC, and FIELDD are added, as
they are read from input records, to the first level totals
L1A, L1B, L1C, and L1D. These first level totals are added

at the time of an L1 control break to totals L2A, L2B, L2C,

and L2D. Similarly, at an L2 control break the second
level totals are added to third level totals L3A, L3B, L3C,
and L3D. In addition, as control breaks occur, L1, L2, and
L3 total output is performed,; total fields are zeros after
they are written on the output device.
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Figure 73. Calculating Totals Without Arrays
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Figure 74 shows the same functions being performed along ation Sheet of Figure 73. Similarly, the output specifica-

arrays. Note the reduction in coding required to specify the tions are reduced from 15 lines to 6. (Notice, however, that
functions. For example, line 5 of the Calculation Sheet per-  the method using array results in only two positions between
forms the same function as lines 5 through 8 of the Calcul- array elements.)
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Figure 74. Calculating Totals With Arrays
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Example 4: This example illustrates the use of three arrays In the first output record, the location and contents of the
defined as follows. Refer to Figure 75. arrays are (B represents a blank):

Array Name Number of Fields Field Length

ARA 4 5 Array Location Contents
ARA 85-89 12345
ARB 5 10 (first field)
ARC 6 4 ARC  37.84  K1.23BB645.678EB
. . . . 89.018K623.456%
Array ARA is contained in the input records corresponding 67.8955b87.655CR

to indicator 01, ARB in the records corresponding to 02,
and ARC in both types of records. Array ARC and the first
field of array ARA are to be included together in an output
record as are arrays ARC and a field (identified by field X1)
of array ARB, Every field in array ARC is edited according
to the edit word OB.BB&CR. (where b represents a blank).

For the second output record assume that the contents of
field X1 is 4. The locations and contents of the arrays are:

Array Location Contents

, . . ARB 91-100 JIMBKNOTSH
Assume that the contents of the arrays in the first two input

(fourth
records are: field)
Record  Array Array Contents ARC 37-84 The same as in the first record.
1 ARA 12345678901234567890
ARC 01234567890123456789876N
(note that N equals minus 5)
2 ARB JOHNBDOEBBIJOEBSMITHBLEEY
MARXUBIIMBKNOTSYTIMBTYLERK
ARC (The same as in record 1)
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Figure 75. Using Arrays to Format Field Output
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Example 5: Figure 76 shows a method of writing short Example 6. Figure 77 shows a method of writing a large

arrays on the output device. The contents of one element array on the output device. The number of fields printed
of a 22-element array, AR2, is written to the output file on a line depends on the value assigned to the compare on
ARFILE each time the specification in line 3 of the Calcu- line 10 of the Calculation Sheet. If an edit code is used,
lation Sheet is performed. each array field will be separated by.two spaces. These

spaces must be considered when computing the end posi-
tion in the output specifications.
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Figure 76. Printing One Array Element Per Line
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Figure 77. Printing More Than One Array Element Per Line
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Chapter 6. Line Counter Specifications

Line counter specifications should be used for each printer COLUMNS 1-2 (PAGE)
file (except the console printer) in your program. If the ‘

dual carriage feature is used, two specification lines should See Chapter 2.

be completed. Line counter specifications indicate at what

line overflow occurs and the length of the form used in a

printer. Both of these entries must be specified on the Line COLUMNS 3-5 (LINE)
Counter Sheet (Figure 78). If no line counter specifications

exist, the forms length used will be either: See Chapter 2.

1.  The forms length specified on the // FORMS card, or

2. The forms length specified at system generation time
(if no // FORMS card was specified).

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

RPG EXTENSION AND LINE COUNTER SPECIFICATIONS : : Form x21.9001
Printed in US.A.
IBM International Business Machine Corporation
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Figure 78. Extension and Line Counter 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 written
on the printer. Filename must begin in column 7.

Any filename entered in these columns must be previously
defined on the File Description Sheet. The output device
assigned to the file on the File Description Sheet must be
a printer.

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

Entry Explanation

12-112 Number of printing lines available,

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 may be omitted. If a number

less than 12 is specified, RPG II does not indicate an error.

However, unpredictable skipping errors may occur.

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
1-112 A line number from 1-112 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 destination line of a space, skip, or print opera-
tion is a line beyond the overflow line you have specified
(but not beyond the form length), the overflow indicator
turns on to indicate that the end of the page is near, When
the overflow indicator is on, the following occur 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.

3. Total lines conditioned by the overflow indicator
are printed.

Because all these lines are printed on the page after the
overflow line, you have to specify the overflow line high
enough on the page to allow all these lines to print. You
know the data you will be printing out after the overflow
line is reached. Thus, you can judge what line should be

. the overflow line on this basis. See Columns 33-34,

Chapter 4 for a discussion of overflow.

COLUMNS 23-24 (OVERFLOW LINE)
Entry Explanation
OL Overflow line
Columns 23-24 must contain the entry OL. This entry

indicates that the preceding entry (columns 20-22) is the
overflow line.

COLUMNS 25-74

Columns 25-74 are not used,

COLUNINS 75-80 (PROGRAM IDENTIFICATION)

See Chapter 2.
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Chapter 7. Input Specifications

B

Input specifications describe the data files, records, and (':OL‘UMNS 1-2 (PAGE)

fields of the fecprd_s to be used by your program. These
specifications may be divided into two categories: See Chapter 2.

‘1. File and record type identification (columns 7-42). ,
These specifications describe the input record and its COLUMNS 3-5 (LINE)
relationship to other records in the file. :
: See Chapter 2.
2. Field description entries (columns 43-74). These
: specifications describe the fields in the records. g
: COLUMN 6 (FORM TYPE)
“The specifications are written on the Input Sheet (Figure
79). The field description entries must start at least one An I must appear in column 6.
line lower than file and record type identification entries.
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Figure 79. Input Sheet
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COLUMNS 7-14 (FILENAME)

Columns 7-14 identify the input, update, or combined file
you are describing, The filename must begin in column 7
and conform to RPG II naming specifications. Use the
same filename given in the file description specifications.
The name of every input, update, or combined file (except
table input files and record address files) described in

the file description specifications must be entered at

least once on this sheet. The filename must appear on the
first line that contains information concerning the records
in that file. If the filename is omitted, the last filename
entered is assumed to be the file being described. All
records and fields for one file must be completely
described before another file can be described.

COLUMNS 15-16 (SEQUENCE)

Entry Explanation
Any two

alphabetic
characters

No check for special sequence.

Any two-
digit
number

Check for special sequence.

Columns 15-16 may contain a numeric entry which assigns
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 (see Examples,
Example I). Alphabetic characters must be used for chained
files and look ahead records. Within one file record types
having alphabetic and numeric sequence entries can be
specified for the same file, but all alphabetic entries must

be before the numeric entries.

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
will check 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).

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.
The program may be restarted by pressing the START key
on the processing unit. The record that causes the halt is
bypassed and the next record is read from the same file.

Records in an AND or OR line cannot have a sequence
entry in these columns. The entry in these columns from
the previous line also applies to the card in the OR line.
See Columns 53-58 in this chapter for information on OR
relationships. '

Examples

Example 1: Figure 80, 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
for sequencing, they are assigned two alphabetic characters
(AA and BC, respectively) instead of numbers. See Figure
80, insert B for the coding of this example.

Example 2: Figure 81, insert A shows the order of four
different types of records within a file. The records are
arranged in groups according to some conitrol 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. Item number is last and is assigned
07. See Figure 81, insert B for the coding of this example.
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ﬂ Item Number (BC)
/I Item Number (BC)

/ P Part Number (AA)

/ P Part Number (AA)

| Item Number (BC)

®

Figure 80. Unsequenced Card Types in a File

/I Item Number (07)
~/C City/State  (03)

(‘I Item Number (07) .y

/ ! Item Number (07)
[ C City/State  (03) \
/ S Street  (02) Second group
of records

N Name (01)

First group
of records

Figure 81. Sequence Checking of Record Types
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Example 3: Figure 82 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 group B is
in group C and vice versa. The sequence entry which you
specify in columns 15-16 will not catch this mistake since
the sequence entry does not cause the data on the record
to be checked.

COLUMN 17 (NUMBER)

Entry Explanation

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

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

N One or more records of this type may be

present in the sequenced group.

C Item Number (07)

These two cards, 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.

B City/State {03)

B Item Number (07)

C City/State (03)

B Street (02)

A Item Number (07)

A City/State (03).

A Name (01)

Figure 82. Correct Card Sequence (Incorrect Data in Each Group)

Use column 17 only if sequence checkmg is to be done
(column 15-16 contam numbers) Often, when sequence
checking, you may have more than one recoid of a particu-
lar type within the sequenced group (see Example). If this
occurs, you must indicate by an ‘N’ in column 17 that
more than one record of one type may be found in the

‘sequer'ice group.

AND or OR lines (columns 14-16 have the letters AND or
OR) 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 entry in column 17 of
the previous line. (See Columns 21-41 in this chapter for
more information on AND lines; see Columns 53-58 for
more information on OR lines.)

Example

Figure 83 shows a sequenced record file in which there is
more than one record per type in a group. The record type
called item number appears three times.

There is probably no reason for a name, street, or city/state
record to appear more than once in one group. A [ 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 NV is entered in
column 17 for this field. See Figure 81, insert B for the
coding of this example.

B Item Number (07)

B Item Number (07)

B Item Number (07)

B City/State (03)

(B Street (02)

B Name (01)

Figure 83. Sequenced Card File (More Than One Record
Per Type in a Group)
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COLUMN 18 (OPTION)

Entry Explanatibn

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

0] Option. Record'type may or may not be

present.

Column 18 is used when record types are being sequence
checked. 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 (see
Example). If all record types are optional, no sequence
errors will be found.

AND or OR lines should not have an entry in this column,
The entry-in this column on the previous line also applies to
this line. (See Columns 21-41 in this chapter for more in-
formation on AND lines; see Columns 53-58 for more
information on OR lines.)

Example

Figure 84 shows a sequenced card file in which a card type
may be optional. For instance, the street or item number
records may not be included. Since it is not always neces-
sary to have a street address, this record is optional. Sup-
pose this job required a list of all items purchased during

B: City/State (03}

B Name {01}

A Item Number (07)

A City/State (03)

A Name {01)

Figure 84. Sequenced Card File (Optional Record Types)
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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; there-
fore, the item record would also be optional. (See Figure
81, insert B for a coding example.)

COLUMNS 19-20 (RECORD IDENTIFYING INDICATOR,

* *)
Entry Explanation

Record iden’ﬁfying indicator (see general
discussion under Columns 54-59, Chapter 8).

01-99

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 (see general discus-
sion under Columns 59-60, Chapter 7).

L1-L9

LR Last record indicator (see Columns 7-8,
Chapter 8).

H1-H9 Halt indicator, used for a record identifying

indicator when checking for a record type

that causes an error condition (see general

discussion under Columns 54-59, Chapter 8).

*ok Look-ahead fields.
TR Spread cards.

Columns 19-20 may be used for three purposes:
1.  Specifying record identifying indicators.
2.  Indicating look-ahead fields.

3.  To specify the trailer portion of spread cards.

RECORD IDENTIFYING INDICATORS

Use columns 19-20 to assign an indicator to each record
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 know-
ing which type of record has just been 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, when several may be on at the same time.) This
indicator signals throughout the rest of the program cycle
which record type has just been selected. A record
identifying indicator need not be assigned if you are not
concerned about different record types.

Because the record identifying indicator is on for the rest of
the program cycle, you may use it to condition calculation
operations (see Columns 9-17 in Chapter 8) and output
operations (see Columns 23-31 in Chapter 9).

Note: Record identifying indicators are not on during
Last Record time. See Detailed RPG II Object Program
Cycle in Appendix C.

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

When a control level indicator used as a record identifying
indicator turns on to reflect the type of record read, only
that one control level indicator turns on. All lower level
indicators remain off.

You may assign the same indicator to two or more different
record types provided you want the same operations per-
formed on these types. This can be done by using the OR
relationship (see Columns 21-41 in this chapter).

No record identifying indicator may be specified in the
AND line of an AND relationship. Record identifying indi-
cators for OR lines may be specified for every record type
in the OR relationship that requires special processing. An
OR line with any record identifying indicator not used
elsewhere in the program allows unwanted records (such as
blank records) to be bypassed. (See Columns 21-41 in this
chapter for information on AND lines. See Columns 53-58
in this chapter for information on OR lines.)

LOOK AHEAD FIELDS

Use asterisks in columns 19-20 to indicate that fields named
in columns 53-58 on the following specifications lines 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 file, In update and combined
files, the look-ahead field is for the record currently in
process.

Two of the uses for look-ahead fields are:

1. Determining when the last card of a control groub is
being processed.

2. Extending the RPG II matching record capability.

Look-ahead fields can be used with input, update, and com-
bined files whether or not they are processed by a record
address file. They cannot be specified for chained or
demand files or files that contain header/trailer records.
You can describe one set of look-ahead fields per file;

the description applies to all records in the file, regardless
of their type. (The specifications for describing the fields
are given later.) Look-ahead fields cannot be altered in .

the program (cannot be used as a result field or blanked
after).

Note: An extra buffer is provided by the RPG prograiﬁ
for the look-ahead fields.

If you wish 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 combined and update files, the look-ahead fields app_ly
to the next record in t