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Preface

System/360 Operating System RPG is a problem-oriented
language designed to provide users with an efficient, easy-
to-use technique for generating programs that can:

1. Obtain data records from single or multiple input
files.

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

3. Write reports.
4.  Use table lookup.

5. Exit to a user’s subroutine written in a language other
than RPG. :

Seventh Edition (July 1973)

6.  Branch within the calculations.
7.  Sequence check input records.

8.  Maintain files.

RPG uses a set of specification 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.

This is a reprint of GC24-3337-5 incorporating changes issued in Technical Newsletter

GN21-5204, dated September 20, 1972.

Information in this publication is subject to change. Before using this publication,

be sure you have the latest edition and any Technical Newsletters.
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Publications, Department 245, Rochester, Minnesota 55901. Comments become
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RPG operates under control of the System/360 Operating
System (referred to as the operating system). The
operating system provides the RPG compiler with input
and output services. Object programs generated by the
RPG compiler also operate under operating system control
and depend on it for similar services.

RPG supports the minimum configuration required by the
operating system. The decimal arithmetic feature is re-
quired for RPG.

If you choose to run the RPG compiler under control of
0S/VS1, you must apply changes to the compiler. See
Appendix F. Running the OS RPG Compiler Under OS/VS1
for the specific changes that must be made.

COMPATIBILITY OF SYSTEM/360 OPERATING
SYSTEM

The RPG source language is upward compatible. The
operating system Report Program Generator can compile
a Model 20, Basic Programming Support, Tape Operating
System, Disk Operating System, or Basic Operating
System source program that adheres to its language speci-
fications.

The File Description Specifications form of the operating
system RPG may require additional information (record
length and overflow indicators).

The control card of a Model 20 or Basic Programming
Support program must be modified before the object
program can be generated by the operating system RPG.

Introduction

When a BOS, TOS, or DOS RPG program is used to
retrieve records from a file with direct organization, it may
be necessary to alter the method of obtaining the addresses
of these records.

The operating system RPG does not use the address output
option of the Basic or Disk Operating System Disk Sort/
Merge to retrieve records.

FUNCTION OF RPG

When RPG is used, the IBM System/360 actually performs
separate functions:

1.  Program generating
2.  Data processing.

In the first function, program specifications defined by
the user produce machine-language instructions. Storage
areas are automatically assigned, constants or other
reference factors are included, and linkages to routines for
computations for input/output operations and for other
functions are produced.

In the second function, the machine-language instructions
(created in the first function) are combined with the user
input-data files, and both are processed through the
system to produce the desired reports or output files.



USING RPG

The preparation of a report by means of RPG consists of
the general operations shown in Figure 1 and described as
follows:

1. The programmer must evaluate the report require-
ments to determine the format of the input files and
the appearance of the finished report.

For example, he must know what fields in the input
files are to be used, what kind of calculations are

to take place, the location of the data in the output
records, and the number and the kind of totals that
must be accumulated. More specific information
regarding the evaluation of report requirements is
described in Program Logic, Problem Definition.

2. After the programmer has evaluated the requirements
of the report, he provides the same information to
the RPG program.

He must describe his input (record layout, fields
used, etc.) by making entries on an Input Specifi-
cations form.

He must state what processing is to be done (add,
subtract, multiply) by entries on a Calculation
Specification form.

He must state how the finished report is to look
(printing position, carriage control, etc.) by making
entries on the Output-Format Specifications form.

He must describe all files used by the object program
(input files, output files, table files, etc.) by making
entries on the File Description and Extension
Specifications forms.

3. After the specifications have been written on the
appropriate forms, cards are punched with the data
from the forms.

4.  These punched cards (called a source deck) are
combined with the processor control card and the
operating system job control statements. The source
deck and the control cards are supplied to an input
device and are processed under control of the
operating system. At the end of this step (known as
a compilation step), a program capable of preparing
the report specified by the programmer has been
produced. This program (known as an object
module) is processed by the link edit step to create
a loadable program. This loadable program (known

Evaluate the
Problem

Write the
Specifications

Card Punch Source

Deck from the 3
Specifications

|

Generate the
Object Program

i

input Files
P Execute the

Object Program 5

y

Output Files

l §3682

Figure 1. Producing Reports Using the RPG Program

as the load module) contains all of the computer
instructions and linkages to the control system
necessary to prepare the desired report.

The input files can then be read into the system, and
processing of the program will begin. This is known
as the execution step.

At the end of the execution step, the report has been
prepared and any other functions, such as file
updating, are completed. Through facilities provided
by the operating system, the object module can be
retained for later runs without recompilation.



MACHINE FEATURES REQUIRED

Source Program Compilation

1.

2.

18,432 main storage bytes (minimum partition size).

One of the following for input:
a. IBM 2540 Card Read-Punch
b. IBM 2501 Card Reader

c. IBM 2520 Card Read-Punch
d. IBM 1442 Card Read-Punch

¢. IBM 2400 Series Magnetic Tape Unit

One of the following for output of object program:

a. IBM 2540 Card Read-Punch

b. IBM 2520 Card Read-Punch

c. IBM 1442 Card Read-Punch

d. IBM 2400 Series Magnetic Tape Unit

e. IBM 2311 Disk Storage Drive

f. IBM 2314 Direct Access Storage Facility
g. IBM 2302 Disk Storage

h. IBM 2321 Data Cell Drive

i. IBM 2301 Drum Storage

j» IBM 2303 Drum Storage

One direct access storage device for system
residence

One of the following for system utility files:
a. IBM 2400 Series Magnetic Tape Unit (three)

b. Data convert feature (required only if 7-track
tape is used)

c. IBM Direct Access Storage Device with three
files

6.

7.

Standard and decimal instruction sets

Minimum machine configuration required by the
operating system

Object Module Execution

1.

Partition size sufficient to execute the generated
object module.

1/0 units as requested by the specifications
Standard and decimal instruction sets

One direct access storage device for system
residence

Minimum machine configuration required by the
operating system '

ADDITIONAL MACHINE FEATURES SUPPORTED

Source Program Compilation

1.

2.

131,072; 262,144 ; or 524,288 main storage bytes
One of the following for listings:

a. IBM 1443 Printer

b. IBM 1403 Printer

c. IBM 1404 Printer (continuous forms operation
only)

d. IBM 2400 Series Magnetic Tape Unit (9 track)

Two additional direct access storage devices for
utility files

Object Module Execution

1.

131,072;262,144; or 524,288 main storage bytes






This section introduces some of the basic RPG functions.
These functions are considered basic because they are
probably used in the most typical reports produced by
RPG and because they depend on a single sequential input
file only. They are also related to the functions commonly
performed with conventional punched card equipment.

Although RPG programs can process files contained on
magnetic tape or direct access storage devices, only card
input files are used for the introduction to RPG. Program-
mers familiar with the basic concepts of RPG may omit
this section and concentrate on the detailed specification
descriptions contained in the manual under RPG Specifi-
cation forms.

Because of the numerous fields on the six specifications
forms, it may appear that writing RPG specifications is a
difficult task. However, few programs use all the specifi-
cations, and some may require entries on only one or two
lines of the forms.

At the end of the description of basic RPG functions, a
simple file-to-file listing application is used to illustrate
how the specifications forms are related.

Fifteen of the most basic RPG functions are described in
this section:

10.

1.

12.

13.

14.

15.

Fundamentals of RPG Programming

Describing a record and its fields to the system
Addition and subtraction

Detail printing

Control fields

Total calculations

Detail and total printing

Group printing

Group indication

Overflow printing

Summary punching

Testing for zero, plus, and minus balance
Using resulting indicators

Comparison of two fields

Multiplication and division

Sequence checking



DESCRIBING A RECORD AND ITS FIELDS TO THE
SYSTEM

Entries on the Input Specifications form describe the data
records and the fields to be read into the system.

Problem

A detail labor file contains card records, as shown in
Figure 2. Three fields (A, B, and C) are to be read from
each card into main storage. Field A is contained in
positions 46-50, Field B is contained in positions 56-60,
and Field C is contained in positions 66-70 of each record.
The file that contains the records and the fields within
each record are described on the Input Specifications form.

Each card that contains fields A, B, and C is identified by
two distinct attributes: they must contain a digit S in
column 35 and no 11-zone in column 80.

Specifications

Figure 3 shows the input specifications required. The
numbers in the following list refer to items circled in
Figure 3.

1.  Each file of cards must be given a name. In this
example the input deck of cards represents a detail
labor file. A filename can be used to describe only
one file. This filename is the same as the name on the
DD card that describes the file.

2. If several types of cards exist in a file, each card
must be identified by its particular card code. In
this example, each card read by the system must
contain a 5-punch in column 35 and no 11-zone
(minus) punch in column 80. These identifying
codes are placed in the fields called Record Identifi-
cation Codes (positions 2141 of the form). These
fields provide for three identifying codes; however,
more codes can be indicated, as illustrated later in
the manual.

In this example the card codes are specified by
writing a 5 in the Character entry and a 35 in the
Position entry for the first code and by writing an
80 in the Position entry, a minus in the Character
entry, and an N in the Not entry for the second
code. The field on the form called C/Z/D indicates
how the card column containing the card code is to
be compared: D = digit portion only, Z = zone
portion only, or C = all portions of the card column.

After all the identification codes are established,
the programmer assigns a two-digit number (from
01 to 99) to the card type identified. This code,
known as a Record Identifying Indicator (positions
19-20 of the form), is used to refer to this specific
card type on other specifications forms. This code
reduces the number of entries required on other
specifications forms.

3.  If the input card is to be selected into a stacker (other
than the one into which it would normally be
selected), the stacker number is written in Stacker
Select (position 42).

4.  Each field of the card to be read must be defined as
shown on the lines following the record identification
line. The specifications shown in this example locate
the data from the input record and place it in fields
A, B, and C (FLDA, FLDB, and FLDC) in three
separate locations in core storage.

Once the card columns of the field have been specified
and the appropriate field name has been defined for the
field, other references to this field are made by using

its field name rather than writing down the specific card
columns each time.

Although the input illustrated in Figure 3 is simplified,

the entries shown cause the contents of fields A, B, andC
from the card to be read into the system during the pro-
cessing of the object module. Calculations to be made from
the input data are written on the Calculation Specifications
form.
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ADDITION AND SUBTRACTION

Problem

In this problem, fields A, B, and C from the previous
example are used to calculate a new field (field D). The
calculation A + B - C = D is to be performed.

Specifications

Figure 4 shows the required entries, using the fields from
the previous example. The form required for this problem
is the Calculation Specifications form.

The first line of the form tells the object program to add
the contents of FLDB to the contents of FLDA and place
the result in FLDD.

1. The 14 in Indicators defines the card type for which
the calculations are to be performed as assigned
by the Input Specifications form.

2.  The card columns for FLDA and FLDB were defined

by entries on the input forms and need not be
specified again.

3.  The result field FLDD is defined for the program by

merely writing the name FLDD in Result Field
(positions 43-48) and indicating in Field Length
(positions 49-51) the number of positions that must
be set aside for this field in the object program. In
the case of FLDA and FLDB, which were defined on
the input form, the name FLDD can now be used

in other calculation operations or used in defining
output specifications.

Note: The result of A + B is not placed back into
FLDA. This would destroy the original contents

of FLDA. In this example it is necessary to save the
original value of FLDA so that it can be printed on an
output report.

The second line in Figure 4 causes the object module to
subtract the contents of FLDC from the result just
previously obtained in FLDD and to store the new result
back into FLDD.
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Decimal Symbol Location

In Figure 4 there were no decimal positions in any of the
three fields. In operations involving numbers containing
decimal positions, 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 in an
arithmetic operation, shifting the factors to align the
decimal point is usually required.

RPG automatically shifts the factors. The programmer
must indicate the number of decimal positions contained in
each factor used in calculations and the number of decimal
positions required in the result. If a field is to have
arithmetic operations performed upon it, the decimal
positions must be specified. A zero is coded for no decimal
positions (Figure 4). Assume that the fields in Figure 3
have decimal positions as indicated under Decimal
Positions (position 52) in the following example:

Form X21-9094
Printed in US.A.

hines Corporation

SIFICATIONS
12 75 76 77 78° 79 80
Page D] Program
Identification
— Field Location Field
> _ - Indicators
-1 |2 31 |2
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E |28l 3
4R 3 & |28| ¢
a0fa1[a2{43]as 45 46 a7]as a5 50 51[52]53 54 55 56 57 5869 c0ler 62[63 64)es eeje7 es|es 70{71 72 73 74
I

A set of values for these fields might appear to the program
as:

Decimal Contained Actual
Field Position in Cards Value
A 1] 00126 126.
B 2 01123 11.23
Cc 3 04264 4.264

The programmer must indicate the number of decimal
positions required in the result.

The calculation A + B - C = D results in the values being
shifted like this:

126.000
+11.230
137.230
- 4,264 =
132.966

@ >

[
oo

(Result Field has three decimal positions.)

The result 132.966 is stored as the value of the field called
D. Entering the decimal positions on the Input Specifica-
tions form and the Calculations Specifications form enables
the factors to be shifted automatically.



DETAIL PRINTING

Detail printing is the printing of information obtained
from each record as it is read.

Problem

This problem illustrates how input fields A, B, and C and
the calculated result, field D, can be specified for listing.

Specifications

Figure 5 shows the output specifications required. The
numbers in the following list refer to items circled in
Figure §.

1.  The output listing must be assigned its own specific
filename. This filename is the same as the name on
the DD card that describes the file. In this example
it has been called DAILYRPT.

The D in Type H/D/T/E indicates that the line being
printed is a detail line. That is, it contains
information from the record just read. (The other
valid entries are described later.)

The 2 in Space After provides a double-spaced
listing. (There is one blank line after each printed
line.)

2. The 14 in Output Indicators identifies the input
record type present when detail printing occurs.

3.  Each field to be printed must be specified under the
Field Name entry. The Z in Edit Codes means that
zeros to the left of significant digits are not printed.
For example, the value stored in FLDA (00126) is
printed as 126.

The printing positions for data to be printed on

the output report are specified in End Position in
Output Record (positions 40-43). The programmer
has to indicate only the last printing position of .
each field (low-order or rightmost position). The
length of each field has already been established for
the program as part of the input specification or
established in the Result Field of the calculations
specifications.

When preparing a simple listing such as the one in this
example, the programmer would probably select printing
positions of the output unit based upon the number of
positions in each field plus a number of positions as spaces
between fields.
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More elaborate reports are laid out on a printer form in
advance of the program writing function. 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 names of data fields developed in
the program). This is normally a function of job definition,
a subject that is discussed later under Program Logic,
Problem Definition.

Figure 3, 4, and § illustrate how to read data into the
system, how calculations can 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 necessary to prepare a report. A significant item
not yet described is how to specify a control field.

CONTROL FIELDS

A control field is a field containing information to be
compared from record to record. A control break occurs
when the information in the control field changes. A
control level establishes the relative importance of the
control fields.

Problem

This example shows how to specify three levels of control.

Specifications

Figure 6 shows the input data from Figure 3 with the
addition of the appropriate control data and employee
name (the items inside the circle). In this example there
are three levels of totals: the lowest level is employee
number (EMPNO), the next is department (DEPT), and
the highest level is division (DIVSON). These levels are
designated L1, L2, and L3, respectively. (Because as
many as nine levels of totals are possible in RPG, the
common terms of minor, intermediate, and major totals
are inadequate.)

To designate a control field and to establish a level of
control, enter the card columns of the field in Field
Location, enter an appropriate name in Field Name, and
enter the correct control level (L1, L2, ... L9) in Control
Level.
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In the example (Figure 2 and 6) the sequence of the
control fields (left to right) in the card is the same as the
sequence of the control levels. The control fields, however,
could have been in any location on the card, and the
specifications for them could have been in any sequence

on the form (Figure 7).

The reading of the employee-name field (fifth line of the
form in Figure 6) is also included as part of this example,
but it is not related to controls. It is shown here to indicate
another aspect of the decimal-positions position of the
Input Specifications form. When a numeric field is
specified in Field Location, any digit (0 to 9) placed in
Decimal Positions causes zone punches in all positions

of the field (except the units position) to be removed.

Therefore, when an alphabetic field is specified, Decimal
Positions should be left blank to permit the zone punches of
the alphabetic field to be read into the system.

TOTAL CALCULATIONS

Total calculations are performed after a specified control
break has occurred. When a control break occurs, special
operations are normally performed before processing the
record that caused the control break. These operations
are called total operations.

Problem

This example illustrates how totals can be accumulated

at each control level.

Specifications

Figure 8 contains the data shown in Figure 4. The
additional information for this example is circled. During

processing of the object module, lines 1 and 2 cause the
operation A + B - C=D. The third line adds the result,
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contained in FLDD, from each detail card to a field called
TOTE. Therefore, TOTE is the accumulated amount for
each employee group. The first three specification lines
are performed in the object module each time a detail
card is read (see Figure 8, Indicator 14).

When the level-1 (L1) control break occurs (a card from
the next employee group has been sensed), specification
line 4 adds the total of TOTE accumulated from each
detail card into a field called TOTF. TOTF is used to
accumulate the total for each employee group for each
department.

When the level-2 control break occurs, TOTF is added
into TOTG.

When the level-3 control break occurs, TOTG (which
represents the accumulated amounts for each division) is
added into FINTOT.

Accumulating totals at each control break level is normally
done when the corresponding totals are printed on an
output report.

Note: In System/360 RPG, as in IBM punched card
equipment, a control break at one level forces control
breaks for all lower levels.

DETAIL AND TOTAL PRINTING

Problem

This example shows the specifications necessary to print
the three controlling fields, the name, the accumulated
amount in field D, the three accumulated totals, and the
final total at the end of the object module report.
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 Specifications 3.  The specifications to print the total for the first

: control level shown on lines 7 and 8 are:

“Figure 9 illustrates the specifications required for the
report shown in Figure 10. The following numbers refer

- to the items circled in Figure 9: ‘a. The T in H/D/T/E (position 15) indicates that the
’ : " line is a total line. A total line is an operation
.1, This information is similar to the specifications in caused by a control break. The input record that
the previous example in Figure 5. causes the control break cannot contribute data
to the accumulated totals or to the total line.
2.  The data fields DIVSON, DEPT, EMPNO, NAME, Totals accumulated before a control break are
' and FLDD are specified for printing. printed.
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Figure 9. Specifications on the Output-Format Form

14



b. A 3 in Space After (position 18) provides two
blank lines after each printed line to make the
report easier to read.

¢. The L1 in Output Indicators (positions 24-25)
indicates that the line is to be printed only on a
level-1 control break.

d. The field to be printed (TOTE) is indicated
under Field Name (positions 32-37).

e. The Z in Edit Codes (position 38) indicates
that zeros to the left of significant digits are not
to be printed.

f. The B in Blank After (position 39) causes the
core storage positions containing field TOTE to
be set to zeros after the total is printed. This is
done so the total for one group is not added to the
total of the previous group.

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

4.  The specifications for printing the final total contain
the code LR (Last Record) in Output Indicators
(positions 24-25). The indicator LR is set on
automatically by the program when the last card of
a file has been sensed. This indicator is used to cause
the final total to be printed.

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.
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Figure 10, Detail-Printed Report a6
0112 0246 011426 SMITH 404
0112 0246 011428 JONES 486
0112 0246 011430 BROWN 409
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Figure 11. Group-Printed Report sess
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The detail printed report specifications in Figure 9 could be
altered to provide a group printed report as illustrated by
the specifications in Figure 12.

The differences between Figures 9 and 12 that provide
for the two types of reports are:

1. The detail line specified in Figure 9 (line 01) has
been changed to a total line conditioned on an L1
break (Figure 12, line 01).

2. The total line in Figure 9 (line 07) has been combined
with the first total line 01 of Figure 12.

3.  The spacing on lines 09 and 11 of Figure 9 have
been changed from 3 to 1 space-after in Figure 12.

GROUP INDICATION

In group indication operations, each detail card is processed;
however, only the control fields that identify the specific
detail card are printed. An example of a group indication
report is illustrated in Figure 13. In this example the
employee name and number are printed for each control
change. The division and department fields are printed only
when there is a control change for the division and depart-
ment fields, respectively.

Figure 14 illustrates how the detail printed reportkspecifi-
cations in Figure 9 could be altered to specify a group
indicated report.

Figure 12. Specifying a Group-Printed Report
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OVERFLOW PRINTING

Overflow printing, another function used in preparing
reports, can be performed in RPG. Overflow is the sensing
of channel 12 in the printer carriage control tape.

Problem

This example shows the additional specifications necessary
to print eight column headings at the top of each printed
form. A heading line is a line that contains constants or
information from an input record or a constant defined on
the Output-Format Specifications form.

Specifications

Figure 15 illustrates the output specifications required for
this operation. The numbers in the following list refer to
the circled items in Figure 15. The Filename (positions
7-14) of DAILYRPT is the same; adding overflow headings
does not change it.

1. On the first line of the form, the H in H/D/T/E
(position 15) indicates that the line to be printed is
the heading line.

The 2 in Space After (position 18) provides a blank
line after each printed line.

The 01 in Skip Before (positions 19-20) causes the
form to skip to channel 01 in the carriage control
tape. This positions the form for printing of the
overflow heading line.

The OF in Output Indicators (positions 24-25)
causes the heading line to be printed each time there
is a form overflow on the printer.

On the second line of the form, the letters OR indicate
a second condition can cause the heading line to

print. The second condition, indicated by 1P (first
page) in Output Indicators, causes the heading line

to be printed on the first page. This condition is
necessary to print the heading on the first page of

the report because the overflow condition does not
occur until after the first page of the report has been
printed.

2.  The entries on lines 3-10 of Figure 15 specify the
actual information or constants to be printed on the
report. The actual information is contained within

apostrophes.

0112 0246 011426

011428

001430

0310 011296

011298

0114 0069 001262

001278

SMITH

JONES

BROWN

GREEN

BLAND

ADAMS

JAMES

i

101
100
102
101
404

120
122
123
121

100
103
102
104

1299

21
120
144
102
487

98
184
671

1970

146
237
184
197
764
182
176
160
164
682
1446

1446

3416

Figure 13. Example of a Group-Indicated Report
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Figure 14. Specifying a Group-Indicated Report
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SUMMARY PUNCHING

Problem

Using an IBM 1442, punch a summary total of FLDD for
each department together with the appropriate department
and division numbers.

Specifications

A blank card must be merged behind each department
group before the processing of the object module is
executed. Therefore, the input file is a combined file,
that is, a file containing cards read into the system and
cards used for punching. The blank card is specified on
the Input Specifications form as illustrated in Figure 16,
line 09.

All other records in the file must contain punches in the
card column used in the record identification specification
for the blank card.

Figure 17 illustrates the calculation specifications for the
summary punching operation.

Line 04 is processed when the blank card is read. It causes
accumulation of the level-2 total for the summary card.
This specification is necessary when the summary card is
merged behind control groups rather than punched from

a second file of blank cards. This specification is required
because the level-2 control break does not occur until the
first card of the next control group is read; this does not
occur until after the blank card is read.

Note: The control level LO has been entered to identify a
total calculation.

The summary punching of accumulated value is illustrated
on the Output-Format Specification form in Figure 18. The
specifications required for this function are circled.

The cards to be punched will become a new output file
which is given the name of the combined file DETLABOR.
This name is specified in Filename for specification line 12.

The T in H/D/T/E indicates the operation is to be
performed at total time.

The 2 in Stacker Select indicates that the summary cards
are to be selected into stacker number 2.

Resulting Indicator 16 in Output Indicators indicates that
the operation is to occur at the time the blank card is read
in.

The first field specified for punching is position 35 which
will be puriched with an 8 to identify the card as a summary
card. The remaining three fields are punched by specifying
the name of the field in Field Name and then by specifying
the last position to be punched in End Position In Output
Record. The format of the summary card is shown in
Figure 19.

TESTING FOR ZERO, PLUS, AND MINUS BALANCE

Specifications are executed in the object program in the
same sequence in which they are written on the specifica-
tion form unless a different sequence has been specified.

If specifications had to be followed sequentially in a fixed
pattern, a program would follow a single path of operation.
The program would not have the ability to choose a pre-
defined alternative to the procedure based upon conditions
encountered during processing.

For example, assume that a program has been written con-
taining ten specifications that cause a number of operations
to be performed upon a series of quantities. If the first five
specifications develop meaningless results when processed
with quantities of zero, the processing time of the object
program can be reduced if the first five specifications are
bypassed whenever the quantity to be processed is zero.

A specification in the RPG program can be used to evaluate
a quantity and, depending upon the value of that quantity,
direct the program to some other specification.

Input Specifications

Three types of tests can be made on the Input Specifica-
tions form: tests to determine if the input field contains a
plus, minus, zero or blank.

Calculation Specifications

Three types of tests can be made on the Calculation Speci-
fications form: tests to determine whether the result of a
calculation is plus, minus, zero or blank.

The program also can compare two fields and can test the
result to determine if the contents of one field is greater

than, smaller than, or equal to that of the other field.
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Figure 19. Summary Punching Example, Summary Card Format

Figures 20 and 21 illustrate a test for a zero balance.
Figure 22 shows the specifications for a test for a minus
balance.

Figure 20 illustrates a typical test of the contents of an in-
put field. If FLDA (line 6) contains zeros, it is unneces-
sary to perform some of the operations entered on the
Calculation Specifications form. To make this test, the
programmer places a number from 01 to 99 in Field
Indicators: Zero or Blank (positions 69-70). In this
example the number is 18. If a card read into the system
contains zeros in positions 46-50 (FLDA), indicator 18 is
set on.

Setting on an indicator means a special condition has oc-
curred, and the program must consider this condition
during the processing of calculation specifications and/or
output specifications. This indicator condition is no

2

[T

different from having a resulting indicator set on by a
specific record identification code from an input card.

For example, the entries circled in Figure 21 are the addi-
tional specifications that bypass the calculation upon detail
cards if the value in FLDA is zero or blank.

The specifications 14N18 in Indicators (positions 10-14)
mean that the calculation will be performed if indicator 14
is on and indicator 18 is off. (The N in N18 stands for
Not.) As written on the Calculation Specifications form
in Figure 21, the detail calculations are not performed if
the value of FLDA from the input card is zero (Figure 20).

The same indicator specification, N18, could also be used
on the Output-Format Specifications form to prevent the
printing of detail cards when FLDA is zero (if that was a
requirement of the program).
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USING RESULTING INDICATORS

Problem

The calculation specifications in this example illustrate

the use of a resulting indicator to test for a minus balance.
The result of the test can be used to bypass some specifica-
tions and to process other specifications only when the
condition tested for is present.

Specifications

The specifications for this example are shown in Figure 22.

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

Add
Line 1 A+B
Store in D

Subtract
Line 2 D-C
Store in D

No Yes

Line 3 { Line 4

Add D
to TOTE

Restore
D to Zero

1 - |

i

Continue
with
Other
Processing

I 53688

Figure 23. Testing Indicators to Govern Processing

Line 1 specifies that FLDB is to be added to FLDA and
that the result is to be placed in FLDD. Line 2 specifies
that FLDC is to be subtracted from FLDD, that the result
is to be placed in FLDD, and that FLDD is to be tested to
determine if the result is minus. In this example it is
assumed that if a minus balance occurs, the calculation has
no meaning. Therefore, if the result is minus, two things .
must be done:

1.  The result must not be added into field TOTE.

2.  The contents of field FLDD must be reset to zeros.
(This step might be required if FLDD were used in
a subsequent step and the minus balance remaining
would give incorrect results.)

This is accomplished on the specification form (Figure 22)
by placing an indicator code (19) in Resulting Indicators,
Minus on specification line 2. Indicator 19 is set on for a
minus condition.

The function of adding TOTE to FLDD is specified on line
3. It is done only if there is no minus condition resulting
from the test on line 2. The specifications on line 4 cause
FLDD to be reset to zeros only on a minus condition.

The 0 in Factor 2 on line 4 is known as a literal and is used
to set FLDD to zeros. (A literal is the actual value to be
used in a calculation rather than the name of the location
of the data to be used.) The remaining specification on
the form in Figure 22 are the same as those from previous
examples.

By using Indicator 19, it is possible to suppress detail card
printing when the calculation D — C results in a minus
balance.

COMPARISON OF TWO FIELDS

The calculation specifications in this example illustrate

the ability to compare two fields and govern processing
according to the result of the comparison. The comparison
may be tested for a high, low, or equal condition. The
result of the test can then be used to bypass some specifica-
tions or to process other specifications only when a parti-
cular condition is present.
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Specifications

The calculation specifications for this example are shown
in Figure 24. The program logic for the example is shown
in Figure 25.

Line 1 specifies that FLDA is compared to FLDB. If the
two fields are equal, Indicator 18 is set on, and FLDA is
moved to HOLD (line 2). If the two fields are not equal
(line 3), FLDB is subtracted from FLDA and the result is
placed in SAVE.

A literal may also be used in a comparison specification.
In the lower half of Figure 24, the contents of the input
field, DATE, are compared against 02-14-64: indicator
19 is set on if they are equal.

MULTIPLICATION AND DIVISION

Multiply and divide operations are easily accomplished
with RPG. Moreover, two problems associated with these
functions (decimal point alignment and half adjusting) are
easily specified.

Problem

This example illustrates an inventory card (Figure 26)
that must have the quantity multiplied by the price to
develop a total cost on a weekly basis. The price of the
part is also updated each week so that the price for the
following week reflects the average fabrication-costs and
scrap losses on a year-to-date basis.
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Figure 24. Specifying a Comparison
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Line 1 Compare FIELD A
to FIELD B
No Yes Set indicator 18 on.
Line 1 B)-—
; Subtract FIELD B
Line 3 :
" from FIELD A. Move FIELDA | Line2
Store Result to HOLD
Indicator 18 in SAVE. Indicator 18
is not on. | 1 is on.
Continue
with Other
Processing
Figure 25. Testing a Comparison
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Specifications

The specifications to accomplish these functions are shown
in Figures 27 and 28. Figure 27 shows the input specifica-
tions for all five fields. The programmer must be certain
of the exact size of each field and the number of decimal
places within each field. The fields in this example are:

FPart Number XXXXX Number of decimal positions
(alphameric )

Price xx.xxx 3 decimal positions

Quantity XXXX. 0 decimal positions

Y/D Cost xxxxxx.xx 2 decimal positions

Y/D Usage XXXXXX. 0 decimal positions

As shown in Figure 27, the decimal positions of each field
are entered under Decimal positions on the Input Specifica-
tions form.

The calculation specifications for this example are shown
in Figure 28. Price is multiplied by quantity and the result
is placed in a field called COST. The field length of COST
is specified as 9. The Result Field is to have two decimal
positions and to be half adjusted as specified by the H in
Half Adjust (position 53). The following is an example

of the arithmetic of this operation, using actual values:

Price 1.213
Quantity x 216
7178
1213
2426
262.008

The result field was specified for two decimal positions;
therefore, the half adjustment is made to the digit 8 in the
units position of the field. Half adjustment is always made
to the position to the right of the last position retained as
part of the result, as follows:

262.008
+ 5 Half adjust
262.013
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The result, 262.01, is stored as the contents of COST. The
position that was half adjusted is dropped.

The second line of the Calculation Specifications form pro-
vides the specifications for dividing year-to-date costs by
year-to-date usage. The result is placed in a field called
PRICE. The field length of PRICE is specified as 5, in-
cluding three decimal positions. The result is to be half
adjusted, as specified by the H in Half Adjust. An example
of the arithmetic of this operation, using actual values,
follows. Year-to-date cost divided by usage equals price.

(Y/D 1.3419 (price)
usage) 1296 I 1739.23xx (Y/D cost)

The result field was specified for three decimal places.
Therefore, the half adjustment is made to the digit 9 in
the units position. This is the position to the right of the
last position retained as part of the result, as follows:

1.3419
+ 5 Half adjust
1.3424

The result 1.342 is stored as the contents of PRICE. The
position that was half adjusted is dropped. If half adjust
is not used, the rightmost digits are dropped.

SEQUENCE CHECKING

Two types of sequence checking functions can be per-
formed with RPG:

1.  Checking the sequence of different record types
within a control group.

2. Checking the sequence of control groups. (See the
section Input Specifications Form, Using the Match-
ing Fields Specification for Sequence Checking.)
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Sequence Checking of Different Record Types Within a
Control Group

The application consists of updating an inventory file,
which, in this case, contains from one to four of the follow-
ing types for each inventory part number:

Card Code

Balance forward 5 in column 78
Issue 3 in column 78
Receipt 2 in column 78
Adjustment 8 in column 78

Figure 29 illustrates the specifications required to check the
sequence within a group of four card types. In a complete
problem the control groups (part numbers) would be de-
signated by use of a control level indicator as explained

in a previous example. The numbers on the form refer to
the following numbers.

1.  The record identification codes for the four cards
are specified in the same manner as in previous ex-
amples. The C in C/Z/D indicates that the entire
character punched in the card is examined to estab-
lish the record identification code.

In the specifications for the last card type (specifica-
tion line 13 on the form), a D is written in C/Z/D
because there is a possibility that some of these
card types may have a zone punch. The D specifies
that only the digit punches in the card are examined
to identify the card type. Thus, zone punches that
could result in unequal comparisons are ignored.

2.  The sequence established for the file is determined
by the sequence in which the specifications for each
card type are written on the form and by the numbers
placed in Sequence. In this example, the digits 01,
02, 03, and 04 are used. The numbers assigned must
begin with 01 in each file and must be consecutive
in ascending order.
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Alphabetic characters under Sequence in preceding
examples indicate that no sequence checking is to
take place. Alphabetic specifications must always
be written before numeric specifications.

These specifications are all that are required to cause
the object module to perform a sequence check of
the various record types within the part number
control groups. If a sequence check error is detected,
a special indicator can be tested in the program in
order to determine its status.

Two additional specifications, Number and Option,
are used in these types of applications.

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

On the first specification line, the number 1 in
Number indicates that one record of that type must
be present in each group. In this example only one
balance forward card for each inventory part number
must be present. If there is no balance forward card,
the program recognizes an error in the input file.

The letter N in Number of the specifications for the
other record types means that multiple card types

for each part number may be present. In this example,
multiple cards for issues, receipts, and adjustments
may be present.

The letter O in Option in the specifications means
that the records are optional. That is, a record may
or may not be present.

If the letter O is not specified, it means that the
particular record must be present. This requirement
applies only if Sequence has been specified as
numeric.
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CORRELATION OF THE RPG SPECIFICATIONS FORMS

Figure 30 shows a file-to-file sample program. (This type
of report is often called an 80/80 listing.) It illustrates
the relationships of the RPG specification forms.

Assume the contents of an input file gre to be transferred
to another file. In this example the input file is a card
file, and the contents of the cards are to be printed. Three
specifications forms are required for this program: File
Description, Input, and Output-Format.

File Description Specifications Forms

The two files are described on this form. The card input
file is assigned the name INPUT, and the printed output
file is named OUTPUT. Page and line sequence numbers
are entered in positions 1-5. An F in position 6 indicates
that each entry is a file description entry. The file names
are entered in positions 7-14 (filename). Position 15 con-
tains an I or an O to indicate whether the file has an input
or an output function.

Position 16 of the input file of the File Description Speci-
fications form contains a P because the file described is the
primary input file for the job; the E in position 17 indicates
that the end-of-file condition for this file occurs when this
file is depleted.

Position 19 contains an F and a V to indicate that the file
formats are fixed-length and variable-length, respectively.

Block length (positions 20-23) is 80 for the input file be-
cause each card is a block of data. Record length (positions
24-27) is also 80 for the input file because each card is an
unblocked record. For the output file, the block length
and the record length is 132, which is the maximum length
of a printer line. The program identification is entered into
positions 75-80.

If the input file is read in by an IBM 1442 Card Read-Punch
(as it is in this example) the code in Device (positions 40-46)
is READ42. The output printer has a Device code of
PRINTER!
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Input Specifications Form

The Input Specifications form also has the program identi-
fication entered in positions 75-80 and the page and line
numbers in positions 1-5. An I in position 6 of each card
indicates an input specification entry.

The filename is again entered into positions 7-14. Positions
15-16 contain the sequence code AA. Indicator 01,
entered into positions 19-20, will be on throughout the job
to show that records from its associated file are being pro-
cessed. The second line describes the field name CARDIN.
The field consists of card positions 1-80. ’

Output-Format Specifications Form

On the Output-Format Specifications form, the filename
of the output file is entered in positions 7-14. The D in
position 15 indicates that each line printed in this file is
a detail line. A single space after printing is specified by
the entry in position 18. Indicator 01 from the Input
Specifications form is specified in positions 24-25. When
indicator 01 is on, a record will be printed.

The second output line has the name of the field to be
written in the output record entered in positions 32-37.
Data from the field labeled CARDIN is printed (end posi-
tion of 80) in the output record as specified in positions
40-43.

SUMMARY

This completes the general description of some of the func-
tions that can be performed with RPG. Some of the fields
of the specifications forms were not explained and some
additional operations that can be performed with RPG
remain to be described. At this point, the reader should

be able to determine the scope of the RPG program.

See the specific specification form for more information.
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Each program generated by RPG uses the same general
logic, and for each record to be processed the program goes
through the same general cycle of operations. Within that
cycle, there are two different instances in time when opera-
tions specified on the Calculation and Output-Format
Specifications forms are performed. These instances are
called detail and total time.

For the illustration of this concept, a generalized flowchart
of an RPG generated program is shown in Figure 31.

The following numbers correspond to the numbers on

Figure 31. A program cycle begins with item 1 and con-
tinues through item 11. Steps 6 and 7 are referred to as
total time. Steps 1 and 11 are referred to as detail time.

1. Before the first record is read, the program prepares
and writes any heading information to be put out on
the first page. After the first record has been read,
the program prepares and writes heading and detail
information which is not conditioned on overflow.

2.  The generated program tests for any halt indicators.
If any halt indicators are on, the program branches
toitem 12.

3. The generated program then reads an input record.

4.  The generated program tests for the end-of-file
conditions. If the end-of-file condition has occurred,
the program branches to item 13.

5. All control level indicators and all record identifying
indicators (specified) in positions 19-20 of the Input
Specifications form are set off. Then, starting with
line 1 of the Input Specifications forms and with the
record just read, the generated program uses the
record identification code to identify the record.
When the identification code matches an entry on the
Input Specifications form, the program sets on the
record identifying indicator that has been specified
for the record. When a control field break occurs,
appropriate control level indicators are set on.

10.

11.

12.

13.

14.

15.

Page of GC24-3337-4
Revised December 1, 1970
By TNL: GN21-5114

Program Logic

All total calculations are performed. (This step is
bypassed for the initial control break which is
caused by reading the first input record.)

All total output records which are not conditioned
on overflow are prepared and put out. (This step is
also bypassed for the first control break.)

The generated program tests for the last record in-
dicator (LR). If it is on, the program branches to
item 14.

The object module tests for any overflow condition.
If an overflow condition has occurred, the program
branches to item 15. Overflow is defined as the
condition existing whenever any of the indicators
OA-OG, and OV are on. (This step is bypassed for
the first control break.)

The data fields contained in the input record just
read are moved into storage. These fields are speci-
fied by field entries on the Input Specifications
form.

Any detail calculations are performed; processing
continues with item 1.

Program execution is terminated.

The Last Record indicator (LR) is set on and all con-
trol level indicators L1-L9 are set on. Then the pro-
gram branches to item 6.

Program execution is terminated.

If overflow has occurred, total lines, heading lines,
and detail lines (in that order) conditioned by over-
flow are printed. The program then branches to item
10.
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Figure 31. General Logic Flow of a Program Generated by RPG
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PROBLEM DEFINITION

The programming examples in the preceding section were
intended to introduce the reader to the use of RPG and
were therefore kept simple. More complex applications
may require a thorough analysis of the existing or proposed
system before a program can be written.

This analysis should include a description of source data
and its format, and how this data should be processed to

develop the report and other necessary output information.

The following types of information must be defined before
coding the program:

1. The available data.
2.  The input.and output formats to be used.

3.  The information required in the input and output
formats.

4.  The codes to be used to identify the various inputs
and outputs and their elements.

5. The handling of the various transactions and excep-
tions.

After all application data has been gathered, document it
for easy reference during the writing of the specification
forms. One method of documenting an application is to
lay out the complete format of the report on a Printer
Spacing Chart. This method also provides a pictorial
representation of the final product.

PRINTER SPACING CHART

Before the report specifications are written, the programmer
should have a clear picture of what he wants as the final
product. If the report is to be printed, he must know the
number of fields to be placed on each line of the report,

the spacing between lines, and the positioning of the
information within each line of the report.

Although no cards for the source deck are punched directly
from the entries on this chart, the representation serves

as a guide for completing the specification forms. It plays
an important role in writing report specifications. If the
final product is written on magnetic tape or direct access
storage devices or if it is punched in cards, the user must
know where the information is to be located. A tape lay-
out chart or a direct access storage device layout chart can
be used.
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Layout of Lines and Fields

The two most important functions of a printer spacing
chart are:

1.  To establish the positions of the data to be printed
and to indicate the spacing between printed lines.

2. To assign each line an identification code represent-
ing the type of line. Figure 32 shows an example
of the Printer Spacing Chart (Form X24-6436).

The numbers across the top and bottom of the spacing
chart represent 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 notation in the selected positions.

Headings and other constant information are spelled out
completely in the print positions assigned to them. Vari-
able information is represented by Xs and, where appli-
cable, includes credit symbols, punctuation, etc. The
position in an amount field where zero suppression ends is
indicated by a zero rather than an X.

GENERAL INFORMATION
Cross-References

To make this reference manual a more effective learning
tool, numerous cross-references have been placed in the
manual. They are located wherever it was thought that
readers not familiar with disk storage processing and re-
lated functions would have difficulty with these unfamiliar
subjects.

Disk storage, using ISAM, indexing subroutine, sterling
routines, documentation, indicators, debugging, table
lookup, matching field, chaining field operations, and
related functions are described apart from the detailed
descriptions of specifications for them.

These general introductory descriptions, contained at the
back of the manual, can be used by the reader as he en-
counters the related specifications for them throughout the
manual.

To facilitate locating them in the manual, all cross-references
used are listed in the Index under Cross-References.

INTERNATIONAL BUSINESS MACHINES CORPORATION

Figure 32. Printer Spacing Chart
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The section Disk Storage Concepts provides a general intro-
duction to disk file organization and processing including
terminology associated with these functions. Readers not
familiar with these concepts may wish to review that section
before beginning with this section.

Line Identification Code

The line identification code specifies the type of line to be
printed. The identification codes are H for a heading line,
D for a detail line, T for a total line, and E is unused. All
lines must be identified as belonging to one of these cate-
gories.

Left and Right Justification

When making entries on the RPG forms, it is important
that the entry be right justified or left justified as required.
Justifying an entry means having it begin in the first posi-
tion of the specification (left justified), or having it end in
the last position of the specification (right justified).

Alphameric entries (composed of both alphabetic and num-
eric entries) are left justified. Numeric entries are right
justified.

Information regarding the correct justification is provided
in the description of the entry, in those cases where it may
not be clear to the reader as to whether the entry is left

or right justified.

Alphabetic Characters

In this manual, the references to alphabetic character
designate the letters A through Z, the dollar sign ($), the
pound sign &), and the at sign (@).

Numeric Field Format

The System/360 packed decimal format allows two deci-
mal digits to be represented in one core storage byte. The
RPG object program automatically converts all numeric
input data from unpacked to packed format. Unless other-
wise specified, all numeric data is unpacked before it is
put out. In this manual, numeric length refers to the un-
packed length although the data is actually stored in the
packed format.

Sterling Routines

Sterling routines are included in RPG to provide users with
a convenient and time saving means of handling amount
fields that are punched in the format of pound sterling
monetary units.

The presence of sterling fields is indicated to the RPG pro-
gram by additional entries in the Input and Output-Format
Specifications forms and in the RPG Control Card form.
The other specifications forms are not affected. All cal-
culations are done in the pence unit of measure.

User Date

RPG allows the user to supply a job-related date to his ob-
ject program at the start of the execution cycle. This data
is supplied through the PARM parameter of the EXEC card
(refer to RPG Job Processing, Execution Options). If the
user does not wish to specify a date, he may use the date
from the communication region of the system. In either
case, this date will be used to initialize the UDATE,
UDAY, UMONTH, and UYEAR fields. UDATE is a six-
digit numeric field; UDAY, UMONTH, and UYEAR are
each two-digit numeric fields. This date must agree with
the DATE format specified in the RPG Control Card (see
Control Card Specifications). The two valid formats for
the system date are mmddyy (domestic) where mm=month,
dd=day, and yy=year, and ddmmyy (European).

These field names (UDATE, UDAY, UMONTH, and

UYEAR) are reserved words and may only be used in the
designated positions on the following specifications forms:

o Calculation

1.  Positions 18-23 (Factor 1).

2.  Positions 33-38 (Factor 2).

3. Positions 43-48 (Result Field) - RLABL only.

e Output-Format

1. Positions 32-37 (Field Name).

However, UDATE, UMONTH, UDAY, and UYEAR may
not be used in Factor 1 with operations TAG and RPGCV,
or in Factor 2 with operations EXTCV, GOTO, EXIT, and
LOKUP. All other uses will be diagnosed and the specifica-
tion dropped (including Blank After). These UDATE for-

mats may be edited on output, such as 12/31/68 or
31.12.68, by using the proper edit word.
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This section provides detailed explanations of each specifica-
tion field contained in the six RPG forms.

The forms are listed in the order in which they are used
(see Figure 33):

e Control Card and File Description Specifications

e Extension and Line Counter Specifications

Input Specifications

Calculation Specifications

Output-Format Specifications

Control Card Specifications provides information about
the job and describes the system to the RPG compiler.

RPG Specification Forms

File Description Specifications provides additional informa-
tion about input and output files that is not included on
the input or output forms.

Extension Specifications provides additional information
about tables, chaining files, and record address files.

Line Counter Specifications must be used if a report that
will ultimately be printed is to be stored on some intermedi-
ate device and if the program uses overflow indicators {or
automatic skipping).
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Figure 33. Specification Forms (Part 1 of 2)
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Figure 33. Specification Forms (Part 2 of 2)

42




Input Specification is used to:
Specify the file or files to be read into the system.

2.  Identify the different types of records contained in
each file.

3.  Describe the location of the data fields in each record.
See Figure 34.

Calculation Specification specifies the operations to be
performed upon the input data and upon data obtained
as the result of previous calculations.

Calculation specifications are graphically illustrated as
follows:

International Business Machines Corporation

RPG CALCULATION SPECIFICATIONS

Punching | Graphic

Instruction

Punch

Field

Result Fi
esult Field Length

Factor 1 Operation Factor 2

2]18 19 20 21 22 23 24 25 26 2728 29 30 31 32133 34 35 36 37 38 39 40 41 42143 44 45 46 47 4849 5_0_‘515

To perform the operation A+B=C, the A field is specified
in Factor 1, the kind of calculation to be performed in
Operation, the B field in Factor 2, and the C field in Result
Field.
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Figure 34, Function of Input Specifications
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Odtput-Format Specification specifies:

1.  The kind of output files to be produced (printed
reports, summary records, etc.).

2. The location of the data fields ifi the output reports
and records.

See Figure 35.

COMMON FIELDS

There are five entries that have the same function in all
forms. These are described first.

Note: The numbers in parentheses indicate position.

Page (1-2)

This specification is located in the upper righthand corner
of the forms. Each specification page of the source program
may be numbered. The pages are numbered beginning with
01 for the Control Card and File Description Specifications
form and continuing in the following sequence:

o Extension and Line Counter Specifications
e Input Specifications
e Calculation Specifications

o Output-Format Specifications

Line (3-5)

Each specification line may be identified by a line number.
The first two digits of the line number are preprinted on

the form. The third (position 5) is used when it becomes
necessary to insert an additional line between two previously
written lines. The line to be inserted is written following
line 15. It is given an appropriate number (and subnumber
in position 5).
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The page number and line number have no direct effect on
the program and need not be written. These positions are
for the convenience of the programmer to indicate the pro-
per order of the RPG source program cards. For example,
the specification cards for a program could be placed in
numeric sequence (if, for example, they were accidentally
dropped or upset) by sorting or arranging them in sequence
by page number and line number.

Form Type (6)

Each form has an appropriate type code preprinted in
position 6. This code must be punched into all specification
cards. The codes are:

e I - Input specifications

e C - Calculation specifications

o O - Output-format specifications

e L - Line counter specifications

e F - File description specifications

e E - Extension specifications

e H -- Control card specifications

Comments (7)

This feature enables the programmer to insert an identifying
comment in the specification forms. This facility can be
used, for example, to identify the end of one section of a
program. These comments are written on the specification
line, preceded by an asterisk (*) in position 7. During the
generation of the object program, the asterisk in position

7 identifies the comment so that it is not considered a
specification.

Program Identification (75-80)

This identification is located in the upper righthand corner
of the forms. This entry identifies the specification cards
for a particular program or for a specific section of a large
program.
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The RPG processor requires that the control card (header
card) precede the user’s source statements. This card must
have an H punched in column 6. This card can also be used
to provide information about the job and to describe the
system to the RPG compiler. One line on the Control Card
and File Description Specifications form is provided for
coding the control record specifications (Figure 36).

Positions 1-5

See RPG Specification Forms, Common Fields.

Control Card Specifications

Position 6

This position must be punched with an H.

Positions 7-16

Positions 7-16 are not used.
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Figure 36. Control Card Specifications
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Sterling 17-20

Positions 17-20 are used to describe the format of the
sterling fields used in sterling currency. Blanks in these
positions indicate that sterling currency is not being used.
See Sterling Routines for RPG for more information.

Input-Shillings (17)

Entry Explanation

0 or blank Input shilling field is to be printed.

1 Input shilling field is to be in the
IBM format.

2 Input shilling field is to be in the
BSI format.

Input-Pence (18)

Entry Explanation

1 Input pence field is in the IBM

‘ format.

2 Input pence field is in the BSI
(British Standards Institution)
format.

Output-Shillings (19)

Entry Explanation

0 or blank Output shilling field is to be printed.

1 Output shilling field is to be in the
IBM format.

2 Output shilling field is to be in the
BSI format.

The zero is allowed only for purposes of compatibility; it
is treated the same as a blank.
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Output-Pence (20)

Entry Explanation

0 or blank Output pence field is to be printed
only.

1 Output pence field is to be in the
IBM format.

2 Output pence field is to be in the
BSI format.

The zero is allowed only for purposes of compatibility; it
is treated the same as a blank.

Inverted Printed (21 )

The entries in this position specify the domestic or European
notation regarding UDATE format and the decimal point/
comma use in numeric fields. A blank in position 21
specifies the domestic format of month/day/year and the
decimal point notation. The D entry specifies the United
Kingdom format of day/month/year and decimal point
notation. The I entry specifies the European format of
day.month.year and decimal comma notation.

Positions 22-25
Positions 22-25 are not used.
Alternate Collating Sequence (26)

Enter an A in this position if an external subroutine is
used to translate the sequence of a matching field to the
collating sequence of a System/360. If an external trans-
lating subroutine is not used, leave this position blank.
The name of the external subroutine is predefined by RPG
to be ALTSEQ.

Positions 27-74
Positions 27-74 are not used.
Program Identification (75-80)

If position 75 is blank, the name RPGOBJ is used for pro-
gram identification.

The first four characters of the identification are punched
in positions 73-76 of each card in the object program deck.
Positions 77-80 of the object deck cards contain a sequence
number.



This form (Figure 45) is used to provide information to
RPG about:

1. The input files, defined on the Input Specifications
form from which the object module obtains data
records.

2. The input files used by the object program, such as
record address files, table files, and chaining files.

3. The output files, defined on the Output-Format
Specifications form, on which the object module
writes data records. Each file used by the object
program must be defined.

Each file used by the object program must be defined. Each
line of the File Description form is used to define one file.

This form also identifies each file used in the program with
the input or output unit with which it is associated. Each
line of the form is used to specify one file.

Maximum Number of Files Available

The maximum number of files that can be used in the pro-
gram is 10. The list that follows defines the maximum
number of files for the various types of files that can be
used. Any combination of these, up to 10, is permitted.
Type of File Maximum Number
Input
Primary
Secondary
RA File
Chained
Table
Output
Update
Primary-
Secondary
Chained
Combined
Primary
Secondary

= |
*

O 00 \O — 0o

*
*

*Each program must have one (and only one) primary
file.
**Up to a maximum of eight printers can be used in a pro-
gram.

File Description Specifications

Filename (7-14)

Each file used in the program is identified by writing the
name of the file in positions 7-14. The filename must be
left justified (that is, it must start in positon 7) and it must
begin with an alphabetic character. The remaining charac-
ters of the name may be alphameric but must not contain
special characters or embedded blanks. (Embedded blanks
are blank positions falling between other characters of the
name.) The filename may be eight characters or less. The
filename entered in these positions must also have been
entered on the Input Specifications form (for input data
files), on the Output-Format Specifications form (for out-
put data files), or on the Extension form (for Table, RA
file, or chaining files). The filename must also be entered
on a Line Counter Specification form if this feature is
being used. The filename must be the same as the DDNAME
on the DD card that describes the file.

If the program operates under the. PCP option of the opera-
ting system and more than one table file to be loaded

from the same card device, all of the table filenames rhust
be the same. This is not true for the MFT or MVT options.
The filename must be repeated in the Exten‘ﬁion'_Sggciﬁca-
tions form for each table name. N

File Type (15)

An entry in this position specifies the type of file defined
on the line of the form. The following four entries are
allowed in this position.

I (Input File)

I identifies the file as an input file (it may be a record ad-
dress file, table file, or a file containing input data records).
O (Output File)

O identifies the file as an output file (it may be an updated
table file to be written out).

U (Update File)

U identifies the file as an update file (direct access storage

device only). An update file is both an input and an output
file.
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The file is an update file if the object program alters the
data in one or more fields of each record contained in the
file. The over-all length of the record cannot be changed
even in a variable length file.

A chained file may be updated at detail time or at total
time. All other DASD files can be updated at detail time
only.

C ( Combined File)

C identifies the file as a combined file (card file only). A
combined file is a file containing cards read into the
system and cards used for punching. It must reside on an

IBM 1442 Card Read-Punch.

Reading and then punching into the same file is accom-
plished in two different ways:

1. Punching into the same card that is read.

2. Punching into a blank trailer card in the same file.

D (Unused)

Figure 37 illustrates two examples of Filename and File
Type specifications.

1. Detail cards are read into the system in one file,

summary cards are punched into a second file (which,

in this example, might be the punch feed of an IBM
2540 and might contain blank cards only), and the
printed report is in a third file.

2. There are two input files in this example. The second

file (INPUTSEC) also contains cards that will be
used for punching output data; therefore, it is
specified with file type C.

File Designation (16)

This specification is used to designate the type of input

file defined on this line of the File Description Specification

form. The five entries permitted in this position are listed
here. Detailed explanations of chained files, table files,
record address files, primary files, and secondary files may
be found in the sections Using Tables and Exit Routines in
the Object Module and Processing Multiple Input Files.
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If the file is an output file, leave this position blank. An
entry must be made if the file is an input, update, or

combined file. Enter in position 16 the following codes:
Entry Explanation

P The file defined is a primary file. Only one
primary file may be defined.

S The file defined is a secondary file. Secondary
files are processed in the order in which they are
specified on the File Description Specification
form.

R The file defined is a record address file which
relates to a direct access storage file. Only
one RA file may be defined. A RA file is
specified in the File Description and Extension
Specification forms. Entries for RA files are
not permitted on the input and output
specifications.

C The file defined is a chained file.
T The file defined is a table file.

D Unused.

End of File (17)

Enter an E in position 17 if the input file is a sequential
file and is to be checked for an end-of-file condition.

For one input file, the E entry will cause the LR (last
record) indicator to be on when the last record of the file
has been processed. For multiple input files that use
chaining or matching records, the end-of-job condition
(LR) will occur when all the input files have reached

end of file.

If a matching records job has an E on the primary file
and no E on the secondary files, any matched secondaries
will be processed before the end of the job occurs.

If this position is left blank for all input files, the end-of-
job condition (LR) occurs when all input files have been
processed.

Note: An E should not be entered in position 17 (no
chaining or matching records specified) if the file is
processed randomly or if the file is either an output or
table file.



Sequence (18)

This entry is normally made if there is more than one input
file and the matching fields specification (positions 61-62
of the Input Specification form) is used. An entry in this
position indicates whether the matching fields are in as-
cending or descending sequence.

Enter an A in position 18 if the matching fields are in as-
cending order, or a D if the matching fields are in descend-
ing order.

Note: 1If this position is left blank when matching fields
are used, ascending order is assumed.

Sequence Checking of Input Files

If there is only one input file or a chaining file in the
program, this specification may be used to sequence

check fields of the file to ensure that the file is in sequence.
By entering the codes M1, M2, or M3 in positions 61-62

of the Input Specifications form, sequence checking with
respect to these fields occurs. In this specification (position
18), either A or D must be entered to specify whether the
file is ascending or descending.

The Halt Indicator, HO, is set on when a record of an

input file is found to be out of sequence. Unless the HO
indicator is set off by a SETOF operation in the

calculation specifications, the program will terminate before
the next input record is read.
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Figure 37. Specifying File Name and File Type
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File Format (19)

This position is used to indicate the format of the input or
the output records. Enter an F in this position if the
records are fixed-length. Enter a'V in this position if the
records are variable in length.

Enter an S for spanned, unblocked, variable-length records.

Enter an M for spanned, blocked, variable-length records.
S and M may only be used for sequential input and output
files containing records equal to or less than 4000 bytes.
If other than sequential files are specified, the entry is
diagnosed and variable length records (V) are assumed.
Also, a combined or update file (C or U in position 15) is
diagnosed and variable length records (V) are assumed.

Block Length (Positions 20-23)

This specification is used to indicate the block length of
the input or output records. This is the block length for
the problem program. This block length should not be
confused with the block length specified for system
generation. It is used in conjunction with the next
specification, Record Length.

The RPG program provides five techniques for handling
records:

1.  Fixed-length. All records have the same number of
bytes of data.

2. Variable-length. Each record can have a different
number of bytes of data.

52

3. Unblocked. There is only one logical record in each
physical record.

4.  Blocked. There are two or more logical records in
one physical record. Blocked records are not
supported by the direct access method.

5.  Spanned variable-length (blocked and unblocked).
One logical record may be segmented to span more
than one block.

Fixed-Length, Unblocked: Each logical record is the same
length as the physical record (Figure 38).

Fixed-Length, Blocked: All records and all blocks are of
equal length (Figure 39).

Variable- Length, Unblocked: Each logical record
corresponds to one physical record (Figure 40). The
physical record contains two fields that are not included
in the logical record: a block length field (BL) and a
record length field (RL). These two fields are used by
and created by the RPG program. The block length and
record length fields are illustrated here only to show how
the program uses and controls the records. These fields
are ignored by the user when he establishes his data records
and when he specifies record length and block length
specifications.

Variable-Length, Blocked: One or more logical records
(of variable length) are contained within each physical
record (Figure 41).
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Figure 38. Fixed-Length, Unblocked Record Format
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Figure 40. Variable-Length, Unblocked Record Format
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Figure 41. Variable-Length, Blocked Record Format



Spanned Variable-Length, Unblocked and Blocked: The
spanning feature of OS used by RPG enables users to
create and process variable length records that are larger
than one physical block and/or to pack variable length
records more densely within blocks (Figures 42 and 43).
This is done by splitting the records into segments so that
a record can be written into more than one block or a
record segment may be used to fill out a block. Thus the
block size of a spanned, variable length record may be set
to the most suitable size for a particular device type or
processing situation.

Current (nonspanned) variable length records are a subset
of spanned variable-length records. This means that pro-
grams written to process spanned record data sets can
process nonspanned record data sets as well.

Record Spanning

The following example shows the basic principles of
record spanning. Note the differences between spanned,
unblocked and spanned, blocked formats.

Suppose an RPG programmer creates a spanned, blocked,
variable-length data set. The record length varies from 50
to 130 bytes, but the block size is specified as 100 bytes.
The first five records:

1.  RECORDI1=70 (bytes)

2. RECORD2=110 (bytes)

3. RECORD3=130 (bytes)

4. RECORD4=50 (bytes)

5. RECORDS5=60 (bytes)

are written as shown in Figure 43.

Notice that RECORD2 and RECORD3 are larger than the
block size and must be spanned (broken into segments).
Notice also that a block may contain any combination of
records and/or record segments. Even a record smaller
than a block, such as RECORDS, may be segmented to
fill a block. However, a single block cannot contain
multiple segments of the same record. Though a record

is wholly contained on one block, it is treated the same

as a record segment.

If the programmer decides to rewrite the data set in
spanned unblocked form with the same block size of 100
bytes, RECORDI through RECORDS are written as
shown in Figure 42. Notice that only records of greater
length than the block size are segmented.

Block length and record length for spanned records are
specified in the same manner as for variable-length records,
except that the record length may be greater than the
block length.
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Figure 42. Spanned Variable-Length, Unblocked Record Format
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Figure 43. Processing Direct Access Storage Files
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Specifications for Block Length

Unblocked

If the records are unblocked, the entry for this specification
is the length of a record. If variable-length records are

used, it is the length of the longest record. This means

that the entry for this specification for unblocked records

is always the same as the entry for the Record Length
specification, except for spanned, unblocked, variable-
length records. Spanned, unblocked, variable-length records
allow the Record Length specification to be less than,
greater than, or equal to the Block Length specification.

Blocked

If the records are blocked, the entry for the specification
is the length of the largest block. For example, if three
fixed-length 90-character records are contained in each
block, the specification for Block Length is 270.

If there are variable-length records used in the file

(Figure 41), the Block Length specification depends upon
not only the number of variable-length records in each
block, but also upon the maximum size of each variable
length record. Spanned, blocked, variable-length records,
however, allow the Record Length specification to be

less than, greater than, or equal to the Block length
specification.

If, in Figure 41, the three variable length records (in
physical record 1) never exceed 80, 100, and 50 positions
respectively, then the block length is 230.

The entry must be right justified. Leading zeros may be
omitted.

For blocked, variable length records, RPG allocates buffer
space, depending on the type of I/O device specified, by
either of the following formulas:

1. For printer or punch I/O devices,

block length

buffer size=d+5 (- ength

+3) +block length

2.  For all other 1/O devices,

buffer size=4+4 (200K length

record length+3) +block length
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For spanned, unblocked, variable-length records, RPG
allocates buffer space, depending on the type of I/O
device specified, by either of the following formulas:

1. For printer, punch, or line counter data sets,
buffer size = block length + 9

Note: Records in data sets using control characters
(for example, printer, punch, etc.) may not be
segmented.

2. For all other data sets,
buffer size = block length + 8

For spanned, blocked, variable-length records, RPG
allocates buffer space using the same formula as blocked,
variable-length records.

For direct access storage devices, it is the user’s responsi-
bility to enter a block length that will prevent the buffer
size, as assigned by the compiler, from being larger than
one track of the desired device.

The maximum block size that may be specified is 9999.

Record Length (24-27)

This specification is used to enter the length of the logical
records contained in the file. If the file contains records
that are variable in length, enter the length of the largest
record. (The entry must be right justified.) The maximum
record size that may be specified is 4000.

Note 1: If the block length equals the record length, RPG
considers the file to have unblocked records for both fixed
length and variable length records.

Note 2: If the block length is greater than the record
length, RPG considers the file to have blocked records for
both fixed length and variable length records.

Note 3: For spanned records (blocked and unblocked), the
block length may be greater than, less than, or equal to the
record length.



Mode of Processing (28) Nonsequential DASD Only

This specification is used to indicate the method or mode
by which the file is processed. Acceptable entries are

listed here.

Entry

L

Blank

Explanation

Enter an L in this position if a segment of the
file is to be processed. The upper and lower
limits of the file are supplied, in this case, by
a record address file (RA file). The RA file
is supplied by the user. This entry applies to
indexed sequential files only.

Enter an R in this position if the user’s records
are to be processed randomly. In this case,

the records to be processed are obtained by a
record address file or a chaining file. This entry
applies to files with direct or indexed sequential
organization.

If no entry is made in this position for the file,
the entire file is processed sequentially. This
entry applies to indexed sequential files only.

Length of Key Field or Record Address Field (29-30)

If the file being defined is an indexed sequential file, the
length of the key must be specified. The maximum length
is 99 positions.

If the file being defined is a record address file, enter the
number of positions that each entry in the RA file occupies.

For example, if a six-position part number field is used in
the RA file, the entry is 6.

Record Address Type (31) Non-sequential DASD Only

If the records from the file are to be retrieved by using
record keys, enter a K in this position. The K indicates that
the file defined on this line will be processed using a record
key.

If the records are to be retrieved by the record identification,
enter an I in this position.

If the records are to be processed sequentially, this entry

"must be left blank. A is unused.

Type of File Organization (32) Non-sequential DASD Only
Enter an I if the file has indexed sequential organization.

Enter a D in this position if the file has direct organization.
T and 1-9 are unused.
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Rules for DASD Specifications (Positions 28, 31, and 32)

The four rules listed below summarize the entries for the
specifications Mode of Processing, Record Address Type,
and Type of File Organization.

1. If a direct access storage device is not used in the
system, positions 28, 31, and 32 are left blank.

2. If the type of file organization is sequential, then
positions 28, 31, and 32 are again left blank.

3.  If the type of file organization is indexed-sequential
(I in position 32), then position 31 must contain a

K and position 28 must contain either L, R, or blank.

4.  If the type of file organization is direct (D in
position 32), then position 31 must contain either a
K or I, and position 28 must contain an R.

Figure 44 illustrates the code combinations possible for
these three specifications.

Overflow Indicator (33-34)

If the file defined on the line is a printer file or an output
file with an associated Line Counter Specifications form
and overflow indicators are used, enter the overflow
indicator associated with the file. A maximum of eight
overflow indicators are allowed. The permissible overflow
indicators are OA-OG, and OV.

Key Field Starting Location (35-38) DASD Only

This specification indicates the location of the key field
within the data record. This specification is provided so
that the key field may be located anywhere within the data
record.

The entry for this specification is the starting position of
the key field. For example, if the key field is in positions
112 through 116, the entry would be 112.

Type of File Organization
(column 32)

Record Address Type
(column 31)

Mode of Processing
(column 28)

Sequential (blank)

Not applicable (biank)

The entire file (between limits) will be
processed (blank).

Indexed-sequential (1)

Record key (K)

The entire file will be processed (blank).

A segment of the file will be processed (L).
The limits.to be processed are supplied by
a record address file (RA file).

The records will be processed randomiy (R).
The address are supplied: (a) by an RA file,

or (b) by the data contained in the chaining
field of an input record.

Direct (D)

Track address with
record key (K)

or

Track address with
record identification (1)

The records will be processed randomly (R).
The addresses to be converted are supplied
by an RA file or by a chaining file. Con-
version is required for RA file or chaining
fite.

Figure 44. Spanned Variable-Length, Blocked Record Format
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The entry must be right justified. Leading zeros may be
omitted.

This entry is required for indexed sequential files when the
key is located in the data; it is blank for directly organized
files. If this entry is omitted, fields within the key area
for each record may be specified on either the Input or
Output-Format Specifications form. Refer to the

Disk Storage Concepts section for information concerning
the relationship of this entry to others necessary for
indexed sequential processing applications.

See the section RPG User’s Guide for ISAM Processing
for an explanation of key and record formats.

Note: Because of an operating system restriction, this

entry must not be 1 for unblocked indexed sequential files.

Extension Code (39)

This specification is used to indicate to the RPG processor
that additional information about the file is coded on the
Extension or Line Counter Specifications form.

Enter an E in this position if the file defined on the line is
a chaining file, table file, or record address file. These
files always have additional specifications on the Exten-
sion Specifications form.

Enter an L if the Line Counter Specifications form is
used for the output file described on this line. If line
counter is specified, TAPE, DISK11, DISK14, CELO1,
CELO111, CELO114, DADEVT, or PRINTER must be
specified in Device (positions 40-46).

Device (40-46)

This specification relates a file to a specific type of input
or output unit during program compilation time.

If the output file is a printer, enter PRINTER in positions
40-46. (File Format, position 19, should be V).

If the file is an input or output file and it is associated
with a card reader or card punch unit, enter one of the
following:

1. READO1 for IBM 2501 Card Reader

2. READ20 for IBM 2520 Card Read-Punch

3. READA40 for IBM 2540 Card Read-Punch

4. READA42 for IBM 1442 Card Read-Punch

If the file is an input or output file and it is associated with
a tape unit, enter TAPE in these positions.

If the file is associated with a direct access storage device,
enter DADEVT. RPG wili also recognize the following

as specific devices related to a file:

1. DISKI11 for IBM 2311 Disk Storage Drive

2.  DISK14 for IBM 2314 Direct Access Storage Facility

3.  CELO1 for IBM 2321 Data Cell Drive with master and
cylinder indices (MI/CI) on same device as data file

4. CELO111 for IBM 2321 Data Cell Drive with MI/CI on
an IBM 2311 Disk Storage Drive

5. CELO114 for IBM 2321 Data Cell Drive with MI/CI
on an IBM 2314 Direct Access Storage Facility

Symbolic Device (47-52)

Positions 47-52 are not used.
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Entries for File Description Form

Figure 45 shows several examples of entries on the File
Description Specifications form. The numbers to the right
correspond to the numbered explanations that follow.

1.  The Pin position 16 indicates that input file INPUT
is the primary file. The E in position 17 indicates that
the end-of-job condition will occur when this file
is depleted. The file is ascending (A in position 18).
The block length is 80, and each record is 80 char-
acters long. The E in position 39 indicates that the
file will be referenced on the Extension form. This
file is read in on an IBM 1442 Card Read-Punch. The
device code is READ42.

o

2. The record address file defined on this line has a
fixed format (position 19). It has a block length
of 80. Each record is 80 characters long and the
length of each record address field is 8. The E in
position 39 indicates that the Extension form will be
used. The record address file is read into the program
by an IBM 2501 Card Reader. The device code is
READOL1.

3. The third file defined on this form is a table file.
- The T in position 16 indicates that it is a table file.
It has a fixed format, a block length of 200, and a
record length of 100. Position 39 (E) indicates that
it will be further defined on the Extension form. The
file is read in on magnetic tape; therefore the device
code is TAPE.

4.  MASTCUST is an input file that will be processed
under the control of another file. Itis a chained file
(C in position 16). It will be processed randomly
(R in position 28). The record addresses that will
be referenced by the chaining file are record keys
(K in position 31), and the file is organized indexed-
sequentially (I in position 32). The key field begins in
position 46 of the record and is 10 bytes long (posi-

b

tions 35-38, 29-30). This file is located on a direct 10.

access storage' device and is given the device code of
DADEVT.

5.  The update file DISKUPDT (U in position 15) is
used for input, and it is updated after processing
of each record has been completed. It is an indexed-
sequential file and is processed randomly. New
records may be added within the existing file or
to the beginning or end of the file (A in position 66).
Note that Add(s) can be performed only in conjunc-
tion with random file processing (R in position 28).
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The output specifications must identify which
record is to be added with ADD in positions 16-18.
The C in position 16 indicates that the file is a
chained file. In this example, the record length is
200 with a block length of 400. The key field begins
in position 1 of the record,

This file is located on a direct access storage device
and is given the device code of DADEVT.

The file CARDREC is a combined file (C in position
15). Assume that the file is to be used as input

and additional information is to be punched in the
input cards during processing. It is a secondary file
(S in position 16). This combined file is read in and
punched out on an IBM 1442 Card Read-Punch.
The device code is specified as READ42.

The file OUTPUT is a printed report in this example.
It is variable in length; the longest record is 132
characters. The overflow indicator for this file is

OF (positions 33-34). This printed report has a
device code of PRINTER.

The secondary file LONGREC (S in position 16) is
an input file (I in position 15). The records are to
be processed as spanned records (S in position 19)
with a record length of 4000 and a block length of
3600. The block size corresponds to the direct
access device type track size. In this case the device
code is given as DADEVT.

The output file PACKFILE (0 in position 15) is to
be put on tape (device code of TAPE). The records
are to be processed as spanned blocked with a record
length of 4000 and a block length of 9999.

The output disk file (OUTDISK) is an indexed-
sequential file which consists of unblocked records.
No key starting location is specified, which means
fields within the key area must be defined on the
Output-Format Specifications form. (See the section
RPG User’s Guide for ISAM Processing for an
explanation of key and record formats.) The file is
located on an IBM 2314 Direct Access Storage
Facility. The blank in position 66 indicates that a
new file is being created. The zero in position 67
indicates that no tracks are to be used for cylinder
overflow.
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Labels (53)

When label processing is used for a tape or disk, the pro-
gram checks the labels on the input file to see if the correct
file is on-line. The output files are checked and, if the
label has expired, a new label is written.

If nonstandard labels are used for magnetic tape files,
nonstandard label processing routines must be provided
by the user and incorporated in the operating system at
system generation time. (For details refer to IBM System/
360 Operating System, System Programmer’s Guide.) The
appropriate nonstandard label processing routine is
selected and executed by the operating system operating
system.

If label processing is to be bypassed, this must be specified
at system generation time in the PCP system. If this
option is specified during execution and was not specified
at system generation time, the system assumes that there
are no labels. In the MVT or MFT systems, bypassing of
label processing is specified in the PARM field of the
reader cataloged procedure.

Label Options in RPG

The specification label (position 53) provides three options
for label processing in the RPG program:

1.  S=standard labels. Label processing is provided by
the RPG program. No additional programming is
required by the programmer.

2.  E=standard labels followed by user-standard labels.
RPG provides processing for the standard labels
and then provides an automatic exit to a user sub-
routine for the processing of the user-standard labels.
(See next specification Name of Label Exit.) This
option is not available for indexed-sequential files.

62 .

3. blank =no labels. An entry of blank indicates no
label processing is to be performed by the RPG
program. This option is not available for DASD files.

4. N =unused.

Name of Label Exit (54-59)

This specification must contain the name of the routine
written by the user to process user standard labels (E in
position 53). The name can be either alphabetic or
numeric, but the first character must be alphabetic. If
the entry is shorter than six characters, it must be left
justified.

Refer to IBM System /360 Operating System Supervisor
and Data Management Services, Form C28-6646 for label
exit register conventions.

Extent Exit for DAM--Core Index (60-65)

Positions 60-65 are not used.

File Addition (66)

This specification, A in position 66, is used only when new
records are added to an indexed sequential file. This entry
may be combined with I, O, or U File Type entries (File
Description Specifications, position 15) only when random
processing (R) is specified (File Description Specifications
position 28). This position must be left blank if the file
being defined is not an indexed sequential file or if no

add function is desired. See Figure 46 for a summary of
functions performed for the different combinations of
entries in positions 15 and 66. {



Number of Tracks for Cylinder Overflow (67)

For the indexed sequential load function, enter the number
of tracks (between 0 and 8 for 2311;0 and 9 for 2314/2321)

per data cylinder that are to be used for overflow records.
This information may also be supplied through the DD
card DCB parameter at execution of the object program.

Note: The user may also choose whether cylinder over-
flow, independent overflow, or both are to be used when
the DCB parameter is used on the file’s DD card and no
entry is made in position 67. See the section RPG User’s
Guide for ISAM Processing for a complete discussion of
cylinder and independent overflow.

Number of Extents (68-69)

These positions are not used by OS RPG and must be
left blank.

Tape Rewind (70)

This position is not used by OS RPG, but tape positioning

may be controlled by appropriate parameters in the DD

card.

File Condition (71-72)

Positions 71-72 are not used.

Position (73-74)

Positions 73-74 are not used.:

Fite Description Specification File Description Specification Function
Column 15 Column 66

0 blank Create a new file or extend existing
file (LOAD).

0 A Add new records to existing file
(ADD). Valid with RANDOM
file processing only.

| blank Process file.

| A Process file and add new records.
Valid with RANDOM file processing
only.

(V] blank Process file and update records.

[V} A Process file, update records, and add
new records (ADDRTR). Valid with
RANDOM file processing only.

Figure 46. Processing Functions for Indexed-Sequential Files
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Extension Specifications Form

Entries made on the Extension Specifications form provide Record Sequence of the Chaining Field (7-8)

RPG with information, such as chaining files, tables used

in the object module, and record address files. These This specification is used only for chaining files. The entry
functions are illustrated in Figure 47. for this specification is the same entry that is made for the

chaining file in Sequence (positions 15-16) on the Input
Specifications form.

In the sections Using Tables and Exit Routines in the
Object Module and Processing Multiple Input Files,

detailed information and examples show how to use these Number of the Chaining Field (9-10)

functions. . . . .
This specification is used only for chaining files. The
entry for this specification is the identifying number of
the chaining field (C1 through C9). This number is
The entries allowed on the Extension Specifications form entered in Chaining Field (positions 61-62) on the Input
are discussed in the following section. Specifications form.
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Figure 47. Use of Extension Specifications

65



From Filename (11-18)

This specification is used in conjunction 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 provide
the name of a chaining file and the name of the file that is
chained to it. Both the From Filename and To Filename
are taken from Filename (positions 7-14) of the related
entry from the File Description Specifications form.

Figure 48 illustrates the entries for those two specifications.

To Filename (19-26)

The entries for this specification are described in From
Filename and in Figure 48.

Table or Array Name (27-32)

This specification and the remaining specifications on

the form (positions 33-57) are used to describe table files.
Table files are processed in the same order in which they
appear on the Extension Specifications form. This
specification is also used to specify the name of the address
conversion routine for an RA file or chaining file.

A table file is composed of a table of arguments and a
table of functions. If both the arguments and functions
are entered on one input unit, the table file is known as an
alternating table file. That is, the input record contains

an argument field followed by a function field, followed
by the next argument field, etc. In this case, the argument
table is described in positions 27 through 45, and the
function table is described in positions 46 through 57 on
the same specification line.

If only an argument table is used, it is still described in
positions 27-45; positions 46-57 are left blank.

It is possible to have the arguments contained in one input
file and the functions in another input file. In this case,
each file is described on a separate specification line in
positions 27 through 45; positions 46-57 are left blank.

Note: 1t is not a requirement of the program that the
arguments must be specified first. The function entries
may be listed first. However, for the following specifi-
cation descriptions, the manual assumes the argument
entries are specified first.
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Specifications for Table or Array Name
Arrays are not used in 0S/360 RPG.

This specification contains the name of the argument table.
The name must be in the form TABnnn. The entries nnn
may be any alphameric characters.

When a file that has direct organization is processed under
control of a record address file or a chaining file, the entry
for these positions is the label of the user’s conversion
routine.

Figure 49 illustrates the extension specifications for a
record address file and the master customer file it is used
with.

The concepts of chaining and record address files have not
been discussed at this point in the publication. For a
complete discussion of chaining, address conversion, and
record address files, see Processing Multiple Input Files.

Number of Entries Per Record (33-35)

Enter in positions 33-35 the maximum number of table
entries (that is, arguments or functions) that are contained
in each input record. The entry must be right justified.

Number of Entries Per Table or Array (36-39)

In these positions enter the exact number of table entries
(arguments or functions) contained in the table. The entry
must be right justified.

Note: The above two entries refer to tables, not to files.
Thus, in alternating table files the entries are the total
number of arguments or functions, not the sum of the
two.

Length of Entry (40-42)

Enter in positions 40-42 the length of each table entry.
The maximum size of a numeric entry is 15 characters, of
an alphameric entry is 256 characters. The entry must be
right justified. R

Packed/Binary (43)
If the data for the table is in the packed decimal format,

enter P in this position. Otherwise, leave this position
blank. B is unused.



Decimal Positions (44)

If the data contained in the table is numeric, enter the
number of decimal positions (1-9). Enter a zero if there
are no decimal positions. If the data is alphameric, leave
this position blank.

Sequence (45)

If the data contained in the table is in ascending sequence,
enter an A in this position. If the data contained in the
table is in descending sequence, enter a D in this position.
Leave this position blank if the data contained in the table
is not in ascending or descending sequence or if this
specification is not required.

If a high or low LOKUP operation is performed, an entry
must be made in this position.

Note: The next four specifications (positions 46-57) are
used only if alternating arguments and functions are
read in on one input unit. The entries for these specifica-

tions are written on the same specification line as the entries

in positions 33-45.

Table or Array Name (46-51)

If alternating arguments and function tables are used,

enter the second table name in these positions. It must be

of the form TABnnn. The entry must be left justified.

Type of File *From Filename (11-18)

* To Filename (19-26)

Chaining fite

of the file description specifications form.

Chaining filename. This is the file that has the
data record containing the chaining field. The
name of the file is taken from positions 7-14

Chained filename. This is the file from which
the data record is obtained. The name of the
file is taken from positions 7-14 of the file
description specifications form for the chained
file.

Record address

file in this specification.

The name of the record address file is entered

The name of the file that contains the data record
to be processed is entered in this specification.

Table files

If a table file is being defined (positions 27-57),
enter the name of the file that contains the table.

If the table file being defined will be put out
after it is updated, enter the name that was
assigned to it on the output-format specifica-
tions form. |f it is not being put out, leave
blank.

Figure 48. From and to Filenames

Figure 49. Extension Specifications, Conversion Routine Label
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Length of Entry (52-54)

Enter in these positions the length of each table entry.
The maximum size of a numeric entry is 15 characters; of
an alphameric entry 256 characters. The entry must be
right justified.

Packed/Binary (55)

Enter a P if the data for the table is in the packed decimal
format. Otherwise, leave this position blank. B is unused.

Decimal Positions (56)

If the data contained in the table is numeric, enter the
number of decimal positions (1-9). Enter a zero if there
are no decimal positions. If the data is alphameric, leave
this position blank.

Sequence (57)

If the data contained in the table is in ascending sequence,
enter an A in this position. If the data contained in the
table is in descending sequence, enter a D in this position.
Leave this position blank if the data contained in the table
is not in ascending or descending sequence or if this
specification is not required.

Comments (58-74)

Leave positions 58-74 blank, unless comments are entered
in these positions.

ENTRIES ON THE EXTENSION FORM

Figure 50 shows several examples of entries that can be
made on the Extension Specifications form. The numbers

to the right of the entries correspond to these explanations:

1. In this example, INPUT is a card file containing the
record key that will be used to process records in
the DASD file MASTCUST. The file INPUT is the
chaining file. That is, it is the file that links or
chains to another file (in this case MASTCUST).
The field contained in INPUT, which is used to
link the two files, is the chaining field.
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The record sequence of the input file is taken from
the Input Specifications form. Cl1 is the number of
the chaining field. Thus, INPUT is chained to
MASTCUST by using a field defined on the input
specifications that contains C1 in positions 61-62.
A complete discussion of chaining may be found in
Processing Multiple Input Files, Chaining.

In this example, RAFFILE is a record address file
that supplied the addresses of the records to be
processed in the file DISKUPDT.

TABFIL is the name of a table file that contains
both a table of arguments and a table of functions.

The arguments in the file are identified by the table
name of TABARG. The argument table is described
in positions 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 and there are no decimal
positions, thus the entry is O (position 44).

The functions in the file are identified by the table
name TABFUN. The function table is described in
positions 52-57. Each function is 10 characters long
and each function is organized in the form: argu-
ment-function. Therefore, TABARG is specified
first.

This example shows the specifications for a table
file that contains only arguments. After the table
of arguments is updated, the table is to be written
on an output unit.

TABFIL is the name of the table file.

NEWTARB is the name given to the table file when it
is being written on the output unit (output
operations).

The arguments in the file are identified by the table
name of TABREC. The argument table is described
in positions 33-45. Ten table entries are in each
record. The number of table entries in the table is
150, and each table entry is 10 characters long. The
data is numeric, but there are no decimal positions,
thus the entry is 0. Positions 46 through 57 are

left blank.



Form X21-9001

IBM Business Machi i Printed in US.A.
RPG EXTENSION AND LINE COUNTER SPECIFICATIONS

7 7 17 18 79 80

o o o [T] o
Program Instruction { Punch :
F Extension Specifications
Record Sequence of the Chaining File
Number E E
Number of the Chaining Field of Number @) gl Tabl @ § -~
] Lengtn |2 ) 815) Table or 4y gngy 1u )2
Line |g To Filename Table or :""‘" :', o 12lgl2]  Array Name a e gg Comments
g Asray Name 1 Per ntries 3)|< (Atternating 3|e
S Rocord | Per Table | Entrv [Xi518 Enuy 1gl5(8
€ From Filename or Array K sg Format) SE
5 118lg " 8i
o =] Y =]
3 617 819 10§11 12 13 14 15 16 17 18118 20 21 22 23 24 25 26|27 28 29 30 31 32]33 34 35{36 37 38 39)40 41 42]a3{4a}4s |46 47 48 49 60 51}52 53 54§56]56]67]58 59 60 61 62 63 84 _68 86 67 68 69 70 7172 73 74
;F . T J TL = —_'_V_‘F"f_-ﬂ r..L_.r_v_...-l_.. o 60.51 €2 8 i
g VASTEVRRT T TTTITTT
[o]|d< RAFF|/ILE IDIIS T 2
013 e TIABIFIl IL TABARG 1 50 1¢ TABFUM |/ DB
o<l || | WABAI|L | NEWTAB] | rABREL] 20| 1154 | 0
ae
3
ole] [E
of7] |e
8| e
olel Je
tlo} |e
Line Counter Specifications
1 2 3 4 5 6 7 8 9 10 " 12
T ]
oo 18] Fierame e8] afeul wleal xlesd xleal aledl mlrsl slesl S IRLTIIREE
3 s ] 3, 3 5
£ HiEHEnHE R B BB RS B 3
g 52 |p2|521823| 32 |62| 52|62 52|62 52162 52|62] 52 (62| 52 62| 5262 5282} 52|82
3 4asle 1a9mnunuvs!sn\xlszoztnnﬁzszsnnn'ao_:lszaau]u&lgﬁit1ﬂo«45w474849505!525354566622_5_9‘50"62632‘65ass7eess1ovl7:7:"
DD ‘Fj
112l L
13 I
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The Line Counter Specifications form provides the ability
to store formatted reports, which will be printed later, on
an intermediate device such as tape, disk, or data cell.
This ability is required if the System/360 Operating Sys-
tem you are working with is MFT, MVT, or PCP.

The carriage control tape on the printer must be punched
to agree with the spacing on the Line Counter Specifica-
tions form. If this is not done, erratic and unpredictable
spacing or skipping can occur.

The line number associated with channel 12 on the Line
Counter Specifications form causes the setting of the over-
flow indicator (if you do not skip to channel 12) as speci-
fied in positions 33-34 on the File Description Specifica-
tions form. When the line counter has reached the specified
line number, the overflow indicator is set. Depending upon
the absence or presence of overflow indicators on the File
Description and Output-Format Specifications forms, one
of the following actions will result for line counter files:

File Description Output-Format Action

(positions 33-34)  (positions 23-31)

No entry No entry Automatic skip
to next page at
overflow time

No entry Entry Error

Entry No entry Continues print-
ing (user controls
overflow)

Entry Entry Performs normal

overflow

A standard IBM System/360 write/control or independent
carriage control character is added as the first byte of each
record that is put out on the intermediate device. For
example, a 132-character record becomes 133 characters
long. All space before and skip before controls are written
out as an independent carriage control character in a
separate record that does not print. Space after and skip
after controls are written out as modifier bits in conjunc-
tion with the write command for the line. A linethat has
space or skip before control produces two records on the
intermediate device; a line with skip or space after control
produces only one record. An auxiliary program must be
used to retrieve these records for printing.

Line Counter Specifications

HOW TO USE LINE COUNTER SPECIFICATIONS

Line counter specifications are written on the Extension
and Line Counter Specifications form (Figure 51).

Positions 1-6

See RPG Specification Forms, Common Fields.

Filename (7-14)

Positions 7-14 indicate the output file to be used. This is
the same filename used on the File Description Specifica-
tions form and must apply to the device used.

Line Number and FL or Channel Number (15-19)

These positions are used to relate the line on the output
form to a channel punch in the carriage tape. The line
number is coded in positions 15-17 and the channel num-
ber in positions 18-19. Channels 1 and 12 must be speci-
fied on the Line Counter Specifications form.

Positions 20-74

Each set of five positions following position 19 is used in
the same way as positions 15-19.

Example: The program in Figure 52 shows how line coun-
ter specifications are used to relate the line of the printed
page of a report to its corresponding channel punch in the
carriage control tape. On the Line Counter Specifications
form, channel 01 (positions 18-19) corresponds to line 006
(positions 15-17), and channe] 12 (overflow) corresponds
to line 059.

When this program is executed, the internal line count is
set at 006. As each record is written on the output device,
the line count is increased by one. When the line count
equals 059, the overflow indicator (OF) is set on, overflow
output occurs, and a record is written on the output device
with an associated skip to channel 01. Whenever a skip to
channel 01 occurs, the internal line count is reset to 006.
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One output record is created for every line printed. This
record also includes the entry for any space or skip after
requirements. An output record is also created for each
specification of space or skip before.

The output filename specified in positions 7-14 of the Line
Counter Specifications form is the same file specified on the
File Description Specifications form (positions 7-14). This
filename must apply to the intermediate device used. The
_intermediate device used for this program is a disk (posi-
tions 40-46 on the File Descriptions Specifications form).

Figure 53 shows part of the output disk records for this
file and the printer output lines created from this disk. On
the first page of the printed report, the first two members
of Department 851 are printed; then overflow occurs. A
heading line is printed on the next page, and then the rest
of Department 851 is printed.

Figure 54 shows the coding necessary to print the line
counter tape prepared from Figure 52 by use of the Disk to
Print Utility program. With System/360 Operating System
the “RECORD FIELD=" parameter must be 121 or less,
including the control character. For further information
on utility programs consult /BM System[360 Operating
System Utilities, Form C28-6586.
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Page 1

DEPT NAME
824 BENNET
824 FOSTER
843 MARTIN
(DATA) 843 PETERSON
bbbbrrrrc851 BAILEY 847 ADAMS
bbbbrrrrc851 MARTIN 847 ALLEN
bbbbrrrre(skip before record) 847 ANDERSON
bbbbrrrrcDEPT NAME 847 BROWN
bbbbrrrrc851 SMITH 847 HILL
bbbbrrrrc851 THOMPSON 847 HOFFMAN
847 JONES
b = Biock Length (4 bytes) 851 BAILEY
851 MARTIN
r = Variable-Record Length
(4 bytes) Page 2
¢ = Printer Control 851 SMITH
Character (1 byte) 851 THOMPSON
857 ANDRIST
857 CLEMENT
857 CARROL
857 GRAY
857 MOBERG
Figure 53. Records on Disk and Output from Line Counter Program
IBM 1BM System /360 Assembler Coding Form xze;mﬁ ’%M;n:
PROGRAMMER ——TDA“ NS PUNCH "CARD ELECTRO NUMBER *
1 flome 8 10 Oparetion 14 16 20 o’;’;“ 30 35 - 40 45 50 Commarts 60 65 71 73 5';""* ‘B_L)j
//PRINT | JOB 2 SMITH MSGILEVELI= :
// EXEC | |PGM= /| EBPTPICH
//SYSPRINT DD [SYSOUTI=A
//SYSUT 1| DD DSWAME=RIEPORT|, VOL=|SER=11111 |, UNIT|=2311,D/SP=COLD,KEE
//SYSUTZ| DD SYSioUT =A
//SYSIN | DD *
PRIN PREFIORM=M,MAXFILDS= 1
RECORD| FleLD=(12/)
/%

* A stondord card form, IBM efectro 6509, is available for punching source statements from this form.
Insteuctions for using this form ore in any 1M System/360 Assembler Reference Manual .

Address comments concerning this form fo 18M C:

Figure 54. Disk To Print Utility

., Depar

232, Son Jose, Colifornio 95114,
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Input Specifications Form

The specifications for this form are divided into two cate- Sequence of Input Records

gories as shown in Figure 55.

1. Record Identification (positions 7-42). These entries
identify the input record (by specifying the identify-
ing record codes it contains) and specify the relation-
ship of the record to other records in the file.

One line of the form is used to describe one record
type.

When the specifications are being written, it is not
necessary to indicate the specific input units used in
the program. The unit used for each file is specified
on the file description form. Each filename, there-
fore, is related to a specific input unit. By merely
writing the filename on the input form, the input
unit has, in effect, been specified.

Field Description (positions 43-74). These entries

To save processing time, input records that occur only
rarely in the program should always be specified at the end,
and input records that occur frequently should be specified
at the beginning of each specification list. (Specification
list is a term used to describe the specifications from one
or more of the same type of specification forms.)

On each detail cycle, the specifications are examined in the
same sequence in which they are written on the Input
Specifications form.

For example, assume a card file containing 3000 cards is to
be processed and that there are five different exception pro-
cedures that must be followed for some of the cards. If the
program is written so that the specifications concerning

the exception cards are at the beginning of the input list,
then, as each card is read, all specifications for the excep-
tions must be examined first before the specifications for
the normal processing are found. Thus a great amount of

Figure §5. Input Specifications Form

2. processing time would be wasted if the card file contained
describe the fields of the input record used in the only two or three exception cards but the exception speci-
report. ficatons had to be examined for all 3000 cards.

IBM Business Machines C :0";‘;?‘3%9;
RPG INPUT SPECIFICATIONS
12 75 76 77 78 79 80
D
e Punching Graphic Page [:D z:::?:i’::a(ion
Program Instruction Punch
- = —— -
g ecord ldentification Codes Field Location Flei_d
2 1 2 3 z s < Indicators
& s H E .| 3 Sterli
Line |, Filename 2l 185 8 é g Field Name ‘-é §§ < . s;;,; l'ng
s 1212 | position || [B] positon || 1E| postion || |5[3|3| From T I3 - ED § [ prus [uinus| o | Position
A Bsiz Z|oi% 2iol§ Zlolgizl2 £ T lEE| Blank
: HEN 3|5]8 EH 3|53 H 5|83 2
3 4 5§6(|7 8 9 1011 12 13 1415 16 [17[18119 20|21 22 23 24[25}26127}128 20 30 31 35 36 37 38}39]|40|41]42]|43]|44 45 46 47)48 49 50 51]52153 54 55 56 57 58|59 60]61 62|63 64166 66|67 68169 70|71 72 73 74
o1 I
02 1 .
of3] |1 Record ldentification
04 1
ofs| |1 Field Description
01}6 I
0(7 1
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RECORD IDENTIFICATION ENTRIES

Filename (7-14)

The filename must be given to each input file. The filename
must be left justified (that is, it must start in position 7)
and it must begin with an alphabetic character. The remain-
ing characters of the name may be alphameric, but must
not contain special characters or embedded blanks. The
filename may be eight characters or fewer. (Embedded
blanks are blank positions falling between other characters
of the name.) ‘

Note: In this publication, alphabetic character refers to the
latters A through Z, the dollar sign, pound sign, and the at
Slgn ($’ #s and @)‘ :

The filename must be entered only with the first record
identification line of the appropriate file.

Sequence (15-16)

This specification is used to check the sequence of cards
within a control group. Figure 56 illustrates a card file
containing three types of cards for each part number control
group. In this example, to assure correct accumulation of
the values, the balance forward card must be the first card
in the control group, the receipt card the second, and the
new order card the last. -

The specifications for checking the sequence of these cards
is shown in Figure 57. (Field description specifications are
not shown.) ’

If the file is not in sequence, halt indicator HO is set on.
Unless this HO indicator is set off by the SETOF operation
(see Calculation Specifications Form, Setting Indicators On
or Off), the program will terminate before the next input
record is read. ‘

The cards are specified on the form in the same sequence
in which they are to be read by the object module.

Note: The entries in Sequence must begin with 01 in each
file and be consecutive in ascending order.

Alphabetic codes must be placed in Sequence if the input
records do not have to be in sequence within a control
group or if it is not necessary to stop processing when the
records are not in sequence. Any two alphabetic characters
can be used.
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Within a given file, header cards or other cards that are not
in sequence must be specified on the form before specifica-
tions that must be sequence checked.

Note: If a numeric specification is given in Sequence, then
specifications must also be provided in Number and Option.

5260
Receipt
5260
Balance
Forward

5114
New Order

5114
Receipt
5114
Balance
Forward

4098
New Order

4098
Receipt

8
Balance
Forward

meer

4006
New Order

4096
Receipt

4096
Balance

Forward

@~ 3 Column 80

4 5 Column 80

«4¢————— 8 Column 80

Figure 56. Card Types within Control Groups



Number (17)

If a numeric code is assigned under Sequence, an entry
must also be made in Number (position 17). If an alpha-
betic code has been assigned under Sequence, this position
must be blank.

This specification indicates whether only one record of a
specific record type should exist in each control group or
whether one or more than one record of a specific record
type may exist in each control group. For example, Fig-
ure 58 illustrates two control groups of cards. In this
example, there can only be one balance forward record in
each control group, but there may be one or more new
orders or receipt records.

The entry for the specification Number is either:

1.  1if only one record of a type may exist in a control
group.

2. Nif one or more records of a type may exist in a
control group.

The specifications required for the example in Figure 58
are illustrated in Figure 59.

5268
New Order
5268
5268
5268
5268

5248
Receipt

5268
Balance

Forward

Receipt

Balance
Forward

I 53701

Figure 58. Number of Reciord Types within a Control Group
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RPG INPUT SPEC

Punching Graphic

Instruction

Punch

er

International Business Machines

RPG INPUT SPECII

Punching Graphic

Instruction

Punch

Figure 57. Example of Sequence-Checking within Control Groups

] Record Identification Codes 5 Record ldentification Codes
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> o
. Filename HRER Filename HREE

Zlo] 3 8 =15 B

E’ -22 % Position % e g Position s A § Position ’z:' c % § % E Py osition s o E‘ Position 5 o .§ Position % o é
k EEN 5|58 3[5]8 i : HHY 31518 ESH e
6]7 8 9 1011 12 13 1415 1617|1819 20 |21 22 23 24|25|26|27| 28 29 30 31|32]33(34 |35 36 37 38|39|4 617 8 9 10 11 1213 1415 16 [17]18 [19 20 {21 22 232‘25262723””3"711u3536373339404
WeEMLYRPTIZLL 122 | 184 IC Balance WEALYRPTL]L] [22] | 8@ i8]+ Balance Forward
3 Forward 1
1 L] 1
1 211023 Cl5) Receipt 1 2NO2'3 Y IC|5| + Receipt
1 1 I’
1 1 l
1 2 New 1 D2 g¢ IC|3( <+~ New Order
! Order 1
1 FITTT 1 \

Figure 59. Example of Using Numbe1 Specification
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Option (18)

This specification is used only with numeric sequenced re-
cord types.

If the presence of a record is optional, the let:ter O is entered
in this position. If a specific record type must be present

in order to perform an operation or if recordis are nonsequ-
ential, this position must be left blank.

In Figure 57 and 59, the speciﬁcétions, uncler Option indicate
that there must be a balanced forward carcl for each control
group, but there may or may not be a news order or receipt
card. ' '

Record Identifying Indicator (19-20)

This specification is used in conjunctior: with the next
specification Record Identification Codles (21-41). It has
two purposes:

1. To establish a two-digit code fo'r each input record
type. ;

2. To set up a special condition i'n the object program
each time the input record is 1:ead into the system.
The object program may consider this condition
during the processing of the calculation and output
specifications.

-As an example of the first function, assume that a certain
card type is identified by the follovving codes:

1. Digit 5 in position 40
2. 1l-punch in position 79
3. No 12-punch in position 8§ 0

By assigning a two-digit record ‘identifying indicator to re-
present all of these codes, it is imuch easier to refer to this
card type during the writing of. the calculation and output
specifications.

As an example of the second (and more important) function
of this specification, record i dentifying indicators can be
compared to selectors in puriched card machines, or to
internal or external switches; on electronic data processing
machines. The use of record identifying indicators (like

the use of selectors and swiitches) is to permit certain
operations to occur on spe:cific conditions.
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Figure 60 illustrates, by symbols, how record identifying
indicators are used in the object program. In this example,
a payroll file contains three types of cards.

CGard Type Record Identifying Indicaior
Current earnings 14
Deduction 15
Adjustment 16

When one of these cards is read into the system during the
object run, the appropriate record identifying indicator is
set on, and these specifications pertaining to the record are
performed. The detail specifications for these record types
are indicated on the Calculation and Output-Format Speci-
fications forms and are controlled by one of these three
indicators. Specifications associated with other record
types are not performed.

The input specifications required to establish the three
indicators shown above are illustrated in Figure 61. (Field
description specifications are not shown.)

Record identifying indicators from input records are set on
and off during the processing of the object program as the
various record types are read by the system. However, only
one record identifying indicator can normally be on at

one time. When a record identifying indicator is set on, all
other record identifying indicators are set off. (See Pro-
cessing Multiple Input Files, Chaining for an exception to
this rule.)

Other indicator conditions that can be established in the
program are Field Indicators (positions 65-70) of the input
specifications and Record Identifying Indicators (positions
54-59) of the calculation specifications. These functions
are described later, but one aspect of their use is of interest
at this time.

All three types of indicators are assigned a two-digit number
in the range of 01 through 99. Any of these 99 codes can
be assigned to any one of the three types of indicators.

Also the indicator codes do not have to be assigned in any
sequence. For example, four different card types that are
read into the system could be assigned codes 40, 62, 99,

02.



hat

14 On i 16 On
Indicator
g:::::: Process Process
Earnings Deduction Adjustment
Card Card Card
C:::':;t Print Print
Earnin Deduction Adjustment
o Card Card
Card

Figure 60. Sample Logic Flow Using Record Identifying Indicators

IBM Internatioral 8u
RPG INPUT
Date
Punching Graphic
Program Instruction m—
8 Record Identification Codes
3
3 1 2
2.
3
Line Filename z :-3 5
2 ZI8|2 | rostion || |8] Position gl Positic
% HHE Zigls Zlel8
8 2|5 & (5|3 (S5
3456789!0"|2I3|4151617183@212223142526272929302“ 35 36 3
ol [MPAYROL L f] 7eNicls
(R ¥3 1
043 1
olel |1 BB | |15
015 1
ofsf |1
of7| {1 C lfé' 7
ofs| {1 N
of9| |1

Figure 61. Specifying Record Identifying Indicators
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Record ldentification Codes (21-41)

This specification provides a way of identifying each dif-
ferent record type used in the generated program. As
mentioned previously, once the record type has been de-
fined on the Input Specifications form, references to the
record are made by its record identifying indicator.

These positions provide for the entry of one of three identify-

ing codes as indicated by the number 1, 2, and 3 on the
Input Specifications form. It is possible to specify more
than three record identification codes by using more than
one line. If only one record type is in the input file, the
identification codes can be left blank, but a record identify-
ing indicator and a sequence number must be specified.

Each of the three sets of entries is the same, so only the first
set (positions 21-27) is described. Each set is divided into
four categories:

1.  Position (21-24)

2. Not (25)

3. C/Z/D(26)

4.  Character (27)

Position (21-24)

Enter in these positions the placement in each data record
of the character that contains the identifying code. The
placement must be right justified in positions 21-24; lead-
ing zeros may be omitted.

Not (25)

Enter an N in this position if the code described must not
be present in the specified record position. Otherwise,
leave this position blank.

C/Z/D (26)

The object module identifies the different record types of
a program by comparing the character written in Character
against the codes contained in the records. The entry in

position 26 specifies whether the entire character (C), against

only the zone portion (Z), or against only the digit portion
(D). Enter a C, Z, or D in position 26.
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Zone Record Identification: Testing a zone means that the
zone of the character located in the place specified in posi-
tions 21-24 of the input form is used to identify the record.
(Zone in this case refers to the meaning of this word in
punched card data processing systems. It does not refer to
bits 0-3 of the System/360 EBCDIC character coding.)

The ampersand, the minus, and the blank are exceptions.
An ampersand is identified as a 12-zone, a minus is identifi-
ed as an 11-zone, and a blank is identified as a no-zone.
The four common zones are:

1.  12-zone or plus zone (6, AL and &)

2. 11-zone or minus zone (O, J-R, and minus)
3. 0-=zone (S-2)

4.  No zone (0-9 and blank)

Note: When a blank, ampersand, or minus is used in the
character portion of a zone test, other characters which
contain the same machine zone (that is, 1, $, or %, respec-
tively) will not satisfy the zone test. Any character outside
these four groups compares equal to any other character
outside these four groups.

Digit Record Identification: Testing a digit means that the
digit portion of the character located in the place specified
in positions 21-24 of the Input Specifications form is used
to identify the record. (Digit in this case refers to the
meaning of this word in punched card data processing sys-
tems. It does not refer to bits 4-7 of the System/360
EBCDIC character coding.) A valid digit test is performed
only if the zone portion of the character is one of the
following:

1. 12-zone or plus zone (6, Al and &)
2. 1l-zone or minus zone (0, J-R, and minus)

3. No-zone (0-9 and blank)

Character (27)

Enter in this position the identifying character that will

be compared to the character specified in the input record.
The character used in this position may be any letter A
through Z, any number O through 9, or any special char-
acter.



EXAMPLES OF RECORD IDENTIFICATION CODES

Examples of record identification specifications are shown
in Figure 62. The explanation of each entry is given here.

1. This entry specifies an 11-zone in record position 48.
Any of the letters J-R could be placed in Character
‘because they all contain an 11-zone. A Z must be
placed in position 26 so that only the zone portion
is checked. If a C were placed in this position, the
object program would compare the letter K against
the input record code instead of an 11-zone. A
minus could be placed in this field to represent an
11-zone, and an ampersand could represent a 12-zone.

2.  This entry specifies that no 11-zone may be present

in record position 48.

3. This entry specifies that the digit portion of the code
is checked. A character whose digit portion is 5
must be in record position 62. For example, a 5,
N, V, or E would fulfill this requirement.

4.  This entry specifies that the letter T must be present
in record position 49.

5.  These entries specify that all three codes must appear
in the same record. A 4 must appear in position 16.
Position 40 must not contain the number 5, and
position 80 must contain a 12-zone.

Note: When more than one record type is specified for a
file, the record identification codes of all record types
should be mutually exclusive; that is, it should not be
possible for an input record to satisfy the identification
codes of more than one record type.

Form X21-9094

Figure 62. Record Identification Codes
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AND Relationship

The last example illustrates the way to specify more than
one code on one line. If an input record contained five
different codes, they could be specified as shown in Figure
63. This is known as an AND relationship. It implies that
the card is identified by:

1. A4incolumn 16.

2. No 5incolumn 40.

3.  An 11-zone in column 80.
4. A2incolumn 20.

5.  A3incolumn 25.

Additional specification lines can be used to specify as
many record identification codes as required. Each addi-
tional line must begin with the word AND in positions
14-16 and blanks in positions 17-20 and 42.

OR Relationship

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

A complete description of OR relationships is presented
after the description of Field Location (positions 44-51).

Omitting Record ldentification

When input records are to be processed alike without re-
gard for their identifying codes, positions 21-41 may be

left blank; however, Sequence (positions 15-16) and Record
Identifying Indicator (positions 19-20) must be specified.

When only certain record types within a group are listed
first with their identifying record codes, the remaining
record types may be bypassed or processed as a group. In
either case, they are specified as the last record type, and
they must have a record identifying indicator specified for
them. Positions 21-41 of the Input Specificaitons form
can then be left blank.

If a record type that has not been identified on the Input
Specifications form appears in an input file during the pro-
cessing of the generated program, the special indicator, HO,
is set on. Unless the HO indicator is set off by a SETOF
operation (see Calculation Specifications Form, Setting
Indicators On or Off), the program terminates before the
next input record is read.

Note: If the records are to be bypassed, they should not
be referred to on the Calculation or Output—Format
Specifications forms.

Figure 63. Specifying More Than Three Record Identification Codes
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Variable Length Input Records

If the record length of the shortest variable length record
is less than the highest position tested in Record Idnetifica-
tion, a blank cannot be used as a means of identifying a
record in those positions that exceed the length of the
minimum record. This is illustrated in the following ex-
ample:

Record Identification Codes Record Length
X-14 30

X-30, X-41 NX-60 NX-49 60

X-21, NX-79 80

X-49, NX-34 50

The minimum variable-length record is 30 positions;
therefore, a blank cannot be used as a record identifica-
tion code in any position higher than 30.

Stacker Select (42)

This specification causes cards to be selected into stackers
of the input/output units. It is used when an input/output
unit with more than one stacker is attached to the system.

If no entry is made in Stacker Select, the cards from the
input file are selected to the first stacker pocket depending
on the input/output unit attached to the system.

For input cards that are to be punched by the program
(that is, combined file), stacker selection must be specified
on the Output-Format Specifications form.

The stacker pockets and their acceptable codes are shown
in Figure 64.

The stacker select entry is made on the same line with the
record identification. If different records in an OR relation-
ship are to be stacker selected, the appropriate stacker
select entry must be written on each OR record identifica-
tion line.

FIELD DESCRIPTION ENTRIES

As mentioned previously, the Input Specifications form
consists of two categories: record identification and field
description.

On the 1record identification portion of the Input Specifica-
tions form, one line represents the specifications for one
record t:ype. On the field description portion of the form,
one line: represents the specifications for one field of a
record.

The following information concerns the individual field
descriptions of one record type. Field descriptions are
always written on the specification line immediately below
the speecification line that identifies the record type.

Field description entries describe the fields of the input
record to be used in the report. Each field of the record
requires one line on the Input Specifications form. Posi-
tions 7-42 of the line must be blank.

Note: Unused record fields should not be described since
this could waste core storage and processing time.

Stacker Stacker
Input Number Select Code
IBM 1442 Card Read-Punch 1 1 or Blank
2
16M 2501 Card Reader - Blank
IBM 2520 Card Read-Punch 1 1 or Blank
2 2
1BM 2540 Card Read-Punch R1 1
R2

Figure 64. Summary of Stacker Select Specifications (Input)

8§



Packed (43)

Packed format in the System/360 means that two decimal
digits can be represented in one core storage byte. This is
the data format used for numeric fields in RPG. Because
input data is usually represented in the unpacked format
(one digit in one core storage byte), the RPG program auto-
matically converts numeric input data from the unpacked
format to the packed decimal format. Because the packed
decimal format permits greater use of storage capaci ties
(card-tape-disk), the RPG program permits numeric data
to be put out in the packed decimal format. (See Ou:tput-
Format Specifications Forms).

In order to use this numeric output data in subsequent pro-
cessing runs, RPG permits data in packed decimal forimat
to be read into the RPG program.

Enter a P in this position if the numeric input field is iin
the packed decimal format. Otherwise, leave this position
blank. (The letter P causes the RPG program to bypass
the normal conversion of unpacked format to packed
decimal format.)

The implied field length for determining the length of fields
in calculation specifications for input in packed decimal
format is:

2n — 1, where n = number of input record positions
used.

Note: When an unpacked numeric field is packed internally
by RPG, a ‘C’ sign bit configuration is developed for non-
negative fields. Therefore, when creating a file, care should
be taken that any packed fields which will be used in a
binary compare or chaining operation be created and main-
tained with a ‘C’ rather than ‘F’ sign bit configuration. If
the ‘F’ is used, unequal compares and no record found
conditions will result.
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Field Location (44-51)

Positions 44-51 of the Input Specifications form are used
to describe the location of each field in the record. The
maximum field length for a numeric field is 15 digits. The
maximum field length for an alphameric field is 256 char-
acters.

From (44-47)

This specification contains the location of the first position
(leftmost position) of the field. This entry must be right
justified. Leading zeros may be omitted.

To (48-51)

This specification contains the location of the last position
(rightmost position) of the field. This entry must be right
justified. Leading zeros may be omitted.

Note: For indexed-sequential files; fields within the key
area may be specified if the data records are unblocked and
no Key Field Starting Location (positions 35-38, File De-
scription Specifications form) has been specified. Fields
within the key area may be indicated by entering a K to
the immediate left of the high-order digit. If a K is
specified in the From entry, then it must also be specified
in the To entry, and vice versa. At least one nonzero digit
must be to the right of any K entry. Figure 67 exemplifies
a key field specification. The section Users Guide for
ISAM Processing contains an explanation of key and record
formats.

Figure 65 illustrates a card input record. The field location
specifications necessary to read this card into the system
are shown in Figure 66.
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Figure 65. Sample Input Card
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Figure 66. Example of Field Location Specifications




The fields of the record may be listed in any sequence. (In
this example they are shown in the same sequence as they
appear on the card to make the example easier to under-
stand.)

The specifications in Decimal Positions and Field Name are
also included in Figure 66 because all three fields are closely
related. These specifications are explained following the
description of Field Location.

Records in an OR Relationship

It is possible to specify two different record types with just
one set of specifications. This is known as an OR relation-
ship. There are three types of OR relationships:

1.  One or more record types have the same fields in the
same positions of the record. (For example, all fields
in one record type are in the same relative positions
in another record type.)

2. One or more record types have the same fields, but
the fields are in different positions of the record.
(For example, unit cost is in positions 21-25 in one
record type and in positions 31-35 in another record

3. One or more record types have different fields in the
same positions or in different positions of the record.
(For example, two record types with ten fields in the
same relative positions, but with three fields in dif-
ferent positions.)

It is of value to specify an OR relationship for the types in
items 2 and 3 above only if there are more fields that are
alike than fields that are unlike.

As an’example of the first type of OR relationship, assume
that there were two detail labor cards in the preceding ex-
ample; perhaps the second was created during the previous
week’s reporting. If the second card has the same fields

as the first but with a different record identification code,
it is necessary to repeat all of the field specifications for the
second card.

Figure 68 shows the only additional specifications required
in order to specify both detail labor cards. The specifica-
tion OR is entered in positions 14 and 15, and positions
16-18 are left blank. The last OR line (if there is more than
one OR relation) is followed by the field description entries.

Figure 69 and 70 illustrate how to specify two records in

an OR relationship when the field locations are not the same.
The input record in Figure 69 is similar to the record in
Figure 65 except that FLDC is located in positions 61-65
instead of positions 66-70. By specifying an OR realtion-
ship, it is possible to specify both record types with one

type.) set of specifications.
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Figure 67. Specifying Key Fields
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Figure 70 illustrates the specificatons for this example.
The numbers in the margin of the subsequent text refer to
the numbers circled in Figure 70.

1.  When field locations are not the same for both types,
it is necessary to provide a separate record identifying
indicator code for the second record type.

2. Each field that is not located in the same positions
in both record types must be specified twice. Each
of the two specifications must be related to the ap-
propriate record type. This is accomplished by
specifying the appropriate resulting indicator code in
Field Record Relation.

For example, FLDC located in positions 66-70 is related to
record identifying indicator 14 (the record type identified
by a § in position 35), and field FLDC in positions 61-65

is related to record indicator 16 { the record type identified
by a 6 in position 35). Thus, if record identifying indica-
tor 14 is on, FLDC will be taken from positions 66-70;

if record identifying indicator 16 is on, FLDC will be taken
from positions 61-65.

It is also possible to take advantage of an OR relationship
to specify control fields that are not in the same positions
in two different record types. In addition, specifying
record types in an OR relationship is not limited to just
two records. As many records as required can be specified
as having an OR relationship.
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Decimal Positions (52)

This specification performs two functions:

1.  Itisused by the object program to determine the
number of decimal positions contained in the field
specified in Field Location.

2. It causes the field specified in Field Location to have
0-(zero), 11-, or 12-zone bits removed from all posi-
tions except the rightmost position.

If the field specified in Field Location is to have calculations
or edit functions performed upon it or if it will be zero
suppressed in the output, there must be a specification in
Decimal Positions. If there are no decimal positions in an
arithmetic field, a zero must be specified. This specification
must be left blank if the field is alphameric.

In Figure 71, the fields DIVSON, DEPT, and EMPNO con-
tain numeric information but, because they will not have
arithmetic operations performed upon them, they are
specified as alphabetic fields by leaving Decimal Positions
blank. The NAME field is alphabetic and therefore is also
blank in Decimal Positions. The fields FLDA, FLDB, and
FLDC are numeric arithmetic fields with decimal specifica-
tions of zero.
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Field Name (53-58)

Each field defined must be given a field name. Once a name
has been assigned to a field, other references to it are made
by using the field name, rather than by using the specific
record position each time. Thus, the record positions of
the input fields are not needed when writing the calculation
and output specifications.

The field name must begin with an alphabetic character,
and it must start in position 53. The field name may be
alphameric, but it may not contain special characters or
embedded blanks.

Figure 72 illustrates field names that are easy to read and
suggest the function of the fields they represent.

Two input files may have fields with the same field names.
A field name is assigned only once by RPG. The two input
files use the same storage location for fields with identical
names. This procedure is permissible when using RPG, but
the programmer should be aware that possible errors in
calculations or output may occur when two input files have
the same field names. This is especially important when
chaining fields are specified on the Input Specifications
form.

Specifying the Same Data Field as Alphameric or Numeric

If the same field from an input record is to be used as both
an alphameric and a numeric field, the field must be speci-
fied twice by assigning two different field names to the
same location in the record. (If no decimal positions are
specified for the field, it is considered to be an alphameric
field.)

Using Input Data Fields as Constants

The term constant is frequently used to describe informa-
tion 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 technique for getting this information to the program
is to define a special record type and assign a field name
that is not otherwise used. This technique will also permit
entering of constants that are too large to be specified as
literals in the source program.

When only a single input file is processed, the date or con-
stant card(s) may be placed at the front of the file preced-
ing the first data record.
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If an additional file is required for entering the constant
information, it may be designated as a primary file and the
data file as a secondary file. Using this technique, the
primary file will be processed first and the constant informa-
tion will be entered prior to the data records.

If multiple input files are processed, the constant card(s)
may appear as the first records on any file. The constant
records should be defined in the input specifications for
the associated file and should not have matching fields (see
Matching Fields in this section). In a job with multiple
files, the constant file could be designated as secondary
and since its associated input sf)eciﬁcations have no match-
ing fields, its records will be processed first.

Control Level (59-60)

As the object program is processed, a change in a control
field causes all processing indicated by this change to be
initiated. Positions 59-60 are used to provide a convenient
and simple method for specifying all control functions.

Up to nine control levels can be used by RPG. These

levels are designated from low to high as L1, L2, L3, . ...
L9. An indicator similar to a record identifying indicator
is associated with each control level designation. They are
used to control 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 positions 59-60. The
first three lines in Figure 72 show the entries for the three
control fields.

The field DIVNO (first entry in the example) is the highest
level of control.

Indicator L3 could be used to specify when the calcula-
tion specifications for the control field DIVNO are to take
place or when the totals for the field DIVNO are to be
printed or summarized. More information regarding the
use of the control level indicators is presented in the de-
scriptions of the Calculation and Output-Format Specifica-
tions forms.

Whenever a record is read that contains a control field
specified with a level indicator in positions 59-60, the data
in the field location defined as the control field is compared
with the data from the same previous control field. If the
data differs, the specified level indicator and all defined
lower-level indicators are set on.

The level indicators are set on just before total time proces-
sing for the record that caused the control break. They are
set off after detail time processing of the new record.

Therefore, total time calculations and output from the last



control group, and detail time calculations and output for
the first record of the new control group, can be conditioned
with the level indicators.

Note: Whenever control levels are used, a control break
will occur on the first record of a record type which has
control levels. Total calculations, total lines, and overflow
lines are bypassed until after the control break occurs.

Additional Functions of Control Level Specifications

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, and
the other is used for any other uses of the field (such as
for printing or arithmetic calculations).

When an alphameric field is used as a control field, the
zone bits in the field are used in the comparison of one
record to the next. To use an alphameric field for control-
ling functions without considering the zone bits, specify

the field as numeric by making an entry in Decimal Posi-
tions. In Figure 72 the field DIVNO is used for controlling
functions. The entry L3 causes the value of the field
DIVNO to be stored in the control field holding area in
packed format with a plus sign of C. The sign of the value
is C regardless of the sign of the input field.

Split Control Fields

Several fields in an input record can be specified as one
control field. In the lower half of Figure 72, three fields,
which are not in adjacent record positons, are specified
with the same 14 control level. The three fields are treated
as one control field:
CUSNO ACTNO REGNO
The first field defined on the Input Specifications form is
placed in the high-order position, and the last field is placed
in the low-order position. All fields are placed according
to the sequence in which they are defined on the Input
Specifications form.

Figure 72. Field Names
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Using Split Control Fields with Field Record Relation 4.  If a field record relation indicator is specified for a
control level, the related field location is used for
The use of the Field Record Relation specification in con- control purposes Vf'hene‘ver that 1nd1c;.ator ison. The
junction with control level indicators permits the program- ?xarflples tha't are 1dent1f.‘1ed b.y the circled numbers
mer to define the same control level for split or nonsplit in Figure 73 illustrate this point.
control fields in various record types. This is illustrated in . o . .
Figure 73 and Figure 74. 1. When either indicator 93 or 94 is on, L1 is
composed of positions 1-5 and 6-10.
The fo]lowiflg ppin}s must l?e cons}dered when using t“1e1d 2. When indicator 91, 93, or 94 is on, L2 is com-
rfacord relation indicators with split control field specifica- posed of positions 11-20.
tions.
3. When indicator 92, 93, or 94 is on, L3 is com-
1. The overall field length for each control level must be posed of positions 21-40. A control level with
the same in each group. a blank field record relation indicator is used
for control purposes when all indicators that
2. The sum of the split control fields cannot be greater condition any field with the same control level
are off.
than 256 bytes.
4.  To specify a portion of a split control field as
3. Split control fields of any one level are arranged in being common to several record types, repeat
storage in the same sequence as they appear in the that portion of the field definition with each
input specifications. record type indicator.
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Matching Fields or Chaining Fields (61-62)

This specification is used if the input consists of more than
one file. It provides the program with the ability to match
or to chain the records of one file with those of another
file.

Matching Fields

Up to three matching fields (designated by M1, M2, and
M3) are allowed. This entry may be used to match records
in different sequential files. The second sample program
in this publication uses matching fields in a card input file
and a tape input file to govern processing of records. A
discussion of this use of matching fields is contained in
Processing Multiple Input Files.

If a field specified in Field Location also has an entry in
Matching Fields, the field is placed into another storage
area known as a matching field hold area. Comparisons
of matching fields are performed in these hold areas.

Using the Matching Fields Specification for Sequence
Checking: If only one input file is specified, fields within
the file may be sequence checked by using the Matching
Fields specification. Up to three fields within the file

may be checked. In Figure 75 three fields within the input
file are to be sequence checked. The data from the three
fields will be moved by the RPG program to the matching
field hold area as shown in Figure 76. When the second re-
cord has been read, it will be moved as shown. The com-
pare operation is made on all three fields at the same time.
M3 is placed in the highest-order position. M1 is placed

in the low-order position.

In position 18 of the File Description Specifications form,
the programmer must specify if the file is in ascending or
descending sequence. In Figure 76 assume that the file has
been specified in ascending sequence. The number
003051008 is lower than 005025003. Thus, the file is in
ascending sequence.
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Note: A chaining file may also be sequence checked. How-
ever, if it is the chaining field that is to be sequence checked,
it must be defined twice using two different field names.
The chaining indicator is entered in one field definition and
the matching fields indicator in the other.

If the file is not is sequence Halt indicator HO is set on. Un-
less this HO indicator is set off by a SETOF operation (see
Setting Indicators On or Off, the program terminates before
the next input record is read.

Exit to External Translate Subroutine: If the sequence of
the matching fields is not the same as the collating sequence
of System/360, the RPG program can provide an automatic
exit to an external user subroutine that translates the sequ-
ence of the matching fields to the collating sequence of the
system.

An entry in the RPG processor control card is all that is
required to cause the RPG program to branch to the sub-
routine. 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 matching fields must use
the predefined label ALTSEQ. The register conventions
for this subroutine are the same as those for the EXIT
operation. (See Using Tables and Exit Routines in the
Object Module, Exit to a User’s Subroutine.) The address
of the matching field hold area will be contained in register
1. The subroutine must place the translated fields back in-
to the matching fields hold area before it returns control
to RPG.

Chaining Fields

The use of chaining files is explained in the section Pro-
cessing Multiple Input Files, Chaining. Up to nine chaining
fields are permitted in a record. In these positions enter
the code that identifies the chaining field (C1 through C9).
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Field Record Relation (63-64)

This specification is used when there are records in an OR
relationship and the fields of the records are not in the

same location. Enter in positions 63-64 the appropriate
record identifying indicator which will be on when the

field is used. An explanation of the use of this specification
was contained in Field Location, Records in an OR Relation-
ship in this section, and an example of this specification is
provided in Figure 70.

Using Indicators U1-U8 as Field Record Relation Indicators

Indicators U1-U8 may be used for a special purpose in the
Field Record Relation positions. If one of these indicators
is used, the field is not processed when the indicator is

off. If the indicator is on, the field is processed like a nor-
mal field. These indicators will be set at object time before
any records are processed. See the section Specifying the
Kind of Galculation for a further explanation of indicators
U1-U8.

Note: U1-U8 may not be used as field record relation in-
dicators when a field is a matching field or a control level
field.

Using Field Record Relation with Chaining Files

An additional function of this specification is to selectively
control chaining operations. (See Processing Multiple Input
Files, Chaining for a general explanation of chaining. In
order to understand this function, readers should be familiar
with chaining operations and with the use of the Calculation
Specifications form.)

If a chaining field is specified on a field description line and
Field Record Relation is blank, the chained record will be
obtained whenever the record type (for the chaining field) is
present. However, if a record identifying indicator is placed
in Field Record Relation, then the chained record will be
obtained only if the record type is present and the record
identifying indicator (in Field Record Relation) is on.

This feature provides the programmer with the ability to’
use chaining files on a selective basis. The function of this
feature of Field Record Relation is similar to the function
of controlling calculations by the status of record identify-
ing indicators.
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A variation of the use of this function of Field Record Re-
lation is to control two chained files with one chaining
field. For example, the chaining field would be specified
twice on the Input Specifications form. Each specification
line would be conditioned by a separate record identifying
indicator. The particular chained record obtained would
depend upon the status (on or off) of the appropriate
record identifying indicator.

Field Indicators (65-70)

This specification is used to test the status of a field when
it is read into the system. Depending upon the status of the
field (plus, minus, or zero or blank) it sets on an indicator
that can be used to control calculation and output specifica-
tions, or even to stop the processing of the object program.

The entry for the specification is an indicator which will be
set on when the field specified on the line is plus, minus, or
zero or blank. For more information, see Indicators.

Field Status Conditions

Plus: A plus condition occurs when the value of a numeric
field is greater than 0.

Minus: A minus condition occurs when the value of the
numeric field is less than zero.

Zero or Blank: A zero or blank condition occurs if a num-
eric field contains all zeros or blanks, or if an alphameric
field contains all blanks. It is set on if a numeric field is
either +0 or —0.

Note: For alphameric fields, positions 65 through 68 must
be blank.

Types of Indicator Codes Used

A two-digit field indicator code is used for this specification.
These codes, ranging from 01 to 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 by the previous specifica-
tion for it.



Note: Defining these indicators means specifying them on
the Input Specifications form in Record Identifying Indica-
tors or in Field Indicators. This should not be confused
with using these indicators. Using these indicators means
specifying them in Indicators on the Calculation Specifica-
tions form or in Output Indicators on the output form as
many times as required. In the latter case, they are merely
tested to determine their status and not reset by the test.

Halt Indicators

There are ten additional indicator codes, known as halt in-
dicators that can be used in the RPG program. These in-
dicators, designated as HO through H9, halt the processing

of the object program when error conditions (as determined
by the programmer) have been detected. These indicators
can also be used in Calculation and Output-Format Specifica-
tions forms to control specifications and stop processing.

For example, the status of a field can be tested and, depend-
ing upon the results of the tests, a halt indicator may be set
on which terminates the object program.

If one of these indicators has been set on during the proces-
sing of a record, the object program terminates at the com-
pletion of the processing of that record. However, proces-

sing will not be interrupted if a halt indicator that has been

set on is set off (in the program) before the program attempts
to read the next input record.

The HO indicator can also be set on automatically by the
RPG program. The conditons that cause HO to be set on
automatically are listed in Appendix D. Unless HO is set
off by a SETOF operation (see Setting Indicators On or
Off, Calculation Specifications Form), the program termi-
nates before the next input record is read.

Use of Field Indicators

Field Indicator 07 in Figure 77 is used to determine if
FLDB contains zeros or blanks; indicator 06 is used to
determine if the value contained in FLDA is positive. In-
dicator 07 and 06 would both be used to control functions
in the calculation and output specifications that must be
altered or modified depending on the status of FLDA and
FLDB.

Note: Use of indicators HO-H9 as field indicators testing
zero or blank (69-70) causes the program to terminate as
the first record is read because any indicators used in
(69-70) are initialized on.

Figure 77. Example of Field Indicators Specifications
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How Field Indicators are Set Off and On

Indicators used for testing for plus and minus conditions,
are set (turned on or off) if their respective conditions
occur when a record is read into the system. Each field
indicator is related to only one record type. Therefore,
the indicators are not reset (turned on or off) until the
related record type is read again or until the indicator
number is defined in some other specification. One or

- more field indicators can be set on at one time.

Indicators used for testing for zero or blank conditons are
set in the same manner as those used for testing for plus
and minus conditions. They can, however, be reset by one
other condition. The output specification Blank After
causes a field to be set to blanks or zeros (depending upon
whether the field is alphabetic or numeric) after execution
of the output operation specified. If the field being reset
to blanks or zeros is an input field that is being tested for
zero or blank, the field indicator specified for it is set on
when the field is set to blanks or zeros by the Blank After
specification.

Any plus or minus indicators associated with the field

are not set off by virtue of the Blank After specification.
All zero or blank indicators are initialized on at the begin-
ning of the program to reflect the initial status of the
associated fields. (All fields defined in an RPG program
are initialized to zero if numeric or blank if alphameric.)
The indicators remain on until the status of the associated
fields change as a result of an input record being read or a
calculation being performed.
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Sterling (71-74)

Enter in these positions the place in the record that con-
tains the sign of the sterling field. If the sign is in the nor-
mal place, enter an S in position 74. Leading zeros may

be omitted. Leave these positions blank if the sterling
specification is not used. Additional information on sterling
is in Sterling Routines for RPG.

SUMMARY OF INPUT SPECIFICATIONS

This concludes the description of the input specifications.
Additional information on matching or chaining fields
may be found in Processing Multiple Input Files. The input
specifications listed below are used with the Calculation
and Output-Format Specifications forms.

1.  Record Identifying Indicator

2.  Field Name

3.  Control Level

4. . Matching Fields

5.  Field Indicators

The use and function of these specifications may become

more apparent to the reader after the descriptions of the
calculation and output specifications have been read.



Calculation Specifications Form

This form is used to specify the operations to be performed The three categories contain the following kinds of informa-

by the generated program upon the input data and upon tion:

data obtained as a result of other calculations. Two general
rules govern the writing of calculation specifications: 1.

1. Each operation is specified on one line of the form.
Operations must be listed in the order in which they
are to be performed in the program. 2.

2. - Detail calculations must precede all total calculations.
Calculations within these two groups must be specified
in the order in which they are to be performed on the

When calculations are to be performed. These entries
(positions 7-17) determine when calculations are to
be performed and upon what conditions they are to
be performed.

What type of calculations are to be performed. These
entries (positions 18-53) determine the type of calcu-
lations to be performed, such as add, subtract, multi-
ply, etc. These entries also supply information about
the result of the calculations.

data.
3. What tests are to be made on the results of the calcu-
lations. These entries (positions 54-59) test the results
The calculation form is divided into three categories as of the calculations to modify subsequent calculations
shown here: or output specifications.
IBM ional Business Machines C: Form X21-9083
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SPECIFYING WHEN CALCULATIONS ARE TO BE PER-
FORMED

The two specifications in this category are Control Level
and Indicators.

Control Level (7-8) °

Calculations are performed at either detail time or total

time. Detail calculations are performed on every record read.

Total calculations are performed only when a control level
change occurs.

A test for a control change is made after-each record is read
into the system. Total calculations are performed after this
test is made and before the record that caused the control
change is processed.

An entry in positions 7-8 indicates the calculation is to be
performed at total time. (A blank entry in these positions
indicates the calculation is to be performed at detail time.)

The entries for this specification are control level indicators
L1 through L9, and indicators LO and LR.

Control level indicators are set on by control breaks. When-
ever a control break occurs, the indicator for the new con-
trol level and all indicators for the lower-order control
levels are set on at the same time. A change to control level
3, for instance, causes indicators L3, L2, and L1 to be set
on.

A control level indicator remains on during total time and
during the subsequent detail time, which inctudes both the
calculating and the printing of the detail record.

If an object module has only detail calculations, this speci-
fication is left blank. The indicators that control detail
calculations are specified in Indicators (positions 9-17).
However, positions 9-17 may also be used to control total
calculations.

The next two paragraphs describe indicators LR (last record)
and LO (level zero).

LR (Last Record) Indicator

This indicator is set on after the last input record has been
read and calculated and after the appropriate detail records

are put out. At this time control level indicators L1 through
L9 are also set on.
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If there is more than one input file, the programmer deter-
mines which files are to be checked for the last record. This
is accomplished in the File Description Specifications form.

LR is set on when all files with an E in End of File position
(17) on the file description specifications have been com-
pletely read.

LO (Level Zero) Indicator

The LO indicator is on throughout execution of the object
module. It specifies total calculations to be performed at a
time when no control break has occurred.

The LO indicator can be used, for instance, to accumulate a
total for each page in a report even though there is no con-
trol break at the end of a page.-

Figure 78 illustrates six control level specifications.

Total calculations (and total output) are processed at the
beginning of the execution of an object program as follows:

1. If no control fields are specified on the input specifica-
tions for any records, total calculations and total out-
put lines are bypassed for the first record read,
because no data is on the first record.

2. If control fields are specified on the input specifica-
tions for at least one record type, processing of total
calculations and total output is bypassed until the
record following the first record with specified control
fields is read.

For example, if the first record read is for control
purposes (for example, a date card) and the second
record has specified control fields, no total calcula-
tions or total output are performed for the second
record. The third record causes total calculations and
total output to be tested. (This function prevents
total calculations and total output for the first
record with control levels). Total calculations or
total output conditioned by LO (or total output lines
without L1-L9 specified) are performed whether or
not a record with control levels has been processed.

3. If the first record processed has a control field of all
blanks (or all zeros if a numeric field), a control
break will occur when the card is processed.
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Indicators (9-17)

Entries in positions 9-17 indicate conditions that control the
calculations specified in positions 18-59. Indicators can be
specified in these positions for both total and detail calcula-
tions. From one to three indicator codes can be specified

to be in an AND relationship. In an AND relationship,

if three indicator codes are specified, all three indicator
conditions must be satisfied before the calculation can take
place. It is impossible to have an OR condition with this
specification.

Enter in positions 10-11, 13-14, and 16-17 the indicators
that determine when the calculation is to be performed. If
an indicator must be off, enter an N in either position 9,
12, or 15 (whichever is appropriate).

The specifications used in these positions can be arranged
in the following categories:

1.  If positions 9-17 and positions 7-8 are blank, the cal-
culation specified on the line is performed each time
‘a detail record is read.

2. Arecord identifying indicator code determines the
particular record type on which the calculation is to
be performed. This calculation will not be performed
on any other record type.

3. A field indicator code controls the calculation accord-
ing to the status of an input field.
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A resulting indicator code controls the calculation by
conditions that occurred on previous calculations.
(This feature is shown on the Calculation Specifica-
tions form, positions 54-59 and discussed under
Indicators.)

Control level indicator L1-L9, used with a particular
record identifying indicator, permits the calculation
to be performed at detail time, but it is performed
only on the first record of the control level specified.

The MR, matching record, indicator code means that
the calculation is performed only if there is a match-
ing record in a second input file.

Halt indicators HO through H9 are normally used to
terminate the program or to suppress a calculation
when an error has been detected on a previous cal-
culation.

The overflow indicators permit the calculation to tak
place only if a page overflow has occurred.

All total calculations will be by passed until the first
control break has occurred.

The use of indicators U1-U§ permits calculations to
be controlled by indicators that are set externally.
See Specifying the Kind of Calculation in this sectiol
to learn how these indicators are set on and off.

1



In additjon, this specification entry (positions 9-17) may
contain a combination of some of the preceding categories.
Also, a calculation may be conditioned by the fact that an
indicator must not be on.

Figure 79 shows entries that may be made in positions 9-17.
The numbers to the right of the entries refer to the follow-
ing list:

1. The first example is a blank entry. This means that
the calculation is performed on every detail record.

2. In this example, indicator 16 could be a record identify-
ing indicator for a specific record type.

3. In this example, indicator 16 could be a record
identifying indicator and indicator 18 could be a field
indicator, which is specified on the Input Specifica-
tions form. If indicator 18 is used to test an input
field for blanks, this entry means that the calculation
would be performed if record type 16 is present and
the contents of the field represented by indicator 18
is not blank.

4.  This example is similar to the previous example.
However, indicator 19 could be a resulting indicator
set on by the previous calculation. The calculation
specified on this line in positions 18-59 would not be
performed unless indicator 19 was also on.

S.  This entry means that the calculation is performed at
detail time on control level 1, and only if indicator
24 is on.

6.  This entry means that the calculation is performed
only if indicator 16 is on and there is a matching
record conditon. For example, when fields from
detail records are multiplied by a factor contained in
a master record, the program must have a way of en-
suring that the detail record has been matched with
the appropriate master record.

7. The entry NH1 prevents the object program from
performing the calculation if an error conditon has
occurred. Note that when an error occurs, the job is
not terminated until after all processing for the
record has been completed. This facility is provided
so that the programmer can prevent the calculation
of erroneous data.

8. This entry means that the calculation is performed on
the detail cycle following an overflow condition.

9.  The entry NU1 prevents the object program from per-
forming the calculation if indicator Ul has been ex-
ternally set on.

Calculations in an AND/OR Relationship

AND/OR relationship is specified differently on calculation
specifications than on input and output specifications. An
OR condition is defined by means of separate entries.. An
AND condition is defined by setting an intermediate indica-
tor. Figure 80 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. Indicator 21 must be set off each time
or the addition will not be conditioned correctly.

SPECIFYING THE KIND OF CALCULATION

This section describes the kind of calculations to be per-
formed. These specification answer the following four
questions:

1.  What fields are to be used (Factor 1, Factor 2, Opera-
tion, and Result)?

2. What fields are to be acted upon (Factor 1, Factor2,
and Result)?

3. What is the operation (add, subtract, multiply, etc.)?

4.  What is done with the result?
Factor 1 (18-27)

This specification can be a field name, a literal, or a label
and is the same as Factor 2 (positions 28-32). Ifitisa

field name, it must have been defined on the Input Specifica-
tions form, or it must be defined in the Result Field of a
calculation. The field name must be left justified, and the
first character must be alphabetic. The operation code used
(positions 28-32) determines which factors are to be used
and the type of entries allowed.

Note: The field names UDATE, UMONTH, UDAY, and
UYEAR may be used in Factor 1 with the exception of
operations TAG, EXTCV, and RPGCV. '



IBM International Business Machines Corporation Form X21-9093

Printed in U.S.A.
RPG CALCULATION SPECIFICATIONS

12 75 716 77 78 79 80
Date Punching | Graphic Page[D Program
Instruction
Program Punch
4 Resulting
Indicators Indicators
Arithmetic
F Plus [Minus | Zero
« Field 2SIz Compare
. 34 And And i i el F1Z
Line |y i Factor 1 Operation Factor 2 Result Field Length | | & [Figh [cow [€aval Comments
[ Pt slgl1>2)1<2j1=2
€ gg % <
E é;l zs §' .25 1] Lookup
Table {Factor 2} is
High } Low |Equal
34 slels aloholnhziaialisiieliz)is 19 20 21 22 23 24 25 26 27]28 20 30 31 32|33 34 35 36 37 38 39 40 41 42043 a4 45 46 47 4849 0 sulsalsalss 5556 57158 s9l60 61 62 63 64 65 66 67 68 69 70 71 7273 74
_+» _— r..J_W_...__‘-ﬂ—-‘—..-—.—--._

S

—

o
WY
o
b~

) 3MC 6N
N

%

o

7
7

o

IS
SY

)

o
-

ASY
(2]

S
3

'S
[e]

S
=

A=Y
(¢}

X
(SH{=HH{=HA=H{=

1
L
H,
U,

o9 i@c
110 c
1] lc |

Figure 79. Using Indicators
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Figure 80. Indicators in an AND Relationship




General Description of Data Fields

1. A field name to be used in calculations must be de-
fined in either positions 53-58 (Field Name) of the
Input Specifications form, or positions 43-48 (Result
Field) of the Calculations Specifications form. The
first character of a field name must be alphabetic, and
the name must not exceed six characters. Special
characters and embedded blanks must not be used.

2. Literals are the actual data to be used, rather than a
name representing the location of data in storage.
Literals may be numeric or alphameric and must be
left justified. Alphameric literals must be enclosed
in apostrophes.

3. Alabel is the name of a subroutine BEGIN or END
statement or a TAG statement. The first character
must be alphabetic, and the label must not exceed
six characters. Special characters and embedded
blanks must not be used. A label cannot have the
same name as a field.

Numeric Literals: A numeric literal consists of any com-
bination of digits O through 9. One decimal symbol and/or
one plus or minus sign may be used. Other separators (such
as a comma between the thousands and hundreds positions)
may not be used. The European format of commas to de-
note decimal points may be used if the inverted print option
is selected in the RPG control card. '

Rules for Forming Numeric Literals:
1. A numeric literal may be ten characters or less.
2. Blanks must not appear within a numeric literal.

. The sign, if present, must be the leftmost character.
An unsigned literal is considered positive.

The decimal symbol may appear anywhere in the
literal.

Numeric Literals must not be enclosed in apostrophes.

'phameric Literals: An alphameric literal consists of
:aracters enclosed in apostrophes. Alphameric literals may

be used for compare, move, and table lookup operations,
but must not be used in arithmetic operations.

Rules for Forming Alphameric Literals:

1. The maximum length of alphameric literals is eight
characters, excluding the two enclosing apostrophes.

2. Alphameric literals must be enclosed in apostrophes.

3.  Any characters of the EBCDIC character set may be
used in an alphameric literal. Blanks in the body of
the literal are treated as valid characters.

4.  Anapostrophe may be included in a literal by enter-
ing two consecutive apostrophes. For example, the
literal o’clock is coded as ‘0”clock’.

Figure 81 illustrates entries for Factor 1. The numbers in
circles refer to the items listed below.

1.  GROSS could be a field name specified on the input
form.

2. NETAMT could have been specified as the result
field of the previous calculation.

3.  This numeric literal could be used in the program to
determine if specific fields in the input records were
higher or lower than this number. The position of
the decimal symbol must be indicated if the number
is not a whole number.

4.  Alphameric literals, like the one in this example, can
be used to compare against a data field in the input
records to perform certain types of calculations upon
records representing the month of January.

5. This shows an apostrophe within an alphameric literal.
The literal is printed as O’NEILL.

6. A numeric literal of 0 is created. This is normally used
in a Z-ADD instruction to set a field to zero.

7. A numeric literal of minus 1 is created. This could be
used in arithmetic or compare operations.

8. A numeric literal of 5000 is created. An implied
decimal position of zero is used since no decimal
point is included.

9.  Alabel name of LOOP is specified. Thisisusedina
TAG statement.
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Factor 2 (33-42)

The description of Factor 1 also applies to Factor 2. The
field names UDATE, UMONTH, UDAY, and UYEAR may
be used in Factor 2 with the exception of operations
EXTCV, GOTO, EXIT, and LOKUP.

Summary of Factor 1 and Factor 2

1.  Enter either the name or the literal that is Factor 1 or
Factor 2 in positions 18-27 or 3342.
2. If Factor 1 or Factor 2 contains the name of a field,
the field must be defined in either:
a. Positions 53-58 (Field Name) of the Input Specifica-
tions form.
b. Positions 43-48 (Result Field) of the Calculation
Specifications form.
3. A name cannot exceed six characters. Special Char-

acters and blanks must not be used.
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4. A numeric literal cannot exceed ten characters; an
alphameric literal cannot exceed eight characters.
5.  Entries in Factor 1 or Factor 2 must be left justified.

Operation (Positions 28-32)

Entries in these positions specify the operations to be per-
formed using Factor 1, Factor 2, and Result Field. Each
operation is specified by placing the operation code in
Operation (positions 28-32).

Arithmetic Operations Code
Add ADD
Zero and Add Z-ADD
Subtract SUB
Zero and Subtract Z-SUB
Multiply MULT
Divide DIV
Move Remainder MVR
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Move Operations

Move

Move Left

Move High-to-Low Zone
Move Low-To-High Zone
Move High-to-High Zone

Move Low-to-Low Zone

Testing or Compare Operations
Compare

Test Zone

Branching and Exit Operations
Branching (or GOTO)
Providing a Label for GOTO
Exit to a Subroutine

RPG Label

User Label

Setting Indicators On or