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PREFACE

This publication is intended for users of
the IBM 1130 Computing System. IBM 1130

RPG is a problem-oriented language designed
to provide users with an efficient, easy-to-
use technique for generating programs that
can:

1. Oktain data records from single or
multiple-input files,

2. Perform calculations on data taken from
input records or RPG literals,

3. Write printed reports,
4., Use table lookup,

5. Exit to a user's subroutine written in
a language other than RPG,

6. Branch within the calculations, and
7. Sequence-check input records.

RPG uses a set of specifications sheets
on which the user makes entries. The forms
are simple, and the headings on the sheets
are largely self-explanatory.

Although many reports use only one input
file, RPG can combine data from multiple
input files to create a report. The output
may be a single report, or it may be several
reports created simultaneously on different
devices.

First Edition

This edition is intended for planning purposes only. When the program described by
this publication is made available for distribution, any changes made to the specifica-
tions herein will be reported in subsequent revisions or Technical Newsletters,

Requests for copies of IBM publications should be made to your IBM representative or

to the IBM branch office serving your locality.

A form is provided at the back of this publication for reader's comments. If the form
has been removed, comments may be addressed to IBM Corporation, Programming

Publicaticns, Department 425, Rochester, Minnesota 55901,
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This publication provides the information
required to use the disk resident RPG for
the IBM 1130.

RPG consists of a problem-oriented sym-
bolic programming language and a compiler
program. The RPG language is highly flex-
ible. It provides an easy-to-use technique
for writing a wide variety of 1130 pro-
grams. The compiler program reads the pro-
gram specifications written in the symbolic
language and produces an object program in
machine language that can be used to per-
form a particular application. Both compi-
lation and execution of obhject programs is
under control of the Disk Monitor, Version
2.

Prerequisites

The reader must be familiar with the opera-
tion of the components of his 1130 systenm
and with basic programming concepts. For
titles and abstracts of associated publica-
tions, refer to the IBM 1130 Bibliography.

Machine Requirements

The minimum machine requirements for
generating an RPG object program are as
follows:

e 8192 words of core storage

e One card-reading device

e One IBM 2315 Disk Cartridge

e One printer (IBM 1132, 1403, or console
printer).

The minimum machine requirements for
the execution of an RPG object progranm
depend on the I/O configuration used:

e 8192 words of core storage

e Input/output devices as required by the
object program:

IBM 1403 Printer

IBM 1442-5 Card Punch
IBM 1132 Printer

IBM 2501 Card Reader

IBM 1442 Card Read Punch

IBM 2310 Disk Storage Drive, Model B1 and
B2

INTRODUCTICN

The following system features are sup-
ported for program generation:

e Up to 32,768 words of core storage

¢ A card-punching device if the object pro-
gram is to be punched

® One printer with at least a 48-character
set for program listings

e One additional IBM 2310 disk unit.

FUNCTION OF RPG

When RPG is used, the IBM 1130 actually
performs two separate functions:

1. Program generation
2. Program execution.

In the first case, program specifica-
tions defined by the programmer are used to
produce machine-language instructions.
Storage areas are automatically assigned,
constants or other reference factors are
included, and program routines for check-
ing, for input/output operations, and for
other functions are produced.

In the second case, the machine-
language instructions are combined with the
input data files and both are processed
through the system to produce the desired
reports and output files.

USING RPG

The preparation of a report by means of RPG
consists of the general operations illus-
trated in Fiqgure 1 and described as fol-
lows. (The circled numbers in Figure 1
refer to the numbers in the following
text.)

1. The programmer evaluates the report
requirements to determine the format of
the input files and the layout of the
finished report. For example, he
determines what fields in the input
records are to be used, what calcula-
tions are to take place, where the data
is to be located in the output records
and how many and what kind of totals
nust be accumulated. More specific
information regarding the evaluation of
report requirements is given in the
section Problem_Definition.

Introduction 7



2., After the programmer has evaluated the b. He states what processing is to be

requirements of the report, he provides done (add, subtract, multiply, divide,
the RPG program with information about etc.) by means of entries on a Calcu-
these requirements. lation Specifications form.

c. He defines the layout of the
desired report (print positiomns, car-
riage control, etc). This is accomp-
lished by making entries on the Output
Format Specifications form.

Evaluate
the Problem

d. He describes all files used by the
object program (input files, output
files, table files, etc.) by making
entries on the File Description Speci-
fications form.

Write the
Specifications

e. If the programmer uses chaining
files, record address files, or tables
Source Deck in his object program, he furnishes
information about them through entries
on the Extension Specifications form.

(:) 3. After the specifications have been
written on the appropriate forms, cards
are key-punched with the data from the

Disk Generate forms. Each line on the form is
Monitor Object punched into one card.
System Program 1
4. These punched cards (called a source
deck) are combined with the RPG control
card. The source deck and the control
card are placed into a card-reading
device and processed by the RPG compil-
Work ing er under control of the Disk Monitor
torage program. At the end of this processing
(:) run (referred to as the compilation
’ run), a program capable of preparing
Disk Process e the report specified by the programmer
Monitor Object Object has been produced and stored in the
System Progrom  |——-—— Program working storage area of the disk.
ck
=] This program, (known as the object pro-
. gram) contains all the machine instruc-
(:) . tions required to prepare the desired
report.
Execute Input 5. The programmer may now have the object
S?i$1 Files program punched into cards for storage
9 or he may proceed directly to proces-
sing of the object program by causing
it to be made a part of the Disk Mon-
Output itor Systen.
Files
6. The input files are then read into the
system and production of the report
begins. This is known as the object
run.
I, B e O Y . .
Figure 1. Producing Reports Using the - !
RPG Program i/ COMPATABILITY OF 1130 RPG FILE ORGANIZATION:
TO OTHER 1130 FILE ORGANIZATION METHODS §
a. He describes his input (record 1130 RPG uses its own unique file organiza-?
layout fields used, etc). This is done tion techniques. Disk files not created by’
by making entries on the Input Specifi- RPG cannot be processed by RPG.

cations form.
\
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COMPATABILITY OF 1130 RPG TO OTHER SYSTEMS

The implementation of RPG for the IBM 1130
System may differ in some respects with

that of other systemns.

Check the following

language features when considering compata-
bility to another system.

1.

Halt indicators H1 through H9 are sup-
ported by 1130 RPG.

Matching record fields M1 through M9
are supported by 1130 RPG.

Chaining fields C1 through C3 are sup-
ported by 1130 RPG.

Calculation operations implemented for
1130 RPG include the operations CHAIN,
BEGSR, ENDSR, EXSR, and EXCPT.

Edit codes are supported by 1130 RPG.
File Description Specification entries
differ according to the devices used
and the control program under which RPG
is run.

Blank/zero indicators are not initia-

10.

11.

12.

13.

lized (set on) and are not reset on a
Blank After condition.

Reserved words under 1130 RPG are:
ALTSEQ, PAGExx, TAByyy, and INxx where
Yyyy and XX represent any alphameric
characters.

Exception output can be produced with
1130 RPG.

Number and type of files supported may
vary.

No checking for a valid sign will occur
during the moving to numeric fields.
Signs will be forced on all arithmetic
operations.

Additions to an indexed sequential file
cannot be made during the program that
is also retrieving that file.

Packed data may only be specified on
disk records.

Numeric fields may be from one to 14
digits in length.

Introduction 9



FUNDAMENTALS OF_ RPG_PROGRAMMING

Although RPG programs can process files
contained on magnetic disk, only card-
input files are used for the introduction
to RPG. Programmers familiar with the
basic concepts of RPG may omit this sec-
tion and concentrate on the detailed des-
criptions contained in the section RPG
Specification forms of this manual.

DEFINITION OF_TERMS

The following is a definition of terms used
in this publication as they apply to 1130
RPG.

EBCDIC Notation

EBCDIC (Extended Binary Coded Decimal
Interchange Code) is the 1130 machine code.
It consists of 256 characters. (Refer to
IBM 1130 Functional Characteristics, Form
A26-5881.)

Alphabetic Characters

Alphabetic characters include the 26 let-
ters of the alphabet, A through Z.

Numeric_Characters

Numeric characters include the digits 0
through 9.

Special Characters

All EBCDIC characters that are neither
alphabetic nor numeric are referred to as
special characters.

Hexadecimal

A number system using the equivalent of the
decimal number sixteen as a base.

Alphameric Fields

All fields for which a decimal-positions
specification has not been made in the

10

appropriate column of any of the pertinent
specifications forms, regardless of whether
their contents are alphabetic, numeric, or
alphameric. The contents of alphameric
fields are placed into core storage in
unpacked format.

Numeric Fields

All fields that have a decimal-positions
specification in the appropriate column of
any of the pertinent specification forms.
The contents of numeric fields are placed
into core storage in unpacked decimal for-
mat. Numeric fields contain only numeric
characters and possibly a plus or minus
sign over the rightmost position.

Alphameric Literals

Alphameric literals may consist of any of
the 256 EBCDIC characters. They must be
enclosed in apostrophes (').

Numeric_ Literals

Numeric literals may consist of the digits
0 through 9, and may contain one decimal
symbol and/or a plus or minus sign. Numer-
ic literals must not be enclosed in
apostrophes.

FUNCTIONS DESCRIBED

This section showsS how to describe files
and records, and how to specify the most
frequently used RPG functions.

DESCRIBING THE FILES

In this example, the File Description Spe-
cifications form illustrated in Figure 2 is
used to furnish the RPG program with the
required information about the files used
in the job.



INTERNATIONAL BUSINESS MACHINES CORPORATION

REPORT PROGRAM GENERATOR FILE DESCRIPTION SPECIFICATIONS

IBM System/360

Form X24-3347
Printed in U. S A.

Date
Program Grophic 12 7576 77 78 79 80
esion [ “pore o [ ] Progrom
File Type Mode:of Proccssing
— Length of Key Field or File Addition
File Designation of Record Address Field No. Trocks for
End of File Record Addrex Type S o Cylinder Ovarflows
5 No. of
Line Filenome N Sequence g,';.o,?:,::::n 3 Device m.llc z m ;" z’m:‘ it Extenty
4 g N Fils Format Coerflow Indicator| § 3 Tope
I SIS la|a| stock Record | o -5 Key Fiold | 3 =  Jamied
H SRLL|S[R] oo | e (S| [RIS] | o |5 i 3
3 4 s5|el7 8 0 1011213 418)1617] 18| 1920 21 22 23]24 25 26 27|28 29 30]31[32]33 34 |35 36 37 38| 39140 41 42 43 44 45 4g]a7 48 49 30 51 32|53[54 55 36 57 58 39|60 o1 62 63 &4 65 7|68 69]70|71 72 73 74
o[ [rDIET|LAIBIORICIP| | IF] | | . 8lp RIE[alol4]2
02| [F[DIAILILIYIRIP[TIO Fl (1132 [1[2i¢] PRIIINTIER )
ofs| |r
ola| |¢
Figure 2. Example of File Description Specifications
C
| Field Field Field M
. Emp., Employee le e e d
Div. |Dept. No. Name A B c e
00000000/00000000000000000000/C00000/0D00:0000000]00000j00000/0000000000/00000[0{00000000i0
BEEERMEEELN CLEEEEEEEREEEERILERES R LRE LR LEOREGE PR RUP R R LRHGE R RN R UG RRR RN R | ]
(KRR IR EEEEE EEEEERE R R R R REE R ERERRERER IR RER IR ERE IRRRRIIRRRRICRRRRIIRRRRERE|]
2222222f2222222222222222222222222222 2222222220222 201222222222 20222222222202122222212 202
333333331333333[333333323333333§333333(313333333333(33333{33333(33333{33333(33333(3{33333333]3
Cab e aalea b aaaledabdababdbidhidhiadaldléddaddbbiddlddblahdiheddddledaddledidiialeddididde
55% 5555|5§5_5555555555595555555555555555555555555555555 55555[55555[55555[5(55555555/|5
66666666/666666/66666666666666/666666/6/6666666666[66666]6666666666]66666[66666/6{6666866866/6
IZR2 (22E I ARARE R AR AR AR I RAR RN UIRRRRARRRARI I RRRE IRERE INRRR IRRSNINREN L IRRRRRRE )
sssgsseaesccoojosassansssasssoosoass|eesssan868/00886[68686868606063688888866886688688S8]6
v NER IR RRELEEEREEEE NG EE LEREEE L RRE R R (R B R ERE RN DRGSR DR R £ DRRIRER LR R
J 99999999999999[99999999999999199999K#919999999999199999[99999999999999999999%99999991)9
Figure 3. One of the Input Cards from a Detail Labor File

The first line provides information
about the detail labor file. The file name
DETLABOR identifies this file. The letter
C in file type indicates that the file is a
combined file. A combined file is a file
that contains both cards read into the sys-
tem and cards used for rpunching. The P in
file designation is required. The particu-
lar input/output device that is to be used
with this file is specified in Device. In
this example, the IBM 1442 Reader Punch is
used.

The second line describes the output
report on the printer. The 0 in file-type
indicates that the file is an output file.

DESCRIBING A RECORD AND ITS FIELDS

Entries on the Input Specifications form
describe the data that is to be read into
the system.

Example

A detail labor file contains card records

as shown in Figure 3. Three fields from

Fundamentals of RPG Programming 11



INTERNATIONAL BUSINESS MACHINES CORPORATION

REPORT PROGRAM GENERATOR
IBM System/360

INPUT SPECIFICATIONS

Form X24-33%

n U.5A

[ J R —
Program Punching Grephic V2 71576 77 7870 B0
’ il K e [04 wenireamon (R[E[PTIO[1 ]
Record: Identification Codes I Field Field
1 3 Location Indicators
: § L i Sterling
Une Filename . i gFicld Name| = 23 20| Sign
& <|8 Position Position Position Sg From To | 3 : I Plus [Minws| o | Position
R ) T
b i 3[513]: 35 35 i
3 4 3514 1S 16]17000] 10 20121 22 23 24[25]24[27)20 2¢ 30 33]32]33]34. 5“)7”3'&!5’:4 Mll“ﬂ“4"05!52935‘”“57“5’.0"‘1_“&‘.’““”7'"7!74_!
o' OLETL 4 1" 5 8 Z|- 111 2 - 3 1 1 i N 1 L ALl
.1’1" | 1 i T | 2 il | ‘3 Ié& 5 1= 0 1 L 1 L I ] 1l
.l'lal‘ i I\l/I 1 1 L1 1,_/ T | TR Y h-’ 1 5.6 1 16. szLlB 1 1 1 1 I 1 1 |
01“:" VI T ) 1 1 J - S i L L t_l 166 73FLDC| 1 L 1 1 1 1 111
°|’|'1-n|;ll i Ll 111 T - L Lt 111114 ll‘lll 1.1 1 L1l [
°.‘IIIAIIIA L 11 Al T - | | ll}{lllll P . T I |
Figure 4. TInput Specifications Form
each card are to be read into storage. (columns 21-24) for the first code; and
Field A is contained in columns 46-50, by writing an 80 in Position, a minus
field B is contained in columns 56-60, in Character, and an N in Not (column
field C is contained in columns 66-70 of 32) for the second code. The fields
each record. C/Z/D (columns 26 and 33) on the form
indicate how the card code is to be
Each card that contains fields A, B, compared:
and C is identified by two distinct attri-
butes: It must contain a digit 5 in column D = digit portion only.
35 and no lli-punch in column 80. When Z = zone portion only.
these two conditions exist in the card re- C = zone and digit portions.
cord, the record is valid; that is, it con-
tains fields A, B, and C. After all the identification codes are
established, the programmer assigns a
Specifications: 1In Figure 4, the entries two-digit number (from 01-99) to the
on the Input Specifications form that apply card type identified. This code, known
to this problem are circled and identified as a Record Identifying Indicator
by numbers referring to the items in the (columns 19-20), is used as a switch or
text below. The remaining fields on the selector. Whenever a card of the spe-
form are described later in the cified type is being read, the asso-
publication. ciated indicator is turned on. If the
card read is not one of the type speci-
1. Each file must be given a name. Each fied, the indicator is turned off or
file name can be used to identify one remains off. Thus, the programmer can
file only. This file name must be the use the indicator during processing as
same as specified on the File Descrip- a selector or switch. The Record Iden-
tion Specifications form. tifying Indicator is used wherever it
is necessary to refer to the specific
2. If several card types exist in a file, card type on other RPG specification
each card type must be identified by forms.
its particular card code. The identi-
fying codes must be entered into the 3. TIf the input card is to be placed into
Record TIdentification Codes (colunmns a stacker other than the one into which
21-41) of the Input Specifications it would normally be selected, the
form. stacker number is written in Stacker
Select (column 42).
In this example, the card codes are
specified by writing a 5 in Character 4. Each field of the card to be read must
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(column 27) and a 35 in Position

be defined as shown on the lines fol-



REPORT PROGRAM GENERATOR

INTERNATIONAL BUSINESS MACHINES CORPORATION

Form X24.3351
Prnted in U.S. A

CALCULATION SPECIFICATIONS

IBM System: 360

Dete
Progrom Punchi Graphic 12 7576 77 7879 B0
. Inroetion Ponch Poge  Program
S Resulting
?'SE Indicators |1 tndicotors
} % L e mqusl;&i
e |8 3 Factor 1 Operation Factor 2 Result Field ::o”m T.,'% Compare Comments
And A £
§ HH e
3 3 3 V>t <21 =2
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Figure 5. Calculation Specifications Form
lowing the record identification line Specifications: The first line of the Cal-

(columns 7-42). The specifications
shown in this example obtain the data
from the input record and place it in
fields A, B, and C in three separate
locations in storage (named FLDA, FLDB,
and FLDC). The entries in Decimal
Position (column 52) define the asso-
ciated fields as numeric.

The programmer need not know the actual
location of these fields in core
storage. Whenever reference is to be
made to these fields on other RPG
forms, the programmer writes only the
appropriate field nanme.

A field name may be alphabetic or
alphameric; blanks and special charac-
ters may not be used. The first
character of a name must be alphabetic.
A field name may not be more than six
characters in length.

ADD AND SUBTRACT (CROSSFOOT)

Example

In this example, the calculation A + B - C
= D is to be performed. This operation is
sometimes referred to as crossfooting. The
contents of fields A, B, and C from the
previous example are used to calculate the
contents of a new field named FLDD. Figure
5 shows the required entries.

culation Specifications form causes the
contents of field B (FLDB) to be added to
the contents of field A (FLDA) and the
result of this arithmetic operation to be
placed in field D (FLDD), thus replacing
any previous information in this field.

The second line of the Calculation Spe-
cifications form causes the object progranm
to subtract the contents of FLDC from the
contents of FLDD, and to replace the con-
tents of FLDD by the result of this
subtraction.

The numbers in the following text refer
to the items circled in Figure 5.
1. The 14 in Indicator (columns 9-11) spe-
cifies the condition under which the
calculations are to be performed. This
number was assigned as the Record Iden-
tifying Indicator on the Input Specifi-
cations form (see Figure 4).

The card columns for FLDA, FLDB, and
FLDC were defined on the Input Specifi-
cations form. These fields are
referred to on the Calculation Specifi-
cations form by their names.

The result field FLDD is defined for
the program by writing the name FLDD in
Result Field (columns 43-48) and indi-
cating in Field Length (columns 49-51)
the number of positions that must be
reserved for this field in core
storage. Just as in the case of FLDA
and FLDB, which were defined on the

Fundamentals of RPG Programming 13



input form, the name FLDD can now be
used in other calculation operations or
in output specifications.

Decimal Positions: If an entry is made in
Decimal Positions, the field is considered
a pnumeric field. 1In operations involving
quantities that have decimal fractions, the
number of decimal positions in each of the
fields is frequently not the same. When
the number of decimal positions is not the
same in both factors of an arithmetic
operation, a shifting of the factors to
align the decimal point is usually
required.

RPG automatically shifts factors and
aligns decimal points. The programmer need
only indicate the number of decimal posi-
tions required in the result field. If a
field is to be used in arithmetic opera-
tions, the number of decimal positions must
be specified. If there are no decimal
fractions, a 0 must be entered in column
52. The fields in Figure 4 have decimal
positions as indicated in column 52 of the
Input Specifications form.

A set of values for these fields might
appear in the program as follows.

~ DECIMAL  CONTAINED ACTUAL
FIELD POSITIONS IN_CARD VALUE

A 0 000126 126.

B 2 201123 11.23
C 3 304264 4.264

If, as in Figure 5, the programmer had
specified three decimal positions for the
result field in Decimal Positions (column
52), the calculation A + B - C would result

14

in a shifting of the values as follows,
(result field has three decimal positions):

126.000 = A
+11.230 = B
137.230

_—h.264 = C
132.966 = D

The result 00132.966 is stored as the value
of FLDD.

DETAIL PRINTING

The printing of information obtained from
each record as it is read, is called Detail
Printing.

This example illustrates how the input
fields FLDA, FLDB, and FLDC and the calcu-
lated result (FLDD) can be specified for
listing.

Specifications: Figure 6 shows the output

specifications required. The numbers in
the following text refer to the numbers
circled in Figure 6.
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REPORT PROGRAM GENERATOR OUTPUT-FORMAT SPECIFICATIONS

Form X24-3352
Printed in U.S. A,

IBM_System/360

Date

Program Punching Graphic ro2 75 76 77 78 79 80
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Figure 6. Output-Format Specifications Form
1. A filename must be assigned to the out- When preparing a simple listing such as

put listing. In this example it is
named DATILYRPT.

The D in Type H/D/T/E (column 15) indi-
cates that the line to be printed is a
detail line. (The other possible
entries, H, and E are described
later.)

T,

Space After (column 18) contains a 2
and provides a double-spaced listing.
(Each printed line is followed by one
blank line.)

2. The 14 in Output Indicator (columns
24-25) governs the printing of the
line.

3. Each field to be printed must be speci-

fied in Field Name (columns 32-37).

The Z in column 38 means that all zeros
to the left of significant digits and
the sign are not printed (suppressed).
For example, if the value 00126 is
stored in FLDA, it is printed as 126.

The positions where the data is to be
printed on the output report are speci-
fied in End Position in Output Record
(columns 40-43). All specifications in
these columns must be right justified.
The programmer indicates only the last
(or rightmost) print position of each
field, The length of each field has
been established either as part of the
input specifications, or in the Result
Field of the Calculation Specifications
form.

the one in this exampPle, the programmer
would probably mentally select print
positions based upon the number of
positions in each field plus a number
of positions for spaces between two
fields. More elaborate reports are
laid out before the pertinent program
is written. Usually, this indicates
both the location on the form where
data is to be printed and the source of
the data (the card columns of the input
data or the name of data fields deve-
loped in the program). This is normal-
ly a function of job definition, which
is discussed later under Problem
Definition.

5 show how to'read
how calculations can

Figures 3, 4, and
data into the systen,
be performed upon the data, and how the
original data and the data developed in the
program can be printed. The examples so
far have shown the items required to pre-
pare a report. A significant item not yet
described is the specification of control
fields to obtain various totals.

ESTABLISHING CONTROL FIELDS

A field containing information to be conmn-
pared from record to record is called a
control field. A control break occurs when
the information in the control field of a
record is different from the information in
the control field of the preceding record.
A control level establishes the relative
importance of the control fields.

Fundamentals of RPG Programming 15



Example Specifications: Figure 7 contains the spe-
cifications shown in Figure 4 with the

This example illustrates the specification addition of the appropriate control data
of three control levels. (the items inside the circle).
Date S——
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re (4] W [RiElPrdlL]
Record I|dentification Codes Field Field
1 7 3 Location Indicators
" ;t‘ 3 § Sterling
tine Filename s § . 3|Field Nome| = 1“; zeo| Sign
e = § < | Position Position Position 5 | From To & § 5 . } Plus | Mines ":' - Position
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Figure 7. Specifying Control Levels on the Input Specifications Forn
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Figure 8. Specifying Control Levels on the Calculation Form
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However, in this example the numeric fields
are specified as having no decimal
fractions.

This example shows three levels of totals:

e The lowest level is the employee number
(EMPNO) .

e The next highest level is the department
(DEPT) .

e The highest leﬁel is division (DIVSON).

These levels are designated by the con-
trol level codes L1, L2, and L3 placed in
columns 59-60.

Up to nine control levels plus a final
total can be used in RPG. Level 1 is the
lowest control level; level 9 is the high-
est. A control break at one level forces
control breaks for all lower levels.

To designate a control field and to
establish a level of control on the Input
Specifications form:

» Enter the card columns of the field in
Field Location (columns 44-51).

e Enter the appropriate name in Field Name
(columns 53-58). .

®* Enter the correct control level (L1, L2,.
.+L9) in Control Level (columns 59-60).

TOTAL CALCULATIONS

When a control break occurs, certain spe-
cial operations (called total operations)
are normally performed before processing
the record that caused the control break.

This example illustrates the accumulation
of totals at each control level.

Specifications: Figure 8 shows calcula-
tions that can be performed on the input
data shown in Figure 7. The calculation
examples specified in the first and second

lines of Figure 8 are the same as in Figure
5. The third line adds the result, which
is contained in FLDD, to a field called
TOTE. Thus, TOTE is the accumulated amount
for each employee group.

The operations specified in the first
three lines are performed each time a
detail card is read.

When the level 1 (L1) control break
occurs (i.e., a card containing a different
employee number has been read), specifica-
tion line 04 adds the contents of TOTE
(accumulated from each detail card) into a
field named TOTF. This is used to accumul-
ate the total for the employee group of
each department.

When the level 2 (L2) control break
occurs (change in department) in addition
to the previous calculation, the contents
of TOTF are added to a field named TOTG.

When the level 3 (L3) control break

occurs, all three total calculations speci-
fied with L1, L2, and L3 are performed.

DETAIL AND TOTAL PRINTING

This example shows the specifications
required to print the following:

e Three control fields.

e The name.

e The amount accumulated in FLDD.

e The three accumulated totals (when a con-
trol break occurs at level 1, level 2,
and level 3).

¢ The final total at the end of the report.

Specifications: Figure 9 illustrates the

specifications required for the printed

report shown in Figure 10. The numbers in

the following text refer to the circled
items in Figure 9.
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Figure 9. sSpecifications on the Output-Format Specifications Form
1. This information is similar to the spe- d. The field to be printed (TOTE) is
cifications in Figure 6. The 1 in indicated under Field Name (colummns
space After (line 06010, column 18) 32-37).
provides one space between the printed
lines of the report; i.e., there are no e. The 7 in Edit Codes (column 38)
blank lines between the printed lines indicates that zeros to the left of
of the report. significant digits and the sign are
not to be printed.
2. The data fields named DIVSON, DEPT,
EMPNO, WAME, and FLDD are specified for f. The B in Blank After (column 39)
printing. causes the core-storage positions
containing the field TOTE to be set
3. The specifications to print the total to zeros after the total has been
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for the first control level shcwn on

lines 7 and 8 are:
a. The T in Type H/D/T/E (column 15)
indicates that the line is a total
line.

The 3 in Space After (column 18)
provides two blank Lines after each
total line to make the report easi-
er to read.

The level 1 indicator (L1) speci-
fied in output Indicator (colunns
23-25) indicates that the line is
to be printed each time a level 1
or any higher ccntrol break occurs.

transferred to the print line.
This is done to avoid adding the
total for one group to the total
for the previous groups.

The specifications to print the second
and third control levels are essential-
ly the same as those for the first
level.

The specifications for printing the
final total contain the code LR (Last
Record) in Output Indicators (columns
23-25). LR is turned on by the program
at the end of the job. This indicator
is used to cause the final total to be
printed. At this time all control-



level indicators (L1-1L9) are turned on
and all total lines are printed in the
specified sequence.

GROUP PRINTING

In group-printing operations, only one
line is printed for each group of detail
cards. This line usually contains the
control fields and the totals of the
quantity fields. An example of a group-
printed report is shown in Figure 11.

DIVSON DEPT EMPNO NAME

0112 0246 011426 SMITH 404 ------ TOTE
0112 0246 011428 JONES 486
0112 0246 011430 BROWN 409
1299 ----TOTF
0112 0310 011296 GREEN 487
0112 0310 011298 BLAND 184
671
1970 ---TOTG
0114 0069 001262 ADAMS 764
0114 0069 001278 JAMES 682
1446
1446
3416 -FINTOT

DIVSON NAME
DEPT EMPNO
0112 0246 011426 SMITH 101 -=w=- FLDD
0112 0246 011426 SMITH 100
0112 0246 011426 SMITH 102
0112 0246 011426 SMITH 101
404 ---TOTE
0112 0246 011428 JONES 120
0112 0246 011428 JONES 122
0112 0246 011428 JONES 123
0112 0246 011428 JONES 121
486
0112 0246 001430 BROWN 100
0112 0246 001430 BROWN 103
0112 0246 001430 BROWN 102
0112 0246 001430 BROWN 104
409
1299 -==TOTF
0112 0310 011296 GREEN 121
0112 0310 011296 GREEN 120
0112 0310 011296 GREEN 144
0112 0310 011296 GREEN 102
487
0112 0310 011298 BLAND 98
0112 0310 011298 BLAND 86
184
671
1970 ---TOTG
0114 0069 001262 ADAMS 146
0114 0069 001262 ADAMS 237
0114 0069 001262 ADAMS 184
0114 0069 001262 ADAMS 197
764
0114 0069 001278 JAMES 182
0114 0069 001278 JAMES 176
0114 0069 001278 JAMES 160
0114 0069 001278 JAMES l64
682
1446
1446
3416 --FINTOT
Figure 10. Detail Printed Report

Figure 1ll. Group-Printed Report

The specifications for the detail-
printed report shown in Figure 9 could be
altered as illustrated in Figure 12 to
provide a group-printed report. The dif-
ference between Figure 9 and 12 is:

1. The detail line specification in
Figure 9 (line 06010) has been
changed to a total line specification
on an L1 control break (Figure 12,
line 06010).

2. The total line in Figure 9 (line

06070) has been combined with the
first total line 06010 of Figure 12.
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Figure 12. Specifying a Group-Printed Report
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3. The space-after specification on lines
06090 and 06110 of Figure 9 has been
changed in Figure 12 from three spaces
to one space after printing.

In group-indication operations, each detail
card is processed. However, only the con-
trol fields that identify the specific
detail card are printed.

Figure 13 shows an example of a group-
indicated report. 1In this example, name
and number of each employee are printed at
each control change (level 1). The fields
for division and department are printed
only when a control break occurs at L2 or
13, respectively.

DIVSON EMPNO

01120246011426SMITH 101 —-=--- FLDD

404 ---TOTE

011428J0NES 120
122
123
121
486

001430BROWN 100
103
102
104
409
1299 ---~TOTF

0310011296GREEN 121
120
144

487

011298BLAND 98
184

671
970 ----TOTG

01140069001262ADAMS 146
237
184
197
764

001278JAMES 182
176
160
164
682

1446

1446
3416 —-FINTOT

e e e e - —— s ————— o = = e - = — i —— e e
e o e —— . — — N R e A e Rl mmm " A — D A — o — o o— ol R o M oM O g o o i

Figure 13. Example of a Group-Indication

Report

Figure 14 illustrates how the specifi-
cation for the detail-printed report shown
in Figure 9 could be altered to specify a
group—indicated report.

OVERFLOW PRINTING
Overflow printing, another function used in

preparing reports, can be performed by RPG.
An overflow occurs when a punch in channel

Fundamentals of RPG Programming 21
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Figure 14. Specifying a Group-Indication Report

12 of the carriage-control tape is
encountered.

Example

This example shows the specifications
required to print eight column headings at
the top of each printed form. Heading
lines may contain information from an input
record (e.g., the date) or constant infor-
mation that is defined on the Output-Format
Specifications form.

Specifications: The ocutput specifications
required for this operation are illustrated
in Figure 15. The numbers in the margin of
the text refer to the circled numbers in
Figure 15. The filename (DAILYRPT) is the
same as in the other specifications
required for the report.

1. On the first line of the form, the H in
Type H/D/T/E (column 15) indicates that
the line to be printed is a heading
line. The 3 in Space After (column 18)
provides two blank lines after each
printed heading, The 01 in Skip Before
(columns 19-20) causes the printer car-

riage to skip to a punch in channel 1
of the carriage-control tape before
printing the line.
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The OF in Output Indicator (columns
23-25) causes the heading line to be
printed each time an overflow condition
occurs.

The indicator OF is specified on the
File Description Specifications forn
for the device associated with the
filename DAILYRPT.

The indicator 1P is on only at the very
beginning of an RPG progran.

The letters OR on the second line
(columns 14-15) of Fiqgure 15 indicate a
second condition that can cause the
heading line to be printed. This is
specified by means of the entry 1P in
columns 23 and 25. The entry 1P is
required to have the heading printed on
the first page of the report because
the overflow condition does not occur
until after at least one page has been
printed.

The entries on lines 03-10 of Figure
15 specify the actual or constant
information to be printed in the
heading of the report. Note that an
apostrophe must be placed before and
after each constant defined.

The specifications for printing the
contents of detail cards follow the
last specifications for the heading
line.
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Figure 15. sSpecifications for Overflow Printing

SUMMARY PUNCHING The calculation specifications for
the summary totals to be punched are
illustrated in Figure 17. Line 04 is

Example: 1In this example, a summary processed when the blank card is read.
total of employee totals (TOTE) is to be It causes the accumulation of the level 2
punched for each department together with total for the summary card.

the appropriate department and division

numbers., In this example, this specification

is required because the summary cards are
inserted behind the control groups rather
than obtained from a second file of blank
cards. The level 2 control break does not
occur until the summary card is punched
and the first card of the next group is

Specifications: Before the processing of read,

the object program begins, a blank card

is inserted behind each department group. Control level LO, which is explained
The blank card is specified on the Input later in this publication, has been
Specifications form as illustrated in entered only to facilitate identification
Figure 16, line 09. ' as a total calculation.
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Figure 16. Summary Punching Example, Input Specifications
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Figure 17. Summary Punching Example, Calculation Specifications
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The entries required for the punching
of the accumulated values are illustrated
on the Output-Format Specifications form
in Figure 18. The specifications required
for this operation are circled. The over-
flow specifications of the former example
have been omitted to make the example
easier to read. The cards to be punched
will become a new output file. Therefore,
the combined file is given the name
DETLABOR (line 12, columns 7-14 of Figure
18).

The T in column 15 indicates that the
operation is to be performed at total time

The entry in Output Indicators
(columns 23-25) indicates that the opera-
tion is to occur at the time the blank
card is encountered.

INTERNATIONAL BUSINESS MACHINES CORPORATION

REPORT PROGRAM GENERATOR OUTPUT-FORMAT SPECIFICATIONS

To identify the card as a summary
card, an 8 is to be punched in column 35,
This is specified on line 13. The
remaining three fields are specified as
described before. The format of the sum-
mary card is shown in Figure 19.

TESTING TO DETERMINE A ZERO, POSITIVE, OR
NEGATIVE CONDITION OF THE FIELD STATUS

During the execution of an object program,
operations are performed in the same
sequence in which the specifications are
written on the specifications form,

unless a different sequence is specified.

Form X24.3352
Printed in U. S A.
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Figure 18. Sunmary Punching Example, Output Format Specifications
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Figure 19.

If specifications had to be followed
sequentially in a fixed pattern, a pro-
gram would follow a single path of opera-
tion without any possibility of dealing
with predefined exceptions to the pro-
cedure. Moreover, the program could not
be coded to follow a predefined alterna-
tive to the procedure, based upon condi-
tions encountered during the execution
of the program.

For example, assume that a program
contains 5 consecutive specifications that
are known to be meaningless whenever the
quantities they refer to are zero. 1In
this case, the execution time could be
reduced if the program could be made to
bypass these specifications whenever it
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detects that the quantity to te processed
is zero.

An entry on the Input Sppcifications
form can be used to test a qupntity and,
depending upon the value of that guantity,
set an indicator that will difect the pro-
gram to some other specificatfon. Three
types of tests can be made o the Input
Specifications form:

1. Testing an input field :E determine if
it contains a positive lue.

determine
value.

2. Testing an input field
if it contains a negati



3. Test an input field to determine if it

is blank or contains zero.

Three types of tests can also be made
on the Calculation Specifications form to
determine whether the result of a calcula-
tion is positive, negative, or zero.

INTERNATIONAL BUSINESS MACHINES CORPORATION

REPORT PROGRAM GENERATOR

Figure 20 illustrates a test to determine
if FLDA contains zero. Figure 22 shows the
specifications for a test to determine if
FLDD (as the result field) contains a nega-
tive value.

Form X24-3330
Printed in U.S. A,
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Figure 20. Specifying a Test for a Zero Balance
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Figure 21. <Calculations Based on a Test for a Zero-Balance
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Form X24-3331
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Figure 22. Testing for a Minus Condition
Specifications: Figure 20 illustrates a Example
typical test of the contents of an input
field. To make this test, the programmer The calculation specifications in Figure 22

places one of the numbers from 01 up to 99
in Field Indicators (columns 69-70). 1In

this example, the indicator 18 is used. TIf
a card that is read into the system con-
tains zeros or blanks in columns 46-50
(FLDR) , indicator 18 is turned on. Thus, a

special condition has been created.

The program must consider this condi-
tion during the execution of calculation
and/or output specifications. This indica-
tor condition has the same effect as having
a resulting indicator turned on by a spe-
cific record identification code from an
input record.

The entries circled in Figure 21 are
the additional specifications that bypass
the associated calculations for detail
cards that contain zeros or blanks in FLDA.
The specifications 14N18 in columns 10-14
of lines 010-030 cause the calculation to
be performed if indicator 14 is on and
indicator 18 is not on. (The N in column
12 stands for Not.)

The same indicator specification, N18,
can also be used on the Output Format Spe-
cifications form to prevent the printing of
detail cards when FLDA is zero, if that is
a requirement of the progran.
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illustrate the use of a field indicator in
testing a value to determine if it is nega-
tive. The result of this text can be used
to bypass certain specifications and/or to
process other specifications whenever the
tested field contains a negative value.

specifications:

The specifications for this example are
shown in Figure 22. The program logic for
this example is shown in Figure 23.

Line 1 specifies that FLDB is to be
added to FLDA and that the result is to be
placed into FLDD. Line 02 specifies that
FLDC is to be subtracted from FLDD and that
the result is to be placed into FLDD. 1Imn
addition, line 02 causes FLDD to be tested
to determine if its Contents are negative.
It is assumed in this example that, if the
value in FLDD is negative, the calculations
involving FLDD are meaningless and, there-
fore, should be bypassed. If FLDD contains
a negative value, the following action is
required:

1. The result must not be added into the
field TOTE.
2. The contents of FLDD must be reset to

zeros. (This step is required whenever
the contents of a result field are used
in a subsequent operation in which a



Line 1

Line 2

No

Line 3

ADD
A+ B
Store in D

!

Subtract
D -C
Store in D

ADD
D to
TOTE

Line 4

Restore
D to
Zero

Figure 23. Testing Indicators to Govern

-

Continue
with other
processing

Processing

negative quantity would produce inco-

rrect results.)

This is done on the specifications form
(see Figure 22) by placing an indicator
(code 19) into Resulting Indicators
(columns 56-57). Indicator 19 is turned on
whenever FLDD contains a negative value.

The operation of adding FLDD into TOTE
is specified on line 03. It is performed
only if indicator 19 is off. This is spe-
cified by entering N19 in coclumns 12-14.

The specifications on line 4 cause FLDD
to be reset to zeros whenever indicator 19
is on. This is specified by entering 19 in
columns 12-14,

The 0 in Factor 2 on line 4 is a numer-
ic literal and is used to set FLDD to
zeros. This is done by the zero-and-add
(Z-ADD) operation. A literal is an actual
value (constant) to be used in a calcula-
tion. The remaining specifications in
Figure 22 are the same as those from pre-
vious examples.

If the program had required suppression
of the printing of detail cards whenever
the result of the specification in line 02
was negative, indicator 19 would also have
been used on the pertinent Output-Format
Specifications form.

COMPARING
The calculation Specifications in this

example illustrate a comparison of two
fields and the subsequent processing
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Figure 24. Example of Using the CONP Operation, Coding
governed by the result of this comparison. specification turns on the appropriate
The COMP operation is used to Compare two indicators specified in Resulting Indica-
fields “and to determine Whether the con- tors. These indicators can be used to
tents of the field in Factor 1 are dgreater bypass subsequent specifications or to have
than (high), equal to (egqual), or smaller some specific operations performed whenever
than (low) those in Factor 2. The COMP a particular condition has occurred.
U
ine 1 Compare FIELD A
to FIELD B
Line 1 Turn Indicator 18 Off. No Yes Torn Indicator 18 On.
Line 2
Line 3 Substract FIELD B Move FIELD A Indicator 18
Indicator 18 | from FIELD A. to HOLD Is On.
Is Not On. | Store Result in SAVE

|

Continue With
Other Processing

'

Figure 25. Example of Using the COMP Operation, Logic
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Figure 26. Sample Inventory Card

Specifications: The calculation specifica-
tions for a ccmpare prchlem are shown in
Figure 24. The program logic for the pro-
blem is shown in Figure 25.

Line 01 specifies that FLDA is to be
compared with FLDB. If the two fields are
equal, indicator 18 is turned on and the
contents of FLDA are placed into HOLD (line
02). If the two fields are not equal (line
03), FLDB is subtracted from FLDA and the
result is placed in SAVE.

A literal may also be used in a ccocmpare
specification. In the lower half of Figure
24, the contents of the input field DATE
are compared to 06-09-65. 1Indicator 19 is
turned on if they are equal.

MULTIPLYING AND DIVIDING
Example

This example illustrates an inventory pro-
blem. The input for this example consists
of inventory cards whose format is shown in
Figure 26. For each part number, the quan-
tity (QTY) is to be nmultiplied by the price
to obtain the total cost per week.

The second part of the problem is to
update the price each week so that the
pPrice used in the subsequent weekly calcu-

lation reflects the average fabrication
cost and scrap losses on a cumulative
(Yyear-to-date) basis.

Specifications: The specifications to
solve this problem are shown in Figures 27
and 28. Figure 27 shows the input specifi-
cations for all five fields. The programm-
er must be certain of the exact length of
each field. He must also know the number
of decimal positions within each field.

The fields in this example are:

PARTN XXXXX No decimals

(alphameric)
PRICE XX« XXX 3 decimals
QUANTY XXXX. 0 decimals
YDCOST XXXXXX.XX 2 decimals
YDUSE XXXXXX. 0 decimals

As shown in Figure 27, the number of
decimal positions in each field is entered
under Decimal Positions on the Input Speci-
fications form.

The calculation specifications for this
example are shown in Figure 28.
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Figure 27. Sample Input Specifications
INTERNATIONAL BUSINESS MACHINES CORPORATION Form X24.335!
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Figure 28. Sample Calculation Specifications
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Figure 29. Input Specifications
PRICE is multiplied by QUANTY and the 262.008
product is placed in the result field named - |
COST. The overall length of the field COST 262.013

is specified as nine positions. This
includes two decimal rositions, specified
in column 52. The H in column 53 specifies
that the product of PRICE and QUANTY is to
be half adjusted (rounded).

The following illustrates this
operation.

1.213

PRICE
QUANTY

262.008

Since half adjustment is always made in
the position to the right of the last
decimal position to be retained in the
result field, the half adjustment in this
example is made to the digit 8. To do
this:

The rightmost decimal position (3) is
truncated and the value 262.01 is placed in
the result field COST.

The second line of the Calculation Spe-
cifications form in Figure 28 provides the
specifications for dividing the year-to-
date cost by the year-to-date usage. The
result is placed in a field named PRICE.
The length of the field PRICE is specified
as 5, including three decimal positions.
The result is to be half adjusted as speci-
fied by the H in Half Adjust. The follow-
ing is an example of the arithmetic of this
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operation, using actual values:

YDCOST 1739.23

PRICE = = =
YDUSE 1296

1.3419

The result field was specified to have
three decimal positions. Therefore, the
half adjustment is made to the digit 9 in
the rightmost position since this is in the
position to the right of the last position
to be retained in the result field.

1.3419

1.3424 (half adjust)

The result (1.342) is stored in PRICE.

SEQUENCE CHECKING

Two types Of sedquence checking can be per-
formed by RPG:

1. Checking the sequence of different re-
cord types.

2. Checking the sequence of control
groups. (See the section Using_the Ma-
tching Fields Specification for
Sequence Checking.)

Sequence Checking of Different Record Types

This example illustrates the updating of an
invoice file that contains from two to four
of the following card types for each part
numbern:

Card

in column 78

Master customer 5
3 in column 78
2
8

Shipped via
Part number
Comments

in column 78
in column 78

Figure 29 illustrates the specifica-
tions required to check the sequence of a
group of four record types. The item num-
bers in the following text refer to the
circled numbers in Figure 29.

1. The record-identification codes for the
four Card types are sbPecified in the
same manner as in the previous example.
The C in C/Z/D (column 26) specifies
that the entire character punched in
the card is to be examined to establish
the record-identification code.

In the specifications for the last
card-type (line 130 on the form), a D
is written in C/Z/D because there is a
possibility that some of these record
types may have a zone punch. The D
specifies that only the digit punches
in the card are examined to identify
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the card type. Thus, zone punches
which could cause unequal comparisons
are ignored.

The sequence established for the file
is determined by the sequence in which
the specifications for each record type
are written on the form. The nunmbers
must be in ascending sequence. 1In this
exanple, the digits 01, 02, 03, and O&4
are used. For each file, the numbers
assigned must begin with 01.

Alphabetic characters under Sequence in
preceding examples indicate that no
sequence checking is to take place.
Alphabetic specifications (indicating
no sequence checking) must always be
written before numeric specifications
for any one file.

If a sequence error is detected, the
execution of the object program is
discontinued.

If a numeric specification is provided
in Sequence, a specification must be
provided in Number.

On the first two record identification
lines, the digit 01 in Number indicates
that no more than one record of that
type must be present before the next
record type is checked. 1In this
example, only one master record and one
shipped-via record for each invoice
must be present. If there is more than
one of either of these records, the
program assumes an error in the input
file.

The letter N in Number of the specifi-
cations for the last two record types
means that one or more records of this
type may be present for each invoice.
In this example, one or more part num-
ber and comments records may be present
for each invVoice.

The letter O in Option specifies that
the presence of record(s) of this type
is optional.

If the letter 0 is not specified, at
least one record of the particular type
must be present. This requirement ap-
plies only if Sequence contains a num-
eric specification.

While sequence checking of record types
is normally done to assure the proper
makeup of a control group, the checking
is completely independent of control
levels. This checking assures only
that the record types are in sequence;
it does not assure that they all belong
to the same control group.
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Figure 30. Sample File-to-File Program

COPRELATION OF THE_RPG_SPECIFICATION FORMS

Figure 30 shows a file-to-file samrle pro-
gram that illustrates the correlation of

the RPG specification forms.

Assume the contents of an input file
are to be transferred to another file.
this example, the input file is a card file
and the contents of the cards are to be
listed on the printer.

In

Three specifica-

tions forms are required for this program:

Fundamentals of RPG Programming
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File Description, Input, and Output-Format
Specifications.

FILE DESCRIPTION FORM

The card input file is assigned the name
INPUT, and the printed cutput file is named
OUTPUT. Page and line sequence numbers are
entered in columns 1-5, and the progranm
identification is entered in columns 75-80.
An F in column 6 indicates that each entry
is a filenames-description entry. The file
is entered in columns 7-14 (Filenanme).
Column 15 contains an I or an O to indicate
whether the file is an input or an output
file.

Column 16 on line 010 of the File
Description Specifications form contains a
P becanse the file described is the primary
input file for the job.

Column 19 contains an F in line 010 and
in line 020 to indicate that the file for-
mats are fixed length. Record length
(columns 24-27) is 80 for the card input
file and 120 for the printer output file.

The entry READO1 in Device specifies
that the input file will be read from an
TBM 2501 Card Reader. The Device specifi-
cation for the output file is PRINTER.
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INPUT SPECIFICATIONS FORM

The Tnput Specifications form also has the
program identification entered in columns
75-80 and the page and line numbers in
columns 1-5. The I in column 6 of each
line identifies this as an input
specification.

The filename is entered in colunns
7-14. Columns 15-16 contain the sequence
code AA. Indicator 01, entered into
cclumns 19-20, will be on throughout the
job to show that records from the asso-
ciated file are being processed. The
second line describes the card field name
CARDIN. The field comprises card colunns
1-80.

OUTPUT-FORMAT SPECIFICATIONS FORM

Oon the Output-Format specifications form,
the name of the output file is entered in
columns 7-14. The D in column 15 indicates
that each line printed is a detail line. A
single space after printing is specified by
the entry in column 18. Indicator 01 from
the Input Specifications form is specified
in columns 23-25. Since indicator 01 is on
for each card read, all records are
printed.



Each object program generated by RPG uses
the same general logic. For each record to
be processed, the program goes through the
same general cycle of orperations. Within
that cycle, there are two different
instances in time, detail time and total
time, when operations specified on the Cal-
culation and Output-Format Specifications
forms are performed. These instances are
called detail time and total time. Excep-
tion output lines and calculation subrou-
tines are only performed when required.

Two levels of program logic flow are
described here. The first is a simplified
version that shows only the most important
steps. The second version is more complete
and detailed in its explanation of logic
flow.

SIMPLIFIED PROGRAM LOGIC

The simplified program logic diagram shown
in Figure 30.1 can be used for most discus-
sions of logic flow. A brief discussion of
each function follows. The item numbers in
this text refer to the numbers in Figure
30.1.

1. RPG begins by performing heading and
detail output lines if the conditioning
indicators are satisfied. Following
this , all control level and record
identifying indicatcrs are turned off.

2. If multifile logic is required it is
performed at this time. The input re-
cord to be processed on this cycle is
selected.

3. The record type is determined and the
appropriate record identifying indica-
tor is turned on. If control fields
are specified, they are checked at this
time and the appropriate control level
indicators turned on if necessary.

4. Total calculations are performed if the
conditioning indicators 10, L1-9, and
LR are satisified. Exception output
and/or closed subroutines may be per-
formed at this point.

5. Total output lines are performed if the
conditioning indicators are satisfied.

6. The data fields described on the Input
Specifications for this record type are
moved to the fields named. Any field
indicators are set at this time.

PROGRAM_LOGIC

7. Detail calculations (blanks in columns
7-8 of the Calculation Specifications)
are performed if the conditioning indi-
cators are satisfied. Exception output
and/or closed subroutines may be per-
formed at this point.

8. If exception output is called for,
exception output lines are performed if
the conditioning indicators are satis-
fied. The program returns to the next
calculation statement following the
EXCPT operation that was performed.

9. If a closed subroutine is called for,
the individual calculations within that
closed subroutine are performed if the
conditioning indicators are satisfied.
The closed subroutine may also call
other closed subroutines or exception
output. The program returns to the
next calculation statement following
the EXSR operation that was performed.

A detailed flowchart of an RPG object
program is shown in Figure 31.

The item numbers in the following text
refer to the numbers in Figure 31. A pro-
gram cycle begins with item 1 and continues
through item 25.

1. The object program performs all speci-
fied heading and detail output opera-
tions whose conditions are satisfied.
This does not include output line spe-
cifications that are conditioned by the
OF or OV indicator.

2. The object program performs a test to
determine if a punch in channel 12 of
the carriage-control tape was encoun-
tered at detail time. If this is the
case, the OF/0V indicator is turned on.
Otherwise, the indicator is turned off.

3. The object program makes the next input
record available. At the beginning of
processing, if it is a multifile job,
one input record from each file is read
into core storage.

4. The object program tests the halt indi-
cators. If the halt indicators are
off, the program branches to step 6.

5. The execution of the program is
discontinued.

6. All Record Identifying indicators and

the indicators 1P, LR, L1 through L9,
and H1 through H9 are turned off.
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Figure 30.1 Simplified Logic Flow of an

Figure
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RPG Object Program.

30.1 Simplified Logic Flow of an

RPG Object Program.

The data is moved from the input area
to the input work area.

The object program performs a test to
determine if the record is an end-of-
file record. If an end-of-file condi-
tion has occurred, the program branches
to step 26.

The object program performs a test to
determine if the input records are in
the sequence specified for them on the
Input Specifications form. If the

10.

11.

12.

13.

4.

15.

sequence is incorrect, the progranm
branches to step 36. The program also
branches to step 36 if nonsequential
input records are specified and the re-
cord cannot be identified.

The object program branches to step 29
if matching fields are specified.

The record identifying indicator speci-
fied for the current record type is
turned on.

The object program performs a test to
determine if a control break has
occurred (i.e., the contents of this
control field are not equal to the con-
tents of a previously stored control
field). If a ccntrol break has not
occurred, the program branches to step
14. (The control fields are initially
set to hexadecimal zeroes or the lowest
possible EBCDIC value.)

If a control break has occurred, the
appropriate control-level indicators
are turned on and the control fields
are moved into a save area.

If this is the first
program bypasses the
and the total output
branches to step 17.

program cycle, the
total calculations
specifications and

If no
total
lines
read.

control fields are specified,
calculations and total output
are bypassed for the first record

If control fields are specified, total
calculations and total output lines are
bypassed for all records read until the
first record that contains control
field information has been processed.
This applies also to the calculations
specified with an LO indicator. If
control fields are specified in some
and not others, at least one record
with control fields should be pro-
cessed. If not, the LR indicator will
not be turned on at end of job.

All total calculations are performed
and resulting indicators are turned on
or off as specified.

a Closed Subroutine, the progdran
branches to the specific subroutine
mentioned (step 40 ) and then returns
to the next total calculation.

the EXCPT operation code, the program
branches to step 39 and then returns to
the next total calculation.



16. Wext, all total output that is not con-
ditioned by an overflow indicator is
performed.
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17.

18.

19.

20.

21.

22.

23.

24,

25,
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The object program performs a test to
determine if an overflow condition has
occurred (i.e., a punch in channel 12
of the carriage-control tape). If an
overflow condition has occurred at any
time during this cycle, the indicator
(OF or 0V) associated with the file
that overflowed is turned on.

The object program performs a test to
determine if the last-record indicator
(LR) is on. If the indicator is on,
the program branches to step 38.

The object program performs a test to
determine if one or both indicators, OF
and OV, are on. If no overflow indica-
tor is on, the program branches to step
21.

The specified overflow output is per-
formed. If no overflow cutput is spe-
cified the object program performs an
automatic skip until a punch is sensed
in channel 1 of the carriage-control
tape.

The MR indicator is turned on if this
is a multifile job and the record to be
processed is a matching record. Other-
wise, the MR indicator is turned

off. 1If the user has coded a loop from
Detail to Total Calculations, the MR
indicator will only reflect the correct
status the first time Detail Calcula-
tions are performed.

The input data is moved from the input
work area to the process area (i.e.,
the fields that are specified on the
Input Specifications form). No sign
checking is performed on numeric
fields.

Field indicators are turned on or off
as specified.

If chaining fields are specified, they
are moved into the appropriate fields,
c1 to €3, and internal chaining
switches are turned on by the program.
Once all the fields of a chaining re-
cord have been moved to the process
area, chaining begins with the lowest
chaining field (C1). R chained file
record may also contain chaining fields
(see Figure 31, 24a).

Any specified detail calculations are
performed, and resulting indicators are
turned on or off as specified. Proces-
sing continues with step 1.

Note 1 If the user specifies the use of
a closed subroutine, the progranm
branches to the specific subroutine
mentioned (step 39) and then returns to
the next detail calculationmn.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Note 2 If the user specifies the use of
the EXCPT operation code, the progranm
branches to step 40 and then returns to

the next detail calculation.

If only one input file is to be pro-
cessed, the program continues with step
28.

The object program performs a test to
determine if the processing of all the
files specified with an E in column 17
of the File Description Specifications
form has been completed. If not, the
program branches to step 33.

If the primary file is the only file
with an E specified, but a matching
secondary is present, all records which
match the primary will be processed.
The LR indicator will then be turned
on.

211 control-level indicators (L1-L9).,
and the last-record indicator (LR) are
turned on and processing continues with
step 14.

The specified matching fields are moved
into the appropriate key area (i.e.,
the area that contains the control
information for the file just
processed) .

Then the contents of this key area are
compared to the contents of the
matching-field work area. If the con-
tents are equal, the program branches
to step 11.

The program performs a test to deter-
mine if the sequence of matching fields
is correct. If the seguence is inco-
rrect, the program branches to step 36.

The program performs a test to deter-
mine if more than one file is to be
processed. If only one input file is
to processed, the program branches to
step 11.

The contents of the key area of the
other input files are compared to the
contents of the matching field work
area. TIf the contents are equal, the
program branches to step 35.

Otherwise, the program determines new
matching-field contents and moves the
lowest or highest contents into the
work area depending on whether ascend-
ing or descending sequence is
specified.

The program determines the next file to
be processed and branches to step 11.



36. The execution of the program is discon-
tinued because of a sequence or record-
type error.

37. Restart processing after elimination of
the error condition.

38. The execution of the program is
discontinued.

39. Exception output. The program performs
all exception output whose conditions
are satisfied. WNo overflow lines may
be specified during exception output.
The program returns to the next calcu-
lation statement in either Step 15 or
Step 25 depending upon where it came
fronm.

40. Closed subroutines. All calculations
are performed for the called subroutine
and any resulting indicators are set.
If another subroutine is called within
the called subroutine, it too is
executed. The program returns to Step
15 or Step 25 depending on where it
came from when the originally called
subroutine is completed.

SIGNIFICANCE OF PROGRAM_LOGIC

Four important conclusions can be drawn
from the program logic:

1. At the beginning of execution of the
RPG object program, all headings and
detail output records whose conditions
are satisfied are processed. At this
time, the indicators L0 and 1P are
turned on. All other indicators are
turned off. The user must ensure that
only the output conditions for those
records that are to be printed as head-
ing information are satisfied before an
input record is read into the systen.
Heading information is usually speci-
fied with the indicator 1P. Other
heading records must be specified with
indicator N1P or with record identify-
ing indicators whose conditions are not
satisfied at the beginning of the
object program run. As soon as the
first input record is read into the
system, indicator 1P is turned off.
Therefore, all records specified with
indicator 1P are not printed or punched
again during the object program run.
Ensure that the punching of records in
a combined file is specified in such a
manner that their conditions are not
satisfied at the beginning of the
object program run. Otherwise, the
first card of a combined file is
punched prior to being read. The input
data contained in this card is lost.

2. When a record is read that causes a
control break, the data from the record
is not operated upon until after all
total calculations and total output for
the previous group have been performed.
However, the record identifying indica-
tor specified for this record is alrea-
dy turned on.

Control fields are initjialized to hexa-
decimal zeros. Consequently, a record
with a blank or zero punched (hexade-
cimal FO) control field will cause a
control break.

3. If, during the execution of total out-
put specifications, a hole was sensed
in channel 12 of the carriage-control
tape, all remaining total output speci-
fications are executed whose conditions
are satisfied. After the total lines
are printed, overflow lines are
printed.

If a hole in channel 12 is sensed dur-
ing the printing of a detail line, all
the remaining detail and total lines
specified (whose output conditions are
satisfied) are printed before the
printing of overflow lines. Therefore,
the hole in channel 12 must be correct-
1ly placed to permit printing of these
lines on the page.

4, TIf a halt indicator (H1 through H9)
specified in Field Indicators on the
Input Specifications form or (for
detail calculations) in Record Identi-
fying Indicators is turned on, the
object program terminates processing
immediately after completing this
detail cycle.

If a halt indicator is set on during
the processing of total calculations,
the object program continues processing
until the end of the next detail cycle
is reached. The execution of any spe-
cifications can be conditioned or pre-
vented by placing H1 through H9 or
their negation NH1 through NH9 in Indi-
cators of the appropriate specifica-
tions form.

This termination of the program must
not be mistaken for the regular end of
job. It is denoted by a different end
of job signal.

PROBLEM_DEFINITION

The programming examples in the preceding
section were intended to introduce the
reader to the use of RPG and were, there-
fore, elementary. More complex applica-
tions may require a thorough analysis of
the existing cr proposed problem before the
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program is written. This analysis should the complete format of the report on a

include a description of source data and Printer Spacing Chart. If the output is
its format, and the processing required to tobe punched into cards, card layout should
develop the report and other desired output be used instead of a Printer Spacing Chart
information. to define the output fields. These methods

provide a pictorial representation of the
The following types of information must final output.
be defined before coding the program:

1. Available data. PRINTER SPACING CHART
2. Input/output formats to be used. Before the report specifications are writ-
ten, the programmer should have a clear
3. 1Information required in the input and picture of what he wants as the final out-
output formats. put. If the report is to be printed, he
must know the number of fields to be
4. Codes to be used to identify the printed on each line of the report, the
various types of input and output and spacing between lines, and the positioning
their elements. of the information within each line of the
report. The pictorial representation in
5. Handling of the various transactions this chart serves as a guide fcr completing
and exceptions. the Ooutput-Format Specifications form. It
plays an important role in writing report
After all application data has been specifications.

collected, it should be documented for easy
reference during the writing of the speci-
fication forms. One method of documenting
an application is to produce a layout of
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Layout_of Lines and Fields

Figure 32 illustrates the layout of a
report on the Printer Spacing Chart. Its
two most important functions are:

1. To establish the positions of the data
to be printed and tc indicate the spac-
ing between printed lines.

2. To assign each line an identification
code representing the type of line.

The numbers across the top and bottonm
of the spacing chart refer to the print
positions. The numbers down the left side
are the line numbers. The programmer
selects the line number and print positions
for a particular field and makes his nota-
tion in the selected positions.

Headings and other constant information
should be spelled out completely in the
print positions assigned to them. Fields
of variable information should be identi-
fied by X's. Where applicable, such fields
should include credit symbols, punctuation,
etc. The position in an amount field where
zero suppression ends should be indicated
by a zero rather than an X.

Line Tdentification Code

The line identificaticn code specifies the
type of line to be printed. The identifi-
cation codes are: H for a heading line, D
for a detail line, E for an exception line,
and T for a total line. All lines should
be identified as belonging to one of these
categories.
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RPG_SPECIFICATION_ FORMS

CRCSS _REFERENCES

To make this reference manual a more effec-
tive tool, numerous crcss references are
included for readers not familiar with
disk-storage processing and related
functions.

Disk storage, table lookup, matching
field, and chaining field operations and
related functions are described apart from
the detailed descriptions of specifications
for them.

These general introductory descriptions
{(Located at the back of the manual) are
intended for the reader as he encounters
the related specificaticns for them throu-
ghout the manual.

The sections File Organization and File
Processing provide a general introduction

to disk-file organizatior and processing,
including the terminology associated with
these functions.

GENERAL INFORMATION

The forms are discussed in this publication
in the segquence in which they are listed
below. This is the sequence in which they
are normally used by the programmer:

Input Specifications
Calculation Specifications
output-Format Specifications
File Description Specifications
Extension Specifications

Figure 33 shows the five specification
forms. In addition to these forms, an

RPG Control Card is necessary for each job.
Refer to Appendix B for more information
about this card.

Input Specifications_Fcrm

This form is used to:
1. Specify the input file or files.

2. 1Identify the various types of records
contained in each input file.

3. Describe the locaticn of the data
fields in each input record.

calculation Specificaticns_Form

This form is used to specify the operations

to be performed upon the input data, upon
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data obtained as the result of previous
calculations, and upon data obtained from
tables.

output—-Format Specifications_Form

This form is used to specify:

1. The type of output files to be pro-
duced: printed reports, summary
reports, etc.

2. The location of the data fields in the
output rerorts and records.

File Description Specifications_Form

This form is used to provide additional
information about the input/output files
and to specify the input/output devices
used in the progranm.

Extension Specifications_Form

This form is used to provide additional
information about files used by the object
program, such as tables, chaining files,
and RA (Record Address) files.

COMMON_FIELDS

Five entries have the same function in each
of the five forms. These five common
entries are described as follows.

PAGE NUMBER (COLUMNS 1-2)

Each specification page of the source pro-
gram may be numbered for reference and
sorting convenience. The pages are num-
bered beginning with 01 and continuing in
ascending order as follows:

1. TFile Description Specifications form
2. Extension Specifications fcrm

3. Input Specifications form

4. calculation Specifications form

5. Output-Format Specifications form

More than one sheet of a particular
specifications form may be used.
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LINE NUMBER (COLUMNS 3-5)

Each specification line should be identi-
fied by a line number. The first two
digits of the line number are preprinted on
the form. The third position (column 5) is
used when, after all specifications have
been written, it becomes necessary to
insert an additional line between two pre-
viously written lines. For exanmple, if a
line is to be inserted between lines 14 and
15, it must be given the number 14 in
columns 3 and 4 and a subnumber in column
5. This would place the line in the proper
numeric segquence.

The cards should be in numeric
sequence by columns 1-5 when y are read by
RPG. If not, an out of sequence warning
notation will be given.

FORM TYPE (COLUMN 6)

Fach form has an appropriate type-code pre-
printed in column 6 which must be punched
into all specification cards. The codes

are:

I Input Specifications

48

C calculation Specifications
0 Output-Format Specifications
F File Description Specifications

E Extension Specifications

COMMENTS (ASTERISK * IN COLUMN 7)

This feature enables the programmer to
place identifying comments on the specifi-
cation forms and cards. This facility
could be used, for example, to identify the
end of one section of a program. The com-
ments are written on the specification
line, preceded by an asterisk (¥) in column
7. The asterisk in column 7 identifies the
contents of a specification line as com-
ments so that they are not used as a
specification.

PROGRAM TDENTIFICATION (COLUMNS 75-80)
This entry identifies the specification

cards for a particular program or for a
specific section of a large progran.



The specifications that are made on this
form are divided into two categories
(Figure 34).

1. Record Identification (columns 7-42) .
These specifications identify the input
record by specifying the identifying
record codes it contains. They also
specify the relationship of the record
to other records in the file. Every
RPG program must contain at least one
record identificaticn entry.

Field Description (colunmns 43-74) .
These entries describe the fields of
the input record used in the particular
application. Each field is described
on a separate line below its corres-
ponding record-identification entry.

RECORD_IDENTIFICATION ENTRIES

FILENAME (COLUMNS 7-14)

A filename must be assigned to each input
file. Use the same name as the one on the
File Description form. The name must be
left-justified (i.e., it must begin in
column 7) and its first character must be
alphabetic. It must not contain special
characters or embedded blanks. A filenanme
must be specified for the first record
identification line of the appropriate

INPUT SPECIFICATIONS FORM

file. The maximum length of a filename is
eight characters. However, 1130 RPG uti-
lizes only the first five characters for
all files. Therefore, it is mandatory that
the first five characters provide a unique
filename. The same file name may be speci-
fied for another record type. All record
types for one file must be specified
consecutively.

SEQUENCE (COLUMNS 15-16)

This specification designates the sequence
of input-record types.

If the input records
mined sequence or if

are not in a predeter-
it is not required to
terminate processing when the input records
are out of sequence, the entry in columns
15-16 should be a two-character alphabetic
code,

In Figure 35 the input data records,
which contain part numbers and unit num-
bers, do not appear in a predetermined
Sequence. Consequently, each input-record
type is assigned an alphabetic code because
the order of processing is not important to
the progranm.
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Figure 35. .Input Data Records

Numeric Entries

If there is more than cne record type
within an input file, the records may
appear in some predetermined sequence. To
process the input data records in a prede~-
termined sequence, they are specified on
the Input Specifications form in the sane
Sequence in which they are to be read by
the object program. For example, assume
that the input records appear as shown in
Figure 36. The Name record is assigned 01
because it is the first type. The Street
record is the second type, and is assigned
02. The City-State record is assigned 03,
and the Item Number Record is assigned 04.

If the input records do not appear in
this predetermined sequence, the processing
of the program is discontinued (information
is out of sequence). Figure 37 illustrates

the sequence-checking specifications for
this example. Numeric entries must consist
of two digits.

_____ If a numeric specification is given
in Sequence (columns 15-16) , specifications
must also be provided in column 17.

® The entries for the checking of a prede-
termined sequence (columns 15-16) must
begin with 01 for each file.

* The entries for the checking of a prede-
termined sequence must be in ascending
order.

* Header cards or other cards that are not
in sequence must be specified on the
Input Specifications form before any spe-
cifications for sequence-checking. Enter
alphabetic sequence record-types first,
followed by numeric sequence for any one
file.

NUMBER (COLUMN 17)

If a numeric code is assigned under
Sequence (columns 15-16), a 1 or an N must
be entered in Number (column 17) . If an
alphabetic code has been assigned under
Sequence, leave this column blank.

The entries for Number (column 17) are:
1 One and only one record of a type

must be present before another record
type is read.

N One or more records of a type may be
present before another record type is
read.

Blank The records do not appear in a prede-
termined sequence.

In Figure 37, there must be only one
Name record, one Street record, and one
City-State record, but there may be several
Item Number records.
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OPTIONAL (COLUMN 18)

If the presence of a record is optional,
the letter O is entered in this column. Tt
is not permitted to specify all records of
a file as optional. At least one record
must be "required". If a specific record
type must be present or if records are non-
sequential, this column must be left blank.

In Figure 37, the letter 0 in column 18
indicates there may be one, several, or no
Item Number records in each group. In this
example, Name, Street, and City-State reco-
rds (one per type) must be present.

Note: If a numeric entry is specified in

columns 15-18:

1. These columns have no relationship
with control levels (columns 59-60) .
If two card types are mandatory, the
RPG program will cnly check that one
follows the other. VNo checking is
performed to ensure that they belong
to the same control group.

2. 1If the file contains two record types
and one is specified as mandatory and
the other optional (see Figure 37
Part 2 of 2), no errors will ever be
detected. The program can only per-
form a valid check when two or more
records are mandatory.

RECORD IDENTIFYING INDICATOR (COLUMNS
19-20)

The entry in these columns is used in
conjunction with the entry in record
identification codes (columns 21-41).
The record identifying indicator serves
two functions:

1. It establishes a unique two~digit
code for each input-record type.

2. A special indicator is turned on in
the object program each time the
input record is present. Thus, the
object program may test for this
condition during the processing of
the calculation and output specifi-
cations,

To understand the first function of
this entry, assume that an input record
is identified by all of the following
codes:

1. An X in column 80,
2, A digit 5 in column 79.
3. No R in column 78,

By assigning one two-digit record
identifying code to represent all these
codes, it is easier to refer to this type

of input record during the writing of the
calculation and output specifications,
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The second function of record-
identifying indicators can be considered
analogous to the function of selectors in
unit record equipment, or to internal and
external switches on electronic data pro-
cessing equipment. The use of indicators,
like the use of selectors and switches,
permits the user to have certain opera-
tions occur only on specific conditions.

In Figure 37 the four record types
have been assigned the record-identifying
indicators 12, 13, 14, and 15. When one
of the records is present, the appropriate
record-identifying indicator is turned on,
and all specifications pertaining to this
type of record are performed. Specifi-
cations associated with other record
types are not performed.

Record-identifying indicators are
turned on and off during the processing of
the object program, as the various record
types are read. However, only the record-
identifying indicator for one specified
record type can be on at a time. When a
record-identifying indicator is turned on,
all other record -identifying indicators
are turned off. This does not apply to
record-identifying indicators for chained
records.

Other indicator conditions that can
be established in the program are field
indicators (columns 65-70 of the Input
Specifications form) and resulting
indicators (columns 54-59 of the Calcula-
tion Specifications form). These functions
are described later, but one aspect of
their use is of interest at this time.

A unigque two-digit code (01-99) must
be assigned for each indicator used in
the program. The indicator codes do not
have to be assigned in any sequence., For
example, four different record types
could be assigned the record-identifying
indicator codes 40, 62, 98, 02. The
codes 01-99 can be assigned to any one
of the three types of indicators.
Different types of indicators with the
same code are considered to be the same
indicator. Therefore, care should be
taken when assigning the same code to
different types of indicators.

RECORD IDENTIFICATION CODES (COLUMNS 21-41)

These entries provide a means of identify-
ing each different record type used in the
object program. As mentioned earlier in
this publication, once the record type has
been defined on the Input Specifications
form, references to the record type are
made by its record-identifying indicator.
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These columns provide for the entry
of one to three identifying codes as
indicated by the numbers 1, 2, and 3 on
the Input Specifications form. A record
type can be identified by specifying more
than three codes in more than one line.
If only one record type is contained in
the input file, record identification
codes can be left blank, but a record-
identifying indicator and a Sequence entry
must still be specified.

The three sets of entries in record
identification codes are identical.
Therefore, only the first set (columns
21-27) is described. The set consists of
four entries as follows:

Position (columns 21-24)
Not (column 25)
c/z/D

Character (column 27)

(column 26)

Position (Columns 21-24)

Enter in these columns the number of the
position in a record type than contains
the identifying code. This entry must be
right-justified. Leading zeros can be
omitted.

Not (Column 25)

Enter an N in this column if the code
described in columns 26 and 27 is not to
be present in the specified position of
the associated record type. Otherwise,
leave this column blank.

C/%/D (Column 26)

The object program identifies different
types of input records by comparing the
character written in Character (column 27)
with codes contained in the records. The
entry in column 26 specifies whether the
object program is to compare against the

® Entire character (C).
® Zone portion (Z).
e Digit portion (D).

Enter a C, %, or D in column 26, as
applicable.



Character (Column 27) 3. D--Digit

The digit portion of the punched

The particular character allowed for card column consists of the 1
record identification (column 27) depends through 9 hole positions.
on the particular specification used in
C/Z2/D (column 26). If this entry is contained in C/Z/D,
the digit portion of any of the 256
1. C--Character EBCDIC characters can be tested.
Any one of these characters may be
If this entry is contained in C/Z/D, specified in the Character column.
any one of the 256 characters of the
EBCDIC (Extended BCD Interchange Note: Using the specification C in C/Z/D
Code) may be specified in the saves core storage and reduces the time
Character column. required for the execution of the object
program.

2. Z—--Zone

The zone portion of the punched card Examples of Record-Identification Codes
column consists of the 12, 11, hole
positions.

Examples of record-identification codes
a. Testing card zones are shown in Figure 38.
If the test 1s to be for a 12-
zone, the characters &, or any
one of the 16 EBCDIC characters
that have the same zone as the
letter A may be specified in
the Character column. The
presence of a l2-zone is recog-
nized only if one of these
characters is present in the
pertinent position of the record. INTERNATIONAL SBUSINESS MACHINES CORPORA
REPORT PROGRAM GENERATOR  INPUT

If the test is to be for an 11- IBM System/360
zone, the character - (minus
sign), or any one of the 16 _
EBCDIC characters that have the mvinan
same zone as the letter J may be
specified in Character. . The Record Identification Codes Fie.
presence of an ll-zone is recog- T : 3 Locat
nized only if one of these
characters is present in the
pertinent position of the record.
If the test is to determine the ;
absence of both the 11 and 12
zones, any one of the 16 EBCDIC 131413 16
characters having the same 2zone as .
1l (no zone) may be specified, .
or the Character column may be
left blank. The absence of zones
is recognized only if one of
these characters is present in
the pertinent record position, or
if this record position is blank. .

Graphic

Punch

Position Position Position From
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5 Stocker Select
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& Option (10}

Z —t | Resulting Indi-ator
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b. Testing core zones Ll 5) 16
Any other specification will P \71... L)
identify record codes with the
same zone in core storage as the
character specified in the
Character column of the Input Figure 38. Sample Record Identification
Specifications form. Codes (Part 1 of 3)
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Figure 38. Sample Record Identification
Codes (Part 2 of 3)
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Figure 38. Sample Record Identification
Codes (Part 3 of 3)
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The numbers circled in Figure 38 corre-

spond to the item numbers in the following
text:

This entry causes the specified record-
identifying indicator to be set on if
the character - (minus sign) or any one
of the 16 EBCDIC characters that have
the same zone as the letter J is con-
tained in record position 48, A Z must
be placed in column 26 so that only the
zone portion is checked. (If a C were
placed in this column, the object pro-
gram would compare the letter KX,
instead of an 11-punch, against the
input-record code.)

This entry turns on the specified
record-identifying indicator whenever
an input record is read that does not
contain the character - (minus sign) or
any one of the 16 EBCDIC characters
that have the same zone as the letter K
in position 48,

This entry turns on the specified
record-identifying indicator if a
character whose digit portion is 5 is
contained in record position 62 (e.g.,
a 5, N, V, or E would meet this
requirement).

This entry turns on the associated
record-identifying indicator if the
letter T is contained in record posi-
tion 49.

These entries specify that three
conditions must be met in the one
input record. This is referred to
as an AND relationship. In the
example, the associated record-
identifying indicator is turned on
if a 4 appears in column 16 of the
input record, column 40 does not con-
tain a 5 and column 80 contains the
character & or any one of the 16
EBCDIC characters has the same zone
as the letter A,

Figure 39 illustrates the use of more

than one code on more than one line to
identify one type of input record. 1In this
example, the specified record—-identifying
indicator is turned on if an input record
is read that contains all of the following:

e A 4 in position 16.

® No 5 in position 40.
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¢ An T1-punch in position 80.
e A 2 in position 20.
e A 3 in position 25.

Additional specification lines can be
used to specify as many record-
identification codes as required. Each
additional line must begin with the word
AND in columns 14~16. Columns 17-20 of
each AND line must be blank.

An AND relationship is concerned with
specifying more than three record identifi-
cation codes for one record type, whereas
an OR relationship is used to specify two
different record_types with just one set of
field description specifications. The
fields in the two record types may be in
the same or in different positions.

TO specify an OR-relationship, enter
the word OR in columns 14-15. Columns
16-18 of OR lines must be left blank. For
more detailed informaticn, refer to the
section Records in_an_OR-Relationship.

Omitting Record-Identification Codes

When all input records are to be processed
alike, columns 21-41 may be left blank.
However, a sequence must be specified.

If the different record types are not
in a predetermined sequence and if only
certain record types within a group are to
be processed, they must be listed first
with their record identification codes.
The remaining record types can be bypassed
or processed as a group. In either case,
they are specified as the last record type
and they must be assigned a sequence.
Columns 21-41 of such lines are left blank.
If the records are to be bypassed, they
should not be referred to in the calcula-
tion or output specifications.

Duplicate Identification

If the program reads a record which satis-
fies two or more record types only the
first will be recognized. In Figure 38 re-
cord identifying indicator 02 will never be
turned on because the first record type
(AA) is satisfied.

Undetermined Record Type

If the program cannot detect a record type,
a halt will occur and the operator will be
given a choice of continuing with the next
record. 1In many applications, the user may
wish to program for undetermined record
types and process them differently. This
can be accomplished by defining a record

type with no record identification. This
record type must be specified following all
valid types as shown in Figure 38. Record
identifying indicator 05 is turned on
whenever an undetermined record type is
read.

STACKER SELECT (COLUMN 42)

If the input records are cards that are to
be stacker-selected, the number of the
stacker into which the cards are to be
selected is entered in column 42. Leave
column 42 blank if the cards are to go to
the normal stacker.

A different stacker may be specified
for each OR line. If only one stacker is
required in an OR-relationship, this stack-
er must be specified on each of the OR
lines.

For the IBM 1442 card Reader, the nor-
mal stacker, 1, may be specified with ei-
ther a 1 or a blank in column 42. A 2 in
column 42 will specify stacker number 2.

Note: If two I/O areas are specified for
the file (by entering 1-9 in column 32 of
the File Desciption Specification of this
file), stacker select will be ignored.
Using two I/0 areas requires that a second
card be read before stacker selection can
occur for the first card.

FIELD DESCRIPTION ENTRIES

As mentioned earlier in this publication,
the Input Specification form consists of
two categories of entries: record identi-
fication and field description entries.

In the record identification category
of entries (columns 7-42), a line contains
the specifications for one record type. 1In
the field-description category (columns
43-74) , one line represents the specifica-
tions for one field of an input record

type.

Field description specifications are
always written on the line immediately
below the specifications that identify the
record type.

Field description entries describe
those fields of the input record that are
to be used in the application. Each field
of the record requires one line on the
Input Specifications form. Columns 7-42 of
each field-description line must be left
blank.

Input Specifications Form 55



PACKED (COLUMN 43)

The packed decimal format may be used only
with disk files. If the input is in
unpacked decimal format, leave this colunmn
blank.

Enter a P in this column if the numeric
input field is in packed decimal format
(two decimal digits represented in one re-
cord position.)

The packed decimal format permits
greater utilization of disk storage capaci-
ties. Thus, the RPG program permits numer-
ic data in packed decimal format to be
written onto disk for subsequent processing
runs.

FIELD LOCATION (COLUMNS 44-51)

Columns 44-51 of the Input Specifications
form are used to define the location of a
field within the input record. The maximum
length of a numeric field is 14 digits.

The maximum length of an alphameric field
is 256 characters.

From_(Columns 44-U47)

This entry specifies the location of the
leftmost position (i.e., the high-order
position) of the field. The entry in

columns 44-47 must be right-justified;
leading zeros may be omitted.

To_(Columns_U48-51)

This entry specifies the location of the
rightmost position (the low-order position)
of the field. The entry in columns 48-51
must be right-justified; leading zeros may
be omitted. In Figure 40, the field named
DEPT is located in positions 5-8 of the
input record.

The fields of an input record may be
described in any sequence. In Figure 40,
they are shown in- numerical sequence (by
field location) to make the example easier
to understand.

A one position field may be defined by
placing its location into both Fron and To
fields.

A field location may be defined twice
with two different names. It is also pos-
sible to define fields within fields (e.g.,
CUSTMR in positions 1 to 27 with NUMBER in
positions 1 to 10 and NAME in positions 11
to 27). Two or more fields may also over-
lap each other.
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Records_in_an_OR-Relationship

In many applications, records may contain
almost identical fields or the same record
type may be denoted by two or more record
identification codes. This could be
described to RPG as two entirely different
record types. This however, will cause the
programmer to describe the same information
two or more times and additional object
core requirements. To simplify this, RPG
provides for records in an OR-relationship.
It is possible to use one set of specifica-
tions to describe fields that are contained
in two or more different records in the
same locations. 1In Figure 40, OR has been
entered in columns 14-15. Columns 16 to 18
must be blank. This specifies that the
fields described in lines 030-100 are con-
tained in input records that have a 5 in
column 35 and no 11-punch in column 80, and
in input records that have a 6 in cclumn
35.

Figure 40 shows that identifying indi-
cator 14 need not be entered in the OR line
because it has been previously specified.
In OR-relationships, record identifying
indicators need not be respecified. Howev-
er, a different record identifying indica-
tor may be specified in each OR 1line.

IBM

INTERNATIONAL BUSINESS MACHINES CORPORATION

REPORT PROGRAM GENERATOR

It is also possible to describe two or
more record types by means of an OR-
relationship even if the fields are not in
the same locations. This is illustrated in
the example shown in Figure 41. In this
example, record identifying indicator 14 is
turned on whenever an input record contains
a 5'in column 35 and no 11-punch in column
80. Record identifying indicator 16 is
turned on whenever an input record contains
a 6 in column 35. The OR-relationship
makes it possible to describe both record
types by means of one set of field
specifications.

In this example, the field locations
are not the same in both record types.
Therefore, a separate record identifying
indicator code must be specified for the
second record type.

The OR line indicates there is a second
type of input record that contains the
required information. However, field FLDC
is not contained in the same locations.

For this reason, the field FLDC nust be
described twice. Each of the two entries
for FLDC must be related to the appropriate
record type. This is accomplished by ent-
ering the pertinent record identifying
indicator in Field-Record Relation (columns
63-64). (An indicator entered in Field-
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Record Relation is referred to as a field-
record relation indicator.)

Thus, if record identifying indicator
14 is on, FLDC is taken from locations
66-70 of the input record. If record iden-
tifying indicator 16 is on, FLDC is taken
from locations 61-65 of the input record.

The use of an OR-relationship is not
restricted to two record types. Any number
of record types may be specified.

DECIMAL FOSITIONS (COLUMN 52)

Any entry (0-9) in this colunn defines the
associated field as a numeric field. Each
entry in Decimal Positicns:

e Is used to determine the number of decim-
al positions contained in the field spe-
cified in Field Location.

e Causes all zones of the field specified
in Field Location tc be ignored during
comparisons caused by a control-level
orr matching-fields specification.

Enter in coclumn 52 the digit that
represents the number of decimal positions
in the input data field. If the input data
field contains a whole number, enter a 0 in
this column. If the field contains data to
be treated as alphameric data, leave this
column blank. An entry must be made in
Decimal Positions if a P has been specified
in column 43 or if the field is to be used
in arithmetic or editing operations. The
number of decimal positions cannot exceed
the field length described in columns
44-51.

In Figure 41, the fields named DIVSON,
DEPT, EMPNO, and NAME are alphameric fields
because no entry has been made in cclumn
52. The fields FLDA through FLDC are num-
eric fields but they can contain only whole
quantities without decimal fractions
because a zero is entered im column 52 for
these fields.

FIELD NAME (COLUMNS 53-58)

Fach field defined must be given a field
name. Once a name has been assigned to a
field, it can be referred to in calculation
and/or output-format specifications.

The field name must begin with an
alphabetic character in column 53. The
field name may be alphamericand may be from
one to six characters in length. Special
characters and embedded blanks must not be
used.

58

Note: The same field name may be used for
any number of fields of different records,
provided that all these fields have the
same length and the same number of decimal
positions as the first field given this
name. A field name is assigned only once
by RPG. The same storage location is used
for fields with identical names.

Field names beginning with PAGE can
only be used for page numbering. Field
names beginning with IN cannot be used in
an RLABL statement (for a user written
exit) as this is reserved for indicators.
The word ALTSE must not be used as a field
name, nor can field names start with the
letters TAB.

Figure 42 shows a number of sample
field names that are easy to read and sug-
gest the function of the fields they
represent.
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Example of Field Name and Con-
trol Fields

Figure U42.

If the same physical field from an input
record is to be used as both an alphameric
and a numeric field, the field must be
defined twice by assigning two different
field names to the same location.

Using Input Data Fields for_Constant Data

Constants are frequently used to describe
information that is not changed with each
record. It is usually not altered during



the object run., Examples of constants are
date cards, or other data that may be
changed for each run.

The method of supplying this informa-
tion to the program is by defining a spe-
cial record type and by assigning a field
name that is not otherwise used. This
technique also permits the entering of con-
stants that are too large to be specified
as literals in the source program.

When only disk files are being pro-
cessed, specifications for an additional
card file are required for the constant
information. The file must be specified as
follows:

1. In multifile programs using the match-
ing technique, the additional card file
must be designated as a secondary file
without matching fields. Thus, the
additional card file will be processed
immediately as the cards are read.

2. 1In programs that do not use the match-
ing technique (e.g., single-file pro-
grams or programns using the chaining
technique) the additional card file
must be designated as a primary file.
For detailed information about matching
and chaining techniques, refer to the
appropriate sections.

CONTROL LEVEL (COLUMNS 59-60)

A change in a control field causes all pro-
cessing indicated by this change to be
initiated as well as the processing indi-
cated by all lower control levels. Columns
59-60 are used to provide a convenient and
simple method for specifying all ccntrol
functions.

Up to nine control levels can be used
with RPG. These levels are designated by
the indicators L1, L2, L3,...19. level 1
is the lowest control level; level 9 is the
highest. 1In RPG, a ccntrol break at one
level forces control breaks for all lower
levels. An indicator similar to the record
identifying indicator is associated with
each control-level designation. These
control-level indicators are used to con-
trol functions specified on the Calculation
and Output-Format Specifications forms.
When the field specified in Field Location
is a control field, its appropriate control
level must be specified in columns 59-60.
The example in Figure #2 shows the entries
for three control fields.

The field located in positions 1-4 of
the input record (first entry in the
example) is the highest level of control.

Indicator L3 can be used to specify
when the calculations for this control
field are to take place, or when the totals
for this field are to be printed or
punched., More detailed information regard-
ing the use of the control-level indicators
is presented in the descriptions of the
Calculation and Output-Format Specifica-
tions forms.

If a field specified in Field Location
also has an entry in Control Level, the
object program places the field into two
storage areas. One area, known as a
control-field holding area, is used for the
controlling functions of the field.

The user has access only to the second
area. This can be done by specifying the
field name on the Calculation Specifica-
tions or the Output-Format Specifications
form.

It may be required to use a field for
controlling functions but without consider-
ing zone bits in the internal comparison of
one record to the next record. If the zone
bits are not to be used in an internal com-
parison of control fields, specify the
field as numeric by making a decimal entry
(0-9) in column 52. Decimal alignment is
not performed for numeric control fields.
If the zone bits are to be used in an
internal comparison, leave column 52 blank.

In Figure 42, 13 in columns 59-60
causes the field located in positions 1-4
in the input record:

1. To be placed into storage in one area
with the zone bits removed from all
positions of the field (this permits
the use of the field for control
functions).

2. To be placed in another field named
DIVSON in numeric format.

The RPG object program automatically
perforns the operations of storing the
field twice and performing the appropriate
zone elimination. ©No additional specifica-
tions are required.

Rules for Using cControl Fields

The following points must be considered
when using control-field specifications:

1. Within each control level, the length
of the control fields or the overall
length of the split control fields must
be the sane.

2. Split control fields: Several fields
in an input record type can be speci-
fied as one control field to form a
split control field.
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$plit control fields of any one level
nust be specified in subsequent field-
description lines. All fields are
placed according to the sequence in
vhich they are defined on the Input
Specifications form. For example, the
first field defined in the input speci-
fications is placed in the high-order
position, and the last field is placed
in the low-order position.

Control fields of one level can be spe-
cified as numeric or alphameric altern-
ately. If a control field is specified
once as a numeric field, all ccntrol
fields of the same level will be
treated as numeric control fields
throughout, even if they are specified
as alphameric in other input
specifications.

The length of a packed numeric field is
calculated as 2n-1, where n is the num-
ber of characters contained in the
input field concerned. If control
fields of one level are specified as
packed and unpacked fields alternately,
the unpacked fields must always have
the same (0dd) length as the packed
numeric fields.

If the length of the unpacked field is
even, (i.e., the first digit of the
packed field is not to be used by the
ocbject program), the programmer should
specify (as split control fields) the
first column of the packed field as
unpacked numeric or alphameric and the
remainder as packed numeric in two sub-
sequent lines on the specifications
form.

Note: Packed data can occur only in
disk records.

If multiple record types are specified
in an OR-relationship, an indicator
entered in Field-Record Relation can be
used to relate control fields to the

pertinent record types. The following
rules apply:

e The control-field specifications must
be grouped by field-record relation
indicators.

e The control fields with no such indi-
cators must be specified first within
one record.

e Fields other than control fields may
be interspersed anywhere within the
set of field descriptions.

® Only a record identifying indicator
from the main or an OR-relation re-
cord type can be used in field record
relationship of a control level.

The control fields that have no field-
record relation indicators are assumed
to be contained in all records speci-
fied in the OR-relation group described
above. TIf control fields of one level
are specified with and without field-
record relation indicators, only the
control fields conditioned by field-
record relation indicators are used
when the appropriate indicator is
turned on. The control-field specifi-
cation without a field-record relation
indicator specified is then
disregarded.

6. Control field specificatjons for a
chained file are ignored by RPG.

7. Control levels may be defined in any
sequence. That is, L2 may appear
before L1 on the Input Specifications
sheet.

Example of Using Split Control Fields

Figure 43 shows an example of using three
levels of control fields contained in four
different records in an OR-relationship.



INTERNATIONAL BUSINESS MACHINES CORPORATION

REPORT PROGRAM GENERATOR

Form X24-3330
Printed In U.S. A,

INPUT SPECIFICATIONS

IBM System/360

Dote
Progrom Punching Grophic Vo2 75 76 77 78 79 80
yog imroten | punch reee [012) wanntearon [RIEIPLOIR]T]
Record Identification Codes Field Field
3 3 3 Location Indicators
. g 5 i Sterlin
Line Filename 5 ,§ § Field Name| = si Zeo| Sign °
1 <(8 2 | position Position Position ; €| From To |€ } w } Plus |Minus| or | Position
A ; HE] ieg glolt sﬁ'? 3 1 gf- et
I M zi 3[313 S i it
3 _4 81417 8 9 10 112131418 16]v7| 18] 10 20] 21 22 23 24]25)26]27}20 29 30 31132133 {34}35 36 37 38 40 [41 |42 |40 |44 45 48 47 lll'so5'5153!455“575'5’006!6263“‘!“07““707'727: 74
Dl ‘l ! sPlLlTl-rlClTlL AI 11 i |§g 1 14 [ | | T T U | | 1 1 1 i i 1 |
L’l ' Lot 1411 |0R| 9|2 Il lalpl C2 L1 L1l Il ) i1l 1.0 1 1 1 1 1 1 i Lt 4
°L,l ! ¥ I WO N W R N | RI g|3 1 lalal C 3 . | o1 1 3 1 § B T I O B | i i 1 1 L 1 1t}
°|‘| ! " lIlAlIOR QAA‘ i‘l81 CI* L) T | L1 L1k L1y L L 1 1 s 1 N
° ,l ! Lo 3 1 4 1 ) 1 1 i1 (. i1 1 l.4 11 L4 |5 FILIDIAI 1 Lll 1 [ 1 1 1 ¥ |
o| ‘. .' I T U T S W | 1 1 11 L.l 1 L4 1 Il 1416 1 ns.a F.LIDB 1 L|1 1 1 1 1 1 111
°l’l ' T I N N S U | i 1 11 1 41l it 1 l1l1 1 l2l¢ FAIDICI 1 Ll2 1 i i 1 1 111
o8 I U T T 1 1 11 M | 113 N J@ n .'715,, D1A|y1 1 1 Il L 1 1 1 11 |
“1': ! { W WS T T N I | L 1 L1 | L) |- 1 4\511 1 16| FiLnD.DI 1 qu 1 1 I 1 1 L}
! ol ! | N T R T 1 1 il I '} L Il 131 1 M F.ILIDIEI 1 Llj I 1 1 1 1 ot
'- II ! [ T W W B | 1 1 11 3 1) L1 L) 16 1 |1 FlquAl Llj 1 11 I I [l L.t
'121 ! 1 lvl I | 1 1 [t L i L1 1 1 !’5 1 |5 F.LID.BI L.j- 1 gli 1 L 1 11
! i I 1 i 101 11y | I 1 .5.1 i .7 F.L.DF. L LI3 { 9.1 1 1 L Ll g
! ‘1 ! | T T T Y I 1 1 1 L1l L4 1 L4 1 1.4 |6 1 111 FlLIDIA1l LI1 i 912 L i 1 -
lL’I | F T T | 1 1 bl 1 bl Ll 1 Iqéﬂ—ML L|1 I 2 4 i Ld.l
Ijél ! I T T WO Y WY i i Ll A T Y 1 |l7ll* 1 |,75 HIOINATIH 1 i 12 i 4 1 Lt 1
]I7A ! T T T I S | Il Il L1 TR | V| 1 |6|1 i |'7A¢ FnLM le 1 glz 1 i 1 [ .|
l.é’. ! T N G G B | n i L1y 1 £ 11 1 |'718 1 .7|9 Y.EnAaRn 1 ! 1 1 1 'l 1 [
Figure 43, Example of Multiple Split Control-Field Specifications
r T T T . is not entered for the L2 control field
| record] | | { specified in line 02070. Therefore, this
| type| L3 | L2 | 11 | L2 control field is used by the object pro-
F } + } 4 gram for records of type 91.
| 91 | 51-70 | 11-20] 6-10 46-50]
| 92 | 51-60 31-40f 61-70] 1-10 46-50] Record type 92: L1 and L2 indicators are
| 93 | 51-60 31-u40| 11-20] 1-5 46-50] specified in lines 02140-02170. The speci-
| 94 | 51-60 31-40| 11-20] 1-5 46-50] fications with the L3-indicators entry in
L L L L J lines 02090-02100 are used by the object
programe.
Figure 44. Example, Record Locations

Figure 44 shows the record locations
from which the control fields will be taken
when the different record types are read
during execution of the object program.

Record type 91: The L1 and 13 control
fields are specified and conditioned by the
field~record relation indicator 91 in lines
02110-02130. The entries with indicators
L1 and L3 that are not conditioned by
field-record relation indicators are disre-
garded. Field-record relation indicator 91

Record_types 93 and 94: Control-field
entries conditioned by field-record rela-
tion indicators are not specified for these
records. The contents of the fields speci-
fied without a field-record relation indi-
cator entry (lines 02050-02100) are
obtained and processed by the object pro-
gram for all three control levels.

False Control levels

Normally, different record types will con-
tain the same number of control fields.
However, some applications require a dif-
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ferent number of control fields in some
cards. 1In Figure 44.1, the salesman card
contains only the L2 control field while
the item card contains both L2 and L1 con-
trol fields.

With normal RPG coding, a false control
break will be created by the first item
card following a salesman card. This will
be recognized by an L1 control break imme-
diately following the salesman card (see
Figure 44.2). This can be corrected by the
coding shown in Figure 44.3. Statement
four on the Calculation Specifications sets
on indicator 11 when the salesman card is
read. When the next item card causes a
control break (L1 will be turned on if the
.1 hold area does not ccmpare with the new
1.1 field), no total output will occur
because indicator 11 is on (Output Specifi-
cations statement nine). Detail calcula-
tions are then processed for the item card
and statement five sets indicator 11 off.
This allows the normal L1 control breaks to
occur. The correct outrut is shown in
Figure 44.14.

Salesman Card

A Su|e;mc|n Name
| 2 — 3 4 — 16
B Sale;mon If;m Amount

Figure 44.1 False Control Level Break
(Salesman Card)
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Figure 44.3. False Control Break- -Specification Forms (Part 1 of 2)
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False Control Level Break
(Corrected Output)

Figure 44.4

MATCHING FIELDS OR CHAINING FIELDS (COLUMNS
61-62)

Matching Fields

Matching fields within a record are desig-
nated by entering M1 to M9 in columns 61-62
of the appropriate field-description-
specifications line. These entries can be
used for two purposes:

1. Matching fields used with one input
file:

If only one input file is specified
with matching field entries, these
entries are used to sequence-check
fields within the file. The MR indica-
tor will not be turned on in such a
case.

In Figure 45, three fields within the
input file are to be sequence-checked.
The compare operation between the
matching fields of two subsequent reco-
rds of the file is made on all three
fields at the same time, (i.e., the
three fields are treated as one). M3
is placed in the high-order position,
M1 is placed in the lcw-crder position.

In column 18 of the associated File
Description Specifications form, the
programmer must indicate whether the
file is in ascending or descending
sequence. The example in Figure 45 is
based on the assumption that the file
has been specified to be in ascending
sequence.
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Rule

45. Example of Using Matching

Fields in a Single Input File

re

Matching fields used with several input
files:

In addition to the sequence checking
described above, the matching fields
are used to match records of the pri-
mary file with those of secondary
files. This applies when more than one
input file is specified with matching
field entries. The entries in columns
61-62 determine which fields are to be
matched. The comparison is made in the
same manner as shown in Figure 46. For
details, refer to the section Proces-
sing Multiple Input Files.

s _for Using Matching Fields

The

following rules must be observed when

specifying matching fields.

1.

2.

There can be nine matching fields
specified by indicators M1-M9,.

The locations of the matching fields
within a record type of a file must
remain fixed. (They can vary if field
record relation is used).

When there is more than one record type
in an input file, the locations of the
matching fields in the various types of
records need not be the same.

The same number of matching fields must
be specified on both the primary file
and the secondary file. It is not
allowed to specify M1, M2, and M3 in
the primary file and only M1 and M2 on
the secondary file.

Matching field specifications M1 to M9
must not be made for a chained file.
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Data_Contained in First Record

DEPT 008
REGION 051
DIVSON 005

Data_Contained in

Second Record

DEPT 003
REGION 025
DIVSON 005
M3 M2 M1
DIVSON REGION DEPT
r T | a
| | | |
] 003 | 051 | 008 | Record 1
| | | |
L ] 'l J
M3 M2 M1
DIVSON REGION DEPT
r T T I |
{ | 1 i
| 005 | 025 | 003 | Record 2
| | | l
L 1. L J
Figure U6. Comparing Matching Fields

They can be used for a file retrieved
with an RA file.

If matching fields are specified for
several records in a program, the same
number and level of matching fields
must be specified for each of these
records. They must also have the same
field length for the same level. Thus,
it is not permitted to specify a record
with only a matching field M1, and
another record with only a matching
field M2, or both M1 and M2. It is
also not permitted to specify the same
matching field, for example M1, with
different lengths cn two field descrip-
tion lines.

Split matching fields must not be spe-
cified. The object program places the
fields defined with M1 to M9 in one
holding area and compares them for
matching and sequence checking at the
same time. Thus, the natching fields
are split fields themselves.

Matching fields of the same level can
be specified as numeric in packed or
unpacked decimal format alternately, or
as alphameric fields. If a matching
field is once specified as numeric, all
matching fields of the same level will
be treated as numeric matching fields
throughout, even if they are specified
as alphameric in other specifications
(i.e., all zones are ignored by the

10.

internal compare operation for matching
and/or sequence checking).

The length of a packed matching field
is calculated as 2n-1, where n is the
number of characters contained in the
input field concerned. The calculated
length is always an odd number. Packed
format can occur only with disk
Tecords.

If matching fields of one level are
specified as unpacked and packed
alternately, the lengths of the
unpacked matching fields must be equal
to the calculated lengths of the packed
numeric matching fields.

When matching fields have an even
length in unpacked decimal format, the
only way to specify these fields in
packed and unpacked decimal format
alternately is to define the first
(high-order) column of both fields as
unpacked numeric fields M2, and the re-
mainder of the fields (i.e., the odd-
length portion) alternately as the
lower-level matching field M1.

Field-Record relations for matching
fields must be specified with record
identifying indicators from the main
specification line or an OR-relation
line to which the matching field
refers. If multiple record types are
specified in an OR-relationship, an
indicator entered in Field-Record Rela-
tion can be used to relate matching
fields to the pertinent record types.
The following rules apply:

e The matching field specifications
must be grouped by field-record rela-
tion indicators.

e Matching fields with no such indica-
tors must be specified first within
one record.

® Fields other than matching fields may
be interspersed anywhere within the
set of field description.

The matching fields that have no field-
record relation indicators are assunmed
to be contained in all records speci-
fied in the OR-relation group described
above. If matching fields of one level
are specified with and without field-
record relation indicators, only the
matching fields conditioned by field-
record relation indicators are used
when the appropriate indicator is
turned on. The matching field specifi-
cation without a field-record relation
indicator specified is then
disregarded.
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In the following examples the first
entry is the match field and the second
entry is the field-record relationship
indicator. Assume that indicators 01
and 02 are record identifying indica-
tors in an OR relationship.

VALID EXAMPLES

1. 2. 3. 4. 5. 6.
M1 01 M1 01 M1 M1 M1 M1
M1 02 M1 01 M2 M2 M2
M1 01 M1 01 M3
M1 02 M1 01
M2 01
M1 02

INVALID EXAMPLES

A. B. C. D. E. F.
M1 01 M1 M1 M1 01 M1 M1
M1 M2 01 M1 01 M2 01 M1 L1 M2
M2 02 M2 01 M1 02 M1 01
M2 02 M1 02
M3 M2 01
M2 02

Chaining Fields_(Disk_Omnly)

Two methods of chaining are allowed with
1130 RPG. The preferred method uses the
CHAIN operation discussed in the section
Calculation Specification. The following
discussion concerns the alternative method
of chaining and the required entries on the
Input Specification sheet.

Up to three chaining fields are per-
mitted in a record. To specify chaining,
enter the code that identifies the chaining
field C1 to C3 in columns 61-62.

A chaining field can be specified as an
alphameric, or an unpacked numeric field.
The format of the key field on disk can
only be alphameric, therefore:

e Alphameric fields are moved unchanged
intc the appropriate chaining fields (C1
to C3).

e Unpacked numeric. fields will be moved in
unpacked format, but with 'F' Zones, into
the appropriate chaining fields.

e If a chaining field is specified altern-
ately as numeric and alphameric it will
always be handled as a numeric field. 1In
other words the zone parts of the alpham-
eric field will always be set to 'F'.
Note that all positions of the key field
on disk must also have 'F!' zones if a
chaining field is specified as numeric.

The use of file chaining is explained
in the section Chaining. A chaining file

can also be sequence-checked by entering
M1-M9 in Chaining Fields (columns 61-62) on

66

the line containing the specificatacn for
the appropriate field.

If the same field is used for chaining
and sequence-checking it must ke defined
twice using two different field names.

Note: Matching field and control field
specifications are not permitted on the
chained file input records.

FIELD RECORD RELATION (COLUMNS 63-64)

This specification is used in conjunction
with specifications for records in an
OR-relationship.

Enter in these columns the record iden-
tifying indicator that determines which
input record in an OR- relationship supp-
lies the input field.

In addition, any resulting indicators
can be used in conjunction with any field
which is not a control level or matching
field.

control levels used_in_connection with
field-record relation.. For details refer

to the section Rules for_ Using Control
Fields, item 5.

Using matching fields together with chain-
ing field entries. See the section headed
Rules for Using Control Fields, item 10.

Using Field-Record Relation_together with
Chaining field entries. An additional
function of this specification is to selec-
tively control chaining operations. This,
however, is an alternative method and most
selective chaining can best be accomplished
with the chain operation on the calculation
specifications. (See Chaining for a gener-
al explanation of chaining. 1In order to
understand this function, readers should be
familiar with chaining operations.)

If a record identifying indicator is
placed in Field-Record Relation, the
chained record will be obtained only if any
one of the record types specified in an
OR-relationship is present, and the record
identifying indicator (in Field-Record
Relation ) is on.

However, if a chaining field is speci-
fied on a field description line and no
entry is made in Field-Record Relation, the
chained record will be obtained if any one
of the record types specified in an OR-
relationship is present. To condition
chaining, any indicator may be used.



FIELD INDICATORS (COLUMNS 65-70)

An entry in Field Indicators causes a test
of the associated field to determine if it
contains a positive value (plus), or a
negative value (minus), or no value (zero
or blank). Each input field may be
assigned one, two, or three field indica-
tors in Plus, Minus, and/or Zero or Blank.
Any indicator thus assigned can be used to
condition calculation and/or output-format
specification. The functions of field
indicators and the available indicator
codes are described as follows.

Plus_(Columns 65-66)

Enter the resulting indicator that is to be
turned on whenever the value in the asso-
ciated input field is greater than zero.
This entry is used with numeric fields
only.

Minus_(ColumnsS 67-68)

Enter the resulting indicator that is to be
turned on whenever the value of the asso-
ciated input field is smaller than zero.
This entry is used with numeric fields
only.

Zero or_ Blank_ (Columns_69-70)

Enter the resulting indicator that is to be
turned on whenever the associated input
field contains no value. This condition
occurs, if (a) a numeric input field is
zero or blank, and (b) an alphameric field
is blank. Fields that are all zeros turn
on blank indicators even though a plus or
minus sign is present.

_____ Alphameric input fields must not be
assigned field indicators in Plus or Minus
(i.e., Columns 65-68 must be blank). If
the input field does not contain the appro-
priate value, the indicator is turned off.

Codes Available for Use as Field Indicators

Numeric Indicators. A 2-digit field indi-
cator code is used for this specification.
These codes, ranging from 01 through 99 can
be defined one or more times on the form.
If they are defined more than once, the
second specification of this indicator
resets it from the status it may have had
resulting frcm the previous specification
for it.

_____ Defining these indicators means spe-
cifying them in Field Indicatars. This
should not be confused with using these
indicators. Using these indicators means
specifying them in Indicators in the calcu-
lation specifications or in Output Indica-
tors in the output-format specifications as
many times as required. 1In the latter

case, they are merely tested to determine
their status but they are not reset by the
test.

Halt Indicators. Nine additional indicator

codes, referred to as halt indicators, can
be used in the RPG program. For example,
if H1 is placed in columns 69-70 (Zero or
Blank), it is turned on whenever the asso-
ciated field of the current input record is
blank or contains zero(s) only. These
indicators can also be used to control pro-
cessing in calculation and output
specifications.

If H1-HY9 has been turned on during the
processing of a record, the execution of
the object program is discontinued on com-
pletion of the processing of that record.
However, processing will not be interrupted
if a halt indicator that has been turned on
is turned off by another specification
before the program attempts to process the
next input recorad.

How_Field Indicators Are Turned On and Off

Field indicators entered in Plus, Minus,

Zero, or Blank are turned on if the value
in the tested input field is positive or
negative, respectively. They are turned
off if the associated input field of the
next record of the same type contains a

negative or positive value, respectively.

Each field indicator is related to one
record type. Therefore, a field indicator
cannot be turned off until the associated
record type is read agaip or until it is
defined in some other specification. One
or more field indicators can be on at one
time.

Zero or Blank indicators are initially
turned off by the program and are not
turned on if the associated field is
"Blanked after" on the Output
Specifications.

Figure 46.1, illustrates the setting of
field indicators. Indicators 21-25 will be
set on/off each time a record with a 1 in
position one is read from the file DISKIN.
If the next record read from the same file
has a 2 or 3 ir position one, the status of
indicators 21-25 will remain unchanged.
They will not be changed until another re-
cord with a 1 in position one is read.

Only numeric fields can be tested for a
pPlus or minus setting. The same indicator
can be used to test for either of two con-
ditions (line 05). Different indicators
can be used to test all of the possible
conditions (line 08). Lines 10 and 11 show
an improper coding technique. When a re-
cord with 3 in position one is read, indi-
cator 29 will be set to reflect the status
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Figure 46.1.

Setting of Field Indicator

of FLDG and then reset to reflect the sta-

tus of FLDH.

Consequently, the status of

FLDG is lost and indicator 29 will only
reflect the status of FLDH.

STERLING SIGN POSITION (COLUMNS 71-74)

Enter in these columns the position in the
record that contains the sign of the ster-
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ling field. 1If the sign is ir the normal
position, enter an S in column 74. Leave
these columns blank if the field is not a

sterling field.




FIELDS OF THE CALCULATION SPECIFICATIONS
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The Calculation Specifications form is used
to specify the operations to be performed
by the object program ugcn the input data
and upon data obtained as a result of other
calculations. Four general rules govern
the writing of calculaticn specifications:

1. Each operation is specified on one line
of the form.

2. Detail calculations must precede all
total calculations.

3. Calculations are specified in the order
they are to be performed.

4. Subroutines must follow all other
calculations. Subroutines need not
be specified in the order in which
they are used.

The Calculation Specifications form
is divided into three categories as illus-
trated in Figure 47. The circled numbers
in Figure 47 refer to the item numbers in
the following text.

CALCULATION SPECIFICATIONS FORM

Conditioning fields. Entries in
columns 7-17 determine upon what condi-
tions the calculations are to be
performed.

Calculating fields. Entries in columns
18-53 define the kind of calculation to
be performed, the data to be used in
the calculation, and the result field
of the calculaticn.

Testing fields. Entries in columns
54-59 cause the testing of result
fields and the setting of indicators
that can be used to condition subse-
quent calculation or output-format
specifications.

CONDITIONING FIELDS (COLUMNS 7-17)

Control Level (Columns 7-8)

An entry, (L1-19, LO, LR) in columns 7-8
indicates that calculations are to be per-
formed at total time and determines the
control level of the calculation specified
in columns 18-59.
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The entries for these columns are the
control-level indicators L1 through 19, as
defined in Control Level (columns 59-60) of
the Input Specifications form. In addi-
tion, the two control-level indicators LO
and LR, which are discussed below, may be
specified. A control-level indicator is
turned on by a control break. It is on
during total time and it remains on for the
following detail time, which includes both
the calculating and the printing of the
detail record.

A control break for a specific control
level forces all lower control-level indi-
cators to be turned on. For example, an L3
break causes 13, L2, and L1 indicators to
be turned on.

When an input record has been read, a
test is made to determine if a control
break has occurred. Total calculations are
performed when this test is completed and
before the record that caused the control
break is processed.

Total calculations and total output
lines are processed at the beginning of a
Program run as follows:

1. If no control fields are specified,
total calculations and total output
lines are bypassed for the first record
read.

2. If control fields are specified, total
calculations and total output lines are
bypassed for all records read until the
first record that contains control
field information has been processed.
This applies also to the calculations
specified with an L0 indicator.

3. The control fields are initialized by
the program to hexadecimal zero (see
___________ Therefore,
if the first record has a blank or zero
control field it will cause a control
break.

4. TIf control fields are specified in the
program in some records and not in
others, at least one record with con-
trol fields should be processed. If
not the LR indicator will not be turned
on at the end of the job.

LR_(LAST _RECORD) INDICATOR. The indicator
LR is turned on after the last input record
has been read and calculated, and after the
specified detail output records have been
processed. At this time, the control-level
indicators L1 through L9 are also turned on
and final totals can be performed.

LO_ (LEVEL ZERO) INDICATOR. The LO indica-
tor is turned on at the beginning of a job
and before a record is read. It is not
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turned off by the RPG object program at any
time. The LO indicator cannot be turned
off by the programmer. By specifying LO,
total calculations can be performed even
though a control break has not occurred.
This operation is useful whenever totals
are to be accumulated when no control break
has occurred.

USING CONTROL LEVEL SPECIFICATIONS. TFigure
48 illustrates six control-break
specifications.
gE Indicators
Line .§ } Factor 1 Operation Facto
5_ S And And
3 3 3
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Figure U48. Example of Using Control level
Indicators in Calculation

Specifications

SR_(SUBROUTINE IDENTIFICATION): The entry
SR in these columns 7-8 identifies this
line as a specification with a subroutine

__________ A1l RPG subroutines
must have SR in columns 7-8. Control
levels are not used in subroutines, as the
subroutine may be invoked by a specifica-
tion which is at either detail or total
calculations.

Indicators_(Columns_9-17)

The entries in columns 9-17 define the con-
ditions (if any) that control the calcula-
tions specified in columns 18-59. From one
to three indicator codes can be specified.
If the calculation specified in columns
18-59 of a line is not governed by an indi-
cator condition, leave columns 9-17 blank.
If two or three indicators are specified in
columns 9-17 on one line, these indicators
are assumed to be in an AND-relationship.
That is, if three indicator codes are spe-
cified, all three indicator conditions must
be satisfied before the calculation can be
executed. Enter in colums 10-11, 13-14,
and 16-17 the appropriate indicators that
must be checked before the associated cal-
culation is performed. If it is required
that an operation should only be executed
if an indicator is off, enter an N in ei-
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Figure 49. Example of Indicators in Cal-

ther column 9,

culation Specifications

Halt indicators H1 throigh H9 are norm-
ally used to suppress a calculation
when an error has been detected in the
input data or during a »drevious
calculation.

Overflow indicators OF and OV permit
the calculation to be performed only if
a page overflow has occurred.

If columns 9-17 of the specification
line contain entries which are exactly
identical to the preceding line, no
repetitive test will be made. (The
core storage requirements for testing
indicators are also dropped.) Conse-
quently, the programmer should group
his calculations by identical condi-
tioning indicators to reduce core and
improve throughput.

Columns 9-17 may contain a combination

of the types of indicators discussed in the

12, or 15 (whichever is

appropriate).

the
the

1.

The following considerations apply to
use of indicators in columns 9-17 of
Calculation Specifications form:

preceding text.

Figure 49 shows some examples of indi-

Cators used in columns 9-17 of the calcula-
tion lines.
the entries refer to the item numbers in

The numbers to the right of

the text below.

If columns 9-17 and columns 7-8 are
blank, the calculation is performed
each time a detail record is read.

1.

If a record-identifying indicator that
has been defined in columns 19-20 of
the Input Specifications form is placed
in Indicators on a particular calcula-
tion line, this calculation is per-
formed only if a record of the type
associated with the record identifying
indicator is read.

A field-indicator code controls the
calculation according to the status of
the associated input data field.

A resulting indicator specified in
columns 54-59 of a preceding calcula-
tion line controls the current calcula-
tion according to the condition that
occurred in the result field of the
preceding calculation. (This feature
has not yet been discussed.)

A control-level indicator (L1-19) that
is used with a particular record iden-
tifying indicator defined on the Input
SPecifications form permits the calcu-
lation to be performed at detail time
but only on the first record of the
control group specified.

5.

If the matching-record indicator (MR)
is placed in Indicators, the calcula-
tion is performed only if there is a
matching record in a secondary input
file.

In this example, columnss 7-17 are
blank. This specifies that the calcu-
lation is to be performed on each
detail record read.

In this example, the assiociated calcu-
lation is performed only if indicator
16 is on.

Assume that indicator 1€ is a record-
identifying indicator defined in
columns 19-20 of the input specifica-
tions, and indicator 18 is a field
indicator defined in Zero or Blank on
the Input Specifications form. Then
the associated calculation is performed
only if record-type 16 is present and
the field assigned to indicator 18 is
not blank.

The calculation specified on this line
(columns 18-59) is perfcrmed only if
indicators 16 and 19 are on and indica-
tor 18 is off.

This entry specifies that the calcula-
tion be performed at detail time
whenever control-level indicator L1 and
indicator 24 are on for the first card
of a new group.

This entry specifies that the calcula-
tion be performed only if indicator 16
is on and there is a matching record
condition. (For example, when fields
from detail records are to be multi-
plied by a factor contained in a master
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record, the program must have a means
of ensuring that the detail record has
been matched with the appropriate mas-
ter record.)

The entry NH1 in this example prevents
the object program from performing the
associated calculation if an error con-
dition has occurred that resulted in H1
being turned on. This application of
halt indicators prevents the calcula-
tion of erroneous data.

This entry specifies that the calcula-
tion be performed during the detail
cycle following page overflow and
printing of the overflow lines.

Calculations in an AND/OR Relationship

There is no AND/OR ability on the Cal-
cunlation Specifications as there is on

Input and Output Specifications. The
programmer must specify separate
entries to code an OR condition. An

AND condition can be coded by setting
an intermediate indicator. Figure 49.1
shows an example of how this can be
done when four indicators (11,12,13,14)
must all be on before an addition is
made. It is important to note that
indicator 21 must be turned off each
time or the addition will not be condi-
tioned correctly.

Figure 49.1
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CALCULATING FIELDS

This section describes the actual calcula-

tion specifications.

These specifications

(columns 18-53) are used to define the

following:

1. The data fields to be used (Factors 1
and 2).

2. The type of operation to be performed
(operation).

3. The result field (columns 43-53).

General Description of Data Fields

1.

Field Name is to be used in calcula-
tions and must be defined in either
columns 53-58 (field name) of the
Input Specifications form, or columns
43-48 (result field) of the Calcula-
tions Specifications form. The first
character of a field name must be
alphabetic. The length must not
exceed 6 characters. Special
characters and embedded blanks must
not be used.

Literals are the actual data to be
operated on, rather than a name repre-
senting the location of data in
storage. Literals may be numeric or
alphameric and must be left-justified.

Label is the name of a subroutine begin
or end statement, or a tag statement.
The first character must be alphabetic.



The length must not exceed 6 charac-
ters. Special characters and
embedded blanks must not be used. A
label cannot have the same name as a
field.

Numeric literals.

A numeric literal may consist of any combi-
nation of the digits 0 through 9. One
decimal symbol and/or one plus sign or one
minus sign may also be used. Other separa-
tors (e.g., a comma between the thousands
and hundreds positions) must not be used.
Numeric literals may be up to 10 characters
long. (The European format of commas to
denote the decimal point may be used if the
inverted print option is selected in the
RPG control card)

Rules for Forming Numeric_Literals

1. Blanks must not appear within a numeric
literal.

2., The sign, if present, must be the left-
most character. If a literal is
unsigned, it is treated as positive.

3. The decimal point may appear anywhere
in the literal.

4. Numeric literals must not be enclosed
in apostrophes.

Alphameric Literals.

Any set of characters enclosed in apos-
trophes is treated as an alphameric liter-
al. Alphameric literals may be used for
compare, move, and table-lookup operations,
but they must not be used in arithmetic
operations.

Rules_for Forming Alphameric Literals

1. Alphameric literals must be enclosed in
apostrophes.

2. Any characters of the EBCDIC character
set may be used in an alrhameric liter-
al. Blanks in the body of the literal
are treated as valid characters. The
maximum length of alphameric literals
is 8 characters, excluding the two enc-
losing apostrophes.

3. An apostrophe may be included in a 1lit-
eral by entering twc consecutive apos-
trophes. For example, the literal ot'c-
lock would be coded as 'o''clock!.

Factor_ 1_(Columns_ 18-27)

The specifications in Factor 1 may be a
field name or a literal. Both field names
and literals must be left-justified. They
may be defined as alphameric or numeric,

depending on the calculation to be
performed.

Figure 50 illustrates samples of Factor
1 entries.

The numbers in the right-hand margin
of Figure 50 refer to the item numbers in
the following text.
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Figure 50.

1. GROSS is a field name that may have
been defined, for instarce, on the
Input Specifications fornm.

2. NETAMT may be the name of a result
field of another calculation, or of an
input field defined on the Input Speci-
fications forn.

3. The numeric literal in the example
could be used to determine if the con-
tents of a specific input field are
higher or lower than this quantity.
The position of the decimal point must
be indicated if the number is not an
integer. No other function is
permitted.

4. An alphameric literal, like the one in
this example, can be compared against
the contents of a data field, or moved
into a data field, etc.

5. This example shows how to specify an
apostrophe within an alphameric liter-
al. The literal shown in this example
would be printed as O'NEILL.

Factor 2_(Columns 33-42)

The description of Factor 1 also applies to
Factor 2.
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Operation (Columns 28-32)

Entries in these columns specify the opera-
tion to be performed using the entries in
Factor 1, Factor 2, and Result Field. Each
operation is specified by placing the
operation code left-justified in Operation
(columns 28-32). For detailed information
refer to the section Entries_in_the_Opera-

Result Field (Columns 43-48)

Entering a field name in Result Field
causes the specified number of core storage
positions to be reserved for calculation
results. The name in Result Field must be
alphameric and left-justified. It must not
be more than six characters in length; it
must not contain blanks, or special charac-
ters, and the first character must be
alphabetic.

The sSame name can be used several times
in different calculations if the length of
the field and the number of decimal posi-
tions are the same for all calculations.

Figure 51 illustrates sample result-
field entries. On the first line, GROSS is
nultiplied by DRATE, and the result is
placed in DISCNT. The contents of DISCNT
are then used as Factor 2 on the next line
to calculate the net amount which is placed
in NETAMT. The same field DISCNT is then
used in Factor 1 on the next line to cal-
culate total discount, which is placed in
TOTDIS.

This entry specifies the length of the
result field, (i.e., the number of posi-
tions to be reserved for the field speci-
fied in Result Field). The unpacked length
must be specified. The maximum length of
numeric fields is 14 digits. The maximum
length of alphameric fields is 256 charac-
ters. In Figure 51 the field DISCNT is
specified to have a total length of 8
digits.

Note: If the length of an arithmetic
result exceeds the specified length of the
associated result field, the leftmost
digits are, truncated. Any resulting indi-
cators will be set according to the trun-
cated field.

If the same result field name is used
in more than one calculation, the field-
length specification and the decimal posi-
tion specification need not be specified
more than once. If the length of and the
number of decimal positions in a result
field has been established on the Input
Specifications form, entries in Field
Length and Decimal Position on the Calcula-
tion Specifications form are not required.
However, if such entries are made, they
must not contradict the related entries on
the Input Specifications form.

Note: 1If half-adjustment (rounding) is
specified, the entries in Field Length and
Decimal Position refer to the length of the
result field after half-adjustment.
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Decimal Position (Column_52)

An entry (0-9) in Decimal Position identi-
fies the asscciated result field as numeric
and specifies the number of positions to
the right of the decimal point in the
result field. An entry must be made in
this column for all arithmetic operations
if the field is not specified elsewhere.

If no decimal positions are to be retained
in the result field, enter 0. Otherwise,
enter one of the digits 1-9, as regquired.
In Figure 51 each result field is specified
to have two decimal rcsitions.

Note: The number of decimal positions must
not exceed the specified length of the
result field.

If the result field is alphameric,
leave this column blank.

Half-Adjust_ (Column 53)

An H in Half-Adjust specifies half-
adjusting (or rounding) of the result.

If the number of decimal positions of
the arithmetic result is less than or equal
to the specified decimal positions of the
result field, no half-adjusting is possi-
ble., If the arithmetic result has more
decimal positions than the specified result
field, an H in Half-Adjust causes the a-
rithmetic result to be truncated (by drop-
ping the rightmost digits) until the result
is one digit longer than the specified
result field. The absolute value of the
low order digit of the (truncated) result
is added to the absolute value of the
(truncated) result. The rightmost digit is
then dropped, the original sign (plus or
minus) is restored, and the adjusted result
is moved into the specified result field.
Because of this, rounding always occurs
away from zero for both positive and nega-
tive fields.

TESTING FIELDS
The last portion of the Calculation Speci-
fications form is used to test the result

of a calculation, to set indicators, etc.

Resulting Indicators_(Columns_54-59)

This specification may be used to test the
value of a result field after the comple-
tion of an operation. The indicators
entered in columns 54-59 are turned on or

off depending on the result of this test.
They can be used to control subsequent cal-
culation operations or to control output
operations. The specification is used in
six ways:

1. To determine whether the result of an
arithmetic operation is plus, minus, or
Zero. (In the case of half-adjustment,
the resulting indicator refers to the
result after half-adjustment.)

2. To test the result of a compare opera-
tion to determine if:

Factor 1 > Factor 2 -- High
Factor 1 < Factor 2 -- Low
Factor 1 = Factor 2 -- Equal

3. To define the type of LOKUP operation
that determines:

a. If the table argument next-higher
than the search argument is found.

b. If the table argument next-lower
than the search argument is found.

c. If the table argument equal to the
search argument is found.

To place the indicator in the correct
column, the programmer should think in
terms of the table (Factor 2) rather
than the search argument (Factor 1).

Note: 1If an equal-search resulting
indicator is specified, it takes prece-
dence over either high or low indica-
tors if an equal-table value exists.

4, To define a TESTZ operation as to what
type of zone is to be tested. (See the
definition under TESTZ).

5. To define SETOF and SETON operations as
to what indicators are to be turned off
or on.

6. As an option to determine the results
of a CHAIN operation. {See the defini-
tion under CHAIN)

The entries for this specification can
be any of the indicator codes. They can be
defined one or more times on the form. If
these indicators are defined more than
once, a subsequent specification of the
indicator resets it from the status it may
have had from a previous specification.
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r T 1 Bl il 1
I | | Columns 54-55 | Columns 56<57 | Columns 58-59 |
| | F T t T t T |
| | | | | | | ZERO | |
| ] | PLUS | HIGH | MINUS | LOW JOR BLANK | EQUAL |
t } + { } i i t {
|Arithmetic|If the |Positive | [Negative | | | |
|Operation |Result |Value | - |Value ] - | Zero | - |
| =m==-- > |Field con- | | I | I | |
| | tains a: | | | [ | | |
L ] 4 L (R EN 'l H ]
T 1 1 1 ] i L T 1
|Table |If the | | Next higher | |Next lower| | Equal to}
| Lookup jtable | - jthan the | - {than the | - | the |
| ——=——- > Jargument | | search | | search | |search |
| [is: | largument | Jargument | |argument |
t t t + t t i + 4
|Compare |If factor 1| | Greater than| |Less than | { EQual to]
|Operation |is: | - |factor, 2 | - |factor 2 | - | factor 2|
| —===-- > | | | | | | |
L A 1 1 1 A 1 L ]
Figure 52. Summary of Conditions that Turn on Indicators in Columns 54-59
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Figure 53. Example of Using Resulting Indicators
Note: Defining these indicators means spe- indicator. This means that one or more

cifying them as record identifying indica-
tors or resulting field indicators in the
input specifications, or as resulting indi-
cators in the calculaticn specifications.
This should not be confused with using
these indicators. Using these indicators
means specifying them in Indicators on the
calculation form or in Output Indicators on
the output-format form as many times as
required. 1In the latter case they are
merely tested to determine their status and
are not reset by the test.

Resulting indicators are not reset
(turned on or off) until the next time a
calculation is performed for which the pro-
gram specified the indicator as a resulting
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resulting indicators can be on at one tinme.

If the field is also a result field
being tested for plus or minus, the result-
ing field indicators specified are not
turned off when the field is set to zeros

__________ nor is
the Zero or Blank indicator turned on by a
Blank After specification. Figure 52 illu-
strates the various conditions that cause
resulting indicators to be turned on.

Oon the first line in Figure 53 DISCNT
is subtracted from GROSS and the result is
stored in NETAMT. If the answer is a minus
number, indicator 10 is set on. If the
answer is zero, indicator 15 is set on.



On the second line in Figure 53 the Comments_(Columns 60-74)
literal JANUARY is ccmpared against the
contents of DATE. If the result is equal,
indicator 24 is turned cn.

These columns may be used for comments and
are not used by the progranm.
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L ¥ A 1
| Type | Operation | Code |
[ i + 4
| Arithmetic Operations | add | ADD |
\ | Zero and Rdd | 2-ADD |
| | Subtract | SUB |
| | Zero and Subtract | Z-SUB |
| | Multiply | MULT |
| | Divide | DIV |
| | Move Remainder | MVR |
— t { 4
| Move Operations | Move | MOVE |
| | Move-Leftmost-Characters | MOVEL |
| | Move Low-to-High Zone | MLHZO |
| | Move High-to-Low Zone | MHLZO |
i | Move High-to-High Zone | MBHZO |
| { Move Low-to-Low Zone | MLLZO |
L L [ 4
L ] ] L
| Testing or Compare Operations | Comgare | coMpP |
| | Test Zone | TESTZ |
1 1 (| 1
| 1] T 1
| Turning Indicators ON or OFF | Set Indicators On | SETON |
| | Set Indicators off | SETOF |
i I i "
| 1 1 1
| Table Operations | Table Lcokup | LOKUP |
1 L [l —d
L L) 1 Ll
| Branching and Exit Operations | Branching (or Go To) | GOTO |
| | Providing a Label for GOTO| TAG |
| | Exit to Assenmbler | EXIT |
I i Subroutine | i
| | RPG Label | RLABL |
| | Beginning of RPG | BEGSR |
| | Subroutine | i
| | End of EPG subroutine | ENDSR |
I | Branch to RPG Subroutine | EXSR |
{ Random Retrieval from TSAM or | Chaining | CHAIN |
| Sequential Disk File | | {
1 ] (] d
L L L] 1
| Branch to Exception Output | Output Records | EXCPT |
1 | buring Calculations | |
[ 1 1 i |
Figure 54. Entries in the Operation Field

ENTRIES IN THE_OPERATION FIELD

Figure 54 sumarizes the RPG operations.

ARITHMETIC OPERATIONS

The fields or literals involved in these
operations must be numeric. All arithmetic
operations are performed with automatic
decimal alignment.

RPG cannot detect an arithmetic over-—
flow so the user must ensure that the
length of any field involved in arithmetic
operations does not exceed 14 digits. This
includes decimal alignment when necessary.
The resulting field length after decimal
alignment and/or half-adjusting must not
exceed 14 digits. Resulting indicators
(columns 54-59) may be used with all arith-
metic operations.
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Two of the fields specified for am a-
rithmetic operation mayY be specified as the
same field. For example, the literal 1
might be added to the field COUNT, and the
resulting sum could replace the value pre-
viously in COUNT. 1Imn this case, COUNT is
specified in both Factor 1 and Result.

Add_(ADD)

This operation causes the contents of the
field in Factor 2 or the literal placed in
Factor 2 to be added, algebraically, to the
literal or the contents of the field in
Factor 1. The result of the addition is
placed in the result field specified in
columns 43-48.

Zero and Add_ (Z-ADD)

this operation causes the result field to
be set to zeros and then causes the numeric



literal or the contents of the numeric
field in Factor 2 to be placed in the
result field. Factor 1 is not used in this
operation. This operation is normally used
to change the sign of a numeric field.

Subtract (SUB)

This operation causes the numeric literal
or the contents of the field in Factor 2 to
be subtracted, algebraically, from the 1it-
eral or the contents of the field in Factor
1. The result of this subtraction is
placed in the specified result field.

Zero and_Subtract (Z-SUB)

This operation causes the negative of the
numeric literal or the negative of the con-
tents of the field in Factor 2 to ke placed
in the specified result field after the
result field has been set to zeros. Factor
1 is not used in this operation.

Multiply (MULT)

This operation causes the literal or the
contents of the field in Factor 1 to be
multiplied, algebraically, by the literal
or the contents of the field in Factor 2.
The result of this multiplication is placed
in the specified result field.

Only the number of decimal positions
specified in column 52 is retained. Any
excess low-order (rightmost) decimal posi-
tions are dropped. If the arithmetic
result is then longer than 14 digits, all
high-order (leftmost) positions of the
result in excess of 14 digits are truncated
(dropped). The remaining digits of the a-
rithmetic result are placed in the speci-
fied result field.

Divide (DIV)

This operation causes the literal or the
contents of the field in Factor 1 to be
divided by the literal or the contents of
the field in Factor 2. The result of this
operation (quotient) is placed in the spe-
cified result field. The literal or the
contents of the field in Factor 2 must not
be zero. Any remainder that results from
this operation is lost, unless the move-
remainder operation is specified as the
next operation. If the move-remainder
operation is used, half-adjusting (round-
ing) must not be specified for the divide
operation.

The following formulas can be used to
determine the highest number of positions
(or decimal rositions) available in any one
of the fields. They can also be used to
check in advance whether the pertinent
field lengths are such that a given divi-
sion can be executed.

L+D-D-D< 14; and
21 2 r

L-D+D+D< 14; and
1 1 2 r
in the case of half-adjustment,

L-D+D+DZ< 13,
1 1 2 r

where

L = Length of Factor 1 (dividend).
1

D = Number of decimal positions in

1 Factor 1.

Length of Factor 2 (divisor).

Number of decimal positions in
2. Factor 2.

=]
"

Specified number of decimal
r positions in the result field
(quotient) .

The number of decimal positions in each
of the three elements of a division should
satisfy the following condition:

A=D-D+ D=0
r 1 2

If this is not the case, either the
dividend or the divisor will be adjusted
(padded) by adding zeros to the right,
depending on the following conditions:

A > 0 implies padding of dividend
A < 0 implies padding of divisor

The number of zeros added is equal to the
absolute value of A.

Note: While a dividend may have the value
of 0, a divisor of 0 will cause an error
wait. The operator may terminate the job

or continue with a 0 amount in the result
field. If the programmer does not wish the
operator to have this decision, then the
divisor should be tested for 0 and appro-
priate steps taken. A dividend of zero
will always result in a zero result field.

Move Remainder (MVR)

This operation is used to move the remain-
der of a divide operation to a separate
field that has been set to zero by RPG. If
MVR is used, it must immediately follow the
divide operation. Figure 55 shows an
example of using the MVR operation.
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Figure 55.

The remainder is placed in a field named
STORE. The field that centains the remain-
der must be specified in the result field.
The value of the remainder camn be deter-
mined by the following formula:

B = Dividend - Diviscr x Quotient

The result field of an MVR operation may be
assigned resulting indicators in columns
54-59. Factor 1 and Factor 2 must not be
used in an MVR specification. Decimal a-
lignment is performed by the RPG progranm.

Tf conditions (control level or indica-
tors) are specified for a DIV operation,
the same conditions must be established for
the associated MVR operation. The MVR line
must contain all the indicatcrs which are
specified in the DIV line. However, extra
indicators are permitted in the MVR line.
Tf a control level is specified for the DIV
operation, the same or a higher control
level must be entered in columns 7-8 of the
MVR line. If the DIV operation is executed
at detail time (columns 7-8 blank), the MVR
operation must also be performed at detail
time.

MOVE OPERATIONS

The MOVE and MOVEL operations instruct the
RPG program to move data. The mnemonic
MOVE or MOVEL must be placed in Operation,
columns 28-32. The literal or the name of
the field that is to be moved is placed in
Factor 2. Columns 43-u48 of the result
field must contain the name of the field
into which data is to be moved. If this
result field is not defined elsewhere in
the program, its length must be specified
in columns 49-51. An entry in column 52 is
required if this result field is numeric.

80

Example of Using the MVR Operation

Factor 1, Half-Adjust and Resulting
Indicators may not be used in a MOVE or
MOVEL specification.

By means of the MOVE and MOVEL opera-
tions, numeric fields may be changed to
alphameric fields, and alphameric fields
may be changed to numeric fields. To
change a numeric field to an alphameric
field, place the name of the numeric field
in Factor 2 and use an alphameric result
field. To change an alphameric field to 2
numeric field, place the name of the
alphameric field in Factor 2 and use a num-
eric result field. No decimal alignment is
performed when a move operation is used.

No sign checking will be performed on
moves to a numeric field.

The MLHZO, MHLZO, MHHZO, and MLLZO move
operations instruct the RPG progranm to move
zones.

Move (MOVE)

The MOVE operation causes the literal or
the contents of the field in Factor 2 to be
placed in the specified result field. The
field or literal in Factor 2 may be alpham-
eric or numeric. Factor 1 is not used in
this operation.

If Factor 2 is shorter than the speci-
fied result field, Factor 2 is moved to the
rightmost positions of the result field as
illustrated in Figure 56. The excess left-
hand positions of the result field are not
disturbed.

If Factor 2 is longer than the result
field, the excess leftmost positions of
Factor 2 are not moved, as illustrated in
Figure 56.



Before Move

Operation
Result Field Factor 2
Ll g2 43 44,5,6,7,8,9, L112,3,4,5,
After Move
Operation

L1 42,3,4,1,2,3,4,5, L112,;3,4,5,

Before Move
Operation

Result Field Factor 2
Ui2,3)4, 3 L11273)4,5,6,7,8,9
Aftefr Move

Operation

—A

51617189 L11293)4,1516,7,8,9,

Figure 56.| Move Operation

The MOVE operation can be performed on
both numeric and alphameric fields. 1In
addition, an alphameric field can be moved
into a numeric field or vice versa.
Resulting indicators must not be used in
MOVE specifications. Decimal alignment or
sign checking is not performed for this
operation.

Move Left (MOVEL)

The MOVEL operation causes the literal or
the contents of the field specified in Fac-
tor 2 -- beginning with the leftmost
character -- to be moved left-justified
into the specified result field. Alphamer-
ic data can be moved into numeric fields,
and vice versa. Decimal alignment is not
performed for this operation.

The format of the MOVEL operation is
shown in Figure 57.

The data defined in Factor 2 is moved
into the specified result field left-
justified. If the result field is longer
than Factor 2, the excess right-hand posi-
tions of the result field remain undis-
turbed. If the result field is shorter
than Factor 2, the excess right-hand posi-
tions of Factor 2 are not moved.

If Factor 2 is sherter than the (numer-
ic) result field, the sign of Factor 2 is
not moved. If Factor 2 is equal to or
longer than the (numeric) result field, the
sign of Factor 2 is moved into the right-
most position of the result field.

If a numeric field is moved into an
alphameric result field that is equal to or
longer than Factor 2, the sign of the num-
eric field is moved into that position of
the result field that contains the right-
most position of Factor 2. If the alpham-
eric result field is shorter than the num-
eric Factor 2 field, the sign is not moved.

Three examples in Figure 58 illustrate
the function of the MOVEL operation.
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Figure 57. Format of MOVEL Operation
Result Field

Operation Factor 2 Result Feld | o g Factor 2

1 naou”lsntuu"u»aontJuuunuuaonu DATA
.O.V.E.L ’IDAATAA'I 444 FALIDIA 1 I .6 | L i I

TR (O T S e | PN B L1

Ada i (O S B R U | alttl 1

HOVELFLDA .+ .. JFLDA . [, 81 1°,8,7,%,5]
OVELl- 135765 FLDC [, .47 1.%.°,7%,°%]

i1 4 TN I | i it

(after move)

IDATAxx'
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8|7|6|5|x|x7x]

1357
R M|

Figure 58. Functions of WOVEL Operation

This operation has four variations. 1In

each case, the zone portion of the speci-

fied position (L: Low-order, H: High-

order) in the field in Factor 2 is moved to
the specified position (L: Low-order, H:

High-order) of the result field.

Factor 1 is not used in this operation.

The field which is specified to use the
high zone (H) can only be an alphameric
field.

Move Low-to-High Zone _ (MLHZO). This

operation moves the zone in the rightmost
position of the field in Factor 2 to the

leftmost position of the result field.
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Factor 2 can be numeric or alphameric, but
the result field must be alphameric.

Move High-to-Low__Zone_ (MHLZO). This
operation moves the zone in the leftmost
position of the field in Factor 2 to the
rightmost position of the result field.

The field in Factor 2 must be alphameric.
If the field in Factor 2 contains only num-
eric data, this operation can still be per-
formed, provided that the field is defined
as an alphameric field. The result field
may be numeric or alphameric.

Move High-to-High__Zone_ (MHHZQO). This
operation moves the zone in the leftmost
position of the field in Factor 2 into the
leftmost position of the result field.




Factor 2 Result Field
R423 123
Before:
Move
Zone v Digit Zone Digit
1101 1001 1l 0011
—-_— _}:=“‘=::::f_ —"—'::;:;:::::::;:—--'- e
1101 1001 1101 0011
After
Move
R423 12L
Factor 2 Result Field
Figure 59.| Function of the Move High-to-
Low Zone (MHLZO) Operation
Factor 2 and the result field must be Alphameric |O|O|Z|D|O|U|Z|D|O|O|§|D| Factor 2
defined as glphameric. MLHZO
MHHZO l MAL3O MLLZO
Move_Low-todLow__Zone_ (MLLZ0). This opera- . ¥
tion moves fhe zone in the rightmost posi- Alphameric [solziplosolziplorolzio| Result Field
tion of the [field in Factor 2 into the
rightmost pgsition of the result field.
Factor 2 and the result field may be
alphameric qr numeric. A result field spe- Numeric |O|O|Z|D|O|O|Z|D| Factor 2
cified as nymeric always contains the |
correct sigy after this operation.
Alph i H
Figure 80 illustrates the functions of phamerte Result Field
the move-zone operations. The zones are
moved from Hactor 2 to the result field.
Alphameric |O|O|Z|DIO|O|Z|D| Factor 2
|
MLLZO
MHLZO
COMPARE AND|TEST OPERATIONS Numeric |O|O|Z|D|O|O|Z|D| Result Field
Compare_ (CONMP)
This operatjon causes the literal or the Numeric |OKAZWIOKﬂZID| Factor 2
contents of|the field in Factor 1 to be
compared against the literal or the con- MLLZO
tents of the field in Factor 2. .
Numeric |o|o|zlo|o|o|z|o| Result Field
The compare operation turns cn the
appropriatefindicator specified in columns
54-59. Thege resulting indicators can bhe
used to condition calculation and/or output Figure 60. Function of Move Zone
operations. Operations
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If the literal or the data in the field
in Factor 1 is greater than the literal or
the data in the field in Factor 2 (F1>F2),
the indicator specified in High (columns
54-55) is turned on.

If the literal or the data in the field
in Factor 1 is smaller than the literal or
the data in the field in Factor 2 (F1<F2),
the indicator specified in Low (columns
56-57) is turned on.

If the literal or the data in the
field in Factor 1 equals the literal or
the data in the field in Factor 2 (Fl=F2),
the indicator specified in Equal (columns
58-59) is turned on.

A result field must not be used ir conm-
pare specifications.

The following considerations apply to
the COMP operation:

1. Alignment of the Factor 1 and Factor 2
fields depends on whether they are num-
eric or alphameric.

When numeric fields are compared,
fields of unequal length are aligned at
the implied decimal point. ExceSs
positions in numeric fields are assumed
to be filled with zeros.

fields of unequal length are aligned at
their leftmost characters. The excess
right-hand positions of the shorter
field are assumed to be blank.

2. For numeric fields,
is 14 digits.

the maximum length

3. For alphameric fields, the maximum
length is 40 characters.

All numeric comparisons are algebraic..
An absolute comparison can be performed by
means of a short routine programmed to meet
the user's requirements. Figure 61 shows
the example of comparing the absolute value
of a sum to a literal. The ADD operation
in line 01 of the example places the arith-
metic sum of the contents of FACT1 and FACT
2 into the result field FACT2. 1Indicator
21 is turned on if the sum is negative. 1In
this case, line 02 contains the next opera-
tion to be performed: the negative of the
contents of FACT2 is placed into the conm-
pare field CFLD. If FACT2 is positive (or
zero), the next operation to be executed is
specified in line 03. The actual value
contained in FACT2 is moved into CFLD.
Line 04 contains the COMP statement that
compares CFLD with the literal 10000.0 and
turns on one of the indicators 31, 32, or
33, depending on the result of the compare
operation.

Test_Zone_ (TESTZ)

The TESTZ operation is used to test the
zone of the leftmost (high-order) position
of the field whose name is entered in
Result Field. This operation is restricted
to alphameric fields and can be used to
test the zone portion of any of the 256
EBCDIC characters. The TESTZ operation
turns on one of the indicators specified in
columns 54-59, depending on what zone it
has encountered. The TESTZ operation is
normally used to test for an 11 or 12 punch
that was present in the high order position
of a field from an input card file record.
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If a 12tpunch has been encountered (&,

or any of t

he characters having the same

zone as the|letter A), the indicator in
columns 54-%5 is turned on. If an 11-punch
has been en¢ountered (-, or any of the

characters having the same zone as the

letter J), t

indicator iy

Factor 1,

are not used

Figure 62
tion. When
DATA is test
has an 11-z9
If the high-
indicator 01

TURNING INDI
This section
operation.
Minus, and %

have no mean

SETON specif

he indicator in columns 56-57
is turned oj.

Any other zone causes the
columns 58-59 to be turned on.

Factor 2, and columns 52-53
in test-zone operatioms.

shows an example of this opera-
indicator 25 is on, the field

ed.
ne, indicator 02 is turned on.
ocrder position has a 12-zone,

If the high-order position

is turned on.

CATORS ON OR OFF

describes the SETON and SETOF

The column headings of Plus,
ero and High, Low, and Equal
ing with regard to these opera-
tions, and should be ignored.

In SETOF and

ications, columns 54 through 59

are used only to record three indicator

codes.

Set_Indicato

rs On_(SETON)

This operati
specified in

on code causes the indicatcrs

columns 54-59 to be turned on.

One use of this specification is to turn on
a halt indicator. All RPG indicators
except LO, 1P, and MR can be turned on.
Figure 63 (line 010) shows an example of
this facility.

Indicator 01 is turned on whenever a
specific record type is read. The L3 is a
control-level indicator that is turned on
when a level 3 control break has occurred.

If a level 3 control break is caused by
a record type that is not associated with
the record identifying indicator 01, halt
indicator H1 is turned on.

Set_Indicators Off (SETOF)

This operation code causes the indicators
specified in columns 54-59 to be turned
off. All RPG indicators except L0, 1P, and
MR can be turned off. Figure 63 (line 020)
shows an example of this facility. Indica-
tor 11 is turned on at a specified time.

L1 is a control level indicator that is
turned on when a level 1 control break
occurs. Whenever both the indicators L1
and 11 are on, the halt indicator H1 is
turned off.
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Figure 63. Example of Using the SETON and SETOF Operations
Note: ment, rather than the search argument.

1. TIf the LR indicator is turned on during
total calculations by a SETON opera-
tion, processing is terminated after
the output of the total lines.

2. If the OV or OF indicator is changed by
a SETON or SETOF operation during total
or detail calculations, the RPG object
program resets the indicator at the end
of the associated total detail, or
exception output. Therefore, overflow
printing will not be affected.

3. The indicators H1-H9, L1 through 19,
and all record identifying indicatcrs
that are defined in columns 19-20 of
the Input Specificaticns form can be
turned on by a SETON operation. Howev-
er, they will all be turned off by the
RPG object program following detail
output.

4., Setting indicators L1 to L9 on or off
will not automatically set the lower-
level indicators on or off.

TABLE OPERATIONS

Table Look-Up (LOKUP)

The LOKUP operation causes the literal or
the field name in Facter 1 to be used as a
search argument in a look-up operation.
Factor 2 contains the name of the table to
be searched, and the result field may con-
tain the name of the table from which the
associated function is to be obtained.
Decimal alignment is performed for this
operation if the table is numeric. The
result field may be left blank if the asso-
ciated function is not to be retrieved.
Indicator setting refers to the table argu-
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Refer to the section Using Tables_in_the
Object Program for a complete discussion of
tables.

CHAIN OPERATIONS

Chain_(CHAIN)

The CHAIN operation causes a record to be
retrieved from the file named in Factor 2,
by using the contents of the field named in
Factor 1 to identify the record. The CHAIN
operation allows chaining to be performed
on one file several times. The chaining
field (Factor 1) may be either an input
field or a calculation result field. The
CHAIN operation may be executed at either
detail or total time. (Refer to the sec-

The CHAIN statement consists of the
entry CHAIN in Operation, and entries in
Factor 1 and Factor 2. The entry in Factor
1 varies depending upon the type of file
being chained to:

Indexed-Sequential Organization

Factor 1 contains the name of the
chaining field. It must contain the
key (e.g., customer number, item num-
ber, etc.) which is to be used to
retrieve the record.

Sequential Disk Organization

Factor 1 contains the name of a field
or a literal which contains the rela-
tive record number in the file. It
must be a numeric field or literal.
The number supplied (e.g., 151 for



the one hundred and fifty first re-
cord) |must be supplied by the user.

The entry in Factor 2 defines the
chained file, and must ke a Filename as
specified on the File Descrirtion sheet.
The CHAIN statement may be conditioned by
control level in columns 7-8, and by indi-
cators specified in columns 9-17.

Resulting indicators may be used to
identify a rfot-found condition on the
chained file. The same indicator should be
specified in columns 54-55 and columns
56-57. Columns 58-59 should be blank.

This indicafor will be turned on whenever a
chained recoard is not found. Not found is
described as either: a. ISAM - no such
key exists in the file or b. Sequential -
the relative record number is either minus,
0, or larger| than the largest record number
of the file.| See Figure 64 for an example
of the CHAIN statement.

Note: If the indicator is nct present, and

a chained record is not found, the RPG pro-

gram will notify the operator. The opera-
tor is given the option of canceling the
job or bypassing the not-found condition
and retrieving the next record in the RPG
cycle. If the user does this, heading and
detail output will be bypassed as well as
the remaining calculations in the cycle.

The record indicator for any chained
file is turned off following detail output.
If the user chains to the same file more
than once in the same cycle, there may be
more than one record identifying indicator
on- for that file. This can be prevented by
issuing a SETOF prior to chaining.

Example 1 The field CHNFLD is from an
input record and is chained to the
filename DISK. If a record is not
found with a similar key as that of
CHNFLD, indicator 20 is turned on.
This indicator can then be used to
bypass normal operations. In this
example, indicator 20 is used to jump
over normal calculations.
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Figure 64, Fxample 1 Using the CHAIN Operation
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Example 2. In this example, the indexed Example 3. In this example, Figure 64, a
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sequentially organized file ISAM is

made up of a variahlie number of records
per customer. The customer record has
a key field of six digits. The first 5
are the actual customer number and the
units position is a digit 0 to ©
depending upon how many records the
customer has. The field CHNFLD is set
up for the first customer record with a
units position of zero. The first cus-
tomer record is chained to and indica-
tor 20 is used for the not found condi-
tion. If 20 is not on, an exception
output line occurs to print the infor-
mation from the first record. Then a 1
is added to CHNFLD and GOTO is used.
This process continues until no more
records are found for this customer and
indicator 20 is turned on. The progranm
then continues to any other detail cal-
culations. 1In this particular example
the user would have to use the record
identifying indicator of the chained
file to determine whether a not found
condition exists when the units posi-
tion of the chaining field is zero.

tech
vhet
tabl
is n

sequential file is being retrieved by
use of a relative record number. Since
no index relates to a sequential file,
the programmer must have some means of
obtaining the relative record number
based upon a customer number. This can
normally be done by one of three
methods:

a. The actual customer number is used
as the relative record number (this
method depends on the coding structure
used) .

b. A mathematical formula is used to
convert the customer number to a rela-
tive record number.

c. A table lookup approach is used
to locate the assigned relative
record number.

In this example, the table look-up
nique is used. Indicator 20 determines
her the customer number is in the

e, and the appropriate processing that
ecessary if it is not.
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BRANCH AND EXIT OPERATIONS

Branch_ (GOTO

The GOTO ope
point in the
of origin of

ration causes a branch from one

program to another. The point
such a branch is the GOTO

operation. The point-of-destination is a

TAG specific

aition that is assigned a name,

which is ente¢red in Factor 2 of the GOTO
operation. The mnemonic GOTO is entered in

Operation (c

plunns 28-31). For example, a

routine (a se¢quence of specifications) to

calculate the

deductions m]
branch to thi
GOTO specifig
FICA; and thg
routine must
ing the name
description ¢

Branches
sequent speci
(returning by
specification

Format of GOTO.

employees' social security
lght be named FICA. For a

ts routine, Factor 2 of the
rations must contain the name
first specification in the

be a TAG specification defin-
of the routine. (Refer to the
f the TAG operation code).

may be forward (skipping sub-
fications) or backward
skipping preceding

s) .

GOTO statements consist of

the entry GOTO in Operation and a name in

Factor 2.

blark.

GJQTO statements may have a
control-level
or three indicators in columns 9-17.
other colunmnsg

indicatcr, and/or one, two,
A1l
of a GOTO statement must be

The QOTO statement is executed only

if the condiflions established in the indi-
cator and control-level specifications are

satisfied.

The name

in FPactor 2 may have a maximun

length of six characters and it must be

left-justified. 1Its first character must
be alphabetic, the remaining characters may
be alphabetic and/or numeric. Special
characters and embedded blanks must not be
used. The name must be unique. That is,
there may be only one TAG statement with
the same name. However, more than one GOTO
statment may refer to this nanme.

The name of the TAG statement cannot be
the same as one which is used for a field
or file nanme.

A GOTO from outside of a subroutine
cannot be issued to a tag Which is within a
subroutine.

A GOTO may be issued from detail to
total calculations, but this is normally
not needed due to the EXCPT operation code.

Providing a_Name for a GOTO_ (TAG)

The TAG specification marks the point to
which the program can branch. Enter a name
in Factor 1 and the code TAG in Operation
(columns 28-32). The same name must be
used in Factor 2 of the associated GOTO
operation. A tag statement may appear in
detail or total calculations or within a
closed subroutine. Columns 7-8 may have
any valid entry. Columns 9-17 and 33-59
must be blank for a TAG statement.

EXAMPLE. Figure 65 illustrates the use of
GOTO and TAG specifications.
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Figure 65. Example of Using the GOTO Operation

The GOTO statement in line 01 causes
control to be transferred to ADDRO?T on line
05 if indicator 10 is not on. If indicator
05 and 06 are on, the GOTO statement in
line 02 causes control to be transferred to
ADDROZ2 on line 08. If indicators 05 and 06
are not on, the next statement in seguence
is performed.

The GOTO statement in line 11 causes
control to be transferred to ADDRO3 on line
15, if the indicators L1 and 08 are on.
Both the GOTO and the TAG are at L1 tinme.

Note: A literal must not be entered in the

Transfer to an RPG _Subroutine_ (EXSR)

The EXSR operation causes a branch from any
point in the program to a subroutine in the
program. The subroutine referenced must be
an internal subroutine, written in RPG as a
part of this program. (Refer to the sec-
tion Subroutines.) After the subroutine
has been performed, a branch occurs back to
the next calculation specification follow-
ing the EXSR operation.
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Format of EXSR. EXSR statements consist of
the entry EXSR in Operation and a name in
Factor 2. This name is that of the subrou-
tine being referenced. EXSR statements may
have a control-level indicator, and/or one,
two, or three indicators in columns 9-17.
All other columns of a EXSR statement must
be blank. The EXSR operation is executed
only if the conditions established in the
indicator and control-level specifications
are satisfied.

The EXSR operation may itself be part
of an RPG subroutine and refer to another
subroutine. 1In this case, columns 7-8
would contain SR. HowWever, the name in
Factor 2 must not be the name of the sub-
routine of which the EXSR operation is a
part. (A subroutine may not call itself.)
See Figure 66 for an example of the EXSR
statement.

Begin RPG_Subroutine_ (BEGSR)

The BEGSR specification appears as the
first statement of an RPG subroutine. Such
a subroutine is written in RPG and is a
part of the program which uses it. (Refer
to the section Subroutines.) The BEGSR



of the subro

utine. Also, it defines the

name in Factior 1 as the entry point of the

subroutine.

BEGSR st
BEGSR in Ope
This name is
statements.
All other co
Figure 66 fo
statement.

End RPG_Subr

atements consist of the entry
ration and a name in Factor 1.
the name referenced by EXSR
Columns 7-8 must contain SR.
lumns must be blank., See

r an example of the BEGSR

outine (ENDSR)

The ENDSR sp
statement of
serves. to de
identify the
tine. A bra
return to th
following th
this subrout

ENDSR st
ENDSR in Ope
to provide a

ecification appears as the last
an RPG subroutine. The ENDSR
limit the RPG subroutine and to
exit point from the subrou-
nch occurs at this point to

e specification immediately

e EXSR statement that invoked
ine.

ptements consist of the entry
ration. Factor 1 may be used
name for a GOTO within the

All other columns must be blank. See
Figure 66 for an example of the ENDSR
statement.

In Figure 66, two RPG subroutines are
shown, SUBR1 and SUBR2. Lines 01 and 03
show conditional calls to the subroutines
at detail time. TIf the associated indica-
tor is on, the subroutine will be executed.
Line 05 shows a call to SUBR1 at total
time. The subroutines perform the desired
function and return to the statement fol-
lowing the EXSR associated with the subrou-
tine. Line 13 shows a conditional GOTO to
the ENDSR statement. If indicator 17 is
set on, the GOTO will transfer to the ENDSR
statement which will return to the calling
EXSR.

Exit_to an_External Subroutine (EXIT)

The EXIT operation causes control to be
transferred from the RPG program to an
external subroutine written by the user.
Factor 2 contains the name of this subrou-
tine.

subroutine. | Columns 7-8 must contain SR.
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RPG_Label (RLAEL)

RLABL operation is used in RPG programs to
define fields or indicators that are to be
referred to in external user's subroutines.
(Refer to the section Subroutines.)

place the code RLABL in Operation, and
the name of the field that is to be defined
in Result Field. To define an indicator,
place the code IN followed by the indicator
code in Result field. The entry in Result
Field must be left-justified. Factor 1 and
Factor 2 must not be used in RLABL
specifications.

RLABL statements must be specified fol-
lowing the EXIT statement which refers to
the subroutine that uses the field or indi-
cator defined by the RLABL.

Therefore, if the need exists to exit
to the same siubroutine from more than one
place in the program, it can best be coded
in an RPG subroutine.

Output Records _During Calculations_(EXCPT)

Occasionally it is necessary for the pro-
grammer to vary the fixed logic flow of
RPG. A typical example is when the pro-
grammer requires several lines of output
(fixed or variable number) that are ident-
ical (or almost identical). A fixed number
of output lines can be created by RPG'S
normal logic, but this may entail duplica-
tion of coding.

To eliminate duplicate coding and to
provide for unusual processing situations,
RPG allows for exception output.

The EXCPT operation causes exception reco-
rds (E in column 15 of the Output-Format
Specification) to be produced during calcu-
lations. This allows producing a variable
number of output lines which are identical
(such as Tub File Replenishment), without
repetitively coding the output specifica-
tion for the records. Similar output reco-
rds can also be produced without repeating
the entire record, by changing selected
fields before placing the subsequent record
in the output file.
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An EXCPT statement consists of the
entry EXCPT in Operation. The statement
may be conditioned by ccntrol levels
(column 7-8), or indicators (columng 9-17).
The remaining columns should be blank.
Execution of this statement causes all
exception records whose indicator tests are
met to be placed in the output file at this
time. These exception records are prcduced
in the order of their specification on the
OQutput-Format Specification sheet.

Example 1. In this eXample, Figure 67, the
EXCPT operation is used to create a
variable number of Tub File Replenish-
ment cards. The master card is read
and contains data to be reproduced in
columns 1-77. The variakle number of
cards to be punched is contained in a
field called VARFLD. The Calculation
Specifications show a series of steps
that form a loop. A field called COUNT
is created and set to zeros. It is
then compared against the variable
count field. If not egual, the excep-
tion output lines are requested by the
EXCPT operation.

Exception Output (E in column 15) lines
are tested for indicator conditions
which are met. 1In this case, a card is
to be punched with the contents of the
field DATA. After all exception output
lines are tested (only one in this
case), control is transferred to the
calculation specifications at the step
immediately following EXCPT (line 05).
A one is added to COUNT and a GOTO
(branch) returns to the TAG operation
labeled LOOP. The process is repeated
again until the field COUNT is equal to
the field VARFLD. Each time it is not
equal, exception output is called for
and another card is punched.

Example 2. In Figure 67.1 exception output
is called from two places in the pro-
gram and under different conditions.
Line 04 sets on indicator 12 which is
used to condition the file called
PRINTER. Line 06 sets off indicator 12
to prevent this same output from occur-
ring at the wrong time. Lines 12 and
14 use indicator 13 to control a file
called PUNCH in the same manner. The
two EXCPT statements (lines 05 and 13)
both call for exception output to
occur. Line 05 is performed at detail
calculations and line 13 at total cal-
culations on a L1 control break.
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Figure 67. |Example Using the EXCPT Operation
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Figure 67.1 |[EXCPT Operation - Example 2

Figure 68 is a summary of the RPG
operation codes and associated entries.
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IF THE ENTRY

REQUIRED
FEQUIRED
FEQUIRED
REQUIRED
FEQUIRED
CPTIONAL
OPTIONAL
REQUIRED
REQUIRED
REQUIRED

Cnonononn

mmngZbH»m

o

Figure 68.
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KEY TO OPERATION CODE CHART

IS BLANK IT CANNOT BE FILLED IN

FIELD MUST BE EITHER ALPHAMERIC OR NUMERIC

FIELD MUST BE ALPHAMERIC
FILE NAME

LABEL NAME

FIELD MUST BE NUMERIC
ENTRY

LABEL ENTRY

ENTRY

FIELD MUST BE OF THE SAME TYPE (ALPHAMERIC OR NUMERIC) AS FACTOR 1

ENTRY IN CONTROL LEVEL COLUMNS

Summary of RPG Operation Codes
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Figure 69. Example of Using the Calculation Specifications Forn

USING THE CALCULATION SPECIFICATIONS FORM

Figure 69 illustrates entries on the Calcu-
lation Specifications form that are used in

part of a pa

yroll application. The entries

of the sheet are discussed by line number.

Note:

The blank spaces signify that addi-

tional calculations have been specified,

but in this

example they have been omitted.

Page-Line Explanation

0301

0302

The program compares 0 to the
number of hours worked by the
employee. TIf the result is
equal, indicator 15 is turned
on.

The number of hours the employ-
ee worked is compared with the
literal 40. If the employee
worked more than 40 hours,
indicator 20 is turned on.

0303-0305

0306

Calculations Specifications Fornm

If indicator 20 is on, three
calculations are performed.

The literal 40 is subtracted
from the number of hours
worked. Then the overtime
hours are placed in the field
OVERHR. OVERHR is a three spo-
sition field with one decimal
position. RATE is multiplied
by OVERHR and the result is
placed in the field SAVE. SAVE
is a six-position field with
two decimal positions. SAVE is
multiplied by the literal 1.5
(the overtime premium rate).
The result is half-adjusted and
is placed back in SAVE.

RATE is multiplied by 40, and
the result is stored in GROSS.
This operation is performed
whether or not the employee
worked any overtime. This
operation is not performed if
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0307

0308

0309

0310

0311

0312

0313

96

the employee did not work any
hours during the pay period.

GROSS is added to SAVE.

The program branches to the
label FICA if indicator 15 is
not on.

Additional calculaticns not
used in this example.

The operation code TAG provides
the label FICA. The RPG pro-
gram branches to this label
from 0308.

GROSS is multiplied by the 1lit-
eral .048 and the result is
placed in the field DFICA.
DFICA is a six-position field
with two decimal positionms.

The result is half-adjusted.

DFICA is added to YDFICA and
the result is placed in the
field HOLD.

The contents of HOLD are com-
pared with the literal 374.40.

0314

0315

0316

0317

0318

0319

If HOLD is less than, or equal
to, 374.40, indicator 21 is
turned on.

If indicator 21 is on, the pro-
gram branches to the label
ADFICA.

YDFICA is subtracted from the
literal 374.40. The result is
placed in DFICA.

The operation TAG provides the
label ADFICA to which the pro-
gram can branch (either from
the specification on line 0314
or sequentially from the speci-
fication on line 0315).

DFICA is added to YDFICA and
the result is stored in YDFICA.

Additional calculations not
used in this example.

The operation code TAG provides
the label WHTAX to which the
RPG program may branch.



This form specifies the kind of output
files to be produced and the location of
the specific data fields in the output
reports and records. ,

The specifications for this form are
divided into two categories as illustrated
in Figure 70: file identification and con-
trol (columns 7-31), and field description
(columns 23-74, where columns 71-74 are
used in conjunction with sterling currency
processing).

File Identification_and Control. These
specifications identify the output files
(disk, printer and/or punched card files),
and records to be added to the file. They
direct cards to the appropriate stackers
and provide for correct spacing on printed
reports. They determine under what condi-
tions and at what time (detail, total,
exception or overflow time) the records are
to be produced.

Field Description. These specifications
indicate where and when the individual
fields of the output record are to be
punched, printed, or written on disk. The
entries for these specifications are writ-
ten on the lines below the file identifica-
tion entries. ©Each field is described on a
separate line.

INTERNATIONAL BUSINESS MACHINES CORPORATION

OUTPUI-FORMAT SPECIFICATIONS FORM

The reader should note that the speci-
fication Output Indicators is used for bhoth
file identification and field description.
The facility of controllang the printing
and punching of each specific field of the
record provides great program flexibility
in RPG.

Sequence of Specifications

The sequence of specification should be as
follows:

1. Heading and/or Detail lines.
2. Total lines.
3. Exception lines.

The seguence of the output operations
is egual to the sequence of the definitions
on the Output-Format Specifications form.
The sequence for the output specifications
depends upon the order of the events to be
recorded. In a printed report, for
example, the specifications for a level 1
total would be listed first followed by the
specifications for the level 2 totals, etc.
If this data is to be both printed and
punched, specifications for punching and
printing lines should be listed alternate-
ly. This enables the object program to
overlap the punching and printing
operations.
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Figure 70. The PPG Output-Format Specification Form
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If a detail card is to be punched, and
selected into a specified stacker, all of
the specifications for these operations
must be given as part of one file identifi-
cation line.

Specifying Output Units

When writing the output format specifica-
tions, it is nct necessary to indicate the
specific output units used in the progranm.
The input/output unit used for each file is
specified in the File Description Specifi-
cations form. Each file name, therefore,
is related to a specific output unit. By
merely writing the file name on the output
form, the output unit has, in effect, been
specified.

Writing the specifications in the prop-
er sequence should nct be difficult if (1)
the layout of a printed report has been
correctly made on a Printer Spacing Chart
or proportional record layout form, and (2)
reference is made to the spacing chart or
layout form as the specifications are
written.

FILE IDENTIFICATION AND CONTROL

File Name (Columns 7-14)

A filename must be assigned to each output
file. The name may contain up to eight
alphabetic and/or numeric characters and
must be left-justified. The first charact-
er must be alphabetic, and the name must
not contain embedded blanks or special
characters. 1130 RPG utilizes only the
first % characters.

In file maintenance operations where an
input record is updated on the basis of
newly calculated results (update or com—
bined files) the same filename must be used
for both input and output specifications.

When writing the specifications for
output records, the filename must be given
only on the first line for the file. On
subsequent lines for the same file, the
filename need not be specified. However,
the filename must be rereated each time
another output file is specified on the
preceding lines. Figure 71 illustrates
this point. (Field specifications are not
shown.) The first and second specification
lines cause the printing of the overflow
heading and detall lines. The third speci-
fication line causes the punching of a sum-
mary card; this line causes a new file to
be created and must therefore be given a
separate filename. The Cemaining srecifi-
cation lines cause the control level 1 and
final total lines to be printed.
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tpoce|  3kip .;
s

é Filename g
! sl g o=
:D:A:I:L:V:R‘.P:I, 2.1 : l‘;'p-‘—l"leading Line
o 1.4 4 rY A i |
ol . DU . 1.1.24{ @—Detail Line
OEXTRA , , i, | .| .16/ «——Exception Line
oSUMCARD, [T[2 1, | L] <®— Summary Card
° 4 AL & A A - |
o DALLYRPT|T Ig |, T L 1| <——Level - 1 Total
L § Y W N | A i A4
o T PI . |, | LR ~e——Final Total
o A . 4 A - R

Sample of File Name and Type
H/D/T/E Specifications

Figure 71.

Type H/D/T/E_(Column_15)

This specificaticn identifies the type of
record being specified. The following four
entries are used for this specification:

Heading Record.
Detail Record.
Total Record.
Exception Record.

Ao m

Heading Records. The records usually con-
tain constant information, but they may
also contain information from input reco-
rds, including the record present at the
time the output record is produced.

Detail Records. These records have a
direct relationship to the input records.
Most of the data in a detail line comes
from the input reccrd or from calculations
performed at detail time.

Total Kecords. Operations upon fields from
the input record are preceded by the test
fcr control field changes, the performance
of total-time calculations, and the forma-
tion of total records. Thus, an input re-
cord that causes a control field change
cannot contribute data to total recCords
that result from that control change.

Exception Records. These records are pro-
duced whenever the EXCPT operation is
executed. This can occur at detail or
total time, depending on the conditions
imposed on the Calculation Specification
line which contains the EXCPT operation.




Figure 71 contains examples of entries
for the specification Tyre H/D/T/E.
Note: Heading and detail records are dis-
tinguished only for the user's convenience.
The RPG program treats both specification
types in the same way.

Sequence of Specifications

The sequence must be as follows:

H/D Heading and Detail Lines
T Total Lines
E Exception Lines

ADDING_RECORDS_TO_AN INLDEXED SEQUENTIAL
ORGANIZEDP FILE (COLUMNS_16-18)

Enter the characters ADD in columns 16-18,
if the output record is to be added to an
indexed sequential file. These columns
must be left blank if the contents of the
output record are to be used to update or
to load an indexed sequential file. Adding
to a file cannot occur in the same program
in which the file is being retrieved or
updated. It is possible to retrieve or
update one file while a second file is
being added to in the same progranm.

In 1130 RPG the key field for any
indexed-sequential file must begin in posi-
tion 1 of each record. This entry along
with the length of the key field is
described on the File Description Specifi-
cations. If the programmer describes the
key field as being 5 positions long, the
RPG prodram will use the first 5 positions
of the record to be added as the new key
field: In 1130 RPG, the key field can be
either alphameric or numeric, but it cannot
be packed.

Note: Column 66 of the related file-
description specifications must contain an
A if a record is to be added.

For card and/or printer specifications
use these columns as described below.

Stacker Select (Column_16)

This specification causes card records to
be selected into the stackers of the output
units.

It is used when an input/output unit
with more than one stacker is attached to
the system. It is used only for output
files or combined files. (Selecting cards
from an input file is specified on the
Input Specifications form.) New stackers
may be specified in subsequent OR-lines.

If in an OR-line column 16 (Stacker Select)
is left blank, the card is directed to the
normal pocket. If all OR-cards should go

into the same stacker, the same specifica-
tion must be made for each card.

The number of the stacker into which
the card record is to be selected is writ-
ten in this specification. The specific
card record to be selected is identified in
the specification Output Indicators.

Figure 72 illustrates two examples of
Stacker Select entries. Field entries are
not shown.

el e | an
vne 13 Filename § 3 l 2:1:
; sl )
L CORBETLEDR T T T 2B R L
DOR oW 7N DU DS U DN DR B

Figure - 72. Sample of Stacker Select

Specifications

The second specification causes the
summary card created at control level-1 to
be selected into stacker 2. The first spe-
cification causes a card record identified
by indicators 26 and 30 to be selected into
stacker 2. (Indicator 26 could be the
record-identifying indicator for a particu-
lar card record. 1Indicator 30 could be a
field indicator turned on by some special
condition such as a zero or minus status in
a field of the record.)

If no entry is made in Stacker Select,
all cards from output and combined files
are directed to a specific stacker, depend-
ing on the input/output unit attached to
the systen.

With the IBM 1442 Card Read-Punch, a
blank or 1 in column 16 will cause cards to
be directed to the normal stacker, while a
2 will result in the selection of stacker
2.

SPACE (COLUMNS_17-18)

This specification and the next specifica-
tion (Skip, columns 19-22) are used to pro-
vide for the proper spacing of printed
reports. Note that in OR-relationships,
the Space entries may differ. TIf the re-
cord is to be printed, at least one entry
is required in columns 17-22.

Space Before (Column 17). Zero, one, two,
or three spaces before printing can be spe-
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cified by placing the entries 0, 1, 2, or 3
in column 17.

Space_After (Column_18). Zero, one, two,

or three spaces after printing can be spe-

cified by placing the entries 0, 1, 2, or 3
in column 18.

Skip_(Columns_19-22)

This specification provides for the proper
spacing of printed rerorts. It is related
directly to the operation of the 1132 or
1403 printer carriage control tape. Note
that in OR-relationships, the Skip specifi-
cation in the various OR lines may differ.

Skip Before_ (Columns 19-20). The entries
01 through 12 cause the printer carriage to
skip to channels 1 through 12 of the car-
riage tape, respectively, before the line
is printed.

Skip After (Columns_21-22). The entries 01
through 12 cause the printer carriage to
skip to channels 1 through 12 of the car-
riage control tape, respectively, after the
line is printed.

columns 17-22 if the record is to be
printed.
Note 2. 1If Space After and Skip After are
specified on the same srecification line,
only Skip After will be executed.

Note 3. A skip may not be specified for
the console printer, or for channels 7, 8,
10, and 11 with the 1132 printer.

Note 4. A space before or space after of 0
may not be specified for the console
printer.

OVERFLOW INDICATOR (OF OR OV)

Carriage overflow, indicated by a punch in
channel 12 of the contrcl tape, causes the
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overflow indicator specified on the File
Description Specifications to be turned on.
It remains on for one complete cycle of
processing (thus it is turned off after the
heading and detail lines of the next record
are printed). Because the overflow indica-
tor is on during calculations, it can be
used to control calculation specifications.

A test for carriage overflow is made by
the object program immediately before each
line of the report is printed (but after
any Space or Skip Before specifications are
executed). Two conditions occur:

1. If a carriage overflow occurs at detail
time, the remainder of the detail lines
are printed. Then the overflow indica-
tor is turned on and the next record is
read. If the appropriate conditions
are satisfied, total calculations and
total output are performed. Then the
overflow lines are printed or an auto-
matic skip to the next page is executed
if no overflow lines are specified.
When the next detail calculations and
detail output have been performed, the
overflow indicator is turned off.

2. If a carriage overflow occurs at total
time, the remainder of the total lines
are printed. Then the overflow indica-
tor is turned on. Overflow lines are
printed if specified. Otherwise, an
automatic skip to the next page is
executed. When the next detail calcu-
lations and detail output have been
performed, the overflow indicator is
turned off.

Printing Overflow Lines. If an output line

is coded as shown in the top half of Figure
73 the line will be printed whenever the OF
or L1 indicator is on. If L1 and OF are on
at the same time during processing, the
line will be printed twice. This nmight
cause an error in the printed report.
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Figure 73. Example of Overflow Printing Specifications
To prevent this, the line is coded as control tape causes the carriage to skip

shown in the bottom half of Figure 73. By
making the conditions mutually exclusive,
the line will not be printed twice.

Indicators OF and OV cannot be speci-
fied for an Exception Output line. The
object program prints overflow lines in the
following order:

1. Total lines conditioned by overflow are
printed.

2. Heading and detail lines conditioned by
overflow are printed.

overflow Lines. An overflow line is any
line conditioned by a positive overflow
indicator. A line conditioned by OF (or
OV) with or without any cther indicator is
an overflow line., It will be printed dur-
ing overflow output time in the object
flowe A line conditioned by NOF (or NOV)
is not an overflow line. It is printed at
either heading/detail, total or exception
time.

Fields Conditioned by Overflow

A field description may also be conditioned
by an overflow indicator. This field will
be treated as any other field conditioned
by an indicator. It will print only if
printing is specified and the field indica-
tor is on.

Note: If overflow lines are not specified
on the report, a punch in channel 12 of the

automatically to a punch in channel 1. If
at least one overflow line has been speci-
fied, automatic skipping to a punch in
channel 1 is not performed.

Multiple Printers. It is possible to use
two printer files for each RPG object pro-
gram., A uhique overflow indicator must be
specified for the second printer.

Output Indicators_(Columns 23-31)

This specification may be used either for
file and record identification (in this
case at least one indicator is required) or
field description. A maximum of three
indicators may be specified. These indica-
tors control:

1. When the record is to become output,
and

2. When a particular field is to be
printed, punched or written.

If more than one indicator is specified
for one line, they are considered to be in
an AND-relationship. Hence all conditions
specified must be satisfied before the sge-
cified output operation can be executed.

If the object program reguires more
than three indicators in an AND-
relationship, AND is entered in columns
14-16 of the following line, and the addi-
tional indicators are specified cn that
line. If one Oof these indicators is over-
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flow (OF or OV), it must not appear on the
same line as the AND.

If the output condition is executed in
an OR-relationship, OR is entered in
columns 14-15 of the fcllowing specifica-
tion lines, and the OR indicators are spe-
cified on that line.

Additional specification lines can spe-
cify as many output indicators, in either
an AND- or an OR-relationship, as required
by the object program. Each additional
line must begin with AND or OR in column
14. AND and OR can only be specified to
condition records, and not fields.

Permitted Entries_for Output Indicators,
Columns_24-25, 27-28, and/or_30-31

Enter in these columns:

1. Record Identifying Indicators: A re-
cord identifying indicator codespeci-
fies the particular inbPut record type
on which the output operation is to be
performed. These indicators refer to
entries in columns 19-20 of the Input
Specification form.

2. Resulting Indicatcrs: A resulting
indicator code controls theoutput
operation by conditions that have
occurred during calculations. These
indicators refer to entries in columns
54-59 of the Calculation Specifications
form.

3. Field Indicators: A field indicator
code controls theoutput operation by
the status of the input field. These
indicators refer to entries in columns
65-70 of the Input Specifications form.

4, Control Level Indicators: Control
level indicators (L0O...L9, LR)cause the
output operation to be performed only
when the affected control break has
occurred.

5. Matching Record Indicator: The MR
indicator code causes the output opera-
tion to be performed only if there is a
matching record in a secondary file.

6. Halt Indicators: The halt indicators
H1 through H9 arenormally used to sup-
press the output operation when an
error has been detected in the input
data or during calculation.

7. Overflow_Indicators: The overflow
indicators OF and OV cause the output
operation to take place only if a page
overflow has occurred. ©Note that these
indicators do not apply to the first
page of a report. The indicators must
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be defined on the File Description
Specifications.

8. First_Page Indicator: The 1F indicator
enables headings to be printed on the
first page of a report. This indicator
is turned on only at the beginning of
the processing before any input records
have been read. The purpose of this
indicator is to cause the printing of a
cover sheet or page heading lines on
the first sheet of a report.

If the user intends to print identical
heading lines on each page, an overflow
indicator (OF or OV) and the first page
indicator (1P) must be specified in an OR-
relationship because the overflow condition
does not occur until after the first page
has been printed.

If any of the output indicators must be
off, enter N in columns 23, 26, or 29, whi-
chever is appropriate.

At the beginning of executing an object
program, the following indicators are
always on:

. First page indicator 1P
e.. Level-zero indicator LO

Examples of Output Indicators

Figure 74 shows six examples of output
indicators used with the output file. The
numbers to the right of the figure refer to
the item numbers in the following text.

1. The carriage is skipped to channel 02
before printing. The heading line is
printed only when an overflow condition
occurs or when the 1P (first page)
indicator is on.

2. The detail line is printed only if
indicator 14 is on and indicators 26,
28, and 30 are off. (Indicators 26,
28, and 30 could be field indicators or
record identifying indicators from the
input specifications, or resulting
indicators from the calculation
specifications.)

3. The detail line is printed if indicator
40 or 46 is on.

4. The total line is printed and the car-
riage is skipped to channel 2 before
printing only if the level 2 indicator
is on, the MR indicator is off, and H2
is off. The specification NH2 prevents
the object program from printing a line
if an error condition has occurred.
Although the program does not stop
until all processing for the record has
been completed, printing of erroneous
data is prevented.
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5. The summary record is printed at level

74. Example of Specifying Output
Indicators for Output Llines

2 control time, but the MR (matching
records) indicator must also be on.

6. A summary card is punched at level 2

con

trol time, and it is selected into

stacker 2.

FIELD DESCRIPTION

These entries include specifications for:

1. The control of the individual fields of
a record.

2. The output format of individual fields
of a record.

The fields of a record are written on
the lines below their corresponding file
entries. Each field is described omn a sep-
arate line, and no entries are permitted in
columns 7-22 of a field description line.

In general, the rightmost position of a
numeric field contains the sign. A 12-
punch or a digit punch designates a posi-
tive value, an 11-punch a negative value.
If a numeric field with a negative value is
printed, the rightmost position in the out-
put field will contain one of the letters J
- R, or the special character - (Minus).
This can be avoided by means of an appro-
priate edit word, or edit code in the out-
put specifications.

Ooutput Indicators (Columns_ 23-31)

The same types of indicators used for re-
cord identification can be used for field
description. The maximum number of indica-
tors that can be considered to be in an
AND-relationship is three for each field
description line.

Output indicators must not be specified
in an OR-relationship on a field descrip-
tion line.

Figure 75 shows four sets of indicators
used as output indicators for field
description lines. The numbers to the
right of the figure correspond to the fol-
lowing list:
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75.

Example of

Specifying Cutrut Indicators for Fields

Four fields are printed from a detail
record identified by indicator 44:

INVOIC,

AMOUNT,

CUSIR,

and SALESHM.

The

entry L1 causes the contents of the

field SALESM to be printed only for

the

first detail record of each control

group.

Only the field named SALESHM

has

group indication.

(Note that control

level indicators remain on during the
following detail calculation and output
cycle.)

The second example illustrates how to
prevent the printing of just one field



of a record. The ccntents of the field
AMOUNT is printed only if indicator 16
is turned off. (This indicator might
be a resulting indicator used to deter-
mine if the calculated contents of the
field AMOUNT are zero.)

This example shows selective printing
of constant headings contained in cards
for an invoice form. The specification
prints all the heading information on
the first form, but if the information
for one customer order continues on two
or more forms, only the customer and
invoice fields on succeeding forms are
printed. Printing cf the entire line
is controlled by indicators 04 or OF.
In the field-description specifica-
tions, the OF indicator is also used to
prevent printing of fields named ORDER,
DATE, and SALESM when an overflow con-
dition occurs. In this example, indi-
cators OF and O4 are never on at the
same time.

The last example shows how the printing
of a field can be ccntrolled by an AND~-

relationship and an OR-relationship.
The printing of the field named DIVSON
is controlled by three AND indicators:
16, NH2, and NL3. The field named
AMOUNT is controlled by two OR condi-
tions. 1In the field description line,
the OR-relationship is used by writing
the field name twice and specifying
each appropriate OR indicator. OR can-
not be specified in columns 14-15 of a
field-description line,

Field Name (Columns 32-37)

This specification identifies each field of
the record to be printed. The fields may
be listed on the form in any sequence. The
order in which they appear in the output
record is determined by the entry in
columns 40-43.

Enter the name of the field which is tc

become output in columns 32-37. The field
name must have been previously defined on
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Figure 77. Example of Page Numbering with Two Counters
r T " i 1 (line 06100) causes each page of the output
| INegative Balance | to be numbered consecutively in print-
I I Indicator I positions 97-100. The number is always
| Lo T T ~1 four positions long. However, an edit code
! [None | CR 4 - | or edit word should be specified by the
r ; 3 T T 1 T user. The page number is increased by one
| Print with commas, I 1t 1 A 14J | before it is printed.
| print zero balance | | | |
L L } <+ - 1
M . . H H v ! Page numbering normally begins with the
| Print with conmas I 2 | B LK | nunber 1, but page numbering can be started
| suppress zero balance] | | | . ) .
F + . . M with any number by preparing a record type
] L 1 . .
| Print without commas | 3 | C | L i that contains the starting page, less 1.
rint zero balance . ]
; P : g ! ! In this case the record must be defined
) 1] ry . . -
Print without commas n D M on the Input Spec1f1ca?10ns form with a
: suppress zero balance: : : : field labeled PAGE. Figure 76 shows an
' M M M H example of this specification. 1In this

Figure 78. Summary of Edit Codes

either the Input Specifications or Calcula-
tion Specifications fcrm. TIf a constant is
to be written, it is specified in Constant
or Edit Word (columns 45-70), and Field
Name is left blank.

Page or Record-Sequence_Numbering

Automatic page numbering is ancther feature
of BRPG. By placing the word PAGE in
columns 32-37 (Field Name) of the output
specifications, automatic page numbering
will be obtained on the printed report.

The page entry in Field Name of Figure 76

example page numbering is defined on line
04010 and 04020 of the Input Specifications
form. On the output form in Figure 76
(Line 06100), it is defined as a separate
field that will print in position 100. If
the page numbering were to begin with the
number 500, 0499 would be punched in
columns 2-5 of the input record that con-
tains the character - (minus ) in position
1.

A page number can be reset to zero and
a new series of page numbers may be started
during the processing of the object pro-
gram. When PAGE appears in the field name
of the Output Specifications form, the out-
put indicators are used to reset the page
to number 1. In this case, the indicator
must be placed in Output Indicatcrs on the
same line as the field name specification
PAGE (see the L3 indicator in Figure 76).

Output-Format Specifications Form 107



Field length 1769532 02 00 000 041345
and digits
Specified as Positive Negative Zero; two Zero;no Positive
number; number; decimal decimal number;
two decimal two decimal positions positions three deci-
positions positions mal positions
48! 17,695.32 .02 .00 0 41.345
2 17,695.32 .02 41.345
3 17695.32 .02 .00 0 41.345
4 17695,32 .02 41.345
A 17,695.32 .02CR .00 0 41.345
B 17,695.32 .02CR 41.345
§ C 17695.32 .02CR .00 0 41.345
o<
5 D 17695.32 .02CR 41.345
J 17,695.32 .02- .00 0 41.345
K 17,695.32 .02- 41.345
L 17695.32 .02- .00 0 41.345
M 17695.32 .02- 41.345
Y Must be used with a 3 to 6 digit field. 4/13/45
\ z 1769532 2 41345
Figure 79. Example of Edit Code Usage
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Any output indicators specified in a
PAGE line are checked before printing. If
the conditions of the indicators are satis-
fied, the page counter is reset to 1,
instead of being incremented by 1.

Note: Any field name which begins with
PAGE__ will be treated as a page numbering
field. Therefore, the user could specify

several page numbering fields for one or
more files. A second page numbering field
might be called PAGE1. Figure 77 illus-
trates the use of two page counters.

Edit Codes (Column 38)

Numeric fields can be automatically edited
by entering an edit code in column 38 of
the Qutput-Format Specification. This code
can provide comma insertion, zero suppres-
sion, sign removal, negative indication
with either - or CR, blanking of zero
fields, date field editing, and insertion
of the decimal roint.

Zero suppression means that zeros to
the left (leading zeros), of the signifi-
cant digits, and the sign on the units
position,do not appear in the output
record.

Simple_Edit Codes: The use of these codes
causes no punctuation of amount fields.

X The positive sign is removed from the
units position of a numeric field. No
Zzero suppression occurs (this code has
no effect upon 1130 RPG since the valid
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plus sign is a hexadecimal F. There-
fore, all positive fields will be
punched or printed with only a digit in
the units position).

Y Date field is edited, as follows:

3 digits (n)n/n

4 digits (n)n/nn

5 digits (n)n/nn/n
6 digits (n) n/nn/nn

The first digit is zero suppressed.
Note: 1If inverted print is specified
on the RPG Header Control Card, a
decimal point (.) is printed instead
of a slash (/).

Z Leading zeros are suppressed.
any, is removed.
not considered.

sign, if
Decimal positions are

Combination Edit Codes: These codes cause
punctuation of an amount field. If the
field has decimal rositions, the decimal
point is inserted and printed (except when
a zero balance is suppressed). When a zero
balance is to print, the decimal positions
print as zero, and positions to the left of
the decimal point print as blanks. In the
case of a numeric field without decimal
positions, printing a zero balance results
in only a zero in the units position of the
field. When a zero balance is to be sup-
rressed, the field prints as blanks. Lead-
ing zeros are always suppressed. Figure 78
summarizes these edit codes.

Note_1: When inverted print is specified
(I in column 21 of the RPG Header Control
Card), the use of comma (,) and period (.)

in punctuating amount fields is reversed.



Note 2: When '%' is entered in columns
45-47, the asterisk fills the surpressed
positions. Fach leading zero is replaced

by * when zero suppression is used.

Note 3: When '$' is entered in columns
45-47, the dollar sign appears inmediately
to the left of the high-crder significant
(non-zero) digit.

_______ This column (38) should be left
blank when an edit word is used (columns
45-57) -

Figure 79 illustrates the use of edit
codes when printing numeric fields.

Blank After (Column 39)

If a B is entered in this column the output
field will be reset to klanks or zeros
immediately after execution of the transfer
operation. Alphameric fields are set to
blanks, and numeric fields are set to
Zeros.

A specificaticn in Blank After also
affects any constant (columns 45-70) that
may be contained in the line. Since each
constant is stored only cnce for every RPG
program, no matter how cften it is used, a
constant affected by a blank after specifi-
cation is not available for use in any fol-
lowing operation. If a field is tested for
indicators in the plus, minus or zero
columns (Input or Calculation Specifica-
tions), a blank after specification will
not reset these indicators.

End Position in Output Recerd (Columns
40-43)

This specification indicates the exact
location of the field in the output record.
In columns 40-U43, enter only the position
in the output record where the rightmost
(low-order) character of the field is to be
located.

Assume that a ten-position amount field
is to be printed in print positions 21
through 30. The entry in columns 42-43
would be 30. Columns 40-41 are left blank,
since leading zeros may be omitted.

When edit words or edit codes are being
used, the end position must allow for the
punctuation characters introduced by the
editing process.

Packed Field (Column_ui)

This field may be used only with disk
files., Enter a P in this column if the
output field is to appear in the packed
decimal format. Otherwise, leave this
column blank. If the output is a constant
or is to be interpreted or printed, leave

this column blank. The length of an output
field in characters of packed format is

where n is the number of digits used, and
B=1 if n is odd, B=2 if n is even.

Figure 76 shows examples of Field Name
(columns 32-37), Edit Codes (column 38,
Blank After (column 39), End Position in
Output Record (columns 40-43), and Packed
Field (column 44).

Constant _or Edit_Word (Columns_45-70)

Columns 45-70 are used to:

1. Include constants (literals) in output
records.

2. sSpecify the edit word for proper output
format.

3. Modify the function of the edit code
(column 38). Permit editing of numeric
fields.

constants

An alphameric literal of up to 24 charac-
ters may be placed in columns 45-70. The
literal must begin in column 45, and it
must be enclosed in apostrophes. The lit-
eral will be placed on the output record as
defined in End Position in Output Record,
columns 40-43.

Rules for Forming Alphameric Literals in an
Output_ Record

1. Any character in the EBCDIC character
set May be used in an alphameric liter-
al. Blanks are treated as valid
characters.

2. Alphameric literals must be enclosed in
apostrophes. An apostrophe (') is
represented in a literal by two conse-
cutive apostrophes. For example, the
literal 5 o'clock would be entered as
'S5 o''clock' in columns 45-56 of the
Output-Format Specifications form.

__________ (columns 32-37) must be left
blank when an alphameric literal is
defined on the line.

Edit Code Options

The characters '*!' and '$' may be entered
in columns 45-47 to modify the edit code
entered in column 38.

"#% indicates that asterisk fill is
used with zero suppression. All
leading zeros are replaced by *,

*$* indicates that a floating dollar
sign is to be used. The character
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$ prints immediately left of the
high-order significant digit.

For typical fields, the use of edit codes
will provide proper editing. Edit words
may be used where unusual editing require-
ments are needed.

An edit word provides for the punctua-
tion of amount fields, including the print-
ing of dcllar signs, commas, periods, and
sign status. Edit words can also be used
to suppress leading zeros, and tco provide
for asterisk protection up to a specific
position as indicated (see items 3 and 4
under the next section). A sample edit
operation is shown in Figure 80.

IN STORAGE

|b|b|b|,1b|b|0|.|b|b|&|C|R|'|‘—Edi|’ Word

10201316,7,9,614, Unedited Data

IN OUTPUT RECORD

Lo 131016171%116141 1 8 1* | =—Edited Dota

Functions of the Edit
Operation

Figure 80.

When an amount field is to be edited,
its edit word is placed in columns 45-70 of
the same output specification line where
the field to be edited is specified.

An edit word consists of three parts
(the body, the status, and the expansion)
as shown in Figure 81.

Lbybyby,ybyby0y . byby & CyR} "
[ st N s ]

Bovc;y Status

Expansion

Figure 81. Body, Status, and Expansion of

an Edit Word

The body of an edit word governs the
transfer of the data field to the output
record. The body portion begins at the
leftmost character of the edit word and
contains the same number of blanks (one
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zero or an asterisk) as the number of
digits of the data field.

The function of the edit-word status
position is to display the status (positive
or negative) of the data field. It is the
portion continuing to the right from the
body to the CR (credit) or - (minus) sym-
bol, Edit words that contain no CR or -
symbol have no status portion.

The expansion portion of an edit word
remains unchanged, It is the portion con-
tinuing to the right from the status por-
tion (or body portion if there is no status
portion) and ending with the rightmost
character of the edit word.

Rules for Forming_an_ Edit_ Word

1. An edit word must be enclosed in
apostrophes.

2. A blank in the body portion of the edit
word is replaced with the character
from the corresponding position of the
data field specified in Field Name.

3. An ampersand in the body or status por-
tion causes a blank in the edited
field. It remains unchanged in the
expansion portion.

4. A zero is used for zero-suppression.
It is placed in the rightmost position
where zero suppression is to stop. It
is replaced with the character from the
corresponding position of the data
field, unless that character is a zero.
Column 38 (edit codes) must be left
blank.

5. If leading zeros are desired, the edit
word must contain one more position
than the field to be edited, and a zero
must be placed in the high crder fposi-
tion of the edit word.

6. An asterisk in the body of the edit
word is used for asterisk protection
and zero suppression. It is placed in
the rightmost position where zero
suppression is to stop. It is replaced
with the non-zero character from the
corresponding position of the data
field. Each suppressed zero is
replaced by an asterisk. An asterisk
preceding a CR symbol, a minus symbol,
or a zero, is interpreted as represent-
ing asterisk protection.

7. A dollar sign in the body of the edit
word written immediately to the left of
the zero-suppression code causes the
insertion of a dollar sign in the posi-
tion to the left of the first signifi-
cant digit. This is the floating dol-
lar sign. A dollar sign that is




10.

11.

12.

stants and edit words.

entered immediately after the initial
single-quote mark is fixed (printed in
the same location each time). This is
the fixed dollar sign.

The decimal and commas are printed in
the same relative positions they were
written in the edit word. If they are
to the left of significant digits, they
are blanked out or replaced by an
asterisk.

All other characters used in the body
of the edit word are printed if they
are to the right of significant digits
in the data field. If they are to the
left of high order significant digits
in the data word, they are blanked out.
If asterisk protecticn is used, they
are replaced by an asterisk.

The letters CR or the minus symbol in
the status portion of the edit word are
undisturbed if the sign in the data
field is minus. If the sign is plus,
or if the value of the field is minus
zero, CR and - are klanked out.

Characters to the right of the status
portion of the edit word are
undisturbed.

The edit word may be larger than the
field to be edited.

Figure 82 illustrates the use of con-
The numbers to the

left refer to the item numbers in the fol-
lowing text.

1. The constant 26.75 is in the output re-
cord ending in position 96. The field-
name specification must be blank.

The constant DEPARTMENT TOTAL is con-
tained in the output record ending in
position 96. The field name must be
blank.

3. This example illustrates zero suppres-
sion to the left of significant digits.
The letters CR are written because the
amount field can contain a negative
value.

In this example, the floating dollar-
sign protection enters the $ to the
left of the first significant digit.

Asterisk protection enters as many
asterisks to the left of the first sig-
nificant digit as required to fill out
the number of positions specified in
the edit word.

Sterling_(Columns 71-74)

Enter in these columns the position in the
record that will contain the sign of the
sterling field. Leading zeros may be
omitted. Enter an S in column 74 if the
sign is in the normal position. If the
sterling specification is not required,
leave this column blank.

» el W2t e VALUE IN CONTAINED
Fiel IN OUTPUT
Name §§ phei ; Constant or Edit Word DATA FIELD RECORD AS 1
32 33 34 35 35 37]30{39]40 41 42 43]4a[4s 48 47 40 49 30 5152 53 54 55 36 37 50 59 60 &) 42 6] &4 45 66 67 68 &9 70]
@ T Y .-9.6 l.2.6.-.'7-5., ..... L4 0 4 4 % 4 A 4 24 a2 g 26'75
@ [ T eI DEPARTHENT TOTALT DEPARTMENT TOTAL
@ < AROURTITT Q6 [\, o . 8., . BCRRT . oot 000030 46_ 30.46 CR*
(@) WAQUNTITT, Q8T o A0, CR 7, o\, ., 000030 46, $30.46 *
® ™~ oA T 96l o ey ERMRI ] 000030 46 "H**30.46CR" ¢
Figure 82. Exanple of Using Constants and Edit Words
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FILE DESCRIPTION SPECIFICATIONS FOEM

Fach file used by the object program must
be defined. Each line of the File Descrip-
tion form is used to define omne file.

1. The input files, specified on the Input
Specifications form, from which the
object program obtains data records.

2. 1Input table files, and RA files.

3. The output files, specified on the
Output-Format Specifications fcrm on
which the object program writes data
records.

The maximum number of files that will be
supported by the RPG cbject program is 10.
Figure 83 defines the maximum number of
files for the various tyres of files that
can be used. Any combination of these is
permitted, up to a total of 10. A table
file is defined as one line on the exten-
sion specifications. It is fossible to
have eight table files loaded, each of
which contains an alternating entry.
Therefore, up to 16 different table names
are possible.

Type of File Max. No.

of Files

Primary 1
Secondary
with/without

1
i
|
t
|
|
|

matching fields i
|
|
|
|
|
|
|
|

©

Record Address
File
Chained
c1-C3
Chain Operation
Table
Output
Printer
Other Output Units]|
1

@O WO =

P —mm e ——— 1

e e e e m o  ——— o —— o ——

Figure 83. Maximum Number of Files

File Name (Columns 7-14)

Fach file used in the program is identified
by writing the name of the file in cclunmns
7-14, TFilenames must be alphameric and
left-justified (the filename must begin in
column 7). The filename entered in these
columns must also be entered on the Input
Specifications form (for input data files),
on the Output-Format Specifications form
(for output data files), or on the Exten-
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sion Specifications form (for tables, RA
files, chaining files).

Note: The filename may be up to eight
characters long, but RPG recognizes only
the first five characters Oof a file nare.
Therefore, it is important that the first
five characters constitute a unigque file
name. Special characters or embedded
blanks may not be used.

File Type (Column_15)

An entry in this column specifies the type
of file defined on this line. The follow-
ing entries are allowed:

Type of
Entry File Explapation
I Input Identifies the file as an

input file (it may be a
table file, RA file, or a
file containing input data
records which are read
only) .
o] Output Identifies the file as an
output file. It may be an
output data file or an
updated table file to be
printed, punched, or
written.

Identifies the file as an
update file (DASD only).

An update file is both an
input and an output file.
It must be specified simi-
larly to an input file on
the Input Specifications
form. The file is an upd-
ate file if the cbject pro-
gram alters the data in one
or more fields of each re-
cord contained in the file
without changing:

U Update

1. The nature of the data.
2. The length of the field
in which the data is

found.
3. The location of the
field.

A chained file may be
updated at detail time or
at total time. All other
disk files can be updated
only at detail time.



(o Combined TIdentifies the file as a
combined card file.

A combined file is a card file contain-
ing cards that are read into the system and
cards used for punching. Reading and then
punching into the same file is accomplished
in two different ways:

1. Punching into cards that contain input
data-.

2. Punching into a blank trailer card in
the same file.

For those cards of a combined file that
are read only, Stacker Select entries
should be specified on the Input Specifica-
tions form. This will reduce the time
required to run the object program. TFor
combined-file cards that are punched,
Stacker Select entries must not be speci-
fied on the Input Specifications form.

A combined file differs from an update
file in that the update file input fields
are revised or updated. A combined file
can only refer to cards, and an update .file
can only refer to disk.

Figure 84 illustrates two examples of

File Type M_'-_":ﬂ'_’!__r-' —]
Flle Dusignotion m‘m’ﬂ;‘
End of File [ Racord Addren Type ||
Seqrence Type of File
Line . Fllename Qg e — ngﬂl_.:wﬂ Device
[ S NV EES|
lll.7I’Wlll’ll'l:ll-uI.:ﬂﬂn”i‘””ﬂﬂ””!Iﬂ”l‘“‘?"’nub'&ﬂ““«“
o T+ [UNeNR] T T 1lPlel
O) 'SMHCAI&F o
o) | [rlPRITINIT 0
oL T T NlplREE IMIRIYIT [PIE[A
@ {[+]1INlslelciviofyiciStE]A)
oe]\e|PRITINITY /- 1O
7 [ N
. [] |

Figure 84. Example of Specifying File

Name and File Type

1. Detail cards are read into the systen
in one file. Summary cards are punched
into a separate file which, in this
example, contains blank cards only.

The printed report is.a third file.

2. There are two input files in this
example. The second file (INSECNDY)
also contains cards that will be used
for punching output data; therefore it
is specified with file type C.

File Designation_ (Column_16)

Column 16 is used to designate the type of
input file being defined on this line of
the File Description form. The five
entries permitted in this cclumn are:

Entry Explanation

P  The file defined is a primary file.
only one primary file may be defined.
A primary file is an input file.

S The file is a secondary file.

T The file defined is an input table
file.

R The file defined is an RA file which

relates to a direct access storage
file. A record address file is spe-
cified in the File Description and
Extension Specifications forms.
Entries for RA files are not per-
mitted in the input and output
specifications.

C The file defined is a chained file,
_______ Records

and fields for chained files are spe-
cified similarly tc those for primary
and secondary files on the Input Spe-
cifications form. The following
exceptions should be noted: matching
field specifications, control field
specifications, and numeric sequence
records are not permitted for chained
files. A C should be entered for ei-
ther method of chaining (CHAIN Opera-
tion or C1-C3).

If the file is an output file identi-
fied by O in column 15, leave this colunmn
blank; an entry must be made if the file is
an input, update, or combined file.

Detailed explanations of chained files,
table files, RA files, primary files, and
secondary files may be found in the Sec-
tions Using Tables in _the Object Program
and Processing Multiple Input Files.

The priority of multiple seccndary
files is determined by the sequence in
which they are recorded on the File
Description form. For further information
refer to the section Qrder of Processing
Records Using the Matching Technigque.

End of File (Column_17)

Enter an E in column 17 if the input file
is a primary, secondary, or an RA file and
the programmer wishes to determine an end
of job after the end-of-file condition for
this file has been reached. For multiple
input files, the end-of-job condition (LR)
will occur when all input files for Which
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an E is specified in column 17 have been
processed.

If this column is left blank fer all
input files, the end-cf-job condition
occurs when all input files have been
processed.

Note 1: An E should not be entered in
column 17 if the file is processed in ran-
dom mode or if the file is either an output
or a table file.

Note 2: TIf a matching records job has an E
on the primary file and no E's on the
secondary files, any matched secondaries
will be processed befcre the end cf job
0CCUrS,

Sequence_(Column_18)

This entry is made if the matching-fields
specification (columns 61-62 of the Input
Specifications form) is used. An entry in
this column indicates whether the matching
fields are in ascending or descending
seguence.

Enter an A in column 18 if the matching
fields are in ascending order, or a D if
the matching fields are in descending
order.

If the matching field specification is
not used, this column is left blank.

File Format (Column 19)

Enter an F in this column.
only be fixed-length.

Records may

20=27)

Enter right-justified the length of one re-
cord in Record Length (columns 24-27).
Leave Block Length (columns 20-23) blank.
Disk files will be automatically blccked so
the maximum number of records will fit on a
disk sector. Card and Printer Files cannot
be blocked.

2501 and 1442 80 characters
I/0 units ‘

1132, 1403, or

console printers

120 characters

sequential or 640 characters

direct disk files
indexed-sequential 636 characters
disk files

If the record length entry is mis-

Note:
sing, a record length cf 80 is assumed.
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Columns 28-38 must be left blank for
card- or printer-file specifications.

Mode_of File Procegsing (Column 28)

This cclumn is used to indicate the method
or mode by which disk files are processed.
Acceptable entries are listed here.

Blank Lleave this column blank if the disk
file is to be processed sequentially
or created. If an indexed seguen-
tially organized file is to be
created, column 15 of the File
Description Specifications form must
contain 0, column 32 must contain an
I, and column 66 must be left blank.
If an indexed sequential file is to
be added to, this column must be
blank.

R Enter an R in this column if the
user's records are to be processed
randomly. 1In this case, the records
of an indexed sequentially organized
file to be processed will be obtained
by the CHAIN operation (or C1-C3)
using key fields. The records of a
sequentially organized disk file will
be processed randomly by using the
CHAIN operation (or RA file) and
relative record numbers.

L Enter an L if a segment of an indexed
sequential file is to be processed
using limits specified by an RA file.
Only an indexed sequential file can
be processed within limits.

Length _of Key Field or of_ Record_Address
Field (Columns_29-30)

If the file defined on this line is a Re-
cord Address file (RA file), enter the num-
ber of positions that each entry in the RA
file occupies.

Enter the length of the key, if the
file defined on this line is a file with an
indexed-sequential organization (I in
column 32). The maximum key length is 50
characters.

Type_of Record_Address_(Column_31)

K Enter a K in this column if the file
is an indexed sequentially organized
file. The K indicates that the file
defined on this line will be pro-
cessed by use of the record key.

blank For sequential file



Iype of File Organizaticn_(Column 32)

I Enter an I in this column if the file
to be created cr prccessed has an
indexed sequential organization.
(There must also be a K in cclumn 31
and 1 in column 38).

blank Leave this column blank if the file
is organized sequentially.

2 Enter the digit 2 to signify twc I/0
areas to be assigned to a card read-
er, punch, or printer file. Stacker
select (Input Specification, colunmn
42) should not be specified. (Any
entry 1-9 may be used but the digit 2
is preferred.)

RULES FOR SPECIFYING MODE OF PROCESSING,
TYPE OF RECORD ADDRESS, AND TYPE OF FILE
ORGANIZATION

1. TIf a direct access storage device is
not used in the system, columns 28, 31,
and 32 are left blank.

2. For sequential file organizaticn,
columns 28, 31, 32 are also left blank.

3. For indexed sequential file organiza-
tion (I in column 32), column 31 nmust
contain a K and column 28 can contain
either R, L, or blank.

b. For direct file organization (D in
column 32), column 31 must contain an
N.

Figure 85 illustrates the code combina-
tions possible for these three
specifications.

Overflow Indicator_ (Columns_33-34)

If the file defined on the line is a 1132
or 1403 printer file and overflow indica-
tors are used, enter the overflow indicator
associated with the file. The permissible
indicators are OF and OV. Do not specify
an overflow indicator for the console
printer.

Key Field Starting Location (Columns 35-38)

Enter a 1 in coclumn 38 if the file speci-
fied has indexed sequential organization.
With 1130 indexed sequential organization,
the key field always begins in position 1.

(Col. 32) | (Col. 31)

T
Type of File Organization|Type of Record Addresses

Mode of Processing
(Col. 28)

- — ]

1
Indexed-Sequential *(I) IRecord Key
l

—— ey — e

(K) IThe entire file will be
|processed. (blank)
1
F
|2 segment of the file will be
|processed. The limits to be
|processed are supplied by a
|Record Address File (RAF).
L
|The records will be proces-
|sed randomly.
i
r
IThe keys are supplied:
| () by Factor 1 of the CHAIN
|Operation (b) by a chaining
|field (C1-C3) or (c) by a
Irecord address file (RAF).
IThe records will be processed
|randomly - the record
Inumbers are supplied by Factor 1
J]of the CHAIN operation
lor by a RA file.
4.

_—
[
-~

ke e e - s e - —

§

-
H =
i -~
e ——

—_
o
~

Sequential Nct applicable

ke - - —————— ——

T
(blank) |The entire file will be
|processed. (blank)
]

o e e oy e — i — e e
——— e e o — — s ——

Direct ) (D) |Record Number
A

L]

|The records will be

|processed randonmly.
(M | ¢ N

| ]

——

Figure 85. Processing Direct Access Storage Files
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The key field can be either an alphameric
or numeric field. It cannot be packed.

Extension Code_(Column_39)

If the file defined on the line is a chain-
ing file (using C1-C3 codes), RA file, or a
table file, enter an E in column 39. The E
specifies that additional information about
the file will be coded on the Extension
Specifications form.

Device (Columns_40-46)

These columns are used to indicate the
input/output units used by each file. The
following entries can be used:

Entry Input/Output Unit
PRINTER IBM 1403 rrinter
PRINT32 IBM 1132 printer
PUNCHU4 2 IBM 1442 punch

READ4Z2 IBM 1442 reader/punch
READO1 IBM 2501 reader
CONSOLE Console printer

DISK IBM 2310 disk

Symbolic_Device (Columns_47-52)

These columns are used in 1130 RPG only
when the file described is indexed sequen-
tial and is to be loaded. Enter left-
justified the maximunm number of records in
the file. This number may not exceed
99999, A message will ke printed during
compilation which describes how many disk
sectors are needed for a file of this size.

Columns_53-65

Columns 53 through 65 are not used by 1130
RPG and must be blank.

File Addition_(Column_66)

Enter an A in this column if the file
defined on this line is an indexed sequen-
tial organized file and new records are to
be added. The actual record or records to
be added are described cn the Output Speci-
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fications with an entry of the characters
ADD in Columns 16-18.

For all other file description specifi-
cations, this column must be left blank.

Figure 86 illustrates the code combina-
tion for columns 15 and 66 of the File
Description Specifications form if the file
defined is an indexed sequential organized
file (I in column 32).

—

L] 1
Column|ColumniMode of Processing
15 | 66 |

1 1

L] T
0 |blank |Creating an IS file (load).
0 |2 |Adding records to an IS

| |f,ile..
I |blank |Processing of an IS file

{without updating and with-
|out additions of new
| recordse.

I A {Processing of an Is file
land adding new records.
blank |Processing and updating
|records of an IS file.
i} A |Processing and updating

|records of an IS file and
ladding new records to the
{file.

L

F—_-_‘—__-—_—_———T-_
e o o e —— — — — — — O — =l - ]

a

Figure B86. Summary of Code Combinations

for an Indexed Sequential File

Columns_67-74

Columns 67 through 74 are not used. Leave

blank.

ENTRIES ON THE FILE DESCRIPTION
SPECIFICATIONS FORM

Figure 87 shows several examples of entries
on the File Description Specifications
form. The numbers to the right correspond
to the explanation that follows.
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Figure 87. Example of Using the File Description Specifications Forn
1. The P in column 16 indicates that the 4. MASTCUST is an input file that will be
input file INPUT is the primary file. processed under the control of chain-
The E in column 17 indicates that the ing. It is a chained file (C in column
end-of-job condition will occur when 16) that will be processed randomly (R
the end of the file is reached. The in column 28). The record addresses
file is ascending (A in column 18) . that will be referred to by the chain-
Each record is 80 characters long. ing file are keys (K in column 31), and
This file is read in on an IBM 1442. the file has an indexed-sequential
The device code is READU42. organization (I in column 32). This
file is located on a direct access
2. The RA file defined on this line has a storage device and the Device code is
fixed format (column 19). Each record DISK.
is 80 characters long and the length of
each record address field is 8. The E 5. The update file DISKUPDT (U in column
in column 39 indicates that the Exten- 15) will be used for input, and it will
sion Specifications fcrm will be used. be updated after the processing of each
The RA file is read into the program by record has been completed. It is an
an IBM 2501 Card Reader. The deVice indexed-sequential file, and it will be
code is READO1. processed randomly. The C in column 16°
indicates that the file is a chained
3. The third file defined on this form is file. The record length is 200. This
a table file indicated by a T in cclumn file is located on a direct access
16. It has a fixed format and a record storage device and the Device code is
length of 100. Column 39 (E) indicates DISK. The key field starting location
that it will be further described on (columns 37-38) must be position 1
the Extension Specifications form. The within the data record.
file is read in from magnetic disk;
therefore, the Device code is DISK. 6. The file CARDREC is a combined file

(column 15). The file will be used as
input, and additional information will
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7.

8.

9.

be punched in the input cards during
processing. It is a secondary file
(column 16). This combined file is
read in and punched out onm an IBM 1442,
The specified device code is READU2.

The file OUTPUT is to be a printed
report on the 1403. The length of the
record is 120 characters. The printed
report has a Device code of PRINTER.
The overflow indicator OF has been
assigned to this printer.

The file ISAM is an indexed segquential
file (I in column 32) with a record
length of 75 characters. The file is
to be initially loaded (O in column
15) . The key field is six characters
long (columns 29-30) and begins in
position 1 (columns 35-38). The system
should allocate space for 5000 records
to be loaded in this file (columns
47-52). RPG will automatically print
the number of sectors that will be
required for this file. The index will
be organized using the first six Fosi-
tions of the output record as the key
field.

The same file that was created in line
08 is being added to in line 09. The
entries are identical except that the
nunber of records tc be allowed is not
specified. There is an A in column 66
to denote the add function. The let-
ters ADD are required on the Output
Format Specifications (columns 16-18)

10.

1.

12.

for the record to be added. When
adding records, no retrieval or updat-
ing is allowed on the file during the
addition operation.

The file SEQDISK is a sequentially
organized disk file (blank in colunmn
32) of 60 characters. No sequence
(blank in column 18) is specified since
it is the only input file for the job
and no sequence checking is to be done.

The same sequential file described in
line 10 is now being processed randomly
(R in column 28) as a chained file (C
in column 16). A relative record num-
ber will be used to randomly retrieve
records from this file.

The file ISAMLIMT is an indexed sequen-
tial organized file being processed by
limits. It will be treated as an input
file (I in column 15) and is a secon-
dary file (S in column 16) being
matched against a primary file. The
match fields are in ascending sequence
(2 in column 18). The records are 130
characters long (130 in columns 24-27).
The file is limited (L in column 28) by
an RA file which will supply the
limits. The key is three bytes long (3
in columns 29-30) and must begin in
position 1 (1 in columns 35-38). The
entries of K-I (columns 31-32) are
required for an ISAM file and an ISAM
file can only reside on disk (DISK in
columns 40-46).



Entries made on the Extension Specifica-
tions form provide informaticn to RPG aobut
chaining files (except when processed with
the CHAIN operation), tables used in the
object program, and RA files. 1In the sec-
tions Using_Tables_in_the Object Program
and Processing Multiple Input Files,
detailed information and examples show how
to use these functions.

RECORD SEQUENCE (COLUMNS 7-8)

These columns are used when chaining by the
alternate method described in the section
Input_Specifications Form.

If the file defined on this line is a
chaining file, enter the sequence of the
file from columns 15-16 of the Input speci-
fication sheet. The file name of the
chaining file is taken from columns 7-14 of
the input specification sheet.

Leave these columns blank if the file
described is a RA file.

NUMBER OF THE CHAINING FIELD (COLUMNS 9-10)

These columns are used when chaining by the
alternate method described in the section
Leave these

EXTENSION SPECIFICATIONS FORM

columns blank if the file is not a chaining
file.

Enter the identifying number of the
chaining field (C1-C3) in columns 9-10.
This number must be the one entered in
columns 61-62 (Chaining Fields) of the
Input Specifications form.

FROM FILE NAME (COLUMNS 11-18)

Enter in these columns the name of the
chaining file, the RA file, or the table
file.

This specification is used in conjunc-
tion with the next specification To
Filename (19-26). The purpose of these two
specifications is to identify -- for the
RPG program -- the relationship between two
files. For example, they may provide the
name of an input table file and the name of
the table file that is to be output at end
of job. Both From Filename and To Filenanme
are taken from Filename (columns 7-14) of
the related entry on the File Description
form.

Figure 88 illustrates the entries for
these two specifications.
TO FILE NAME (COLUMNS 27-32)

Refer to Figure 88.

r i 1 a
|Type of File |[* From File Name (11-18) |* To File Name (19-26) {
1 4 L 1
L ] ] L
IChaining Files|Name_of Chaining File. This is the |Name of Chaining File. This is the |
| jfile that has the data record |file from which the data record is |
I |containing the chaining field. |obtained. The name of the file is |
| IThe name of the file is taken from |taken from columns 7-14 of the File |
] lcolumns 7-14 of the File |Description specifications form for |
| |Description Specifications form. |the chained files ]
1. 4 L 1
L] L) L] L
|Record Address|The name of the RA file {The name of the file that contains |
{File lis entered in this specificaticn. [the data record to be processed is |
| | lentered in this specification. |
L i [ ]
L | 1 Ll
ITable Files IIf a Takle is being defined |If the table being defined will be |
| | (columns 27-57) enter the | printed, punched, or written after {
| Iname of the file that contains the |it is updated, enter the name of the|
| | table data. | table output file. |
| | IIf it is not being printed or |
{ | lwritten, leave the field blank. |
L L i ' ]
Figure 88. From and To File Names
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TABLE NAME (COLUMNS 27-32)

Columns 27-32 contain the name of either
the table that contains arguments or the
table that contains functions. If the
appropriate table records contain entries
of only one table, the name of the table is
entered in these columns. A table name
must consist of 4, 5, or 6 characterss The
first three must be TAB; the remaining
characters must be alphameric. The entry
nust be left-justified.

NUMBER OF TABLE ENTRIES PER RECORD (COLUMNS
33-35)

Enter in columns 33-35 the maximum number
of table entries (i.e., the number of argu-
ments or functions) that are contained in
each input record. This entry must be
right-justified.

NUMBER OF TAELE ENTRIES PER TABLE (COLUMNS
36-39)

In these columns, enter the number of table
entries contained in the table. This entry
must be right-justified.

LENGTH OF TABLE ENTRY (COLUMNS 40-42)

Enter in columns 40-42 the length of each
table entry. The maximum lengths are 2u8
alphameric characters or 14 numeric digits.
For a packed field enter the number of
digits of the field. The entry must be
right-justified.

PACKED (COLUMN 43)

If the data in the table is in the packed-
decimal format, enter P in this column.
Otherwise, leave this cclumn blank.
(Packed data may only be from disk files.)

DECIMAL POSITIONS (COLUMN 44)

This column is used only if the entries
contain numeric data. Enter a zero if
there are no decimal positions. Enter the
number of decimal positions (1-9) in this
column if the data contains decimal posi-
tions. If the field is alphameric, leave
this column blank. The number of decinmal
positions cannot exceed the length of the
table entry defined in cclumns 40-42.

SEQUENCE (ASCENDING OR DESCENDING, COLUMN

45)

A If the data contained in the table is
in ascending sequence, enter an A in
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this column.

D If the data contained in the table is
in descending sequence, enter a D in
this column.

blank Leave this column blank if the data
contained in the table is not in
ascending or descending sequence or
if this specification is not
required.

The table must be defined as either
ascending or descending if it is used in a
LOKUP operation as Factor 2 (argument
table) and high or low indicators are used.

COLUMNS 46-57 (SECOND TABLE)

Columns 46-57 are used if a table file con-
sists of alternating arguments and
functions.

TABLE NAME (COLUMNS 46-51)

If two table names are used, enter the
second table name in these columns. The
entry must be left-justified.

LENGTH OF TABLE ENTRY (COLUMNS 52-54)

Enter in these columns the length of each
table entry. The maximum length of a table
entry is 248 alphameric characters or 14
numeric digits. For a packed field enter
the number of digits of the field. The
entry must be right-justified.

PACKED (COLUMN 55)

Enter a P if the data in the table is in
the packed-decimal format. Otherwvwise,
leave this column blank. (Packed data can
only be from disk files.)

NUMERIC DECIMAL POSITIONS (COLUMN 56)

If the data contained in the table is num-
eric, enter a zero if there are no decimal
positions. Enter the number of decimal
positions (1-9) in this column if the data
contains decimal positions. If the data
field is alphameric, leave this column
blank. The number of decimal postions can-
not exceed the length of the table entry
defined in columns 52-54.

SEQUENCE (ASCENDING OR DESCENDING, COLUMN
57)

A If the data contained in the table is
in ascending seguence, enter an A in
this column.
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Figure 89. Sample Entries on the Extensicn Specifications Form
D If the data contained in the table is is the chaining file, (i.es, it is the
in descending sequence, enter a D in file that links or chains to another
this column. file). The field contained in INPUT,

which is used to 1link the two files, is

blank Leave this column blank if the data the chaining field. The ARA entry in

contained in the table is not in
ascending or descending sequence or
if this specification is not
required.

The table must ke defined as either
ascending or descending if it is used in a
LOKUP operation as Factor 2 (argument
table) and high or low indicators are used.
If the table is used in the Result Field of
a LOKUP operation it does not have to be
specified as ascending cr descending.

2.

CCMMENTS (COLUMNS 58-74)

Columns 58-74 may contain comments.

ENTRIES ON THE EXTENSION SPECIFICATIONS
FORM

3.
Figure 89 shows four examnples of Extension
Specifications form entries. The numbers
at the right of the exanmgle correspond to
the explanation that follows.

In this example, the alternate method
of chaining is described. INPUT is a
card file containing the record key
that will be used to process records in
the DASD file MASTICUST. The file INPUT

columns 7-8 denotes the record sequence
entry of the chaining file record. cC1
is the number of the chaining field.
Thus, INPUT is chained to MASTCUST by
using a field defined on the Input Spe-
cifications form that contains C1 in
columns 61-62. A complete discussion
of chaining may be found in the section
Processing Multiple Input Files.

In this example, RAFFILE is an RA file
that supplies the record number of the
records to be processed in the file
DISKUPDT. The DISKUPDT file in this
example is a direct access organized
file. The same entries are made if it
is an indexed sequential file. TIn this
case the RA file would have to supply
the actual keys to be processed or the
limits of the file to be processed.

TABFIL is the name of a table file that
contains both a table of arguments and
a table of fumctions.

The arguments in the file are identi-
fied by the table named TABARG., The
argument table is described in columns
33-45, There are 10 arguments in each
record. The number of arguments in the
table is 150, and each argument is 10
characters long. The arguments are
numeric (column 44). The A in column
45 denotes the table to be in ascending
sequence. The table lookup operation

File Extension Specifications Form 121



122

can then specify whether it shculd be
an equal, high, cr low search.

The functions in the file are identi-
fied by the table name TABFUN. The
function table is described in columns
52-57. Each functicn is 10 characters
long. The table is organized in the
form: argument—-functicn. Therefore,
TABARG was specified first.

This example shows the specifications
for a table file that contains cnly

arguments. After the table cf argu-
ments is updated, the table is to be
written or punched cn an output unit.

OLDTAB is the name of the input
table file. NEWTAB is the name given
to the output table file.

The arguments in the file are contained
in the table named TABREC. The argu-
ment table is described in columns
33-45. Five table entries are in each
record. The number of table entries in
the table is 10, and each table entry
is 12 characters long. The data is
numeric. TABREC is the name used on
the Calculation Specifications form
when specifying a table look-up or upd-
ate operation.



USING TABLES IN THE OBJECT PROGRAM

A table is an arrangement of data that is Arguments
searched and used by the object prcgrarm.
Tables are loaded into storage by the RPG
object program before any files are Argument 1] Argument 2 | Argument 3 [[Argument N
processed.
A table may consist cof two parts: Functions

arguments and functions. In Figure 90 the
table consists of part numbers (arguments) Function 1 | Function 2 | Function 3 /fFunction N
and prices (functions). The card file in
Figure 90 contains part numbers that have
been ordered. The cards do not contain the " .

. . Alt t A ts and Functi
prices of the parts. The part number is =09 Trouments anc unchions
selected from the card by the RPG frogran, .
the table is searched, and the price is Argument 1| Function 1| Arg. 2 [/ Arg. N | Fun. N
retrieved and made available for additional

processing. If the price of part number 10
is wanted, the table is searched until part Alternating Functions and Arguments
number 10 is found:. The corresponding
function of 10 in the table is 155. The
155 represents $1.55, in this example. The
number used to search the takle is called
the search argument.

Function 1 JArgument 1} Fun. 2f Function N| Arg. N

Entries in a table may ke (Figure 91):
Figure 91. The Four Types of Tables
1. Arguments
2. Functions
3. Alternating arguments and functions, or
4. Alternating functions and arquments.

(Argument) (Function) DATA CARDS
Part No. Prices
4 | 0 ( Part
No.
5 132 15
6 075 Part
7 | oos | D
8 159 ( Part
No.
9 | 397 12

10 155 ( Part
No.
1 210 h

12 069
550

S

Search Argument is 10

Figure 90. Example of Using a Table
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RULES FOR FORMING TABILES a. A unique filename (columns 11-18)
b. Entries in columns 27-45 if the
1. For tables consisting of arguments table contains only arguments or
only, or functions only, each unit of functions.
table data is called a table entry. c. Entries in columns 27-45 and 46-57
For tables consisting of alternating if the table consists of alternat-
arguments and functicns, one argument ing arguments and functions.
and one function are called one table
entry. Rules for Creating Records Containing Table
Data
2. The collection of all arquments is
assigned a name. The collection of all 1. The first table entry for each record
function entries is assigned a name. must begin in column 1.
The table name may ccnsist c¢f 4, 5, or
6 characters. The first three must be 2. All records must have the sale numberl
TAB, the rest may be any alphameric of table entries, except the last (see
characters. 1In Fiqure 95 the alternat- Figure 92).
ing table file called RATETABL is split
into a collection of arquments (TABNUM) 3. A1l entries must be continuous in every
and functions (TABRAT). RATETAEL is record. In Figure 92, the first entry
the name of the file containing the begins in position 1 and the second
tables. entry begins in position 10. No blanks
may be contained between the table
3. Although all of the tables may be entries.
loaded from the same device, a unigue
file name must be assigned in columns 4, All function or argument entries
7-14 for each line entry on the File belonging to a table must have the same
Description Specifications fcrm and length. 1In Figure 92, each argument is
repeated in columns 11-18 of the Exten- three positions long, and each function
sion Specifications form. The tables is six positions long.
Wwill be loaded into storage before the
object program is processed, and each 5. When alternating tables are used, each
line entry on the Extension Specifica- record must begin with an entry of the
ticns form must have: same type, i.e., each record must
Arg. | Func.}Arg.| Func.| Arg.] Func.
1 11 12 12 13 13
Arg. | Func. | Arg.| Func.| Arg.| Func.] Arg.| Func.]Arg.| Func.
6 6 7 7 8 8 9 9 0] 10
Arg. | Func.| Arg.| Func.]Arg.| Func.]Arg.| Func.| Arg.} Func.
1 1 2 2 3 3 4 4 5 5
T 4 10 13 19 22 28 3l 37 40 46
Figure 92. Sample Table File Containing Arguments and Functions



Arg. | Arg. | Arg. | Arg.
15 |16 |17 8

Arg. | Arg.| Arg.| Arg.| Arg. | Arg. | Arg.

Arg.

Arg.| Arg.| Arg.| Arg.| Arg.] Arg.

Figure

93.

always begin with an argument, or each
record must always begin with a func-
tion as shown in Figure 92.

When alternating tables are used, the
table entries in each record must not
be split. Function 3, for example,
must be in the same record as argument
3. It is not permissible for a func-
tion to appear in a different record
from its corresponding argument.

If a table consists of all arguments or
all functions, an argument or a func-
tion must not be split. Assume that
argument one, argument two, argument
three, and argument four are contained
in the first record. No part of argu-
ment four could overflow into the
seccnd record. Figure 93 illustrates
the correct way to specify records con-
taining arqguments or functions.

The table may be ascending, descending,
or in no sequence:. If the LOKUP opera-
tion is to be performed on this table,
and high or low indicators are speci-
fied, the table must be either ascend-
ing or descending. If an alternating
table is used, ncrmally the argument
table will be in ascending sequence (A)
and the function table will have nc
sequence (blank).

9.

12.

13.

14,

15.

Sample Table File Containing Arguments Only

The maximum length of alphameric
entries is 248 characters. Numeric
éntries must not exceed 14 digits in
length.

The records of a table must be on a
sequentially organized file.

The table file to be loaded must con-
tain the exact number of table entries
as specified on the Extension Specifi-
cations form.,

The record format for a table must be
fixed-length. However, there may be
more than one table entry per record.

When tables are read from or written
onto disk, each table is regarded as
one file.

If multiple tables are loaded from a
card reader, the same device name is
used on the File Description Specifica-
tions (however, the filenames must
differ). The sequence of loading
tables is based upon the sequence
assigned on the Extension
Specifications.

1130 RPG has a limit of eight table
files. This means that no more than
eight lines for tables may be coded on
the Extension Specifications. If each
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table has an alternating table, it is
possible to have 16 different table
names.

METHODS OF PROCESSING TABLES

The operation code LOKUP entered on the
Calculation Specificaticns form causes a
table lookup operation to be performed.

Factor 1 contains the search argument.
The search argument may be a literal or a
field name. Factor 2 contains the name of
the table which contains the arguments.
Note: The length of the data in the argu-
ment table (table argument) must be equal
to the length of the search argument. The
length includes the decimal positicns.
Decimal alignment will be performed.

The result field contains the name of
the table from which an asscciated function
is to be located, if arguments and func-
tions are used. The result field may be
left blank if the user wants to determine
if an arqument is present in the table, but
a corresponding function is not required.

Resulting indicators (columns 54-59)
must always have an entry when the table
lcokup operation is performed. The indica-
tors indicate the type cf lookup tc be per-
formed, and the indicatcrs are turned on
whenever the condition is satisfied. The
program may search for the table argument
next higher than the search argument
(resulting indicator in Columns 54-55) or
it May searCch for the table argument next
lower than the search argument (resulting
indicator in columns 56-57) or it may
search for the table argument egual to the
search argument (resulting indicator in
colunmns 58-59). An entry must be made
someWhere in columns 54-59. A high-equal
or low-equal search may te specified by
placing indicators in the aprropriate two
of the three fields (columns 54-59). It is
not possible to specify indicators in both
the high and lcw columns.

Note: Indicators must not be placed in
High or Low if the table is not in ascend-
ing or descending sequence.

The compare operations are lcgical for
alphameric arguments and algebraic for nunm-
eric arguments. The search arguments must
have the same format as the table entries
compared with them, i.e., they must be nun-
eric for numeric table entries, etc.
Decimal alignment is performed if numeric
search arguments and takle entries have
differing decimal lengths.

The lookup operation is performed in
this way:
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1. The object program takes the field name
or literal in Factor 1 and searches the
table indicated by Factor 2. The kind
of lookup is determined by the entries
in the resulting indicators.

2. After the proper entry from the argu-
ment table has been found, the corres-
ponding function from the function
table (indicated by the entry in the
result field) is located. Then, argu-
ment and function are placed in special
holding areas for the function and
argument tables. If the proper table
argument is not found, the indicators
in columns 54-59 are not turned on.

Other operations may be performed using
the data just found by the table-lookup
operation which is stored in special hold-
ing areas for the function and argument
tables. It can be retrieved by using the
name of the function table in either Factor
1 or Factor 2 of an operation.

Updating _Tables

In addition to using a function obtained by
means of a LOKUP operation, calculations
can be performed to change the argument or
the function in the appropriate holding
area as well as the table. This can be
achieved by entering the defined name of
the function or argument table in the
Result Field and by entering an arithmetic
operation code (such as ADD, SUB, MULT,
DIV) or a move operation code (such as
MOVE, MOVEL, MHHZO, etc) in Operation.
This procedure changes the contents of the
functicn or argument holding area and the
table. If a Blank After specification is
entered on a table name, both the holding
area and the specific table entry will be
blanked or zeroced out.

The RPG program returns the updated
contents of the appropriate holding area to
the location in core storage from where it
was retrieved by the LOKUP operation.
Updating of data in a table can ke per-
formed only on an argument or the Celated
function obtained by means of the last pre-
ceding LOKUP operation that refers to this
table. The programmer must ensure that an
entry was found that satisfies the table
search condition (specified by the result-
ing indicators) before updating the table.
If no entry is found and updating occurs,
the last found entry will be updated.

Figure 94 illustrates several ways in
which the data found by the operation can
be used. The numbers on the figure refer
to this discussion.
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Figure 94. Exanple Using the LCKUF Ogperation Code

Factor 1 contains the name of a field.
The field PERCNT ccntains the search
argument. The name of the table that
contains the arguments is TABCSTI. The
name of the table that contains the
corresponding function is TABAMT. The
program Will search for the value in
the argument table that is equal to the
search argument because cf the entry in
columns 58-59.

The function found in TABAMT from the
previous operation is Used as the
search argument in this example.
(TABAMT is the name of the table;
however, Factor 1 is the function
stored in the special holding area of
the table TABAMT.) The rprogram
searches for the value in the table
TABARG that is equal (columns 58-59) to
the search argument.

The data obtained from the function
table TABFUN from the prevVious lookup
operation is moved to a field called
WITHTX. It will be used for additional
calculations.

The data found in the function and
argument tables is updated. The liter—
al +25 is the search argument. The
table TABFIL is searched for +25 (indi-
cated by the entry in columns 58-59) .

A new entry for the corresponding func-
tion of +25 is entered in IABLIT. The
new function is +500; the new argument
is +30. When updating a table, both
the special holding area and the table
entry are changed.

In exanple 5, a lookup with only one
argument table turns on indicator 30 if
SEARCH is equal to an argument in TAB-
NUM. TIf 30 is not on (N30), H1 is
turned on by the SETON operation.

This example illustrates how entries
are added to the table. The LOKUP
operation is conditioned by indicator
01. (Indicator 01 is turned on when
the input file contains records with
additional table information. Each re-
cord contains the two fields, NEWARG
and NEWFUN.) To determine the first
vacant arqument, a field of zeros is
used as the search argument. Zeros are
used if the argument field is numeric,
whereas blanks are used if the argument
field is alphabetic. However, these
zeros or blanks must be loaded as part
of the table at the beginning of the
job. If there is an equal ccmpare,
indicator 35 is turned on. Because the
argument field of the table is vacant,
the corresponding function field is
also vacant. The new argulent (NEWARG)
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is inserted in the TABARG field, and
the function is inserted in the TABFUN
field.

Figure 94.1 shows the actual contents of
four tables. The Extension Specifications
for entering them into a program are shown
in Fiqure 94.2. TABLEC and TABLED are
entered in an alternating format.

The Calculation Specifications show
various LOKUP possibilities with various
indicator settings. (See Figure 94, 3)

Figure 94.4 then describes the results
of each of the LOKUP statements. The indi-
cator is only set when the search is satis-
fied in the table. If the search is nct
satisfied, the table holding areas will

contain the value of the last satisfied
search.

Ll Ll ¥ il 1 |
|First{Second|Third|Fourth|Fifth|
IEntry|Entry |Entry|Entry |Entry|

L i 1 J

T

|

|

‘r : R LI T =’ Ll
| | | | | | |
|Table A| 01} 051 08] 32] 96 |
L 1 L 1 L (] 1
L 3 T L L] T LI L
{Table BJ05.13] 02.12]47.15] 28.70(15.16]
F t } + + + 4
| Table C} WWW| NNN| LLL| GGG | AAA|
t 1 } l + + —
[Table Dj 71 8] 31 2] |
L A 4 4 L R ]

Figure 94.1 Content of Four Tables
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Figure 94.2 Extension Specifications for
Table Entries
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RETRIEVING TABLES

After a table has been updated, the table
may be written or punched out for later
use. On the File Description Specifica-
tions form, the programmer enters the nane
of the file that will ccntain the updated
table. The file must be defined as a
sequentially organized output file. On the
Extension Specifications form, the pro-
grammer enters the name of the file on
which the updated table will ke written
under To Filename. The name of the table
is entered in columns 27-32. If two tables
are to be put out, enter the name of the
second table in columns 46-51. The updated
table files will be put onto the output
file after the program has reached the end-
of~job condition (LR condition). This out-
put file must have the same format and size
as the input table file. No editing is
possible for printing of tables. If edit-
ing is necessary, two approaches are possi-
ble (see Example of Retrieving Tables) 3

1. The table is written onto disk and
then read back in and edited in a
second job.

2. The table is put out at LR time
using the EXCPT operation and a loop
on the Calculation Specifications.

EXAMPLE OF USING TABLES

Figures 95 and 96 illustrate an input data
file, the way a table might appear, and the
entries necessary on the REG Specification
forms for a program that uses tatles. In
this example, a card-input file contains
the number of hours worked by each employee
(columns 42-44) and the employee's number
(columns 1-5). The RPG program takes the
employee number and uses it as the search
argument to find the salary rate for the
enployee. After the employee's rate has
been determined, the rate is multiplied by
the number of hours worked by the employee.
The result of this operation is the amount
earned for each employee.
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TABRAT TABRAT TABRAT
TABNUM i TABNUM l TABNUM

RATETABL | 19345 | 1436 | 12347 | 1390 | 12861 | 1492
(File Name)
Table Table Table
Argument Argument Argument
Table Table Table
Function Function Function
/
HRS
tweno| | L
42-44

(Input Data)

Figure 95. Example of Using Alternating
Arguments and Functions
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In this example, the table ccnsists of
alternating arguments and functions. The
way the table data might appear is cshown in
Figqure 95. The name cf the file that con-
tains the arguments and functions is RATE-
TABL. The collection cf arguments is
called TABNUM (table number), and the
Collection of functions is called TABRAT
(table rate). Entries cn the specification
forms follow.

File Description Specifications_Form

The two files are defined on the File
Description Specifications form. The file
containing the input card records is called
TIMECARD. It is an inrut file (I in cclumn
15) and a primary file (P in column 16).
When this file is depleted, processing is
terminated (E in column 17). Each record
is 80 characters long (80 in columns
26-27). This file is read in on an IBHN
2501 Card Reader.

The table file is defined on the line
below the card-input file. The name of the
file (RATETABL) is entered in Filename
(columns 7-14). It is an input tatle file
(I in column 15, T in cclumn 16). The file
has a record length of 80 characters. The
E in column 39 indicates that additional
information about the file is coded on the
Extension Specifications form. This file
is read in on the IBM 1442 Card Reader.

The name of the file is entered in From
Filename (columns 11-18). The collection
of arguments (TABNUM) is entered in the
first Table Name (columns 27-32). There
are eight arguments per record (columns
34-35) and 500 entries in the table
(columns 36-39). GEach table entry is five
positions long (5 in column 42), and there
are no decimal positions (0 in column 44).
The table is ascending (R in column 45).

The collection of functions is
described in columns 46-51. Fach entry in
the takle is four positicns long (4 in
column 54), and there are three decimal
positions specified (3 in column 56).

Input Specifications Form

The input file (TIMECAERD) is described on
the Input Specificaticns form in cclumns
7-14, The file is assigned a sequence of
AA (columns 15-16), and record identifying
indicator 01 is turned on whenever an input
record is present for processing. No re-
cord identification codes are specified
because record identification codes need
not be entered if there is only cne record
type.
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Lines 020 and 030 are used to describe
the locations of the two input fields used
by the program. The employee number is
located in columns 1-5 of the input record,
as specified by the entries in Field Loca-
tion (columns 47 and 51), and the employee
nutber is given the field name EMPNUM. The
number of hours worked. by the employee are
found in columns 42-u44 of the input record,
as specified by the entries in field loca-
tion. The name HRSWKD is assigned to the
field containing the number of hours worked
by each employee.

Calculation Specifications Form

Three calculation specifications are shoun.
On line 010, EMENUM (employee number) is
used as Factor 1. The employee number is
the search argument. The operation code
LOKUP which is coded in columns 28-32
causes the lookup operation to be per-
formed. Factor 2 contains the name of the
collection of arguments (TABNUM) which is
searched by the search argument. The
result field contains the name of the
collection of functions (TABRAT). Thus,
this operation causes the employee number
(EMPNUM) to be used as the search argument
for the data contained in TABNUM. The 03
entered in columns 58-59 indicates that
indicator 03 will be turned on when the
program finds an entry in the argument
table that is equal to the search argument.

The specifications on line 020 are per-
formed when indicator 03 is on. The rate
for the employee (TABRAT 4 positions long,
3 decimal positions) that has been located
is multiplied by the number of hours worked
(HRSWKD 3 positions long, 1 decimal posi-
tion) and the result is stored (EARNS 5
positions long, 2 decimal positions). The
result is half-adjusted.

If the search argument does not find an
equal entry in the argument table (indica-
tor 03 is not on), the specificatiomns on
line 030 are performed. Columns 9-11 con-
tain the specification NO3.

The literal +000.00 is then moved to
the field EARNS, specifying that the em-
ployee does not have an entry in the table.

EXAMPLE OF RETRIEVING TABLES

Occasionally, it is necessary to update
a table during a program and to output the
table once (e.g., at LR time) or several
times (e.g., at L1 time). If output is
required only at LR time, it can be accomp-
lished by letting RPG put out the table and
specifying a second program to print the
results.



If the table must be printed and for-
matted during the update program, a solu-
tion is possible with RPG.

The following examrle shows a table
being put out during a rrocessing run. The
same technique can be used at LR time. A
card file shows salesman reccrds to be pro-
cessed and totals accumulated for the items
sold. The cards are in sequence by sales-
man but the items within each salesman are
not in sequence. Consequently, a table-
updating program has keen chosen. The same
job could be accomplished by sorting the
cards by item within salesman and using
control levels (Figure 96.1).

The File Description entries show two
table files on disk and a card and printer
file. The Extensicn Specifications shcws
TABL1 as being an alternating table con-
taining TABCOD (the ccde numbers of the
items sold) and TABAMT (initially loaded as
zeros and will be updated during the proc-
gram). There are 20 entries in TABL1 (one
for each of the items).

TABL2 also has twenty entries and is
made up of Consecutive numbers 01 through
20. This table will be used to assist in
the output of the other twc tables at the
end of each salesman. The table entries
are shown in Figure 96.1.

The Input Specifications describe the
item card and provide a level 1 control
break on salesman number.

The Calculation Specifications show
three detail calculaticns. Line 01 does a
lookup of the field CODE of the item card
against TABCOD to find the same item in the
table. The result field of TABAMT denotes
that the corresponding amount is also made
available.

Indicator 21 is set cn if the search
produces an equal entry. Line 02 sets on
H1 if the entry is nct found. Line 03 adds
the field AMCUNT from the input card to the
table TABAMT if indicatcr 21 is on.

This process continues until all of the
salesman's cards have been read and a level
1 control break occurs. At this point,
TABAMT contains the correct amounts and
needs to be put out.

The total calculaticns start at line 06
where indicator 30 is set on. This will be
used to produce a heading line prior to the

output of the table. Line 07 sets up the
field COUNT to be equal to 1 so it can be
used to search for the first entry in
TABCOD.

Line 09 does a lookup of TABNUM and
produces the first entry of TABCOD (031)
since the first entry in TABNUM is 01.

Line 10 moves the first entry in TABCOD to
a saved area, Line 11 takes the saved area
and looks for the same entry in TABCOD.

The result field of TABAMT produces the
corresponding entry.

The programmer now has the data needed
to print the first summary line. Line 12
adds the amount in TABAMT to a total field.
Line 13 makes a comparison to determine if
the field COUNT has reached 20. When it
reaches 20, the last item in the table
(472) is ready to be printed.

Line 14 causes a branch to exception
output. Line 15 sets off indicator 30 to
prevent repeated printing of the heading
line.

Lines 16 and 17 will be performed if
the field COUNT has not yet reached 20.
The branch to LOOP will start the process
over again. The second time through the
field COUNT will be equal to 2. This will
cause the second item number (032) to be
retrieved from the table and its amount to
be printed.

The Output Specifications show a typic-
al detail output of the input card in lines
01-04. The SLSMAN field is printed on the
first line following a L1 control break.

Lines 05-08 show the heading line which
is to be printed just prior to printing the
first item. 1Indicator 30 was set on to
allow this and then set off after the first
exception output was called for.

Lines 09-11 show the output required
for each item. TABCOD and TABANMT are
printed to provide the proper information.
TABAMT is blanked after (zeroed out) to
allow the proper total to ke accumulated
for the next salesnman.

Lines 12-14 provide for the total
amount of each salesman to be printed and a
double asterisk to denote it. The field
TOTAL is also tlanked after to allow for
the proper accumulaticn for the next
salesman.
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An RPG program may use subroutines to avoid
repetitious coding of ccmmen or frequently
used procedures these subroutines are of
two types:

1. External: written in the Assembler
language. This type of subroutine must
be assepmbled and stcred in the Systen
Subroutine Library Erior to its use.
This subroutine is Invoked FTTon an G
program with the operation EXIT, and

data references are made with the
operation RLABL.

Internal: written in the RPG language.
This type of subroutine is generated
and executed as a part of the RPG pro-
gram. It is defined with the opera-
tions BEGSR and ENDSR, and invcked with
the operation EXSR. Since the subrou-
tine is a part of the RPG program, all
field names defined in the main program
are available to the subroutine and
vice-versa.

EXTERNAL_SUBROQUTINES

The EXIT operation ccde on the Calculaticn
Specifications form causes RPG to transfer
control from the RPG cbject program to a
subroutine that has been coded in the As-
sembler language. A subroutine might be a
standard routine (such as a state with-
holding tax routine) or it might be a rou-

tine that performs a function not easily
accomplished using RPG (such as a square-
root computation). The subroutine, written
in Assembler language, is coded by the
user. Entries made on the Calculation Spe-
cifications form enable the programmer to:

1. Exit from the RPG program to a
subroutine.

2. Execute the subroutine.

3. Return to the main program after the

subroutine has been executed.

The use of the EXIT operation and the
understanding of this section requires
thorough familiarity with the 1130 Assen-
bler language. Information on this subject
is contained in the SRL publication IBM

1130_Assembler lanquage, Form C26-5927.

A control-level entry and indicators
(columns 7 through 17 of the Calculation
Specifications form) can be used with the
EXIT operation. When this is done, the
EXIT operation will be executed only if the
conditions established by the control-level
entry and/or indicators are satisfied. An
EXIT operation whose execution depends on a
control-level entry or on indicators is
called a conditional EXIT operation. (An
EXIT can also be used within an internal
RPG subroutine)

_____ The format of the EXIT opera-
tion is shown in Figure 97.
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Figure 97. Format of the EXIT Operation
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Columns 7 through 17 are used cnly with
conditional EXIT operations. The mnemonic
EXIT must be entered in columns 28-31. The
name of the subroutine to which control is
to be transferred must be specified in
columne 33-38. The name of a subroutine is
restricted to five characters. The first
character must De alphatetic; the other
characters may be alphaketic or numeric.
Special characters or embedded blanks must
not be used. The subrcutine must be pre-
cent in the System Subroutine Library prior
to execution of the RPG program.

Positign: The EXIT operation may be used
anywhere in the Calculation specifications.
However, the user should be awvare of the
following consideraticns regarding four
specific positions of the EXIT operation in

the program:

1. When the EXIT operation is the first
detail calculation cf the program, con-
tol will be trancsferred upon ccmpletion
of the input routine, i.e., as soon as
the pertinent input data are available
for processing.

2. When the EXIT operation is the last
detail calculation cf the prcgram, con-
trol will be transferred to the desig-
nated subroutine immediately before
heading and detail records are printed
or punched.

3. When the EXIT operation is the first
total calculation of the program, the
exit to the subroutine will be made
after the record type has been deter-
mined and the contrcl field has been
tested.

4. When the EXIT operation is the last
total calculation, control will be
transferred immediately before the
totals are printed or punched.

Field Definiticn: Any fields that are used
in both the subroutine and the RPG progran
nust be defined in the EPG program. This
is achieved by RLABL statements. The use
of the RLABL statement is described as
follovs..

1. TIf the field is nct used as a result
field elsewhere in the program, or if
it has not been defined in the Input
specifications form, it must be defined
on the Calculaticn Specificaticns form
(Figure 98, item 1).

The symbol RLABL must be Placed in
colunns 28-32. The name of the field
is placed in the Result Field (columns
43-48) . The length of a field name
used in an RLABL statement must not
exceed 6 characters, and the first
character must be alphabetic. Field
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Figure 98. TFormat of the RLABL Operation

length (mmm) and number of decimal
positions (n) are entered in the appro-
priate columns.

2. If an RPG field that is to be used in a
subroutine has been defined in the
Input Specifications form or in the
result field of another Calculation
Specification form the symbol RLABL
must be placed in Operation and the
name of the field in Result Field.
Field Length and Decimal Positions
should be left blank (Figure 98, item
2).

A field whose name has been defined by
means of a TAG specification must not be
used in a subroutine. Consequently, the
name of such a field cannot be used in an
RLABL specification. RLABL specifications
nust immediately follow the EXIT specifica-
tion with which they are associated.

Indicator Definiticn. The user may want to
test RPG indicators in a subroutine. 1In
this Case, each indicator required must be
defined on the Calculation Specifications
form (Figure 98, item 3).

The entry in columns 43-46 of the
Result Field ccnsists of the letters IN
followed by the symbol for the indicator
required. If, for example, the condition
of the Matching Record indicator is to be
tested in the subroutine, the entry in the
Result Field portion of the appropriate
RLABL statement is INMR. This entry indi-
cates to the RPFG program that MR will be
tested in a subroutine. In the subroutine,
the indicator may be referred to as the
data located at INxX.

Note: The hexadecimal representation

0000 for OFF.

If, in the subroutine, the user sets
on, sets off, or tests resulting indica-



tors, he must observe the following rules
when he codes his subrcutine:

1. To set on a resulting indicator, set
the data located in INxx to hexadecimal
0001.

2. To set off a resulting indicator, set
the data located at INxx to hexadecimal
0000.

3. To test resulting indicators:
a. If on, the data at INxx will be
hexadecimal 0001.
b. If off, the data at INxx will be
hexadecimal 0000,

RLABL statements must be specified
immediately following the EXIT statement
which refers to the subroutine in which the
desired fields are to be referenced.

If the same routine must be exited to
at various points within the RPG source
statements, it is desirable to place the
EXIT and RLABL statements in an RPG intern-
al subroutine.

The EXIT statement will cause an assem-
bler CALL statement to ke generated. Each
RLABL statement will cause the comgiler to
generate the address of the referenced
field or indicator.

€oding_of Subroutines:. All subroutines
that are to be incorporated into EPG pro-
grams by means of the EXIT operation must
be coded in Assembler language. A subrou-
tine that is to be linked by an RPG progran
may not contain input/output operations.
The following points must be observed:

1. RPG passes control to a subroutine via
the assembler CALL statement. The Core
Load Builder changes the CALL to a BST
indirect to the subroutines. Refer to
IBM_1130_Assembler language, Form
C26-5927,

2. The CALL statement will place the
address following the CALL statement in
the first word at the subroutine entry
point. This address will point to a
list of RLABL referenced field

addresses. The subroutine can
reference the desired field by using
the supplied address.

3. The subroutine must return to the
address following the CALL statement
plus the number of RLABL statements.
For example, if there are 3 RLABL sta-
tements following an EXIT statement in
the RPG program, the user's subroutine
must return to the address formed by
adding 3 to the contents of the first
word of that subroutine.

4. 1Index register 3 is used by the system
to pass control to subroutines. If the
subroutine uses this register, it must
save and restore its contents.

All subroutines to be incorporated in
an RPG program should be coded on an IBM
1130 Assembler coding form. The subroutine
source deck must be assembled separately
using 1130 Assembler. The resulting object
program deck must be stored in the System
Subroutine Library.

Since the subroutines and the RPG ELO-
gram are to be combined, the subroutines
must be relocatable and all Assembler link-
ing conventions must be observed.

Restrictions. The following restrictions
must be observed when using subroutines
written in Assembler language.

1. Control cannot be transferred from one
subroutine to another.

2. Subroutines should ng;.cggﬁg;gw;g&gt/
output operations. This ray interfere
wl?E“The RPG routines.

3. RPG data formats are described in Types
of Data_Records. 2fLiiy
Figure 99 illustrates the EXIT and

RLABL operations. The RPG calculation spe-

cifications show a EXIT to the subroutine

PROC which will reference indicator 01 and

field AFLD. The 1130 Assembler Coding form

shows one method of referring to the speci-
fied RPG indicator and field.
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Figure 99. External Subroutine
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INTERNAL SUBROUTINES

Subroutines may be coded in RPG. Such sub-
routines are a part of the REG progranm
which invokes them, and control does not
leave the RPG object program. The RPG
(internal) subroutine is coded on the Cal-
culation Specifications form using EXSR,
BEGSR, and ENDSR operations. The format of

an RPG subroutine is shown in Figure 100.
An RPG subroutine is delimited by the BEGSR
and ENDSR operations. The BEGSR statement
defines the beginning of the subroutine and
the entry point into the subroutine. The
name entered into Factor 1 is the name of
the subroutine, and is used to invoke this
subroutine.
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Figure 100, RPG Internal Subroutine

The ENDSR statement defines the end of
the subroutine and the pcint cf exit from
the subroutine. At the completicn cf the
subroutine execution, program control
leaves the subroutine and resumes with the
calculation specification immediately fol-
lowing the EXSR statement that invcked the
subroutine.
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The ENDSR may have a name entered in
Factor 1. This name may serve as the
destination for a GOTO statement within the
subroutine. A TAG statement is not needed
when the GOTO operation is used with the
ENDSR statement.



All statements of an RPG subroutine
must have SR entered inm columns 7-8 of the
specification. These colurns are ctherwise
used for control-level indicators.
Control-level indicators may not be used to
condition statements within an RPG subrou-
tine. However, the EXSR statement that
invokes the subroutine may be conditioned
for total time. Thus, the entire subrou-
tine will be executed under the conditions
imposed on the EXSR statement.

An EXSR statement is used to invoke an
RPG subroutine. EXSR statements may appear
in detail calculations, total calculations,
or within another subroutine. (However,
when an EXSR is a statement in a subrou-
tine, it may not invoke the subroutine of
which it is a part.) When the EXSR state-
ment is executed, the control of the pro-
gram goes to the subrcutine named in Factor
2 and that subroutine is executed. When
the subroutine has been executed, ccntrol
returns to the statement following the EXSR
statement.

Order of Specification

REG subroutines follcw all detail and total
calculaticns on the Calculation Specifica-
tion sheet.

Order of Execution

Although the RPG subroutine specifications
follow all other calculaticn specifica-
tions, they are executed acccrding to the
order and placement of the EXSR statements
that invcke them. The EXSR may be used
anywhere in the calculation specifications.
However, the user should be aware of the
following consideraticns regarding four
specific positions of the EXIT operation in
the operation:

1. When the EXSR operation is the first
detail calculation cf the program, con-
tol will be transferred upon completion
of the input routine, i.e., as socon as
the pertinent input data are available
for processing.

2. When the EXSR operation is the last
detail calculaticn cf the prcgram, con-
trol will be transferred to the desig-
nated subroutine immediately before
heading and detail records are printed
or punched.

3. When the EXSR operation is the first
total calculation of the program: The
exit to the subroutine will be made
after the record type has been deter-
mined and the contrcl field has been
tested.

4. When the EXSR operation is the last
total calculation, ccntrol will be
transferred immediately before the
totals are printed or punched.

5. When the EXSR operation is contained
within another subroutine, the subrou-
tine named by the EXSR statement will
be invoked when
the subroutine containing the EXSR sta-
tement is executed.

Since the RPG subroutine is intermnal to
RPG, any data field may be referenced in
the subroutine. Fields may be accessed and
changed just as with any calculation
specifications.

A GOTO operation may not be used to
branch to the label of the BEGSR operation.

If a TAG operation is located within a
subroutine, the corresponding GOTO must be
within the same subroutine.

It is possible to have a GOTO statement
within the subroutine branch to a TAG sta-
tement outside of the subroutine. However,
that TAG statement cannot ke in ancther
subroutine.

Figure 101 shows an updating routine using
an RPG subroutine. This approach is typic-
al of most "spread-card" tyre applications.

Part 1 shows how the three files
involved are described on the File Descrip-
tion Specifications.

Part 2 shows how the two input files
are described on the input specifications.
The fields ITEM1, ITEM2, ITEM3 are defineAd
for part numbers, and the fields QTY1,
QTY2, QTY3 are defined for the quantity of
rarts for The primary file CARD. the
inventory file (INVFIL) key and balance
fields are also defined.

Part 3 chows the Calculation Specifica-
tions necessary to use the subroutine.

Lines 010-030 The fields ITEM and QTY are
defined and the first iten
informaticn moved into these
fields. The subroutine UPD-
ATE is invoked.

Lines 040-090 Information for the second
and third items is used to
invoke the subroutine UPDATE.

Line 110 The beginning of the subrou-,

tine UPDATE is identified by

the operation BEGSR.
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Line 120

Line 130

Line 140

142

The CHAIN operation is used
with field ITEM and the file
INVFIL to access the inven-
tory file record for this
item. (See Chaining fcr more
information about the techni-
que of chaining.) Indicator
20 will be turned on if the
appropriate record cannot be
found.

In this eXample the Inventory
File contains both active and
inactive items. The active
items are coded as a 1 in
position 100 of the record.
This will turn on indicator
02. If it is NO2, the pro-
grammer will process it as a
not found record. The SETON
of indicator 20 handles this
conditicn.

When indicator 20 is not on
(N20), the inventory file re-
cord is urdated by the field
QTY.

Line 150

Line 160

The operation EXCPT causes
any exception records defined
on the Output-Format Specifi-
cations sheet to be produced
at this time. (Exception
records are identified by an
entry of E in column 15.) 1In
this example, the record pro-
duced is the inventory record
containing the updated quan-
tity. This reccrd is written
back into the file INVFIL,
completing the update.

The ENDSR defines the end of
the subroutine and causes
rrogram control to return to
the statement immediately
following the EXSR statement
that invoked the subroutine.

Part 4 shows the output specification
coding necessary for putting out the excep-
tion records as explained previously.
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RPG provides a relatively easy methecd of
documentation since it has a fixed entry
format and all programls use the same
generalized logic flow. To assist the pro-
grammer, the fcllowing discussicn ccncerns
ways of providing additional documentation
that will assist in program writing, pro-
gram testing, and program maintenance.

1. Comment cards at the beginning of a
program allow the programmer to describe
the functions of his prcgram and any other
important items. An example of this is
found in Figure 101.1.

2. Comment cards can easily te written on
any specification sheet to denote the
beginning of major sections. An example of
this is shown in Figure 101.2.

INTERNATIONAL BUSINESS MACHINES CORPORATION

REPORT PROGRAM GENERATOR FILE DESCRIPTION SPECIFICATIONS

PROGRAM_DOCUMENTATION

3. Comments can also be written in the
comment section of the Extension and Calcu-
lation Specifications. See Figure 101.3
and 101.4.

4. A special RPG documentation form is
available to allow the programmer to keep
track of the indicators he has used and to
supply a description of their purpose in
his program. This is a convenient aid dur-
ing the writing of a program and a good
means of providing documentation. The form
is designed to be keypunched and the cards
are normally placed after the File Descrip-
tion entries. A sample is shown in Figures
101.5 and 101.6.
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The RPG object program handles records that
are fixed-length only (i.e., all the reco-
rds of a file have the same length). _One

}pgical record is contained in one physical

UNBLOCKED_ RECORDS

All logical records of a file have the same
length.

The length of a logical record is

entered in Record Length cn the File
Description Specifications form.

BLOCKING RECORDS

RPG automatically blocks all disk files for
maximum space utilizaticn. Figure 102

shows the number of cylinders that are used
to contain 1000 records of various sizes.

A disk pack consists of fixed-length
sectors with a capacity of 640 characters
each. A data record must be contained in
one sector. However, a sector may be cap-
able of containing more than one recorad.
The process of grouping records on a sector
is called blocking.

The blocking of disk records saves disk
operations and increases the processing
speed of the object program. When records
are grouped in blocks of one sector, an
unused area may occur at the end of the
sector.

Figure 102 showWws the utilization of
disk space achieved with various blocking
factors.

IYPES_OF DATA_RECORDS

R'ecord Cylinders Used Per 1, 000 Records
E:Zr:::teu .Sequential :,:?;:‘g:?:?:: I:
1 0.4 1.1
2 0.4 1.1
6 1.2 1.9
8 1.6 2.4
20 4.0 4.8
50 12.8 1.3
80 15.6 18.0
120 25.0 25.0
200 4.7 1.7
250 62,5 62.5
318 62.5 62.5
320 62.5 1250
636 125.0 125.0
640 125.0 INVALID
lL(eezgth - Index Sequential: I(zi’ei:déll:\qrf
Characters Number of Entries On One Sector
2 45
3 35
5 24
8 16
10 13
14 10
18 8
22 6
25 6
30 5
40 3
50 3

Figure 102. Space Utilization for Various

Size Records
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1130 RPG does not change the sign of any
fields defined as numeric in the following
situations:

e Removed from an Input Record
e Moved by a MOVE cr MOVEL operation
e Moved by a Move Zone operation (the
sign of the result field will be
the same as the sign of Factor 2)
e Used as a Chaining Field
The result field of any arithmetic
operation (ADD, SUB, Zz-ADD, Z-SUB, MULT,
DIV, MVR) will always produce either the
positive sign (F) or the negative sign (D).
If two numeric fields are ccmpared and
the digit portions are equal, the following
will occur:

1. If the signs are identical, the compare
will be equal.

150

2. 1If one sign is a D (negative) and the
other is nct a D (positive), the com-
pare will be unequal.

3. If the two signs involved are not D's
and are not the same (e.g., F and C)
the compare will be equal.

Numeric_Match_ Fields_and control Level Hold
Areas

An F sign will be forced on all numeric
fields regardless of What the sign was pre-
viously. 1In addition, all high crder zones
will be stripped.

Edit codes and edit words will treat all D
signs as negative. All other signs will be
considered positive.



TERMINOLCGY

The distinction between the terms file
organization and file rrocessing is very
important.

File Organizaticn is thé method ofar-
ranging data records on a direct access
storage device. A file is organized during
the development stages of the application.

File processing is the method of retri-
eving data records frcm the file.

To achieve the most efficient use of
the 1130 components, carefully consider the
relationship between hcw a file is
organized and how records are retrieved
from it. This is particularly important
when designating data files for storage in
a direct access storage device.

The method of organization best suited
to a particular file of disk records
depends upon many factors. These factors
must be analyzed for each file in each par-
ticular application. More than one method
of processing the same file can be used.
For example, records within a file might be
processed at random during an updating run,
and sequentially during a billing run.

FILE ORGANIZATION

The two types of file organization used by
1130 RPG are sequential, and indexed
Sequential.

Sequential File Organization

A sequentially organized file is estab-
lished by arranging reccrds into sequential
order in the storage media used to contain
the file. cCard files are always organized
in this manner. This kind of file is con-
sidered as one continuous string of records
in sequence and is processed consecutively.
Disk records can also be organized in this
manner and processed consecutively. The
size of a sequentially crganized disk re-
cord can be any number from 1 to 640
characters.

It is also possible to process a
sequential file randomly. This can be done
by specifying the relative record number of
the record in the file.

DISK_STORAGE_CONCEPTS

Indexed-Sequential Organizaticn

In this type of file organization, the
records are also stored sequentially in the
file. But this type of file organizaticn
differs from sequential organization.

The indexed sequential type of organi-
zation uses an index table associated with
a file that indicates to the program the
general location of the records. Thus, the
records may be retrieved from the file
sequentially or in random sequence. The
index table is analogous to the index card
file in a library. If you know the name of
a book, or the author, you can look in the
index and find the location of the book in
the book files.

For example, this might be a catalog
number (address) of 426.25. You would then
go to the book shelves, and (if it was your
first time in the library) start at the
first row of the book files and proceed
through the rcws until you have found the
shelf that contains #26.25. Usually, each
row contains a sign to indicate the begin-
ning and ending numbers of all bcoks in
that particular row. Thus, as you proceed
through the rows, you would compare 426.25
with the numbers posted on each row.

Assume that one row was labeled 300.88-550.
00. You would then search that row for the
shelf that contained the book.

The RPG program uses an index table in
much the same way to locate records
organized in an indexed sequential file.

The size of a record in an indexed
sequential file can be any number from 1 to
636 characters. Each record in the file
has a field called a key. This key is the
field which the file is organized by. 1In
the library example, each book has a cata-
log number which is its key. The size of a
key in an indexed sequential file can be
any number from 1 to 50 characters.

FILE PROCESSING

There are four methods of file processing:

1. Sequential processing of sequentially
organized files.

2. Random processing of seguentially
organized files.

3. Sequential processing of indexed
sequentially organized files.
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4., Random processing of files organized
indexed-sequentially.

Sequential Processing_(Sequential Files)

In sequential processing of a sequentially
organized file, every record in the file is
examined, and each successive record in the
physical file is processed in order. For
example, in a card file, the card records
are processed in the order that the cards
are fed into the system. The 14th card in
the file cannot be processed until after
the 13th card has been processed.

Random_Processing_(Seguential Files)

To find a randcm record in a file
organized sequentially a record number mugt
.be supplied. The user can en make direct
access to the record. 1Index tables are not
required. This kind of processing is
called random processing by a relative re-
cord number. The record identification
indicates the location of the record on the
file. For example, the 12th, 83rd, 212th,
etc. record on the file. The progranm
makes no comparison of key (control field)
data with this type of processing.

This type of processing can also be
compared to directing someone to a house
locaticn. "The Martin family lives on Har-
rison Street" (a file name) "and their
house is the 32nd house from the beginning
of the street." (The 32nd is the record
number.)

sequential Processing (Indexed Sequential
Eiles)

sequential processing of an indexed-
sequentially organized file is similar to
sequential processing of a seguentially
organized file (i. e., an entire file is
processed). In the examrle of the library,
the first visit represents a seguential
processing on an indexed-sequentially
organized file.

An additional methcd of sequential pro-
cessing is to process only a segment of a
file. For example, a payrcll file is to be
updated with new pay increases. The
payroll file is in sequence by department
and each week the pay raises for various
departments become effective. Therefcre,
on each week's processing, only segments of
the payroll file are updated. The updating
is accomplished by reading in a card file
that specifies the limits of the file to be
processed (called a Reccrd Address or RA
file). One such card record might indicate
that the records for department's 26-41 are
to be updated, another fcr derartment's
76-80, etc.
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Random Processing_(Indexed Seguential

In random processing, the sequence of pro-
cessing has no relationship tc the sequence
in which the data is stored in the file.

To randomly find a record in an indexed
sequential file, an index -is first scanned
to localize the area of search by determin-
ing the cylinder that contains the record.
The index is a sequential list of the keys
(of the data) with corresponding cylinder
addresses. The entire cylinder is then
scanned to find the individual record to be
processed. This kind of processing is
referred to as processing in a random
sequence Wwith record keys

This type of processing is analogous to
directing someone to a house location.
"The Martin family lives on Harrison
Street" (A cylinder address) "and then
walking down the street looking for 'Mar-
tin' on a mailbox".

CREATING AND PROCESSING SECUENTIAL_DISK

A sequential disk file must be contained
within one disk area. This area is defined
prior to the creation of the file which
occupies it. (Refer to IBM 1130 Disk Mon-
itor System, Version 2, Programmlng and
Operating Guide for a discussion of the DUP
function used to reserve an area on disk.)

The RPG program loads the records, one
after another , beginning at the start
address of the file and continues loading
on successive tracks (and cylinders) until
the end address is reached.

If the file is defined as an update
file, the records to be updated can be spe-
cified on the Output-Format Specifications
form. Furthernore, only the fields of an
update record that are to be changed need
be defined on the output specifications.
The RPG program combines these fields with
the unchanged fields and restores the
updated records into the same locations on
disk, before retrieving a new record for
processing.

To extend a sequential file or add
records, the entire file must ke reloaded.

If a gegqueptial disk file is processed

gggnen&;g;ly, it can be ugdated only at
detail time during the _Processing of this

tFecord. At any other proc9551ng time,
updating would be performed on another re-
cord. If a sequential disk file is pro—
cessed randomly, it can be updated at el-
ther detal or total tlme. T S

N rans
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Figure 103. File Definitions

A sequential disk file may be processed
randomly by using relative record numbers
but must be created through the use of a
sequential output file.

Figure 103 shows the coding on the File
Description Specifications fcorm required to
process records of sequential input, update
and output disk files.

Each file is defined to have records 80
characters in length. Since each sector
can contain 640 characters each file will
have 8 records on each sector defined for
that file. Line 010 shows an input file as
the primary file. 1Line 020 shows a file
being processed as a sequential file and
updating is allowed. 1Line 030 shows a file
being created. Line 040 shows a sequential
file being processed randomly and being
retrieved by a relative record number.

Line 050 shows a file being processed ran-
dcmly and updated. Retrieval is by means
of a relative record number.

INDEXED_SEQUENTIAL ACCESS_METHOD_ (ISAM)

An indexed sequential file is alwaysse-
quenced according to a key field. It must
be in ascending sequence.

Every indexed sequential file contains
an index table associated with the file
which has one key for every cylinder of the
file and the address of the cylinder. This
index acts as a form of brackets so that
any key may ke isolated to begin on a par-

ticular cylinder. Thus, the records may be
retrieved from the file sequentially or in
random sequence

Key
The key may be a part number, or an employ-
ee serial number, or any identifying infor-
mation that is contained in any record of
the file. All keys of the file must have
the same length must begin in position
1 of t i art. of g record- gﬁe mad X1-
mum size key is 50 alphameric characters.
The records are stored in a key sequence
and must have been sorted by a key. An end
of file record (EOF) is a record that has a
key with the highest possikle value (:.e.,
all bits are 1). Erroneous results will be
achieved if a data record with this key
field is part of the file.

Organization of Records_on_Disk

When the file is loaded onto disk, the ISAM
load routine organizes the file in a way
that allows direct access to any record. A
reference can be to records at random
throughout the logical file, or to a series
of records in the file in their presorted
sequence. The records are loaded by the
ISAM lcad routine one after another, into a
specified area of a volume (the prime data
area of the volume). A two word control
field is suffixed to each record prior to
writing the record in the prime data area.
Data records cannot exceed 636 characters
(reference Figure 104 for format of data
record).
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Example of o data record in the prime data area.
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Sequence-link Control Field

Example of the last data record on a prime data cylinder that has overflow records.

Figure 104.

Mastel

Data Format

Index

When the ISAM load routine loads a file of
records an index for the file is created.
This index is utilized for the random or

sequential reference to records as follows:

Key from the last record on each prime
data cylinder.

Sector address from the beginning of a
cylinder.

Key - the same as item 1 except when
overflow records exist for that cylind-
er, in which case it will be the key
that was originally the key of the last
record on that cylinder.

Sector address - same as item 2 except
when overflow records exist, in which

(i.

one entry).

case it will be the overflow sector
address of the last record forced off
the cylinder.

Record number - zeros except when over-
flow records exist, in which case it
will contain the record location on the
overflow sector of the last record for-
ced off the cylinder.

The entries are blocked if possible,
e., one disk sector contains more than
The exact number of entries

per sector and the number of entries
required for the index depend on the users
key length; the sector addresses and the
record number require three words (Figure
105) .
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Figure 104.1 Typical ISAM definitions
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Figure 105. ISAM Master Index Format

Overflow Area _and Addition of Records

After a file has been organized on disk, it
may subsequently become necessary to add
records to the file. The records tc be
added may contain:

1. Keys that are above the highest key pre-
sently in the file.

2. Keys that are lower than the lowest key
presently in the file.

3. Keys that fall between keys that are
already in the file.

When new records are to ke added, an
overflcw area is required. The ISAM uses
the overflow area to permit the insertion
of records without necessitating a complete
reorganization of the established file.

The random and the sequential retrieval
of records is maintained by inserting
references to the overflow records in the
master index and by using a linking techni-
gue in the overflow records. For chaining,
the sequence-link ccntrcl field is suffixed
to all records. This sequence-link control
field is a twec word area and contains the
sector address and the record number.

Thus, a chain of sequential records can be
followed in a search for a particular re-
cord, The sequence-link ccntrol field of
zeros in the chain indicates the end of the
chain (see Figure 106 for a schematic
example of the overflow area). To add a
record, the ISAM ADD routine searches the
master index to determine on Which cylinder
the record is to be placed. When the prop-

Key | Ist Key | Ist Zeros | Key | 2nd Key | 2nd Zeros| Key
75 | Cylin. |75 |Cylin. 150 | Cylin. | 150 | Cylin. 275
Address Address Address Address
Normal Entry Normal Eniry
Key | 10th Key | Overflow | Record | Key | lith Key [ 1lth Zeros | All | lith
510 | Cylin. | 530 |Sector | Number|600 |Cylin. {600 |Cylin. I |Cylin.
Address Address Address Address Bits | Address
Overflow Entry Normal Entry Last Entry

er cylinder is determined, one of the fol-
lowing routines is performed.

1. If the record is to be placed ahead of
the records presently on the cylinder or
between two of the records, the ISAM ADD
routine adds the record by inserting it
in the proper sequence and shifting each
succeeding record one record location
higher on the cylinder, until the end
record is forced off the cylinder. The
end record is transferred to the over-
flow area and the master index is
updated or the sequence-link control
field of the overflowed records are
updated to chain the overflow records in
sequence.

2. If the record is to be placed bhetween
the last record presently on the cylind-
er and the last record originally on the
cylinder, the ISAM ADD routine writes
the records in the overflow area follow-
ing the last record previously written.
The routine searches through the chain
of records associated with the corres-
ponding cylinder for this record. Then
the sequence link control fields of the
new record, and the record preceding it
by a sequential key, are adjusted to
point to the proper records.

3. If the new record has a key that is
higher than the users highest key in the
file, the reccrd is inserted before the
end of file record. TIf the last prime
data sector is not full, the record is
placed in the prime data area, otherwise
it is added the same as in routine 1 or
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Data record in the overflow area with the control field zeros which
means it is the last record in the chain.

Figure 106. Overflow Area

2 above (the dummny end of file record
key of all 1 bits is the highest key
possible). The oVerflow area is auto-
matically allocated immediately follow-
ing the prime data area after the ini-
tial load of the file if space is avail-
able within the limits of the file area
(ses Figures 107 and 108 for a schematic
example of the cylinder).

Note 1: The aboVe descripticn of adding is
logically correct, but the technique is to
work backwards so that the record to be
added is written last. This avoids the
loss of records due tc hardware
malfunction.

Note 2: 1130 RPG does not permit the
extents of an organized file to be changed.
Therefore, if the available overflcw areas
are full and records are still to be added,
the file must be completely reorganized.

Estimating File Size Caracity

As a technique of gccd systems design, it
is desirable to quickly estimate possible
file sizes for the three methcds of file
organization. Since 1130 RPG automatically
klocks records and the block size cannot
exceed 640 (636 for ISAM), there are cer-
tain optimal record sizes.
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For example, an ISAM file of 3,000 125
character records will require approximate-
ly 140 cylinders. If the record size can
be reduced to 120 characters, the file size
is reduced to approximately 85 cylinders.
Thus with a 4% reduction in record size a
40% reduction in file space is achieved.
This will alsc significantly improve the
retrieval speed of the file. Record sizes
can often be reduced with system design
considerations or with packing of numeric
fields.

If on the cther hand, the record size
cannot be reduced to 120 characters, the
user should consider expanding the record
size to 200 characters since the sanme
amount of file space will te required.

This may allow additional information to be
stored on the record which may reduce the
total number of operations in the systen
design or improve the capability of the
system.

Because of the potential savings, the
system designer should be familiar with
Figure 102. This chart shows the number of
cylinders reqguired per 1000 data records.

The user first calculates his record
size in characters. Then looks down the
record size column for the number which is
equal or the next higher value. By looking



across, the number of cylinders required
for 1000 records for either Sequential or
ISAM can be determined. A simple multipli-
cation will then produce the estimated file
capacity required.

In our previous example, a 125 charact-
er record would be the same as a 200
character record. (It is larger than 120).
Looking across under the ISAM column, 41,7
cylinders are required. Since this is for
1000 records 41.7 x 3 = 125.1 or 126 cylin-
ders are reguired for the prime data area.

An indexed sequential file requires a
cylinder index. This chart is also shown
in Figure 102. Lock dcwn the key length
column to the number equal to or larger
than the key field of the file. (Key
fields cannot be packed). Then look across
to determine the number of cylinder entries
that can be made on one sector.

If a key field length of 7 is required,
16 cylinder entries can be held per sector.
Since the prime data area will require 126
cylinders, then eight (125 divided by 16)
sectors will be required for the cylinder
index. Since there are eight sectcrs in a
cylinder, one cylinder is required for the
cylinder index.

Most ISAM files require an extra area
for overflow records. This will vary rer
application, but a typical figure may be
10%. If the prime data area requires 125
cylinders, the overflow area will be 13
cylinders.

The total file is then contained in:
126 cylinders fcr rrime data
13 cylinders for overflow area
1 cylinder for index

140 cylinders

The 1130 System requires that a file
Space te reserved for the file. This nunm-
ber must be expressed in terms of sectors
required., Therefore a reserved area of
1120 sectors (140x8) is required for this
file.

Sectors Regquired for an Indexed Seguential

_______ User specifies 2000 records to
be loaded (100 characters long, key field=6
characters). The RPG compiler will show
that 408 sectors (51 cylinders) are
required for the disk area. (The user
could have calculated this using Figure
102.) The user must reserve a number of
sectors on the disk in a DUP run for this
file. It is not mandatory to reserve the
exact amount specified by RPG, The follow-
ing depicts some examples and what factors
should be considered.

1. If 408 sectors are specified, the
user can initially load 1500 records
and use the remaining space for
overflow records. This will waste a
small amount of disk space that has
been reserved for the index to the
records that were not loaded. (In
most examples this is negligible.
Here it amounts to one sector.) If
the user initially loads 2000 reco-
rds, no records can be added to the
file., This file would have to be
reorganized specifying a larger
area. This will require ancther DUP
run and reloading of the file.

2. If 500 sectors are specified, the
user could load 2000 records and use
the remaining area for additions.

It would not be possible to initial-
ly load 2200 records since RPG has
already set the maximum index size
at 2000 records. (The load program
will halt when too many records are
loaded.) The RPG load program would
have to be recompiled with a larger
maximum file size before reloading.

3. If 350 sectors are specified the
user can obviously not lcad 2000
records. (The actual number would
be 1730 records as determined by
using Figure 102.) However, 1500
records could be loaded and the
remaining area could be used for
additions. (As in example 1, a
small amount of area would be lost
due to the requirements for a larger
index) .

Indexed_Sequential Processing

File

RPG will automatically calculate the
number of sectcrs required fcr the file for
each program that will lcad an ISAM file.
This feature will assist in determining the
file capacity required.

The user must specify the total number
of records he wishes to have in an ISAM
file and enter this on the File Description
Specifications. This number should pro-
vide for a typical overflow area.

Indexed Sequential Access Method (ISAM)
permits the user to process disk records in
either random or sequential order, using
certain control (key) information.

Sequential Processing: The entire file is
processed sequentially by record key in
ascending sedquence. Sequential processing
can be performed on an entire file, start-
ing with the first record or upon limits of
the file.
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Procesising Limits of an_Indexed Segquential

If the file is organized alphabetically
from A to Z the programmer may wish tc pro-
cess certain limits of the file such as
Through L. It is possible tc process (in
the same program) several limits of the
file (e.g., A-C, G-K, Q-W). It is also
possable to overlap multiple limits (&-L,
B-D) or process in a varied sequence (S-W,
J-L, C-E, N-P). The limits to be rprocessed
are supplied to the program in the form of
Record Address file (RA file). The actual
beginning and ending limits used do not
have to be valid keys within the file. An
RA file is used to indicate what limits of
a file with an indexed sequential cr9aniza-
tion are to be processed.

Creating an RA File for limits

1. Only two record address entries specify-
ing the lower and upper limit of one
area can be in each record of the RA
file,

2. The record address entry must begin in
position 1 on the record. The first
entry indicates the low limit of the
file to be processed. The second entry
indicates the upper 1limit of the file.
The program will process from the lower
limit through the upper limit.

3. The second entry of the record must
begin in the position immediately fol-
lowing the first entry. No blank sraces
are allowed.

Random Processing

The file can be processed randomly bY one
of three methods:

1. CHAIN operation on the calculation spe-
cifications. (Preferred methcd.)

2. Chaining by using C1-C3.
method.)

(Alternate

3. Chaining using an RA file.
is seldom used.)

(This method

For random processing the user supplies
the contrel (key) information be wants and
the ISAM random routine retrieves the spe-
cified record.

File Descripticn Specification Examgles

Figure 108.1 shows examples of typical
entries for an ISAM file. All of the
entries (except line 030 which is an RA
file) have several columns of identical
coding.
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Column 19 nmust contain an F for fixed-
length records. Column 31 must contain a K
for retrieval by key field. <Column 32 must
contain an I to denote an indexed sequen-
tial file. <Column 40-46 must contain the
name DISK as the device nanme.

Columns 29-30 must contain the length
of the key field. This will vary depending
upon file requirements. Columns 24-27 must
contain the record length of the file.

This will also vary depending upcn require-
ments. Line 010 shows an input file (I in
column 15) which is acting as the primary
file (P in column 16) in a matching records
job. The A in column 18 denotes that the
match fields will be in ascending sequence.
Line 020 shoWs a secondary file being pro-
cessed within limits (L in column 28). The
file which is supplying the limits is shown
as an RA file in line 030. The R in column
16 denotes an RA file and the F in column
39 denotes that the file will be further
described on the Extension Specifications.
Line 040 shows a file being updated and
processed as a sequential file. Line 050
shows a file being prccessed randomly (R in
colunmn 28) as an input file. Line 060
shows a file being processed randomly and
updated. Line 070 shows a file being
loaded. The O in column 15 is for output.
The entry 3000 in columns 47-52 indicates
that a maximum of 3000 records will be
loaded into this file. Line 080 shows the
same file and records being added to it.

It is still on output file and the A in
column 66 denotes additioms.

File Information

The first sector of the file will contain
the necessary file information to control
the file.

Index _in_Core

In order to decrease the amount of seek and
read/write time involved in ISAM proces-
sing, all of the ISAM routines will hold
one sector of indexes in core for each
file. Because of this technigque it may be
much faster to sort input data befor doing
a random update.

Separation of Function

All files that are to be regarded as ISAM
files must have been created by the ISAM
load routine. Furthermore, in any one pro-
gram only one ISAM function can be per-
formed within one RPG program. Similary,
additions to an ISAM file cannot be part of
the same program that retrieves that file.
(Retrieval and updating is only one ISAM
function and can be performed in one pro-
gram.) It is possible to load one ISAHM
file while a different function is being
performed on another ISAM file.



Summary_of Indexed_Sequential_Organization

1'

An ISAM file must be loaded in the
ascending sequence of the key field.

2. Ohce loaded, records can be added to

the file, but the size of the prine
data area is fixed by the number of
records actually loaded. (Rather
than the number specified).

If a large numker of records are
added, the throughput performance in
retrieving will ke degraded due to
the numkter of searches in the over-
flow area.

If the user attempts to add more
records than he has alloted sectors

Innermost Cylinder

Upper Surface Track

Lower Surface Track

Outermost Cylinder
Upper Surface Track

Lower Surface Track

203 Two- Track
Cylinders

One cylinder is the top and
the bottom side of the disk at
one point (two tracks per cylinder).

NOTE: The thickness of the disk has been greatly
exaggerated in order to show the relative
positions of the upper and lower surface tracks.

Figure 107.

1130 Disk Cartridge

for, there is no facility for
expanding the number cf sectors
available and continuing to add
records. The file must be copied
sequentially and then reloaded into
a larger area. Once this is acccmp-
lished, new records may be added.

If a record should be deleted, it is
up to the user's program to accomp-
Jish this through record codes.

When the file is reorganized, the
user can drop the deletions by means
of a record code. Deleticns remain
on the disk until the file 1is
reorganized.
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Sectors 4-7
(Lower Disk Surface)

Figure 108.

160

6.

Sectors 0-3
(Upper Disk Surface)

Each track is divided into 4 sectors
(640 characters/sector) .

| cylinder=2 tracks=8 sectors=5120
characters.

1130 Disk Storage Sectcr Number

An ISAM file can only ke retrieved
randomly by specifying the arpropri-
ate key as a chaining field.

only cne of the following functions
can be used per ISAM file per gro-
gram: LOAD, ADD, retrieve sequen-
tially (with or without updating),
retrieve randomly (with or without
updating), or retrieve sequentially
within limits (with or without
updating).

The last sector used from the
cylinder index remains in core for

any ISAM function. This can have a
dramatic effect on system perfor-
mance, especially when dealing with
sorted transactions and random
updating.

Prior to loading the file, an area
on the disk containing the number of
sectors for the file and overflow
area must be reserved by a DUP run.
This area should be given the same
filename as that used for the file
in the File Description
Specifications.



When more than one input file is used for
an RPG program, several methcds of proces-
sing these files are possible. The proces-
sing method selected is determined by the
nature of the job to be performed, and by
the organization of the input files.
Selecting the file organizaticn is a part
of problem definition, and should be
selected with care, as the processing
methods available to prcgrams using the
file are influenced by the choice.

Once the file organizaticn of all input
files has been determined, the processing
method can be selected. Figure 109 sum-
marizes the possible choices.

PROCESSING_MULTIPLE INPUT FILES

Possib
File Organization Mode o L

All Card Files
(Sequential)

Sequentially

Sequential
Disk File

1. Sequentially
(Entire
File Only)

2. Randomly
(Retrieval by
Relative Record
Number)

Indexed-Sequential
Disk Only

1. Sequentially

a. Entire File

b. Limits of the|
File (Using |
an RA File to|
prescribe the|
limits)

2. Randomly

(Using the
chaining
technique
chaining
field)
a. Chain
Operation on
the Calc-
ulaticn Spec-
ifications

b. Chaining by
the alternate
method of
C1-C3

c. UsSing an RA
File to sup-
ply the
chaining
fields.

———— ok —— " — —— —— - —— — ok —— e —u}

-__.._.__...__..__.____....__....__._..__..._...__.—.,..____._.___......___.,-____.1
o ——— e —— e, e e e ]

Figure 109. Ccomparison File Organization

and Mode of Processing

Sequential Organization: All card files

are sequentially organized. Disk files may
also be sequentially organized. Such files
require that every record be processed in

sequence. When more than cne sequentially
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organized file is used for input, there are
two techniques of processing available:

1. The records of the input files may be
related in some way, so that processing
alternates between the files. The
records of the primary and secondary
files are "matched" by special fields
in these records. This type of proces-
sing is called Matching Records, and is
discussed below.

2. The records of the input file may be
processed independently. All records
from the primary file will be rrocessed
first, and then each entire secondary
file will be processed in the crder in
which it was specified on the File
Description sheet.

Indexed Sequential Organizaticn: Only disk
files may be organized as indexedsequen-
tial. While such files are arranged
sequentially, each reccrd contains a key
which is indexed. This allows either
sequential or random prccessing of the
file, depending on the needs of the job:

1. The file may be sequentially processed,
either the entire file, or between some
Matching Record

techniques may be used.

2. The file may be processed randomly, by
accessing records through their keys.
These keys are specified by another
file through a prccess call Chaining

3. & sequential disk file can be rrocessed
randomly by use of the CHAIN orperation
on the calculation specifications and
using a relative reccrd number within
the file. The user must know that he
wishes to process a certain record
(esege, 31st record).

Ccmbinations: The abcve organizations and
processing methods might be combined in
several ways. For example, an application
might require three input files, two
sequentially organized and one indexedse-
quentially organized. The two sequentially
organized files might be related with
matching records, and the indexedsequen-
tially organized file related to either or
both of the sequentiall files through
chaining.

PRIMARY AND SECONDARY FILES

When sequentially fprocessing multiple input
files, one file must be designated the pri-
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mary file. There must be one and only one
primary file. It is specified by entering
P in cclumn 16 of the File Description spe-
cification for that file. Other input
files are all designated secondary files,
and are specified by entering S in column
16 of their File Description
specifications.

The primary file is generally the con-
trolling file in a program. In the case of
processing by matching records, the primary
file is processed first when records match.
In the case of chaining, the primary file
is the chaining file, and hence contrcls or
determines what data is extracted from the
chained file for processing.

MATCHING _RECORDS

The technigue of controlling processing by
matching records is used only when proces-

Examples of matching records:

e A card file and a sequentially-organized
disk file (being processed sequentially).
e Three sequentially-organized disk files.
e A card file and an indexed sequentially
organized disk file being processed
sequentially.

RPG processes only cne record at a
time. Matching record techniques determine
which file supplies the next record to
process.
Match fields: Matching fields are speci-
fied by entering one of the codes M1
through M9 in columns 61-62 of the Input
Specification for the field. (See Matchin
Fields_or_cChaining Fields under Input Spe-
cifications Form.)

Figure 110 illustrates the specifica-
tion of matching fields. 1In this example,
there are two input files, MASTER contain-
ing certain rate information, and DETLABOR,
containing detail records. MASTER is desi-
gnated as the primary file. Field DEPT
from file MASTER is to be compared with
field DETDEP from file DETLABOR (M1), and
field DIVSON from file MASTER is to be com-
pared with field DETDIV from file DETLABOR
(M2) . Whenever these fields match, the MR
indicator will be turned omn.
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Figure 110. Example of Specifying Matching Fields

Matching fields determine the manner in
which records are matched. Matching reco-
rds determines which input file surrplies
the next record for processing. The pro-
gram begins by reading cne record frcm each
input file. The match fields are ccmrared,
and one record is selected for processing.
The program then selects succeeding records
by:

1. Reading the next record from the file
which the record just prccessed came
fron.

Comparing the new record with the re-
cord previously read but not selected
for processing. One is selected for
processing, based on the ccmparison.

Selection of the next record to process

follows these rules:

1.

The record with the lowest value in its
match fields is processed first (assum-
ing ascending order. If descending
crder is used, the highest record is
selected) «
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2.
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If the primary record matches cne or
more seccondary reccrds, the rrimary re-
cord is processed before the secondary
records which match it.

If two or more seccrdary records match,
they are processed in the order they
are specified on the File Description
Specifications.

Records which have no match fields are
processed before reccrds which have
match fields.

If two or more records are withcut
match fields, they are processed pri-
mary file first, fcllowed by secondary

fields in the crder specified on the
File Description Specifications.

Note: If the primary file has an E entered
in column 17 of the File DesCription form
(End-of-File) and the secondary files do
not, any matched secondaries will be pro-
cessed before the LR indicator is turned
on'

Figures 111 and 112 illustrate how
records are selected for processing. Three
files are shown in this example, and Figure
111 shows the files as they appear and the
sequence in which they are processed.
Figure 112 shows the selection process
step-by-step for the first ten records.



Match field Match field

Match field

Primary File (P) st Secondary File (5) 2nd Secondary File (T)

The records in the three files
shown are processed in this
order, (A blank match field
means the record has no
match field.)

Figure 111. Record Selection (Three Files)
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STEP

/P

First record from each file is read, Be-
cause the P and S records have no match
field, they will Be processed before the
T record. Because the P record comes
Trom the primary file, Tt is selected for
processing first.

STEP

The next P record is read. Because it
contains no match field and comes from
the primary file, the new P record is
also selected before the STecord.

STEP

(pzo

(T 10

The next P record is read. Because the
S record has no match field, it is selected
Tor processing.

STEP
4

7P 20

The next S record is read. Because the
value in the match field of the T record
is lower than the value in the other two,
the T record is selected for processing.

STEP

P 20

The next T record read, Because the

P and S records both have the lowest
‘match Field value, they will be processed
before the T record. Because the P record
comes from the primary file, it is selected
for processing first,

STEP
6

P 20

/T 30

The next P record is read, Because it
contains the same match field and comes
from the primary file, the new P record
is selected instead of the S record,

STEP

/P 40

/T 30

The next P record is read. Because the
value of the match field in the S record
is lowest, the S record is selected for
processing.

STEP

/P 40

7T 30

The next S record is read, Because the S
and T records both have the lowest match
field values, they will be selected before
the P record. Because the S record comes
from the first secondary file, it is selected
for processing first.

STEP
9

P 40

T 30

The next S record is read. Because it also
has the same match field as the S record
just selected, it too is selected before the
T record,

STEP
10

P 40

T 30

The next S record is read. Because the T
record contains the lowest match-field
value, it is selected for processing.

Figure 112.
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Matching Record Rules:

1. All files using matching fields nust
use the same matching fields. That is,
if one file used matching fields M1 and
M2, then M1 and M2 must te defined in
all files using ratching fields, and
only M1 and M2,

2. All matching fields of the same level
must be defined tc ke of the same
length and type. That is, M1 of the
primary file must have the same length
and type as M1 of all secondary files,
etc.

3. The order of processing when nct under
matching record control is primary file
tirst, followed by the seccndary files
in the order they are specified on the
File Description Specifications form.

b. If a sequentially-processed input file
is defined without matching fields, the
entire file will be frocessed in order
of priority as described in point 3.

5. 1If record types without matching fields
defined are interspersed in files con-
taining records with matching fields,
the records without matching fields are
processed as they are encountered, and
according to the priority described in
point 3.

6. The matching record indicator {MR) is
set ON only when the record from the
pTimary file matches one or more of the
records from the seccndary files. Tt
is not set on when secondary file reco-
rds match without matching the primary
file record.

7. The matching record indicator is turned
off after the last record of a matched
group has been processed, including
total calculations and output for that
group. This matched group includes all
primary and secondary field records
which have identical match-field
contents.

The matching field entries of M1-M9 have an
associated internal indicator MR (Matching
Record). This indicator, which is similar
to a resulting indicatcr, is used to ccndi-
tion functions specified on the Calculation
and Output-Format Specifications forms.

The MR indicator is turned on when the
matching field of a reccrd from a secondary
file matches the matching field of a record

from the primary file. The comparison is
made on all fields (M1-M9) at the sane
time. If the M1 fields match, but the M2
fields do not, the MR indicator will be
turned off. The MR indicator is turned on
before the first record of the matched pri-
mary file is processed. The MR indicator
remains on ‘during the processing of all
following primary and secondary file reco-
rds that contain the same matching field.

The MR indicator is turned off when ail
total calculaticns and output are completed
for the last record of the matching group.

Figure 113 illustrates when the MR
indicator is turned on and off. This
example shows a simple block diagram of the
object program logic to illustrate logic
flow. Two input files are used, and the
record selected for processing in each pro-
gram cycle is shown. The status of indica-
tors is shown by vertical bars along the
right side of each step of the figure. &
solid bar is used to denote the indicator
ON, and a dotted line indicates OFF. Three
indicators, one for each file, are used to
show which file is being processed.
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Figure 113. MR Indicator Setting (Part 2)
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Get Input
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Determine
Record Type and

Field Break

Check for Control

Perform Total
Calculation
Specifications

Ovutput
Total
Records

Set MR
Indicator

Move Data Fields
‘|of Record Type
from Input Area

Perform Detail
Calculation
Specifications

L

Primary File -
Indicator 01

Primary is selected
for processing (no
match=lowest goes first).

MR is turned off

and total output for the
previous matching records group.

Figure 113. MR Indicator Setting (Part 4)
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The MR indicator should not be
turned on or off by the operations SETON
and SETOF.

all record types do not require proces-
sing by the Matching record technigque.
When record types with nc matching fields
are specified on the Input Specifications
form, the matching fields specification is
left blank. This indicates to the progranm
that these record tyres do nct need to be
checked for a matching field. They are
processed immediately as they are read.
The MR indicator is turned off during the
processing of these record types.

Use of the MR _Indicator: As specified on
the calculations form in figure 110,
whenever the MR indicator is on, RATE from
the master file record will be multiplied
by FLDA from the record in the detail labor
file. If the records dc not match, indica-
tor 16 is set off. 1In this case, all sub-
sequent processing conditioned by indicator
16 is suppressed. The MR indicator could
be used to condition calculation specifica-~
tions to prevent calculaticns upon an
unmatched detail or master record. It
could also be used in the output specifica-
tions to select unmatched detail cards or
unmatched primary cards.

Matching Fields and_Control Fields

The matching record technique has no direct
relaticnship with control level specifica-
tion. These are inderendent functions in
RPG. However, it is frequently desired to
specify both match fields and contrcl
fields within the same record types.

The RPG cbject program uses the match-
ing field specifications tc determine the
crder of processing reccrds when using the
same field as a control field and a match
field during processing of multiple input
files. If it is desired to punch a total
or summary card after each set cf control
groups has been processed (ccntrol break),
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it is required to specify the same ccntrol
field for both the primary and secondary
file.

If the same control fields are speci-
fied in both files, these files are pro-
cessed in the same manner as a single file
program. A control break occurs only once
for each control group (either in the pri-
mary or the secondary file).

Exit _to a_Translate_ Subroutine

If the sequence of the matching fields is
not EBCDIC collating sequence, the RPG pro-
gram can provide an automatic exit to an
external user subroutine that translates
the sequence of the matching fields to the
collating sequence desired.

An entry in the RPG Control Card is all
that is required to cause the RPG progranm
to branch to the subrcutine. The automatic
branch occurs after the input card is read
in and before the RPG program checks the
sequence of the matching field.

The subroutine to translate the match-
ing fields must use the predefined label
ALTSE. The address of the hold area con-
taining the matching fields to be trans-
lated will be contained in index register
1 This address will be the control word
of the field. If index registers 2 and 3
are used in the subroutine, they must be
saved and restored. The subroutine must
place the translated fields back into the
matching-field holding area before it
returns contrcl to RPG.

The original data fields (to be used
for controlling, printing, arithmetic cal-
culations, etc.) are not translated by the
subroutine.

Figure 114 illustrates the order of proces-
sing for a primary and a secondary file.



Primary File

Indicator 01

001

Secondary File

1

001

001

Indicator 02

Figure 114. oOrder of Frocessing Matched

Records

Indicator 01 is turned on whenever
there is a primary record. Indicator 02 is
turned on whenever there is a secondary re-
cord, Thus,

1. A matching primary record will be coded
01 and MR.

2. A matching seccndary record will be
coded 02 and MR.

3. An unmatched primary record will be
coded 01 and NHMR.

4. An unmatched secondary record will be
coded 02 and NMR.

The processing order for Figure 114 is
as follows:

Assume that the same field is used as a
matching field and a control field in both
files as described in Figure 114. In this
case a control break occurs before the pro-
cessing of the first record and after pro-
cessing the 4th, 6th, 8th, 10th, and 11th
record. Assume that the same field is sge-
cified as a matching and a control field in
the secondary file, but only as a matching
field in the primary file. 1In this case a
control break cccurs after the detail time
processing of the 2nd, 5th, 6th, and 10th
records.

Using_Matching Record Techniques Without
Matching Fields

If in a multifile program, Tecords that are
specified without matching fields are
interspersed with records that are speci-
fied with matching fields, the following
occurs:

1. Any records without matching fields are
processed as they are encountered. At
the beginning of prccessing, the object
program processed only initial records
without matching fields specified,

until the first record within each file
with matching fields is encountered.
The processing sequence is primary
first, followed by secondary files in
the order they are specified on the
File Description Specificaticns. If
there is a file with no records for
which matching fields are specified,
the entire file will be processed
before any records of the subsequent
file(s) are processed.

2. During the processing of the record for
which no matching fields are specified.,
the MR is turned off regardless of what
its previous setting was.

If only one file contains records with
matching fields, this specification is used
for sequence checking only. All primary
and secondary files are processed in the
order they are specified on the File
Description Specifications form.

_____ It is invalid to have two sequen-
tially processed files and only one which
has matching fields specified. 1If two
files have matching records specified, a
third file can have no matching records.

CHAINING

Three methods of chaining exist. The CHAIN
operation on the Calculaticn Specifications
form, however, offers the most flexibility.
For this reason, it will be stressed and
the other methods will be discussed later.

Two or more input files are always
involved in chaining. One file normally
contains a field which can be used to point
to the particular record in the chained
file. The field which is being used to
point to the chained file is called a
chaining field.
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In the most typical application, a
field in a transaction record is used to
chain to the appropriate master record.

The transaction records may be a card file
or any type of disk file. Typically, the
transaction file is in the sequence in
which the transactions have occurred and
the master file is in some logical sequence
(e.g., Customer Number or Item Numker).
Chaining allows the user to process whatev-
er master record is affected without first
sorting the transactions into the same
sequence of the master file. This is known
as random processing or chaining (as
opposed to sequentially processing two
files, described in Matching Records).

While this type of processing is the
classical example of chaining, there are
many variations which can be used depending
upon the application and other criteria.

For those users who are not familiar
with chaining, the next section discusses
the most typical applicaion, that cf chain-
ing to an index segquential fileis fully
understood, variations and other technigues
will be observed.

The example of the library used in Disk
Storage Concepts illustrates the ccncept of
chaining. To find a particular book, the
card catalog is searched (prccessed) for a
record of the desired book. The card cata-
log record points (chains) to the shelf
location of the book by use of a catalog
numbernr (key).

With indexedsequential organizaticn,
every record of a file has a key. These
keys are indexed in the file's Master

Card Transaction File
(Chaining File)

" |amreo| Jcustno
1350

7 |amreol |custno
930
4 AMTPD{ [cusTNO
1150 1150 Nome, Address, Etc.

AMTPD] | CUSTNO

Customer Number
(Chaining Field)

Figure 115.
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-~ 930 Name, Address, Etc.

w1245 Name, Address, Etc.

_ 1250 / #1250 Name, Address, Etc.
AMTFD) [CUSTRO / 1350 Name, Address, Etc.

Customer Number
(Chained Field)

Index. Thus any record can be accessed
through its key. Chaining is the use of
these keys to link from a chaining field to
the record of another which has that key.
Chaining is done either by use of the CHAIN
operation in Calculation Specifications or
the alternate method of chaining codes
(C1-C3) on the Calculation Specifications.

Randomly Processing Multiple_Input Files

To understand chaining, assume that a
sequential input file, as shown in Figure
115, contains information about transac-
tions made with several customers. The
card file contains the customer's number,
but does not contain his name, address, or
balance. Another file called the master
customer file contains this additional
information about each customer. The RPG
program can use the second file when pre-
paring a customer report.

The master customer file has indexed
sequential organization, and it is to be
processed randomly. The key in each disk
record contains the customer's number. The
field in the transaction-file records which
contains the customer's number can be used
to chain the files together. The object
program takes the customer's number from
the transaction file and locates the record
with the same key in the master customer
file. The additional information, such as
the customer's name, address, balance,
etc., is associated with each key, and it
is immediately available for processing.

The field which 1links or chains a re-
cord of one file to a record in another
file is called a chaining field. The mas-

Master Customer File
(Chained File)

Example of Using Chaining to Process an Indexed Sequential File



ter customer file is the chained file
because it is being linked from the tran-
saction file.

Figure 116 illustrates the coding
required for a typical chaining operation.
In this case, a card file CARDIN contains
transactions which are to be updated
against an indexed sequential file called
MASTCUST.

The File Description Specification Form
shows the entries required for the file
CARDIN. It is an inrut file and is also
the primary file for this job. No entry is
required to denote that a field in this
will be used as a chaining field.

The MASTCUST file on line 02 describes
the indexed sequential file. It is a file
which is to ke updated (U in colunmn 15) and
chained ( C in column 16). Because it is a
chained file, RPG knows that the programmer
will supply a chaining field when the file
is needed. If a chained file is described,
the mode of processing must be random (R in
column 28). The entries in columns 29-38
are required for an indexed sequential
File. The length of the key field (6 in
columns 29-30) may vary with each file, kut
the key field starting locaticn (cclumns
35-38) is always 1 in 1130 RPG. The
entries of K and I (columns 31-32) are man-
datory to describe MASTCUST as an Indexed
Sequential File. A printer is also used in
this jcb and is discrited.

The Input Specification Fcrm describes
the transaction record in CARDIN. 1In this
case it has only two fields. CUST will be
used as the chaining field and AMTPD will
be used to update the arprcpriate customer
record.

The MASTCUST file has twc types of
records and is typical cf Indexed Sequen-
tial files. Those records with a 1 in
position seven are active records and can
be updated. Records with a 2 in position
seven are customer records which are no
longer active, It is pcssible (through
some error) to receive a Payment for a cus-
tomer who has been deleted. The programmer
will normally put in some coding (as is
shown in this example) to handle this
condition.

The field BALANC in the MASTCUST record
is the field which is tc be updated.

The Calculation Specifications Fornm
shows the CHAIN operation using the field
CUST as the chaining field. MASICUST is
described as the chained file. Indicator
20 will be turned on if no record is found
in MASTCUST for this number.

Line 02 showes the subtracticn to get
the new balance field. This is only done
when indicator 02 is on which means an
active record was found in MASTCUST.

The OCutput Format Specifications Form
shows the coding necessary to update MAST-
CUST. The file is up dated only when a re-
cord was found and it was an active record.
It is only necessary to output the fields
which have actually changed. In this case
only BALANC is mentioned. The other fields
for this record will remain unchanged.

The printer file is used fcr error con-
diticns in this job. The first error con-
dition shown is the case of a transaction
affecting a deleted customer record. This
was noted by indicator 03. Lines 03-05
provide a message for this condition.

The second error conditicn possible is
when the transaction record contains a cus-
tomer number and there is no corresponding
customer on the file. This error is
detected by indicator 20 being set on by
the CHAIN operation. An appropriate mes-
sage is then printed.

The programmer does not have to progranm
for the two error conditions. If the
deleted customer record was not coded on
lines 12-13 of the Input Specifications
Form and a deleted record was found, the
RPG program will halt with an operator mes-
sage that describes an "UNDEFINED RECORD.™
The operator can then choose to bypass the
record.

The error coding concerning a "“NOT
FOUND" record may alsoc be eliminated. If a
record is "NOT FOUND" and there are no
indicators in columns 54-57 of the CHAIN
operation, the RPG program will halt with a
meéssage to the operator describing the con-
dition. The operator can then choose to
bypass the processing of the entire
transaction.

It is normally preferable for the pro-—
grammer to code for possible error condi-
tions as this minimizes operator
intervention.

Processing Multiple Input Files 173



IBM INTERNATIONAL BUSINESS MACHINES CORPORATION Form X243347
REPORT PROGRAM GENERATOR FILE DESCRIPTION SPECIFICATIONS o
IBM System/360

Date e —————

7576 77 78 79 80

Program nchin Graphic 12
::I:::ﬁ:n Punch Page ED Proo'um
File Type Mode of Processing
Length of Key Flald or File Addition
Fila Designation of Record Address Fleld No. Tracks for
€nd of File Record Addrem Type || I Cylinder Overflows
e ‘e 5 me No. of
Line Filename < Sequence e 3 o Smbolic | 2 Do e et Extents
1 RN File Format Overflow Indicator| 4 Tope
E g 5] 8| 2 Block Record  |o 2 S Key Fleld .g -§ 2 ow
f4 Slafw]| <X Length Length |3 bN ::::;:. &3 < 2
3 4 35l6]7 8 9 101 1213141511817} 18! 19|20 21 22 23|24 25 26 27|28 29 30|31 [32[33 34 |35 35 37 38/39{40 41 l?ll444546474l49505'51535455”575'59“‘16’63“05“67“6970"72737‘
o[+ [g]elc[alr[ofz]n] | zlp} | |F 8¢ RIE[A[D|o]L
o2 |¢e[MAis|Ticluls [T|uie]| | |F Lig|6R| [6|K|T 1| DIIS|K
o|s [#]¢|P|R[IN[TIE[R] O F 1210 P[RIT|N|TIE[R
oj4f |r l |
T T
IBM INTERNATIONAL BUSINESS MACHINES CORPORATION mﬁ‘;’?&
® REPORT PROGRAM GENERATOR INPUT SPECIFICATIONS -
IBM System/360
Dote R
Program Punching Graphic 12 75 76 77 78 79 80
N Instruction Punch Page Prggwm.
Record Identification Codes Field Field
1 3 3 Location Indicators
g §
3 F] Z |3 k Sterling
une | |  Filename 2 | & §|Field Name| = |33 i zero| Sign
24 2 . . - ~ 3 3 ..’.3 Plus [Minus] or | Positi
L clg Position s Position N Position g| From To |€ IR E osition
A HOE Z[o|3 Zlal3 ?g§§3 H A EE terk
£ HER 31512 5512 315|8[312 i R
3 4 5617 8 9 1011 1213 14)15 16]17]18]19 20]21 22 23 24|25{26]27)28 29 30 31332}33]34]35 36 37 2IB[39 |40 41 42 |43 [44 45 46 47 |48 49 2‘ 5152|353 54 55 56 57 58]|59 6061 62]63 6465 66 67 68|69 70171 72 73 74|
ol Jg|ticialriDlain] | [AlA] | [#]L
o|2|#)" 715| | 18l#] Iclvis|T
o|3g|! 141 | |2|g] [a|M[TiP]D
of 4|l 1M|Als [T|c|uls{T|B|B] | |@|2 7| IC|4
of s ¢|l 1 6| |C|U[s|TN|e
JRGE 8l | [2]e] In[alME
BEFE 2l1| | [3]8|2[B]A[L|ANC
ol s|@l1 3|7 5|@| |A[p D[R
o s|f|1 5|1 60| [c|T|T]Y
1] 0|g|? 6|1 6|51 [S|TIA|TIE
MR ¢l¢| | |8la] [s|H|z|r|P|R
1] 2@t cicl | 193 7| |cf?
HEIJR 1 6] {ciuis|T|NjO
1 4[ I l

Figure 116. Examgle cf Specifying File Chaining (Part 1)

174



IBM INTERNATIONAL BUSINESS MACHINES CORPORATION Form X24-3351
REPORT PROGRAM GENERATOR  CALCULATION SPECIFICATIONS e 5.4
IBM System/360

Date
Program Punching Graphic 12 75 76 77 78 79 80
Instruction | po— Page D:]  Progrom
. Resulting
gg Indicators o1 Indicators
= HE l Zero
3 Z1=| prus |Minus| “or
g =2 ! Field |£]2 Bk
tine |5 3 Factor 1 Operation Factor 2 Result Field tngth |3|F] Compare Comments
S 5 And And 5“ § 1Hi>qh lnwz Equal
= 2)1 < 2)1=2
2|13 | I3
3 4 50617 8l9froln]rzraha]rsisfrzfre 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 50 51[52|53)|54 55|56 57|58 s59l60 61 62 63 64 &5 66 87 68 49 70 71 72 73 74
o[t [#]c cluls|r ¢ |Hlalz|N[MA]s[r]c]uls]r 2(6 (2|0
o|2|dc )2 B[A[L[alN]c slu| | [AM[7]P]p BlA[L|aNlc
03 c{.
!
IBM INTERNATIONAL BUSINESS MACHINES CORPORATION Foem X24-3352
REPORT PROGRAM GENERATOR OUTPUT-FORMAT SPECIFICATIONS Frinced {n U5 4.
IBM System/360
Date
Program Punching Graphic 12 75 76 77 78.79 80
oa rse [ ] ] s
. Output
Space siip Indicators Q End
e|3 Field g|| Poslon 1= Sterling
une || Filename |3|3 ‘ Name | E|&| 'n Ovwew [ Constant or Edit Word Sign
= Zlsle . | oy 3 : Record v Position
£ F15] 5| 8 ] Ane £ -
5 EHHHERR e HE 3
3 4 5|67 a 9 10 1213 14)15hs)17 1819 2021 22|23|24 |25 226 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 56 57 58 59 60 41 62 63 64 65 66 &7 68 69 70171 72 73 74
o| ti#lojMals|r{cluls]r]D 2L |¢l2 |
of2] |o BlAlL |A|N|C 3|g
o[3] |o|PIRIZINITIER]| [D] | |2 oL |93 |
o4 [0 cluis|T 1l¢
ofsf o 38| {‘[DIE|LIE|TIEID| {c[uls|T|oMiE|R]
o|ls| |O D 2 oL 218
o|7] lo Cluls|T L&
o8| {o | 38! |'[N|ojT| [Flolvin|D]’
R4 (o] I
T

Figure 116. Example of Specifying File Chaining (Part 2)

Processing Multiple Inrut Files 175



Figure 117 shows an example of chaining
to two files from the same transaction.

The File Description entries are very
similar to Figure 116 except that two inde-
xed sequential files are being processed
randomly.

The Input Specifications show the tran-
saction record with the two fields that
will be used in chaining. The two indexed
sequential files both have active and dele-
tion records as prescribed in the previous
example,

The Calculation Specifications shcw the
two chaining operations. Indicators 20 and
21 are used to denote the NOT FOUND condi-
tion that was described in the previous

exanmple.
/ | 695 ” 731
(T Lo
Chaining File [ 150 |] 300
Sales Cust.
Neo. No.
151 250
Chained File Chained File

Salesman File Customer File

Figure 117. Chaining to Two Files (Part 1)
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The Output Specifications show the
valid and invalid conditions. The valid
condition exists when indicators 02 and O4
are on to denote that active records have
been found. Lines 01-05 print this
condition.

An invalid condition is noted by the
lack of either indicator 02 or 04 being on.
Therefore, an OR line has been coded. A
description of the error condition is
ptinted in lines 09-10, 12-13, similar to
that described in the previous example.

In Figure 118, the card file is chained
to the customer file. Within each customer
record is a field which contains an account
number. The account number is in turn used
to chain to the account file.
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Figure 118.

Chaining to a Sequential Disk File

Chaining can also be used to select a re-
cord from a sequential disk file. It dif-
fers from retrieving from an indexed
sequential file in that a relative record
number must be used instead of a key field.
A relative record nurber means that the
user must know which rLecord he wants to
process by describing it in terms cf its
positicn within the file. A request for
number 151 will produce the 151st record in
the file.

This technique has advantages, but is
generally limited in what applications can
be conveniently processed in this manner.
The following describes some of the normal
uses for this approach:

1« The actual code numker (e.g., custcmer
number) is used as the relative record
number. (This degends greatly on the
coding structure used.)

2, A mathematical formula is used to con-
Vert the code number to a relative re-
cord number. (This methcd requires
some randomizing technique and the user
must be able to account for twoc or more
code numbers that would randomize to
the same number.)

3. A table lookup approach may be used to
locate the assigned relative record
number. This method may require a
large table in core.

Figure 118.1 shows the ccding required
for converting an item number to a relative
record number by means of a randomizing
technique.

.28) .

Using a Chained File as a Chaining File

The File Description Specifications
describe the card file CARDIN which con-
tains the item number. The MASTITEM file
is a sequentially organized file (blank in
column 32) and a chained file (C in column
16) to be processed randomly (R in column
A printer file is also described.

The Input Specifications describe the
field ITEM within the CARDIN file. The
MASTITEM file contains an item number
description and the relative record number
(NEXT) of the next record in a series of
records whose item numbers randomize to the
same number. (These are normally called
synonyms). The field NEXT is being tested
for a zero condition by indicator 22.

The Calculation Specifications show the
randomizing formula and the chaining tech-
nique. The item number is squared (line
01) and the middle four digits of the
result are extracted. This is accomplished
by a MOVE and MOVEL operation (lines
02-03) . The result (SAVE4) is then tested
to see if it exceeds 5000 and if so, 5000
is subtracted. These steps (lines 04-05)
limit the size of the file to 5000 records.

Lines 07-10 show the chaining techni-
que. The field SAVE4 is chained to MASTI-
TEM in line 07. Line (08 turns on indicator
32 if the item from the card file is equal
to the item in the disk file. 1If they are
not equal, a synonym probably existse Line
09 moves the next relative record number to
be used to SAVE4 if indicators 32 and 22
are off. This denotes that there is a
synonym to be tried. Line 10 branches to
LOOP to repeat the chaining operation if
required.
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Either the proper record is found The Output Specifications show the

(indicator 32 is on) or an invalid itenm valid condition in lines 01-03. The inva-

number exists. 1id condition is handled in lines 04-06.
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Figure 118.1 Randomizing Method of Obtaining a Relative Record Number.

180



IBM IMTERNATIONAL BUSINESS MACHINES CORPORATION :;:m: ;(?1-:3:|A
REPORT PROGRAM GENERATOR  CALCULATION SPECIFICATIONS e A
IBM System 360

Date
Program : Punching i 12 75 76 77 78 79 80
*insteuction | po T T
e [ 1]
. Resulting
gg Indicators . Indicators
= HE Zuio
3 2= plos Min\ul o
e &1 2 Factor 1 Operati Factor 2 Result Field | Fold |53 you Comments
= 3 peration esult Fie Length |E|<| Compare
El ¢ And  And Gl
Ll S &12 | High | Low |Equal
3 3 3 1>2)1<21=2
3 4 516f7 8|9owofii)r12pahisf15f16[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 50 51|52 53154 55|56 57[58 59|60 61 62 63 64 65 66 67 68 69 70 71 72 73 74
ofr| e T MulLlT| [TiTIE S|AVIE|LI2] |12 1]
o] e MoV IslalviElil2 slavlelg | | [sl8
°p| e MIO|VIEIL SIAV|EIS AVIEH 4
oj4| |c SAVIEH CIOMP, 0, 31 |
ofs| |e 311 SIAIVEY Siusl | spidd SIAVIEY,
ole] |c LIOIOP] TIAG ]
o7 lc SIAVIEH CIHATINMASI TIZITIEM | ]
ofs| |c TITIEMA CIOMP| |TLTEMB 312 ||
ool (<] | INI32INr2I2 MloVIEl INEIX|T] SIAlVE4|
el 1l | INB2INIZ|2 GIO[TI0| |LI0OP o
1} e
-
2] |c
IBM INTERNATIONAL BUSINESS MACHINES CORPORATION Form X24-3352
Py LS. A.
REPORT PROGRAM GENERATOR OUTPUT-FORMAT SPECIFICATIONS rted fn 054
IBM System 360
Date
Program Punching Graphic 12 75 76 77 78 79 80
Output I
Space Skip Indicators Q End
els Field 2|8| Posltion 4;'; Sterling
Line Filename sl3 Nome §§ In Output |5 Constant or Edit Word Sign
£ N A1 <] Record T Position
5 M And  And *
|3 g »5 L] & o|E .g
=& &|% < !5 % ; NG [
3 45 7 8 9 10 1121314150817 |18} 19 20|21 22 z 2425]26|27128 [ 20[30} 3132 33 34 35 36 37|38]39|40 41 42 43| 4445 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 47 68 69 7? ?) 7“7 Z! 74
°1'l [olPRIIINITEEIR D] | 2 L

LTIEMA

- f—

Ly M

=

—-‘

m

=

) -
= W=

LY YIS YR

Figure 118.1 Randomizing Method
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Use of CHAIN Operation_Code

The chaining field may ke spPecified by use
of the CHAIN operation in Calculation Spe-
cifications. This enables the chaining
function to be:

1. Performed with a field whose value is
calculated or read through an input
file.

2. Performed at either detail or total
time in the program cycle.

3. Conditioned on the results of another
calculation or test.

4. Performed more than once on one chain-
ing field.

5. Performed more than once ¢n cne Or more
chained files.

6. Up to nine chained files can be in one
program.

tion Form for further information.
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Application Uses of the CHAIN Operation

The application uses of the CHAIN operation
are varied. It will allow processing of
basic jobs where a master file is retrieved
randomly or complex jobs where the same
file is accessed more than once for the
same transaction.

The following list attempts to describe
some of the functions which may be
performed.

1. Simple chaining to randomly processed
transactions (See Figure 116).

2. Chaining to two different files fronm
the same transaction (See Figure 117).

3. Chaining to one indexed sequential file
and then using a field in that file to
chain to a second indexed sequential
file (See Figure 118).

4, Chaining to the same file more than
once from the same input record .

5. Handling of cards which contain mul-
tiple transactions commonly called
spread cards.



6. Handling inventory problems which
involve substituting items when the
original requested item is out of
stock.

7. Handling Bill of Material explcsionms
where one input record causes several
chaining requests.

8. Accessing Bill of Material items and
printing a list of them from randonm
input.

Use _of C1-C3 Codes

This is an alternate method of chaining to
the CHAIN operaticn on the Calculation Spe-
cifications: It can only be used on an
indexed sequential file,

Input fields may be defined as chaining
fields by entering C1 through €3 on the
Input Specifications line (columns 61-62)
for that field. BRefer to Chaining Fields
{Disk_Only) under Input Specifications
Form.

The C1-C3 codes differ from the CHAIN
operation in that C1-C3 applies cnly to
input fields, and cause chaining to occur
only before detail time in the progranm
cycle.
Note: There is no specific relaticnship
between levels C1 to C3, other than speci-
fying three rossibilities for chaining
fields and the order in which chaining will
occur.

The same input field may chain, with
C1-C3 codes, to more than one file if it is
defined more than once cn the Input Speci-
fication form - with a different chaining
code every time. There is nc restriction
to the number of times that a chaining
field defined with the CHAIN operation may
be used.

Two chaining files may chain to the
same file, using C1-C3, if the same chain-
ing code is specified for each file on the
Input Specifications fcrm.

Figure 118.2 is an example of chaining
using C1-C3. The File Description entry
for the chaining file CARDIN has an E in
the Extension code (column 39) denoting
that the file will be further described on
the Extension Specifications. The other
File Description entries are similar to
those of previous examples of chaining to
an indexed sequential file.

The Extension Specifications have an
entry of AA in Record Sequence of the
chaining file (columns 7-8). This corres-
ponds with columns 15-16 of the chaining
file CARDIN on the input specifications.

An entry of C1 is shown in the Number of
the chaining field (cclumns 9-10). This
corresponds with the entry in columns 61-62
of the Input Specifications for the chain-
ing field. CARDIN is written in From
Filename (columns 11-18) to denote the name
of the chaining file. MASTCUST is written
in To Filename (columns 19-26) to denote
the name of the chained file.

The Input Specifications show the
chaining field CUST in the file CARDIN.
The C1 in Chaining Fields (columns 61-62)
denotes CUST as the chaining field. MAST-
CUST has both active and inactive records.
The active records have a 1 in position 7
and the deletions have a 2 in position 7.

No Calculation Specifications are
required for this job.

The Output Specifications show the
valid conditions in lines 01-03 and the
invalid conditions in limes 04-07. The
valid condition is denoted by indicator 02
being on. The invalid condition has indi-
cator 02 off. If indicator 03 is on, a
deleted master record was found.

Using C1-C3, there is no possibility
for the programmer to prevent a system halt
in the event that a no record found condi-
tion exists. The system will come to a
halt and the operator will be given the
choice of bypassing the input record or
ending the job.

Processing Multiple Input Files 183



IBM INTERNATIONAL BUSINESS MACHINES CORPORATION ::I"'l.odle‘.:l,luz A
n n U.S. A
§ REPORT PROGRAM GENERATOR FILE DESCRIPTION SPECIFICATIONS
IBM System/360
Date —.
Progrom Punching Graphle 12 75 76 77 78 79 80
Instruction Punch Page m Program
File T Mode of Processing
i Length of Key Fleld or File Addition
File Designation of Record Address Fleld No. Tracks for
End of File Record Addrems Type |2 o Cylinder Ovarflows
P, 5 No. of
Type of File Symbolic N Name of Extent Exit
Line Filename o Sequence Organization |3 Dovice Davice Z] Lobel Bt for DAM Extonty
& § S File Format Overflow Indicotor .«3 Tope
- S§ 1el alock Record | o = S Koy Flald i 2|
& SISlw| <[] e | et [Sf RIS | Sreriee < z
- ation
3 4« slol? 8 9 101 1213 14]1s]1e)iz] 18| 19|20 21 22 23|24 25 26 27|an] 20 30|31 |32fa3 34 |35 36 37 28] 39|40 41 42 43 44 45 4ef47 48 49 50 51 52|53[54 55 36 57 38 59140 &1 67 63 64 63144)67]¢8 697071 72 7 74
op [ [riclARDIIV] [ IZiF | IF 2l | | ERIEIA
o2| |'MISITIClUISITIZIC | |F] LIPIOR| leiK(T 1| Ipla[sk
ol2| | *IPIRIINTIER| |C I3 1j2 PRI IMTIEIR
L) L3
o[s F
IBN‘[ INTERNATIONAL BUSINESS MACHINES CORPORATION Form X24-3348
Printed in U.S.A.
’ REPORT PROGRAM GENERATOR  FILE EXTENSION SPECIFICATIONS
IBM System/360
Date —.
Program Punching Graphic 12 75 76 77 78 79 80
brog Instruction Punch - Page m ld:r:fi?i’:’:‘iun
Record Sequence of the Chaining File Number of Toble Entries Per Record
Number of the Chalning Field Numbaer of Table Entries
Per Table | Length of Table Length of Table
Table Entey 3| Table | H
e |& From Filename | To Filename Name &85 Name =|E13 Comments
K] (Alternati 1K
§ 3 ; o Hi }
2 HK X
3 4 5fel7 8lo 10111213 1415 16 17 18]19 20 21 22 23 24 23 26|27 28 20 30 31 32|33 34 35|36 37 38 39[40 41 4243] 44]45|46 47 48 49 50 51|52 53 54[55|56]57|358 59 40 61 62 63 44 65 ¢6 67 68 ¢9 70 71 72 73 74
o e LiclalRlOAM | Mlaks riclulsi
o2 E
0|3 £

Figure 118.2 Chaining Using C1-C3

Chaining with an RA File

This is a seldom used function and is sup-
ported as a modification of processing
between limits. Only an indexed sequential
file can be processed in this manner. The
coding is similar to processing within
limits except that the indexed sequential
file is processed randomly (R in column
28). The record address fields may be
single or multiple entries per record.
there are multiple entries, they must be
adjacent. The next record is read from an
RA file when a blank is found. The RA file
may be on cards or disk.

If

Split Chaining Fields

C1-C3 Codes:

Several fields that are not

can be specified as one chaining field.
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The fields are specified with the sanme
chaining code (C1, for example) on the
Input Specifications fcrm, and the fields
are then used as one chaining field. The
first field defined on the input fcrm is
placed in the high-order position, and the
last field is placed in the low-crder posi-

tion. The fields are placed in the same
sequence as they are defined on the Input
Specifications form.

CHAIN: Several fields can be collected
into one chaining field through the use of
move operations, and the result field used
with the CHAIN operation. Thus, the order
in which the several fields are collected
is completely under the control of the
progranmer.
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Figure 118.2. Chaining Using Cl-C3

An example of this is shown in Figure
118.3. 1In this case the chaining field is
made up of two fields from the same card,
but they are in different locations. The
Input Specifications show their locations.
The Calculation Specifications show how
they are placed together tc form one field.

The field SAVE will be the chaining
field. The field HIGH is moved to the high
order (leftmost) positions of the field by
a MOVEL operation. The field LOW is moved
to the low order (rightmost) positions of
the field by a MOVE operation. Then the
CHAIN operation is used to retrieve the
appropriate record.
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Figure 118.3 Collected Chaining Field.

Processing Between Limits

Oonly an indexed sequentially organized file
can be processed between limits. This is
accomplished by using an RA file to specify
the limits. The RA file is never defined
on the Input Specifications.

The file being limited is processed
sequentially. It can be used in a single
input program or with multiple inputs and
matching records.

The limits provided do not have to be
actual key numbers to be found on the inde-
xed sequential file. They can be any nunm-
bers and can be lower or higher than the
lowest or highest key fields on the file.
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It is possible to process limits which
overlar as lcng as the matching reccrds are
not used.

_______ In this eXample a disk file con-
tains customer records. The file is :
sequenced on customer number (5 digits).The

first digit of customer number denotes the
type of account (e.g., All customer numbers
between 10000 and 19999 are a type 1
account) .

A report is desired which prints cus-
tomer types 1,2,4,5,6 and 9. This will be
accomplished by describing a record address
file of the appropriate limits. This is
shown in Figure 118.4. The beginning and
ending customer number of each record must
be specified in columns 1-5 and 6-10
respectively.
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Figure 118.4 Processing Between Limits
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Figure 118.4 Processing Between Limits
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The RA file is described on the File
Description Specifications with a 5 in
columns 29-30. This denotes the length of
the Record Address Field and it must be the
same length as the key field of the file it
is limiting. The E in column 39 describes
the need of the Extension Specifications.

The L in column 28 of the disk file
denotes that this file will be processed by
limits.

The Extension Specifications describe
the fact that the RA file is teing used to
limit the indexed sequential file (only an
indexed seguential file can be processed by
limits) .

The Input Specificaticns describe the
fields needed in the Customer Record. The

record identifying indicator 02 is used to

avoid deleted records in the customer file
that should not be processed.

The Calculation and Output Specifica-
tions describe the needed results.

SUMMARY OF MULTIPLE FILE PROCESSING

The following methods are available to RPG
for processing one file against ancther:

1. Sequentially, using the matching record
technique,

2. Sequentially betweén limits, using an
RA file.

3. Randomly, using the chaining technique.

Figure 119 shows these processing
possibilities.
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Figure 119.

Processing Multiple Input Files

A sequential organization ( Figure 119)

is processed sequentially and Contrcls the
processing of records in:

1.

2.
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Another sequential organization. Both
files are processed sequentially, using
matching records to govern processing.

An indexed seguential organization. If
the file is processed sequentially, the
matching-record technique is used to
control processing of the indexed
sequential file. If the file is pro-
cessed randomly, chaining fields in the
sequential file specify which records
in the indexed sequential file are to
be processed.

An indexed sequential organizatiom (
Figure 119) may be processed sequentially

or randomly, and controls processing reco-

rds in:

1. A sequential organization.

trol processing.

2. Another indexed sequential organiza-
tion.
tially, matching records are used to
control processing. (Both files are
processed sequentially.) If the file

is processed randomly, chaining fields

will be used to control processing.

The records
in both files will be processed sequen-
tially, using matching records to con-

If the file is processed sequen-



SAMPLE PROGEAM ONE_ (SALES_CCMMISSICN

In this sample program, a commission report
is to ‘be prepared using invoice summary
cards (Figure 120). The cards are in
sequence by salesman number. The invoice
summary cards are coded with a 5 in column
1; cther cards that are maintained as rart
of the invoice file that are not to be pro-
cessed are coded as having nc 5 in coclumn
1. The commission amount is calculated
using the invoice amount:

10% commission for invoice amounts up to
$10,000.

12% cohmission for invcice amounts above
$10,000.

The invoice summary card for each sale-
sman is calculated and detail printed. A
tctal commission amount for each salesman
and a final commission total amount are
accunulated.

The specifications necessary tc produce
this report are shown in Figure 121.

File Description Specifications_Form

only two specification lines are necessary
for this application. The first specifica-
tion line describes the invoice summary
cards that will be read into the systen
from an IBM 1442 Card Read-Punch. The

SAMELE_PROGRAMS

second line describes the output file
PRINT. The size of the print line is 120
characters (columns 25-27).

Input Specifications_Form

The input specifications identify and
describe the invoice summary card and those
cards in the invoice file that are not to
be processed (line 6 of the form). Result-
ing indicator 12 identifies the cards not
used by the program. These cards are
selected into stacker number 2.

Calculation Specifications_Form

The first specification line causes the
invoice amount to be compared with factor
$10,000. TIf the invoice amount is greater,
resulting indicator 22 is turned on.

The second specification line causes
the invoice amount to be multiplied by a
factor of 12 percent only if resulting
indicator 22 is on. Therefore, this opera-
tion takes place only if the invoice amount
is greater than $10,000.

The third specification line causes the
invoice amount to be multiplied by a factor
of 10 percent, only if resulting indicator
22 is off. Therefore, this operation takes
place only if the invoice amount is less
than or equal to $10,000. Thus, for any
one invoice summary card, either specifica-
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Figure 120.

Input Card for Sample Sales Ccmmission Report
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tion line 2 or specification line 3 is
processed.

The fourth specification line causes
the calculated amount COMM from €each detail
card to be added to the field SUM. The
field SUM is used to accumulate the commis-
sion amount for each salesman.

The fifth specification line is
operated upon only when a level 1 control
break occurs, i.e., when there is a change
in salesman number, This specification
line causes the accumulated commission
amount for each group of salesmen cards
(SUM) to be added to the field FINTOT. The
field FINTOT is used to accumulate a final
total of all salesmen's commissicns.

Qutput Specifications Form

Specification lines 1 through 8 provide the
specifications necessary for printing field
headings. The heading will be printed and
the form will be skipped to channel 1 each
time one of the following conditions exist:

192

1. On control break
24-25: 1L1).

(line 04010, columns

2. On overflow condition (line 04020,
columns 24-25: OF).

The indicators OFNL1 are required to
omit a double printing of the heading when
conditions 1 and 2 above occur together.

Specification lines 9 through 16 cause
the printing of the detail card informa-
tion. Note that line 11 or 12, either but
not both, is operative for any one detail
card.

The remaining specification lines
cause:

1. The printing of the level 1 total SuM,
including the consStant TOTAL (lines 17-19).

2. The printing of the final total,
including the constant FINAL TOTAL (lines
1-3 lower half of Figure 121 Part 2).
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L 1
I I
| SALESMAN CUST INVOICE AMOUNT  PERC COMNISSION |
| 2513 11110 12066 9,850440 10% 985.04 |
| 12129 13844 10,896.00 12% 1,307.52 |
| 14893 14999 110. 20 10% 10.02 |
| |
I TOTAL 2,303.58 |
' z
|

| 4490 15121 25930 1,250.00 10% 125.00 |
I 78230 25220 12,359.20 12% 1,483.10 |
I 72914 44873 690.70 10% 69.07 |
I 49690 25118 8,255. 12 10% 825.51 |
I I
I TOTAL 2,502.68 |
I I
[ |
I I
I |
- 1
I I
| FINAL TOTAL 26,482.24 |
[ J

Figure 122 Sample Sales Comrission Refort

Figure 122 shows a sample of the
finished report.

SAMELE PROGRAM THWO_(CUSTOMER_TRANSACTIONS)

In this example two input files are used.
The transaction file is a card file with
fields as shown in Figure 124. Ancther
input file (master customer file), which is
on disk, contains infcrmatiocn about the
firm's customers (Figure 125). The flow of
this sample program is shown in Figure 123.

The program is to process the master
customer file, using records from the tran-
saction file to produce rrinted receirts.
The master file is updated by producing a
new master customer file. The coding
required for this program is shown in
Figure 126.

Sample Programs
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Master Customer Flle Transaction File

(MASTI) (TRANSIN)
Process
Matched
Records
Printed Report New Master
(MASTLIST) Customer File
(MASTO)

Figure 123. Flow of Sample Program Two

¥ Ll i ) F L] L] 1
1 | | | l | I |
|Field |Label | Card Columns | |Field |Label | Location |
F 1 + 1 k { t 4
fCode IMinus (=) 1 | [Customer |MASNUM { 1-5 |
| |Zone, or | | |number i | |
| IPlus (+) | l | [ [ |
| | | |Customer |MASNAM | 6-27 |
|Customer | NAME | 8-29 | |Iname | | |
| name | | | | | | |
i | I | |Street IMASTET | 28-U46 |
|Invoice |MONTH | 32-33 | { | | |
|date | i | {City IMASCTY | 47-57 i
I | | | | | | |
[Invoice (JINVNO | 34-38 | |State | MASTAT | 58-62 |
Inumber | | | | | { |
| { | | |]Customer |MASBAL | 63-70 |
|Customer |CUSTNO | 39-43 | Ibalance | | |
{number | | | { | | {
| | | | |Date of |PAYDAT | 71-76 |
|State | STATE | 44-45 | {last | | |
| | | { |payment | | {
ICity {CITY | 46-48 { { | | !
t | | | |Date of |PAYEUR | 77-82 |
{Invoice |INVAMT | 74-80 | }last | | |
jamount | { | |purchase | | |
L A L . L. 1 L ) ]
Figure 124. Layout of Transacticn File Figure 125. Layout of Master Customer File
Cards
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Figure 126.

Ssample Program Two Specifications (Part 1 of 2)
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Figure 126. Sample Program Two Specifications (Part 2 of 2)
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File Description Specifications Form

The two input files MASTI and TRANSIN, the
output file MASTO (the updated master file)
and MASTLIST (the printed report), are
defined on the File Description Specifica-
tions form.

MASTI is the sequential primary file.
Processing continues until all the
records in the master customer file have
been processed (indicated by the E in
column 17). The input records contained in
the master customer file are in ascending
order, fixed-length. Each record is 100
characters in length.

TRANSIN is designated as the seccndary
file because it may nct contain transac-
tions for all the customers on the master
customer file. TRANSIN must also be in
ascending order. It has fixed-length reco-
rds which are 80 characters long.

The cutput file MASTIC is a disk file,
sequentially organized, containing the
updated master customer records. The out-
put records are fixed in length, and are
100 characters long.

The file MASTLIST is the printed
report. The file fcrmat is fixed. The re-
cord length can be up to 120. The overflow
indicator OF is assigned to this file.

Input_Specifications_Form

The two input files MASTI and TRANSIN are
defined on the Input Specifications form.

MASTI: The disk input file that ccntains
information about the firm's customers is
assigned sequence AA. The first entry
under field name defines the entire record.
This entry (RECORD) is made to enable the
entire record to be referred to on the
Output-Format Specifications form. MASNUM
corresponds to CUSTNO in the transaction
file. Whenever a new master numker is
read, L1 is set. The entry M1 indicates
that the master number will be matched with
the customer number in the transaction
file.

TRANSIN: The input recoLds may be obtained
from three types of cards. Sequence AB has
been assigned to two types. If card column
1 contains an 11-punch, record identifying
indicator 01 is turned on. If card column
1 contains a 12-punch, indicator 03 is
turned on. The cards that have an 11-punch
in column 1 are selected intc stacker 2
(column 42). The locaticns of the input
records and their labels are defined in
colunns 44-58 of the fcrn.

The field CUSTNO (customer number) has
entries in columns 59-60 (Control Level)

and columns 61-62 (Matching Fields) of the
Input Specifications form. Whenever a new
customer number is read, control level-1
(L1) is turned on. This condition is
tested on the OQutput—-Format Specifications
form to govern printing of total lines and
to produce the updated customer file. The
entry in Matching Fields specifies that
CUSTNO will be used to match another field
(MASNUM) in the MASTI file.

The first card in the tramnsaction file
is a date card. It is assigned sequence
BB. Whenever column 1 contains an S, indi-
cator 04 is turned on. The date is con-
tained in colunns 2-5 of the card.

Calculations Specifications Form

Whenever the matching record indicator MR
is on and indicator 02 is on, the contents
of the field INVAMT are added to MASBAL.
The result is stored in MASBAL. The date
is moved to the field PAYDAT.

Whenever the matching record indicator
MR is on and indicator 03 is on, INVAMT is
subtracted from MASBAL, and the result is
stored in MASBAL. The date is moved to
PAYPUR.

Output-Format Specifications Form

The specifications for the printed Teport
are listed under the name of the output
file MASTLIST.

The output file MASTC is the updated
disk file. The entries in Output Indica-
tors allow for theé following.

Whenever conditions 01 and NMR are
satisfied (record identifying indicator 01
is on and no matching record is present),
the entire record from MASTI will be writ-
ten out on disk at detail time. This con-
dition results if there was no correspond-
ing customer number in the transaction file
for the master customer number. (To keep
the master customer file complete, the o0ld
input record is written on the updated disk
file when no information is present in the
transaction file.)

If, however, L1 and MR are on, indicat-
ing that there was a matching record on the
transaction file and calculations were per=-
formed, the input record from MASTI is
written on disk but the fields MASBAL, PAY-
DAT, and PAYPUR contain the new entries
based on the calculations. By coding the
entries in this way, the new information
for MASBAL, PAYDAT, AND PAYPUR is entered
on the updated master customer file masto ,
and the customer's name and address from
MASTERIN are retained.
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SAMPLE_PROGRAM_THREE

This example shows the sters required to
load or reorganize an indexed sequential
file. One reason for reorganizaticn might
be the fact that no space is left in the
originally defined disk area to lcad or add
any new records.

Both the o0ld file and the new file may
be located on the same disk.

File Description_specifications Form

The file OLDINV, which is to be reor-
ganized, is defined as an input file. The
organization is indexed sequential (I in
column 32). Therefore, the records are
arranged in ascending sequence by means of
a key field (K in column 31). Begin lcca-
tion of this field in positicn 1 in each
record (1 in column 38).
key field is entered in columns 29-30. The
file INVFIL, which is defined as an output
file, is the indexed seguential file to be
created. Since the data arrangement of the
new file should correspond to that of the
0ld file, all entries ccncerning file
organization must be equal. The entry 3000
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in columns 47-52 is the number of records
that will be provided for in the file.

To execute a LOAD operation, from card
only the first file description card has to
be replaced by the specifications shown in
part 2 of Figure 127.

Input Specifications_ Forn

The length of the.

The records of the indexed sequential file
OLDINV are to be automatically retrieved
from the disk in the sequence of their key
fields., However, only data from the reco-
rds with character 1 in column 9 is actual-
ly transferred to the input fields. Indi-
cator 01 is to be turned on for these reco-
rds. All other record types, if any, are
to be ignored. This is achieved by placing
an alphabetic sequence entry in columns
15-16 and record identifying indicator 02.
These record types are being considered as
deleted and are dropped out of the new
file.

output-Format Specifications_Form

All records for which indicator 01 is on
are to be included in the new file INVFIL.
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Figure 127. Sample Program Three (Part 2) Load
SAMELE PROGRAM_ FOUR Input Specifications_Form

The fourth sample program (Figure 128)
illustrates retrieval and updating of reco-
rds in an indexed-sequentially-organized
file by means of the CHAIN operation.

File Description Specifications Form

A card file CARDIN is specified as a pri-
mary input file. It is read in from the
2501 Card Reader. The E in cclumn 17
instructs the program to terminate the job
when the file CARDIN is exhausted. Chain-
ing is accomplished by the use of the CHAIN
Records are

fixed length and 80 bytes long.

chained file INVFIL is located on
indicated by the entries in columns
40-53. The U in column 15 describes the
file as an update file (used for both input
and output). The file is crganized
indexed-sequentially (I in column 32) and
is to be processed randomly as specified by
the R in column 28. The begin location of
the key field (columns 35-38) is position 1
in each record, and the field is 8 bytes
long as specified in columns 29-30. The
records for a disk file must be of fixed
length (in this case 60 bytes).

The
disk as

Two output files are required: CAR-
DOUT, to punch the exception cards (located
on a 1442 Card Punch); and PRINTOUT, to
list the transaction regrort.
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The
and
the

data fields of the input file CARDIN
the update file INVFIL are described on
Input Specifications Form.

Two kinds of data cards may appear in
the file CARDIN. The DATE card (sequence
entry DD) is identified by an asterisk (¥}
in column 1. 1Indicator 02 is turned on
when this reccrd type is read in.

Cards identified by a 1 in column 1
(sequence entry CC) supply the fields used
for calculations and output with actual
data. Indicator 02 is turned on when this
card type is read.

The indexed sequential file INVFIL is
also defined. Active records are denoted
by a 1 in position 9. All other record
types will turn on indicator $9. The
fields from the active record that will be
used are defined.

Calculations Specifications_Form

Line 010 specified that the field PART will
chain to the file INVFIL, to provide the
inventory file record which correstonds to
the number in PART. If a record of the
transaction file CARDIN has an active re-
cord in the inventory file INVFIL (i.e.,
key field and chaining field are of equal
contents) both record identifying indica-
tors 01 and 03 are on at the same tinme.
Calculations are executed only if this con-



dition is satisfied. The ONHAND field from
the INVFIL record is reset and added to a
work area (SAVE). Data fields RECPTS and
RETURN from CARDIN records are added to
SAVE; ISSUES are subtracted. When each
input card for an INVFIL record is pro-
cessed, the resulting new ONHAND field in
SAVE is compared to the minimum balance.

If ONHAND equals the minimum, resulting
indicator 05 is set on. If ONHAND is below
the minimum, resulting indicator 04 is set
on.

Qutput-Format Specifications Form

The PRINTOUT file's heading informaticr can
be printed under control of either record
identifying indicator 02, which is set for
the date card (the first card in the CARDIN
file), or overflow (OF). The OF indicatcr
will govern all heading printing after the
first page. The entry PAGE in line 05040
causes the page nunmber tc be updated auto-
matically for each new page.

The detail line descrited Ly entries
05140-05240 requires the presence cf bcth
the CARDIN and INVFIL records (record iden-
tifying indicators 01 and 03 on). If
resulting indicator 04 is c¢n, the words
BELOW MINIMUM indicate the stock violation.

If indicator 05 is on, the message EXPEDITE
is added.

The output line described in PRINTOUT
entries 05250-05280 is the message printed
when the error condition of a CARDIN record
with no corresponding INVFIL record occurs.
This condition is identified by record
identifying indicator 01 being off when
indicator 03 is on.

The exception file CARDOUT will have a
card punched for each tramsaction that
results in a below-minimum or at-minimum
stock level. TheSe cards will contain the
part number and description, vendor nunber,
date, and the E or B code for EXPEDITE or
BELOW MINIMUM. Below-minimum cards, iden-
tified by the simultaneous on settings of
indicators 01, 03, and 04 will be selected
to stacker 1. At-minimum cards, with indi-
cators 01, 03, and 05 on, will be selected
into stacker 2.

Lines 05370 and 05380 provide for the
updating of the INVFIL records. If indica-
tors 01 and 03 are both on, indicating that
the INVFIL record has been updated by a
CARDIN transaction, the new ONHAND is moved
into its INVFIL location on disk from the
work area SAVE.
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Figure 128. Input and Output Formats for Sample Program Four
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Figure 128.
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SAMELE_PROGRAM FIVE

This program (Figure 129) shows how new
item records are added to an indexed
sequential file. The new records are in
card form. The indexed sequential routines
for the 1130 do not allow retrieving a, file
(either randomly or sequentially) in the
same program that additicns are being made,

File Description Specifications Form

The additions are in the file ADDITNS. The
indexed sequential file to be added to is
defined as an output file. The record
length is 50 characters and the key field
begins in position 1 and is 8 characters
long. The A in column 66 indicates that
this file will be added to. A printer file
is also described.

Input Specifications Fcrm

The fields within the ADDITNS file are
defined, All records must have a 4 in
column 1.

OQutput-Format Specifications Fornm

_——— e S —maso

The Output Specificaticns Ferm shows head-
ing show lines and the fields of the record

being added. The MASTITEM file is being

‘added to at detail time on indicator 01.

The entry ADD in columns 16-18 denotes the
ADD condition: A record code of 1 is
placed in position 9 of the record to
denote that it is now an active record.

The fields DESCRP and VENDOR are inserted
into the record in a normal fashion. The
fields MINBAL and BALANC are output in a
packed format to ccnserve disk file space.
Each of these fields was defined as 7 posi-
tions long and as numeric fields. Packing
allows two digits (or one digit and a sign)
to be placed in one position on the disk.
Each field takes 7 + 1 (1 for the sign) 2
or 4 positions on the disk. (If the fields
were 8 positions long, they would require 5
rositions each on disk.)

Packing is an effective means of reduc-
ing disk file space required, Using Figure
102 (to determine file capacity) shows that
if this file requires 5,000 records, almost
7 cylinders of disk space can be saved by
packing these two fields.
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Figure 129. Sample Program Five (File Description and Input Specifications)
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Figure 129. Sample Program Five (Output Specifications)
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SAMELE_PROGRAM_SIX

This program (Figure 130) shows how a typ-
ical file maintenance program is written.
The file which was added to in sample pro-
gram five is now being maintained.

The changes can take the form cf:

Changes to Active Records
Deletion of Active Records
Reactivation of Deleted Records

The programmer in this program should
print an error message for an invalid con-~
dition such as trying to delete a record
which has already been deleted.

File Description Specifications Form

The changes are in a card file called
CHANGES. The indexed sequential file to be
changed is called MASTITEM. It is defined
as an update file (U in column 15) and a
chained file (C in column 16). The file
will be processed randcmly (R in column

28) . The other entries are the same as the
previous example. A printer file is also
defined.

Indicator Summary Form

The Indicator Summary form is Used only for
documentation purposes and describes the
indicators and their use.

Input_Specifications Form

The Input Specifications form shoWs the
file CHANGES and the three types of records
possible. The fields are defined fcr all
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record types even though the fields will
only be present when a record is read with
a 1 in position 1.

The file MASTITEM is the Inventory File
to be updated. It has both active records
(1 in position 9) and deleted records (2 in
position 9). The fields MINBAL and BALANC
are held in a packed form on disk as
described in the previous example.

Calculation Specifications Form

The calculations show all input records
chaining to the MASTITEM file using ITEM as
the chaining filed. 1Indicator 20 is used
for the "Not Found" condition.

If the record is to be changed, the new
fields are moved to the appropriate field
names by the MOVE operation. The fields
are moved only in the case of Indicator 01
being on (change to active record) and
Indicator 20 being off (a record was found
for the chaining field).

Output-Format Specifications Forn

The output specifications show two heading

lines and the fields from the input card to
be printed. The detail line also contains

messages which show the status of the line.
All of the valid ccnditions are printed in

positions 84 to 94. The invalid conditions
are printed in positions 96 to 113.

The MASTITEM file is updated for the
three valid conditions. A deletion and
reactivation require only a change to the
record code (position 9).
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Figure 130. sample Program Six (Part 1)
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Figure 130. Sample Procgram Six (Part 2)
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Figure 130. Sample Program Six (Part 3 of 3)
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This summary contains a brief column-by-
column description of each of the five RPG
specifications forms. The purpose of the
summary is to provide the user with a con-
cise reference guide. TFor a complete dis-
cussion of the entries, the user should
refer to the applicable section.

INFORMATION COMMON_TO_ALL_FORMS

RPG source program cards must be in ascend-
ing numeric sequence by column 1 through 5
when they are read by REG.

Page (Columns_1-2)

Enter the page number of the specifications
forms in the following seguence:

File Description Specifications form Exten-
sion Specifications form, Ingut Specifica-
tions form, Calculation Specifications
form, Output-Format Specifications form.

Line (Columms_3-5)

First two digits of line number are pre-
printed. Use column 5 to identify addi-
tional lines to be inserted between two
pre-printed lines.

ForM Type (Column_6)

Contains pre-printed code F¥, E, I, C, O 0
which must be punched into all RPG specifi-
cation cards.

Enter an asterisk in each line to be used
as a comments line.

Program Identification_(Columns 75-80)

Insert any characters to identify certain
cards or portions of the progranm.

FILE DESCRIPTION SPECIFICATIONS_(F)

File Name (Columns_7-14)

Enter a name for each file. Maximum
length: 8 characters of which the first
five must be unique. Names must be left-
justified. First character must be alrha-
betic. Special characters or embedded
blanks must not be used.

APPENDIX A: SUMMARY OF RPG_SPECIFICATIONS

File Type (Column_ 15)

T = Input File

o = Output File

4] = Update File (only disk files)

C = combined File (only card files)

File Designation_ (Column_16)

Primary file
Secondary file
Chained file
Table file
RA File

blank for output files.

(U (I T

P
S
o
T
R
L

[0}
[
<
[0}

End_of File_ (Column_17)

An E in column 17 is required whenever pro-
cessing of other input files is to be dis-
continued after the last card of a given
input file has been read and processed.

sequence (Column_18)

If matching fields are specified for an
input, combined, or update file, enter:
A if the file is in ascending sequence
D if the file is in descending sequence

File Format (Column_19)

F = Fixed-length records

Block Length and Record Length_ (Columns

Enter right-justified the length of omne re-
cord in Record Length. Leave Block Length
blank.

Device Minipup Maximum
Card 1 80
1403 1 120
1132 1 120
1130 disk

Sequential 1 640
DA 1 640
ISAM 1 636

Mode of Processing_(Column_28) (Disk 0nly)

Enter the mode by which the file is

processed:

R = random processing of a sequentially
or indexed sequentially organized
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file.
L = sequential processing of the inde-
xed sequentially-organized file
between limits (limits are supplied
by a RA file).
processing of the sequentially-
organized file or sequential pro-
cessing of the indexed-
sequentially-organized file.

blank

[}

Length of Key Field or_ cf Record Address
Field (Columns_29-30)

Enter number of positions that each entry
in the RA file occurpies.

Enter the length of the key, if the
file is an indexed-sequentially-organized
file. Maximum key length is 50 characters.

Record Address_Type_ (Column_31)_ (Disk Only)

Device Code

Input/Output Unit

IBM 2501 Card Reader READO1
IBM 1442 card Reader/Punch READU42
IBM 1442 card Punch PUNCHU2
IBM 1403 Printer PRINTER
IBM 1132 Printer PRINT32
IBM 1130 Console Keyboard CONSOLE
IBM 2310 bisk DISK

symbolic_device (Columns 47-52)

If the file is indexed sequential and is to
be lcaded enter the maXimum number of reco-
rds in the file. (Number must be left jus-
tified with no commas.)

Columns 53-65

Leave blank.

File Addition_(Column 66) (Disk Only)

K = Indexed-sequential file (I in column
32)
(Column_32)

Type of File Organizaticn (Disk

Only)

blank = sequential organization

I = indexed ssequential organization
Note When an I is entered, there must
be a K in column 31, a 1 in coclumns
35-38, and the length of the key
field in columns 29-30.

2 = two I/0 areas assigned to a punch

or reader with no stacker select spe-

cified (any digit 1-9 will denote two

I/0 areas).

Overflow Indicators_(Columns_33-34)

If overflow indicators are used, enter the
overflow indicator associated with the
file. A maximum of two overflow indicators
is allowed: OF and OV. Do not specify an
overflow indicator for the console printer.

Key Field Starting Location_(Columns 35-3€)

If this record is for an indexed-sequential
file, enter a 1, right-justified. The key
field must begin in position 1 of 1130
indexed sequential records.

Extensiion Code (Column 39)

E = The file specified on this line is a
table file, a chaining file (specified
by codes C1-C3) or an RA file.

Device_ (Columns U4O0-46)

Enter the device code for the input/output
unit used by the file specified in columns
7-14.
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Enter an A in this column if the file
defined on this line is an indexed-
sequentially-organized file and new records
are to be added. The record to be added is
described on the outrut specifications in
columns 16 to 18. If this column contains
an A, column 15 must contain an O (output).
It is not possible to add and retrieve from
the same file in the same program. Colunmn
28 must be blank.

Columns_67-74

Leave blank.

EXTENSION_ SPECIFICATIONS (E)

Columns_7-8

If the file defined on this line is a
chaining file, enter the sequence of that
file from columns 15-16 of the Input Speci-
fications sheet. Leave blank if the file
described is a record address file.

Number of the Chaining Field (Columns_9-10)
{Disk_only)

If the file is an RA file or a table file,
leave these columns blank; otherwise, enter
the number of the chaining field that has
also been entered in Chaining Fields (Cols.
61-62) of the Input Specifications form.

From Filename (11-18)

Enter left-justified the name of the table
input file, chaining file, or RA file
defined on the File Description Specifica-
tions fornm.

To_Filename (19-26)

If the From file is a chaining file (using
the alternate chaining method), enter the



name of the chained file. If the From file
is an RA file, enter the name of the file
that contains the data 1ecords to be pro-
cessed. If the From file is a table file,
enter the name of the output file tc be
used after the table has been updated.
lLeave blank if the table is nct to be put
out . Note: columns 7-18 are used only

Table Name_(Columns_27-32)

Enter name of table as follows:

e For alternating input format, enter name
of table to which the first entry in the
input record belongs.

e For non-alternating inrut format, enter
name of single table.

The name must be left-justified and
consist of 4, 5, or 6 characters: TAB and
one to three alphabetic or numeric
characters.

Number of Table Entries_per_ Record (Columns

Enter right-justified the maximur number of
takle entries contained in each ingput
record.

Number of Table_Entries per Table (Columns
36-39) —~_First_Table

Enter right-justified the number of table
entries. Leading zeros may be omitted.

length of Table Entry_ (Columns_40-42) -
First Table

Enter right-justified the length of each
table entry. Maximum lengths are:

e For alphameric entries, 248 Characters
e For numeric entries, 14 numeric digits

For a packed field enter the number of
digits of the field.

Packed_(Column_u3) -_First_Table

P = Table entries are in packed-decimal
format
blank = Table entries are in unpacked-

decimal format.

Decimal Fosition_(Column_U44) -_First Table

Digits 0 through 9 = Number of decimal
positions in numeric table entries
(cannot exceed number specified in
columns 40-42.

Blank = Alphameric table entries.

Sequence (Column_45) - _First_Table

A = Table entries in ascending sequence

D = Table entries in descending.
sequence.

blank = Table entries not in sequence.

Table Name_ (Columns 46-51) - _Second Table

For alternating input formats only. Enter
name of table to which the second entry in
each input record belongs. Name must con-
sist of 4, 5, or 6 characters: TAB and one
to three alphabetic or numeric characters.

Length of Table Entry_(Columns_52-54) -

For alternating input formats only. Enter
right-justified the length of each table
entry. 248 columns maximum for alphamerics
14 columns maximum for numeric table
entries.

For a packed field enter the number of
digits of the field.

Packed (Column 55) - Second Table

P = Table entries are in packed-decimal
format
blank = Table entries are in unpacked-

decimal format.

Decimal POositions (Column_56) - Second

Digits 0 through 9 = Number of decimal
positions in numeric table (Cannot
exceed number spPecified in columns
40-42) .

Blank = Alphameric table entries.

sequence (Column_57) - Second_Table

A = Table entries in ascending
sequence.

D = Table entries in descending
sequence.

blank = Table entries not in sequence.

Comments_(Columns_58-74)

Enter any desired comments. An asterisk in
column 7 must not be entered in this type
of comment if in a line containing
specifications.

INPUT_SPECIFICATIONS (I)

File Name (Columns_7-14)

Enter a name fcr each file. (One entry per
file). Maximum length: 8 characters.

Name must be left-justified. First
character must be alphabetic. Special
characters or embedded blanks must not be
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used. The first five charcters must be

unique.

AND/OR-Relationship (Columns_14-16)

AND = The AND-relationship of record iden-
tificaticn codes in the preceding
line is to be continued.

OR = The entries in record identification
codes of this line are to be in an
OR-relationship tc the entries of the
preceding line.

Sequence_(Columns 15-16)

Enter a number, beginning with 01 for each
file and continuing in consecutive sequence
to 99, to specify sequence-checking of re-
cord types. Enter leading zeros. Enter
any two alphabetic characters to indicate
that sequence checking is not required.
Lines with alphabetic entries must precede
lines with numeric entries. Any numeric
entry in Sequence requires an entry in
column 17.

Number (Column 17) (Used Only with Numeric
Entry in_Columns_15-16)

1 = Only cne record of a specific record
type may be present before reading
ancther record type.

N = One or mcre records of a specific re-
cord type may be present befcre reading
ancther record type.

Option_ (Column_18)_ (Used Only with Numeric
Entry_in_Coluns_15-16)

¢]

This record type may not be
present.
blank = Record must be fpresent.

Record Identifying Indicator_(columns
19-20)

Two digits 01-99 = IndicatcrC for the input
record type defined in columns 21-41.

Record Identification Codes_ (Columns 21-41)

This field is divided into three identical
subfields:

Columns 21-27
Columns 28-34
Columns 35-41.

An AND-relationship exists between these
three fields.

Enter the number of the input record posi-
tion containing the identifying code. Must
be right-justified.
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Not_ (Columns 25, 32, 39)

N = Code described must not be contained in
the record position.

C/Z2/D_(Columns 26, 32, 40)

D = Digit portion of the specified position
is to be checked.

Z = Zone portion of the specified position
is to be checked.

C = Entire character of the specified posi-
tion is to be checked.

Character_ (Column 27, 34, 41)

If c/z/D contains C or D, enter any one of

the 256 EDCDIC characters. If C/Z/D con-

tains Z, enter

12-zone - check for & or any of the 16
characters that have the sane
zone as an A

11-zone - check for - or any of the 16
characters that have the same
zone as J

no zone - absence of 11 or 12 zone-- check
for blank or any one of the 16
characters that have the same
zOne as 1

all others-check for any one of the 16
characters that has the same
zZonee.

Stacker_Select (Column 42)

Number of stacker to which input cards are
to be selected. Leave blank for normal
stacker (of multi-stacker devices) or for
single-stacker devices.

Note: Stacker-select entries for combined-
file cards that are punched and/cr printed
must not be made on the Input Specifica-
tions form. Stacker select will be ignored
if two I/0 areas (2 in column 32 of the
File Descripticn Specification) are
specified.

Packed (Column_43)

P = input data in packed-decimal
format.

blank = input data in unpacked format.

Field Location_(Columns 44-51)

Location of fields in input record.

FROM (COLUMNS 44-47). Left-most location
of the field specified in Field Name.

TO (COLUMNS 48-51) . Right-most location of
the field defined in Field Name. Number
must be right-justified. Leading zeros may
be omitted.



Decimal_ Positions_(Columns_52)

For numeric fields only. Enter digits 0
through 9 to indicate number of decimal
positions in input field (cannot exceed the
field length).

Field Name_(Columns_53-58)

Name of each field defined in Field Loca-
tion. Maximum length is 6 characters.
First character must be alphabetic, Spe-
cial characters or embedded blanks may not
be used. Field Name must be
left-justified.

control level (Columns 59-60)

Any one of the control-level indicators L1
(lovest) through L9 (highest) to identify
control fields.

Matching Fields or_Chaining Fields (Cclumns
61-62)

M1 to M9 = record/matching for up to nine
input fields or sequence check-
ing for the fields of a single
input file.

C1 to C3= alternate method of chaining is
specified; codes identify the
chaining field. If the opera-
tion is used, no entry is neces-
sary in this field.

Field-Record Relation_ (Columns 63-64)

Enter any indicator specified tc provide
field-record relation for identical fields
contained in different locations (OR-
relationship). Normally, these are the re-
cord identifying indicatcrs specified in
columns 19-20 of the Input Specifications
form. Only record identifying indicators
may be used when the field is a control
field or a match field.

Field Indicators_(Columns 65-70)

If a field is alphameric, only zerc or
blank specifications may be used. Enter
any one of the indicatcrs 01-99, H1-H9, as
required. If the field specified in
columns 46-58 contains any positive value,
except +0, the indicator in Plus (columns
65-66) is turned on. If the field contains
any negative value except -0, the indicator
in Minus (columns 67-68) is turned on. If
the field contains only zero or blank, the
indicator in Zero or Blank (columns 69-70)
is turned on. It is also turned on if the
field is numeric and contains only +0 or
-0. These indicators are off at the begin-
ning of the program.

Sterling Sign Position_ (Columns_71-74) Used
only for programs_processing sterling
currency amounts.

Enter in these columns the position in the
record that contains the sign of the ster-
ling field. TIf the sign is in the normal
position, enter S im column 74.

CALCULATION SPECIFICATIONS (C)

Control Level (Columns 7-8)

Leave blank to denote operation is to ccurr
during detail time. Enter any one of the
control-level indicators LO through 19, or
LR (last record) to specify that the calcu-
lation contained in this line is to be per-
formed at total time.

Enter SR if statement is part of a RPG
subroutine.

Indicators_(Columns_9-17)

Enter one to three indicators right-
justified. Any of the indicators may be
used.,

Columns 9, 12, and 15 may contain blank or
N only. If there is more than one indica-
tor in a line, RPG assumes an AND-
relationship betWeen the individual
indicators.

Factor_ 1_(columns 18-27)

Enter a field name, a label, or a literal.

Field Name —-- Left-justified, maximum 6
characters. First character
must be alphabetic. Special
characters and embedded blanks
may not be used. Must be
defined on the input form or as
a result field on the calcula-
tion form.

Literal -- NumeTic: 1left-justified, maxi-
mum length 10 characters. One
decimal point and/or one sign
(plus or minus) may be used.
Alphameric: 1left-justified,
must be enclosed in apostrophes
('), maximum length 8 charac-
ters. Any one of the 256 EBCD-
IC characters may be used.

Label

Enter a label name for use in a TAG or
ENDSR statement. First character must be
alphabetic. Special characters and blanks
may not be used.
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Factor 1 is cnly used with the operations
ADD, 5UB, WULT, DIV, COMP, LOKUP, TAG,
CHAIN, BEGSR, and ENDSR.

Operation (coulmns_28-32)

operation code left-justified.

Factor 2 (columns_33-42)

Field name, label, or literal to be used in
the specified operaticn. (See Factor 1 for
definition of field name, label, and
literal.)

Factor 2 is not used with the cpera-
tions MVR, TESTZ, RLABL, TAG, SETIOF, SETON,
BEGSR, ENDSR, and EXCPT.

Result Field (Columns_u43-48)

Result field name, First character must be
alphabetic. Special characters or embedded
blanks may not be used. Field name must be
left-justified. It is nct used with the
operations COMP, GOTO, EXIT, TAG, SETOF,
SETON, CHAIN, BEGSR, ENDSR, EXSR, and
EXCPT.

Field Length (Columns_U49-51)

Number of storage positions required for
result field. Maximum length of numeric
fields 14 digits; maxinmum length of alpham-—
eric fields 256 characters. Must be right-
justified. May be left blank if already
defined in another line of the calculation
form or in the input form.

Decimal_Position_(Column_52)

Decimal positicns of the result field (O
through 9) . Must be blank if the result
field is alphameric. The numter of decimal
positions cannot exceed the field length.

Half Adjust (Column_53)

Half-adjusthent of result field.
No half-adjustment of result field

[[a]

H
klank

Any indicator 01-99, H1-H9, L1 through L9,
LR, OF or OV may be used.

Arithmetic_Oferations: Enter up tc three
indicators to be turned on whenever the
result is positive (indicator in columns
54-5%), or negative (indicator in columns
56-57), or zero (indicator in columns
58-59) .

Compare Operations: Enter up to three
indicators to be turned on whenever Factor
1 > Factor 2 (indicator in cclumns Z4-55),
or Factor 1 < Factor 2 (indicator in
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columns 56-57), or Factor 1 = Factor 2
(indicator in columns 58-59).

LOKUP Operation: Enter one or two indica-
tors in High, cor Low, or Equal, or High and
Equal, or Low and Equal.

An indicator in the high column will
cause a search for the first table argument
(Factor 2) higher than the search argument
(Factor 1). An indicator in the low column
works in the opposite manner. If there is
an indicator in the high or lcw columns,
the table name in factor 2 must be speci-
fied as ascending or descending on the
extension specifications.

TESTZ Operaticn: Enter up to three indica-

tors to be turned on whenever a 12-punch
(indicator in columns 54-55), or an 11-
punch (indicater in columns 56-57), or any
other zone or no zone (indicator in columns
58-59) is detected in the field specified
in Result Field in this line.

SETOF, SETON Operations: Enter up to three
indicators to be turned on (SETON) or off
(SETOF) .

CHAIN An opticnal entry of an_indicator
(the same indicator) in_columns_5S4-57_ to_be
turned on in the case of a not found
record.

comments (columns_60-74)

Enter any desired comments.

OUTPUT-FORMAT_SPECIFICATIONS_(C)

File_Name_(Columns_7=14)

Enter name for each input file. Maximum
length 8 characters. First character must
be alphabetic. Special characters or
embedded blanks may not be used. Name must
be left-justified. If several lines of the
same file are specified in sequence, the
name may be entered in the first line only.
The first five characters must be unique.

AND/OR-Relaticnship (Columns_14-16)

AND
OR

Records in an AND-Telationship.
Records in an OR-relationship.
(columns 14-15).

Type (H/D/T/E)_ (Column_15)

Heading line.
Detail line.
Total line.
Exception line.

HH oD
i



Tndexed-Sequentially-Organized File
{(columns_16-18)

Enter ADD in these columns if output reco-
rds are to be added to an IS-organized
file. The file description for this file
must have an A in column 66.

For card andsor printer files, use
these columns as described below.

stacker Select (Column_16)

Number of stacker to which cards are to be
selected. Leave blank for normal stacker
(nulti-stacker device) cr for single—
stacker device. Entry is allowed only if
the file is described as combined or output
in the File Descripticn Specifications.

space (Columns_17-18)

Enter at least one entry in columns 17-22
if line is to be printed.

BEFORE_(COLUMN_17) .

Enter 0, 1, 2, or 3 to
specify line spacing before printing.

______________ Enter 0, 1, 2, or 3 to
specify line spacing after printing.

A entry of 0 for Space Before or Space
After for use with the ccnsole printer is
not permitted.

skip

At least one entry required in columns
17-22 if line is to be printed.

BEFORE_(COLUMNS_19-20). Enter any number
from 01 through 12 to specify skipging
before printing. Leave llank for no skirp
before printing.

A skip may not be specified for the
console printer, or for channel 7, 8, 10,
and 11 with 1132 printer.

AFTER (COLUMNS 21-22). Enter any nunber
from 01 through 12 to specify skipping
after printing. Leave blank for no skip
after printing.

output Indicators_(Columns 23-31)

Enter right-justified uf to three indica-=
tors to identify files cr deseribe fields.
columns 23, 26, 29 may contain blank cr the
letter N (not) only.

Field Name (Columns_32-37)

Enter any name defined in either input or
calculation form. Leave blank fcr con-
stants specified in columns 45-70. TUse
field name PAGE to cause automatic fage

numbering on normal printer.
name beginning with PAGE (e.g.
additional Page counters.

Use any field
PAGE1) for

Edit_Codes_(Column_38)

The entry in this column centrols editing
of numeric fields.

1 print with commas, print zero balance,
suppress sign.

2 Print with commas, Suppress Zzero balance
and suppress sign.

3 print without commas, print zero balance,
suppress sign.

4 Print without commas, Suppress Zzero
balance and suppress sign.

A Print with commas, print zero balance,
print sign as CR-

B Print with commas, suppIess zero balance,
print sign as CR.

¢ Print without commas, print zero balance,
print sign as CR.

D Print without commas, sSuppress zero
balance, print sign as CR.

J pPrint with commas, print zero balance,
print sign as -.

K Print with commas, suppress ze€ro balance,
print sign as --

L Print without commas, print zero balance,
print sign as -.

M Print without commas, suppress zero
balance, print sign as -.

X Remove positive zone from units position
of numeric field. No zero suppression.
(This code is accepted by 1130 RPG, but
no function is performed since a plus
field will print or punch with only a
digit in the units position.

Y Edit date field:

3 digit - (n)a/n

4 digit - (n)n/nn

5 digit - (n)n/nn/n
6 digit - (n)n/nn/nn

The first n will be zero suppressed.

7 High order zero suppression and remove
sign..

An edit word may be used with a numeric
field by leaving this column blank.
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Note: 1If inverted print is specified cn
the RPG control card (I in column 21), the
use of commas and periods will be inverted
in all editing with edit codes. Also, the
Y code will use period (.) instead of
slash (/).

Blank_After (Column_39)

B = Réset alphalMeric output fields to
blanks or numeric output fields to
Zeros.

Reset occurs after execution of the speci-
fied output operation.

End _Pogition_in Output Record {Column

Enter number of output-record position to
contain rightmost character of output
field.

Packed_ (Column_ 44)

P = Output data in packed decimal for-
mat (disk only).
blank = Output data in unpacked decimal

format.

Constant _or Edit Word {Column_u5-70)

Constant: Enter any desired constant enc-
losed in apostrophes. May ccnsist of any

220

of the 256 EBCDIC characters. Maximum

length 24 characters.

Apostrophe required within constants
must be represented as two consecutive
apostrophes.

Edit Word: Enter any edit werd to spe-
cify editing with respect to punctuation,
printing of $ sign status, zero suppres-
sion, etc. Must be enclosed in apostrophes
(for numeric fields only.)

With edit codes 1-4,A-D, and J-M two
entries are possible:

'*' in columns 45-47 to denote check
protecting asterisks.

'$' in columns 45-47 to denote a float-
ing dollar sign.

Sterling Sign_Positicon (Columns 71-74)

Enter in these columns the position in the
record that contains the sign of the ster—
ling field. If the sign is in the normal
position, enter S in column 74.



APPENDIX B:_ _RPG CONTROL CARD

The deck of input cards tc the Report Program Generator must ke preceded by an RPG control

card.

This control card must be prepared by the programmer or operator according to the

functions required of the RPG compiler.

The format of the RPG ccntrcl card is:

Cols. Ccntents
1-5 XXXXX
6 H
7-10 blank
11 B, D, blank
12-16 blank
17 1

2

blank
18 1

2

blank
19 0

1

2

blank
20 0

1

2

blank
21 I

blank
22-25 blank

Fage and 1ine Numbers.

Identifies the card as an RPG control card.

Not

used.

Type of run:

D -

R -

produce a listing but no compilation.

bypass listing.

bElank - compilaticn with listing.

Not

The
IBM
The
BSI
The

used.

shillings portion of a sterling-currency input field is in the
format.

shillings portion of a sterling-currency input field is in the
format.,

input does not contain sterling-currency fields.

The pence portion of a sterling-currency input field is in the IBM
format.

The pence portion c¢f a sterling-currency input field is in the BSI
format.

The input does nct contain sterling-currency fields.

The shillings portion of a sterling-currency output field is in
the printer format.

The
the
The
the
The

The

shillings portion of a sterling-currency output field is in
IBM format.

shillings portion of a sterling-currency output field is in
BSI format.

output does not contain sterling-currency fields.

pence portion cf a sterling-curreéncy output field is in the

printer format.

The
IEM
The
BSI
The

The

pence portion of a sterling-currency output field is in the
format.

pence portion of a sterling-currency output field is in the
format.

output does not contain sterling-currency fields.

inverted-print option is chosen (i.e., commas are used instead

of decimal fpoints. 1In mumeric literals and with edit codes 1-4,
A-D, J-M periods are used instead of a slash when using the Y edit
code.

The

Not

inverted-print feature is not to be usead.

usede.
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26

27-74

75-80
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A or blank

7

XXXXXX

Alternate collating sequence: Enter an A if an external subrou-
tine is used to translate the sequence of a matching field to the
EBCDIC collating sequence. This external subroutine must have the
name ALTSE.

If an external translating subroutine is not used, leave this
column blank.

Not used.
These columns can contain the _(six characters) &Q;A@gggég&g;
Frogram. A1l six characters appear in the listing included in the

rrogranm



The RPG sterling routines furnish users
with a convenient and time-saving means of
handling sterling amounts. The presence of
sterling fields is indicated to the RPG
program by additional entries in the input
and output specifications forms and in the
control card. The file description exten-
sion, and calculaticnforms are not
affected.

Sterling input information can be
represented in two formats: IBM and BSIT as
described in the control card. The RPG
sterling routines convert the input fields
into a pence-format field. a rence-format
field is a sterling amount represented in
pence. If the output is to be printed, the
fields are converted with shillings and
pence printed in two positions each with
Zzero suppression in effect in the tens
position of each field., If the output is
not printed, the output is ccnverted to ei-
ther BSI or IBM formats.

Note 1: oOn both input and output, the
pounds field must consist of at least one,
and no more than eight Fositions.

_______ BSI or IBM input files ¢f one pro-
gram must use the same ccde ccombinaticn
throughout,

INPUT SPECIFICATIONS

The position of the sign must be specified
in columns 71-74. Enter an S in cclumn 74
if the sign is in the ncrmal Fosition. 1If
the pence field has decimal Fositions, the
normal position of the Sign is in the
right-most decimal positien of the rence
field. If the pence field has no decimal
positions, the normal Fositions of the sign
is in the units position of the pounds ’
field.

_______ One of the digits 0,1,2, or 3 must
be entered in column 52, to indicate the
numker of required decimal positions.

Note 2: It is not permissible to use the
Same name for both a sterling field and a
decimal field.

Note 3: The sign of the field must contain
a numeric underpunch.
OUTPUT-FORMAT SPECIFICATIONS

The positions of the sign for sterling out-
put fields must be specified in columns 71-

APPENDIX C: _STERLING ROUTINES FOR_RPG

74 in the same manner as for sterling input
fields. The sterling sign will always
appear on output whether the field is plus,
minus or zero.

Output_ Which is_Not Printed. The field nmay
be specified as any combination of IBM or
BSI Shillings and fpence formats. The sign
may appear anywhere within the record.

When outside the field, the sign will be
supplied with a zero underpunch.

Printed Output. The normal sign position
must be used. Insert the letter S in col-
umn 74 of the Output Specification Sheet.

Note 1: sShillings and pence are printed in
two positions each. When no edit word is
specified, zero suppression is in effect in
the tens positions of each field. Tt is
necessary to add two additional Fositions
for printed output when input is in the BSI
format and one extra print position for
input in the IEM format.

Note 2: The pcunds field consists of at
least one and no more than 8 Fositions.
Zero suppressicn on the pounds field may be
obtained by placing Z in column 38 of the
specification sheet.

Note 3: If a field is defined as a ster-
ling field in the input but not in the out-
put specification, the output will be in
pence format.

Note 4: Editing is allowed only on printed
output files. The rules governing the use
of edit control words are the same as those
for decimal fields. The features available
are:

1. Zero suppression in the pounds field.

2., Zero suppressidn in the shillings
field, if both pound and shilling
values are zero.

3. Zero suppression in the pence field, if
pound and shilling and pence values are
Zero.

4. Suppressicn of zeros preceding signs,
and suppression of Sseparation marks be-
tween pounds and shillings,shillings
and pence, and pence and decimals.

5« The high crder shilling and rence posi-

tions will be zero suppressed when a
sterling field is edited.
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To select the required sterling routines,
the RPG program needs information regarding
the input and output formats. This infor-
mation is entered in four columns of the
RPG processor control card. The entries
are: 1 for IBM code or 2 for BSI code.

CALCULATION SPECIFICATICNS

While no additional entries are required in
this form, the user should keep in mind
that all calculations are done in pence
format. This must be considered when
defining the length of result fields or
when using Factors 1 or 2.

Lengths of Pence-Format Fields

If a pence—-format result field is tc be re-
converted into a sterling output field, the
highest amount it is permitted tc contain
is 23,999,999,999,5999. This converts to a
field containing €ight pound positions
which is the maxinmum allowed.

Note: 1If the two high order digits of a
pence field are greater than 23, a high
order digit will be lost when the field is
converted to pound-shillings-pence format
for output.

Pound Sterling_ Formats

1n addition to the printed cutput fcrmat,
RPG will support, om the input and output
fields, two standards for pence and Shill-
ing porticns of the sterling fields: 1IBHM
or BSI. Columns 17-20 of the RPG Processor
Control Card indicate either the IBM or BSI
formats. The formats for IBHM and BSI are
listed here,

Column 17 (Sterling shilling Field on_Input
__________ Two positicns are allowed for
the shilling option in the input fields:
00-19 for 0 to 19 shillings.

__________ The shilling option in the
input fields is indicated as listed here:
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0-9 shillings by a 0-9 punch,
10 shillings by a 12-punch,
11-19 shillings by an A-I punche.

column 18 (Sterling Pence Field on_Input)
The pence option on input

0-9 pence by a 0-9 punch,
10 pence Ly an 11-punch,
11 pence by a 12-punch.

The pence option on the input

0-9 pence by a 0-9 punch,
10 pence by a 12-punch,
11 pence by an 11-punche.

Column 19 (Sterling Shilling Field on_Out-
put) IBM Format: Two positions are allowed
for the shilling option on the output
field:

00-19 for 0-19 shillings
BSI_Format: The shilling option on the
output field is as listed here:

0-9 shillings by a 0-9 punch,
10 shillings by a 12-punch,
11-19 shillings by an A-I punch.

Column 20 (Sterling_Pence Field on_Output)
IBM_Format: The pence option on the output
field is as listed here:

0-9 pence by a 0-9 punch,

10 pence by an 11-punch,

11 pence by a 12-punch.
BSI_Format: The pence option on the
output field is as listed here:

0-9 pence by a 0-9 punch,
10 pence by a 12-punch,
11 penhce by an 11-punch.



APPENDIX D: SUMMARY OF PEOGRAMS INDICATORS

(calc.), |of Progran Logic) theading and detail [Note 3
Output | llines are completed]
Indicators|

r T i L T T hl
| Indicator | Where Located |Where Used|Turned On | Turned Off | Notes |
— + + t 4 + -4
| Field |Input form |Indicator |by Blank or Zero | before this field |Note 1}
{Indicators | | (calc.), |in specified field,|status is to be | {
1]01-99 | |Output Iby Plus in spec. | tested the next { |
| Zero and Blank}| lIndicators|field |time | {
| Plus | | Iby Minus in spec. | | I
| Minus | [ |field | | !
F } t + + { |
IH1 through H9 |Input form IIndicator |whenever the speci-|internal, at the |Note 1)
| {Calculation I (calc.), |fied field status lend of the detail | ]
| |form |Output lor record identi- |cycle (see Sign. of| ]
| | | | ficaticn condition IProgram Logic) | I
| | | |is satisfied | | |
k t t : t } + 1
LR | Internal [Ccntrcl lafter prccessing lat the beginning | Note 1)
| | |Level [the last record |of processing |Note 2}
| | | (calc.), f(of the last file | | |
| | |Output | (see column 17 i l |
| | |Indicators|of File Descr.) | | i
— t t t } } 1
|LO | Internal {Ccntrol lat the end of every|is never turned i |
| (Level Zero) | jLevel | processing cycle loff by RPG | I
| | I (calc.) | | | |
| | |Qutput | | i 1
| | |Indicators| | | |
= } } + t + {
IControl Level {(Input form |]Control | when the value in ajat end of following[Note 1}
lIIndicators ICclumns 59 60 |Level |ccntrol field |detail cycle { |
IL1 through 19 | | (calc.), fchanges. &All | | |
| | IIndicators|indicators of the | | i
| 1 | (calc.), |lower levels are | | |
| ] {Output falso turned on | | |
| | |Indicatorsj] | | {
k { } —— f + .|
| MR |Internal |Indicators|if the matching- |when all total cal-| |
| (Matching { I (calc.), |field ccntents of Iculations and out | {
| | |OQutput {the reccrd of a lput are completed | |
| { |Indicators|secondary file {for the last record| i
| | Imatch the matching-jof the matching | |
| | Ifield contents of ajgroup. | |
| | Irecord in the i l |
l | Iprimary file I | 1
F } t t 4 4
IOF/0V Overflow [Internal Indicators] (see Significance lafter the following]| |
| I I
| I |
| | I
1 | |
F t 4

o — —

- ——
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L

L % { + t +
r}ndicator |Where Located {Where Used|Turned On JTurned Off iNotes ]
i { t y + } ]
r;;cord |Input form |Indicators| when specified |before the next | Note 1;
{Identifying {Columns 19-20 | (calc.), lrecord has been |record is read | {
{Indicator | . |Output |read and before fduring the next | |
101-99 | |Indicatorsj|total calculations | processing cycle | |
{ | |Field~- lare executed | | |
| | |Record | ] | |
| | {Relation | | i |
(& } } + t t 1
| Resulting |Calculation |Indicators|by a positive bal- |the next time a |Note 1]
|Indicators | form | (calc.), lance in field, by Jcalculation is i 1
101-99 { | Cutput la negative balance |performed for which] |
| Elus | |Indicatorsiin field, by Zero |the program speci- | {
| Minus | | {balance in field |fies the indicator | l
| Zero | | |if Factori1>Factor2 |as a resulting | i
|Compare i ] |if Factor<Factor2 |indicator and the | |
{operation | | |if Factor=Factor?2 |specified conditionj |
{ High | | | lis not satisfied | |
| Low { | | | | |
| Equal | | | | i |
| Lokup | | | | { |
| operation | | | 1 | |
| High | i |if table > Factori | i |
| Low | | |if table < Factorl | | |
| Egqual 1 | |if table=Factorl | | |
— + + t +— + 4
|1P (First Page) | Internal |Output |at beginning of |before the first |Note 4]
| | |Indicators|processing before |detail card is read| |
( 1 | {any input records | | |
| | l {are read { | |
Ir_ L A i A ' 1‘
|Note 1. Turning indicators omn or off can also be accomplished by using SETON and SETOF |
| operaticn codes. |
| Note 2. All control level indicators (L1-9) are also turned on when LR is turned on. |
{Note 3. The OF indicator remains on during the following detail calculations and out- |
| put cycles. |
|Note 4. This indicator is used to condition printing of the first page of the report. |
J
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ADD (add) 78
Adding and subtracting, example 13
Adding records to an IS file 155
file description specs. 116
output-format specs. 99
Address output option -- see type of
file organization
Alphabetic
characters 10
entries, input spec.
Alphameric
entries, extension spec. 120
fields 10
literals 10, 73, 109
Alternating tables 123
Ampersand (&) in edit words 110
AND-relationship 55, 101, 211, 218
Arguments, tables 124
Arithmetic operations 78
Asterisk protection 111
Automatic skipping 42, 100

48.1

BEGSR (Begin RPG Subroutine) 20

Blank after 109, 220

Blank indicators 67

Block length, file description
spec. 114, 213

Blocked format, file description
spec. 114, 214

Blocking records 148

Branch and exit operations 89

Branch (GOTO) 89

Calculating fields 69, 72
Calculation specifications form 46, 69,
95, 132, 202, 210, 217

Calculations, total (example) 17
Calculation, total 17
Card zones, testing (input spec.) 53
Carriage overflow 100
C -- character 52
CHAIN (chain) 86, 183, 184
Chained file, file description spec.
(c) 113
Chained file -- see processing multiple

input files

Chaining 171

Chaining
fields (Cl-C3), input spec 66
fields, number of the 119
to a sequential disk file 179
with an RA file 184

Character input spec. 53, 216
Combined files, file description spec.
(c) 113
Coding of subroutines 137
Comments
asterisk 48, 213, 215
calculation spec. 77
file extension spec. 121

Common fields 46

INDEX

COMP (compare) 30, 83
Compare and test operations 83
Comparing 29
Compatability, 1130 RPG 8, 9
Compiling 8
Conditioning fields, calculation spec
Configuration 7
Constant data
input spec. 58
output-format spec. 109
Constant or edit word
output-format spec. 109, 220
Control break 15, 43, 70
Control-field holding area 59
Control fields
calculation spec. 69
conditioned with
field-record-relation indicators
establishing, example 15
input spec. 59
rules for using 59
, specifying 70
Control level indicators
calculation spec. 69
input spec. 59
output-format spec. 102
Zexro 67
Control levels, false 61

Core zones, testing (input spec.) 53

Correlation of the RPG specifications
forms 35

CR symbol in edit words 111

Creating

record address files 158
sequential disk files 152
Crossfooting 13
Cross references 46
Customer transaction -- see sample
programs
C/Z/D specifications, example 12
C/%2/D, input spec. 52

D -- digit 52
Decimal peint
edit 111
location 111
Decimal position 14

calculation spec. 75

extension spec. 120, 216

input spec. 58
Definition of terms 10
Describing

a record and its fields, example
the files 10
Detail
calculation 42
printing, example 14
record 98
and total printing, example 17
Device 116, 213, 214
Direct access storage device (DASD)

Index

69

66

11

115

227



Disk storage concepts 151

DIV (divide) 79

Division, multiplication and 31, 79
Dollar sign 110
Duplicate identification 55
EBCDIC 10, 54, 84
Edit 110, 150
Edit codes 108, 109
Edit words 110
Edit words, rules for forming 110
End-of-file, file description
spec. 113, 213
End position in output record 109

ENDSR (End RPG subroutine) 921
Entries in the operation field 78
Equal 75

Exception records 98

EXCPT (Output records during calculations) 92

Exit

operation 135

format 135

to a subroutine 91, 135

to a translate subroutine 170
EXSR (transfer to subroutine) 90
Extension code (E) 116, 214

Extension specifications form 46, 119,
215
Factor 1 73
Factor 2 73
Field description entries
input spec. 55
output-format spec. 97, 103
Field indicators
calculation spec. 70
input spec. 67
output-format spec. 102
Field
conditioned by overflow 101
length, calculation spec. 74
location, input spec. 56
Field name
calculation spec. 72
input spec. 58
output-format spec. 105
Field-record relation 66
Field-record relation, using split
control fields with 60
File addition 116, 214
File description specification form 36,
112, 132, 201, 203, 207, 210
File description specifications,
entries on the (example) 116
File designation, file description
spec. 113, 214
File format, file description
spec. 114, 214
File identification and control,
output-format spec. 97, 98
Filename
file description 112, 213
extension spec. 214
input spec. 48
output-format spec. 98
File organization 151
File organization, type of 115, 214

228

132,

46,

File processing 151
File processing, mode of 114
File type, file description spec.
Files, maximum number permitted
First-page indicator 37
output-format spec.
Fixed dollar sign 110
Fixed-length format 213
Floating dollar sign 110
Flowchart of an RPG object program 38
Form type 48, 213
Format of
an edit word
GOTO 89
LOKUP 86,
TAG 89
From
input spec. 56
From filename
file extension spec.
Function of RPG 7
Function, table 123
Fundamentals of RPG programming 10

112,
112

102

110

126

119

Generating 7

Group indicators, example 21
Group printing, example 19
GOTO, format of 89

Half-adjust 75
Halt indicators 43, 67
calculation spec. 71

input spec. 67
output-format spec. 102
H/D/T/E type 928
Heading lines -- see sequence of
specifications

Heading records 98
Hexadecimal 10

High 75

Holding area, control-field 59

Holding area, tables 126

Identifying codes 52
Indexed-sequential file

organization 86, 115, 150
Indicator

chart 225

codes available 67

codes for plus, minus, and zero or

blank 67

definition in an exit routine
Indicators

calculation spec. 69

control-level 71, 102

field 102

first page 37, 102

halt 43, 67, 102

input spec. 66

last record 70

level-zero 70

136

matching record 102
numeric 67
output-format spec. 101
overflow 100, 102, 115
resulting 102

summary of 225

213



Input files
file description spec.
input spec. 48
processing multiple
Input specifications form
200, 202, 207, 210
Invoice billing —-- see example programs
ISAM (indexed sequential access method)

(1)

160
36,

112

46, 48,

Key 152

Key field
length of 114,
starting location

214
115, 214
L0 indicator 70, 102
Last-record indicator 70
Layout of lines and fields (printer) 45
Length of
data records 148
keyfield 114, 214
record address field
table entry 120, 215
Level-zero indicator 70,
Line
identification code 45
number 48, 213
Literals
calculation spec. 73
output-format spec.
Logic flow charts 39
LOKUP (table lookup)
Low 75
LR indicator 70

114, 214

102

109

86, 126

Machine requirements 7
Machine units and features supported
program generation 7
processing of object program 7
Master index 153
Match fields 162
numeric 149
Matching 162
Matching-field holding area 64
Match-field indicators 64
Matching fields, input spec. 64
Matching-record indicator 162,
calculation spec. 71
output-format spec. 102
Matching technique, order of
processing records using the
Maximum length
alphameric fields 74
numeric fields 74
Maximum number of files 112
Methods of processing tables 126
MHHZO (move high-to-high zone) 82
MHLZO (move high-to-low zone) 82
Minus condition 67
Minus condition, testing for a 75,
MLHZO (move low-to-high zone) 82
MLLZO (move low-to-low zone) 83
Mode of file processing 114
MOVE (move) 80
Move operation 80
MOVEL (move left) 81
Move zone 82
MULT (multiply) 79

167

162

27,

132,

151

28

Multiplying and dividing, example 31
Multiple file processing,
summary of 190

without matching 171

Multiple input files, processing 161
Multiple printers 101
MVR (move remainder) 79
Negative condition 75
Not
input-spec. 52
output-format spec. 102
Number
input spec. 49
of the chaining field 119, 214
of table entries 120
specification (N) 49
Numeric
characters 10
decimal position 120
entries, file extension spec. 121
entries, (sequence), input spec. 49
fields 10
indicators 67
literals, calculation spec. 73
literals 10, 73

Object programs

using tables in 123
Object run 7, 8
OF indicator 71, 100, 102

Omitting record identification 55

Operation 74, 78

Operation field, entries in the 78
Option (0), input spec. 51
Optional, input spec. 51

Order of processing records using the
matching technique 162
OR-relationship 55, 60, 102
OR-relationship, records in an 57
Output-format specifications form
46, 97, 204, 208, 211
Output indicators 101, 102, 103
Output files, file description spec.
(0) 112
Output units, specifying 98
OV indicator 71, 100, 102
Overflow areas 154
Overflow indicator
calculation spec. 71
output-format spec.
Overflow lines 101
Overflow lines, printing of 20,
Overflow printing, example 21

36,

100, 102

43, 100

Packed (P)
extension spec. 120, 214
input spec. 56, 60
output-format spec. 109

Page number 213
Page numbering 107
Plus condition 67

46,

Position, input spec. 52
Primary file, file description spec.
(P) 113

Primary files 162
Printer spacing chart 44

Index

229



Printing, group 19
Printing overflow lines 20, 43, 100
Problem definition 43
Processing
IS files 152
multiple input files 161
limits of an indexed sequential
organization 152, 186
sequential disk files 151, 152
Processing tables, methods of 126
Program documentation 144
Program identification 47
Program logic 37
Program logic, significance of 43
Providing a name for GOTO (TAG) 89

RA file, file description spec. (R) 113
Random
processing 156
processing of indexed-sequential
organization 151
Randomly, processing multiple input
files 171
Record address, type of 114, 214
Record address field 114
Record address file 114
Record address files -- see processing
multiple input files
Record identification codes, input
spec. 52, 54
Record identification entries
example 52
input spec. 48
Record identifying indicator
Record
length 114, 213
Records in an AND-relationship 55, 101

51, 102

Records in an OR-relationship 57, 102
Records to be added (ADD) 78
Record type, undetermined 55
Required machine features 7

Result field 74

Resulting indicators
calculation spec. 71, 75
input spec. 51
output-format spec. 102
use of 51

Retrieving updated tables 129, 132

RLABL (RPG label) 91

RPG control card 221

RPG logic flow 38

RPG specifications forms 35, 46
general information 46
common fields 46

Rules
for creating records containing table
data 124

for forming an edit word 110
for forming tables 124

for using control fields 59
for using matching fields 64

Sample programs 192

Secondary file, file description spec.
(s) 113

Secondary files 162

Sectors for IS file 155

230

Sequence
checking, example 34
file description spec. 114, 213
extension spec. 120, 214
input spec. 48
link field 154
of different record types, example 34
of specifications 97, 99
record 119
Sequential
file organization 86, 151
processing 156

processing of multiple input files 160

SETOF (set indicator off) 85
SETON (set indicator on) 85
Sign Control 149
Significance of program logic 43
Skip 100
Space 99
Special characters 10
Specifying constants 109
Split
chaining fields 186
control fields 60

SR (subroutine identification) 70
Stacker select
input spec. 55

output-format spec. 99
Status portion 110
Sterling reference
calculation specifications 224
control card 224
input spec. 68, 223
output-format spec.
Storage requirements 7
Subroutines 135
Subroutines, coding of 137
SUB (subtract) 79
Subtracting, adding and 13
Supported machine features 7
Summary of
program indicators 225
RPG specifications forms 214
IS organization 161
Summary punching, example 23
Symbolic device 116, 214

111, 223

Table

entries per record, number of 120, 215

entries per file, number of 120
entries per table, number of 120, 215
file, file description spec. (T) 113
holding area 126
lookup 86, 126
name 120, 215
operations 86
Tables,
example of using 128
methods of processing 126
retrieving updated 128, 132
rules for forming 124
TAG (Providing a name for GOTO) 89
TAG specifications 89, 136

Terms -- see definition
Testing card zones, input spec. 53
Testing core zones, input spec. 53



Testing to determine a zero, positive,
or negative condition of the field

status 26
Testing fields, calculation spec.
TESTZ (test zone) 84
To, input spec. 56
To filename, file extension spec.
Total
calculations, example 17
calculations 17
printing, detail and (example)
records 98
Testing the result field of a
calculation 75
Turning indicators on or off 66
Type H/D/T/E 98
Type of
file organization 115, 214
record addresses 114

69,

120

17

75

Types of data records

Unblocked records

1

149

49

Update files, file description spec.
Updated tables, retrieving

Updating tables

Using
RPG

tables in the object program

7

126

7Z-ADD (zero and add)
Zero or blank condition
Zero in edit words

Zero indicator

Zero suppress
Z-SUB (zero and subtract)

Z —-- zone

52

67
108,

78
110

110

67

128, 132

79

123

Index
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112
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e Your comments, accompanied by answers to the following questions, help us produce better
publications for your use. If your answer to a question is “No” or requires qualification,
please explain in the space provided below. Comments and suggestions become the property
of 1BM.

Yes No
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o Did you find the material:
Easy to read and understand? il J
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Written for your technical level? ] O
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e How do you use this publication?
As an introduction to the subject? n As an instructor in a class? [}
For advanced knowledge of the subject? ] As a student in a class? |
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