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This manual presents advanced RPG Il programming topics
for application programmers and students, who must code
programs for IBM System/3:

® Model 6

® Vodel 8

® Model 10 (Card System)
® Model 10

® Nodel 12

® Nodel 15

The System/3 Mode! 8 is supported by System/3 Mode! 10
control programming and program products. The facilities
described in this publication for the Modei 10 are also appli-
cable to the Model 8, although the Model 8 is not referred
to. Note that not all devices and features that are available
on the Model 10, are available on the Model 8. Therefore,
Model 8 users should be familiar with the contents of the
IBM System/3 Model 8 Introduction, GC21-5144.

PREREQUISITES

This manual assumes that you have coded and tested some
basic RPG 1! programs that include listing records on a
printer, simple calculations, group totals, and the use of
more than one record type. You may have gained this
experience through IBM education courses, programmed
instruction courses, or previous data processing experience.
Introduction to RPG 11, GC21-7514, contains some of

this basic information.

Page of GC21-7567-2
Issued 24 May 1976
By TNL: GN21-5389

Preface

ORGANIZATION OF THE MANUAL

This publication has eleven chapters. Chapters 1-6 cover
information that is basic to most data processing jobs:
RPG Il program logic, detailed information about writing
input, output, and calculation specifications and the con-
cepts and specifications involved in multifile processing.
Additional programming topics that you may require for
your job are presented in Chapters 7-11: controlling input
and output during calculation time, tables, arrays, data
structure, and the DEBUG operation.

RELATED PUBLICATIONS

There are numerous IBM System/3 publications containing
further information on RPG II. The following are the re-
lated reference manuals:

® /BM System/3 Card System RPG |! Reference Manual,
SC21-7500

® /BM Systerm/3 RPG |1 Reference Manual, SC21-7504
{Model 10, Model 12 and Model 15}

® /BM System/3 Model 6 RPG |1 Reference Manual,
SC21-7517

If you are programmming on a disk system, it would be help-
ful if you would understand the disk concepts and disk fiie
processing information in the following books before read-
ing this book:

® /BM System/3 Disk Concepts and Planning Guide,
GC21-7571

® [BM System/3 RPG 1] Disk File Processing Programmer’s
Guide, GC21-7566






This publication is a programmer’s guide; it is not intended
to serve the same purpose as a reference manual of language
specifications and does not replace a reference manual.

RPG |l programming topics are approached and organized
according to their normal use in a data processing job, using
exampies whenever possible. Unlike a reference manual,
individual chapters are self-contained units of information,
intended to be read from beginning to end. However, if you
desire information about a specific topic, you may go
directly to that topic by using the index or the table of
contents. |If an individual chapter has a special prerequisite
topic, that topic is clearly identified on the title page of

the chapter.

Although the chapters are complete units, there is a logical
progression of topics through chapters 1-6. Therefore, you
may wish to read them consecutively. |f you have read the
RPG 11 Programming Fundamentals Programmed Instruc-
tion course, you do not need to read chapters 1-6 consecu-
tively.

How To Use The Manual

For ease of illustration, many of the examples in this book
use card-like figures to represent records. This does not
imply that a card device must be used for input or output
in these situations. Any of several input/output devices
might be used, depending on which System/3 model and
configuration you are using.

Review Questions

Review questions and answers are provided at the end of
each chapter. Where chapters contain several related topics,
these questions are grouped by subtopic. If you wish, you
may turn to the end of the chapter after you complete each
subtopic, to answer the review questions and reinforce what
you have learned, before continuing the chapter.
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Chapter 1. RPG |l Logic

CHAPTER 1 DESCRIBES:
Basic RPG H logic.

RPG Il logic related to indicators.

AFTER READING THIS CHAPTER YOU SHOULD BE ABLE TO DESCRIBE:
Basic three-step logic of a data processing job.
Detail time and total time.
Specific steps in a basic RPG !l job that includes detail and total operations.
RPG 11 logic related to the following indicators: 1P, LR, record identifying
indicators, field indicators, resulting indicators, halt indicators (H1-H9), overflow
indicators (OA-OG, OV), matching records indicator (MR).
Note: You can use the review questions contained in Review 7 at the end of this

chapter to test your comprehension of the chapter. Answers follow the review
questions.
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INTRODUCTION

What procedures do you follow if you are preparing bills to
send to customers? Before you can do anything you need
some information. You have to know three things: (1)
the customer’s balance at the beginning of the month; (2)
his purchases; and (3} his payments. Once you have
gathered this information, you can perform the necessary
calculations to find the amount due. Finally you record
this amount on the bill. You go through these same pro-
cedures for each customer.

This is a type of job you can easily have your computer do
for you. To do the job, however, the computer must know
the same things you know. You must, therefore, tell it
exactly what information to expect, what to do with the
information, and what to give you as a result. This you do
through specifications you write: File Description; Exten-
sion; Line Counter; Input; Calculation; and Output-Format.

To do this billing job, you do things in a logical order. You

read information first. You do calculations second. Finally,
as a result of the calculations, you record the amount owed.
Then you begin to do the same things ‘n the same order for

the next customer,

The computer must also do things in a logical order. The
information you supply through specifications doesn’t give
the computer the logic it needs to do your job; the RPG Il
Compiler supplies this. RPG Il logic supplied by the com-
piler is the framework for your job. When your source pro-
gram is compiled, your source statements are fitted into the
framework of RPG Il program logic to make a complete
program. The generated program then has all the informa-
tion it needs to do your job in a logical manner.

What happens if, in doing your billing job, you find that a
customer paid more than he owed? You know immediately
that he has a credit balance and indicate so on the invoice.
How does the RPG Il program recognize this situation?
And how does it know what to do when such a situation
occurs?

The RPG Il program uses signals which tell it when a partic-
ular situation occurs and what to do when that situation
does occur. These signals are known as indicators. There
are many different kinds of indicators which signal many
different situations. You, as a programmer, must know how
to specify the indicators so that they signal to the computer
what you want them to.

1-2

RPG Il logic is built around these indicators. Their status
{on or off) affects the sequence of the program’s operations.
The logic is set up to test the status of various indicators at
specific times. By testing indicators, the program knows
what to do next.

RPG 11 program logic is designed to take care of all types of
jobs. You must understand this logic to write specifications
which make correct use of it.

Because the logic is a rather complex topic, it is described
segment by segment. However, when you have finished
reading this section, you will have a picture of how the
complete RPG I} program logic works.

BASIC DATA PROCESSING LOGIC

Usually, all records in a file of input records are not read at
once. Your computer probably is not large enough to store
and work with information from all records at the same
time. Therefore, records are read one at a time. Three
steps, as shown in Figure 1-1, are done for each record read.

The phrase program cycle refers to all the operations per-
formed from the time one record is read until the next rec-
ord is read. One program cycle is therefore one revolution
around the circle used to illustrate the program logic. Since
one program cycle {(one revolution) is needed for each rec-
ord read, many program cycles are required for every job.

Consider how the three step logic shown in Figure 1-1 works
for a job which requires a detailed listing of purchases made
by each customer. The input file is in ascending order by
customer number. Each record contains customer name
(NAME), number {NUM), and charge (CHRG). Information
from the record is merely transferred to the printed page.
One line is printed for each record read. Each record read

is known as a detail record and each line printed is a detail
line.

The job begins: the first record is read. No calculations are
performed. A record is then printed. This ends the first pro-
gram cycle. The second begins with the reading of another
record. Figure 1-2 shows the input and output of the detail
printing job.

Suppose, however, instead of merely listing the charges
made by each customer you also wish to find the total
charges for each customer, as shown in Figure 1-3.
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Write or punch
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Figure 1-1. Basic Logic of a Data Processing Job
1795 JOHN BART 2453
/ 1762 BILL BELL 13142
/ 1645 JOE AARON 643
1645 JOE AARON 742
Input file 1645 JOE AARON 7.42
1645 JOE AARON 6.43
13.85*
1762 BILL BELL 131.42
1645 JOE AARON 7.42 131.42*
1645 JOE AARON 6.43
1762 BILL BELL 131.42
1796 JOHN BART 24.93
1796 JOHN BART 2493
1796 JOHN BART 2.98
Printed report L/,\__/,,_\__/___/\_\

Figure 1-2. Detail Printing Job

Figure 1-3. Calculating and Printing Totals
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To do this, you must do calculations to accumulate a total
in addition to printing out individual (detail) records. But
when do you print out the total you have calculated? The
total for a customer, of course, should be printed after all
detail records for that customer have been printed (Figure
1-3). However, in the three-step logic discussed so far, there
is o provision for printing a total record. Neither is there

a way to distinguish between individual input records in
order to determine when all records for a customer have
been read.

If the RPG Il program used only the three-step logic, it
would not be able to do this job and many others like it.
It could adequately work with information from only one
record at a time, as in the detail printing job. It could not
correctly do operations to accumulate data from several
records,

L J
Perform detail
output operations

Detail
time

Perform detail
calculations

® Perform tota/
output operations

Figure 1-4. Basic RPG 11 Logic

14

BASIC RPG Il LOGIC

RPG It logic, therefore, is an extended version of this 3-step-
logic. it calls for calculations and output operations to be
done at two different times in one program cycle (see Fig-
ure 1-4}. The names detai/ and total have been given to the
times at which calculation and output operations are per-
formed. Total time, as the name suggests, is the time in
which total operations are done on data accumulated from
a group of related records. The printing of total charges for
Joe Aaron (Figure 1-3) is an example of a total time opera-
tion. Detail time is the time in which operations are per-
formed for individual records. An example of a detail time
operation is the printing of an individual charge for Joe
Aaron. Remember, detail operations are done for every
record read, but total operations are done only after a cer-
tain group of records are read (see Figure 1-5).

Read a record

Perform tota/
calculations




Detail operatlons
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1713 LEE ARMSTRONG 379

Done for

1713 LEE ARMSTRONG 571

every record \

1713 LEE ARMSTRONG 475

1713 LEE ARMSTRONG 298

1645 JOE AARON 643

Customer number 1645 JOE AARON 742

GROUP 2

Total Operations:

field (NUM)

Figure 1-5. Detail Versus Total Operations

Because this basic RPG Il logic is only a framework for your
job, you have to supply additional information so that your
job will be complete. Only then will your program work
correctly. For example, the RPG Il compiler supplies your
program with the logic framework which enables it to do
detail and total operations. But you must tell it when total
operations should be done and which calculation and output
operations are to be done at detail time and which are to be
done at total time.

Remember that the only way you can tell the program
what to do in certain situations is to use indicators. Con-
trol level indicators are used to tell the program:

1. When to do total operations.

2. What operations are total operations.

If you were finding total monthly charges for each cus-

tomer, how would you know when to record totals for
each customer? When you encounter a record with a dif-

Done only after
all records in

one group have
been processed.

/GROUP 1

ferent customer number in the NUM field, you know that
you have gathered all the information for one customer.
(You could use the NAME field to tell you this, but there
is a chance that two customers may have the same name.)
You would then record that total before gathering infor-
mation for the next customer.

Any field used to control and direct processing is known
as a control field. You indicate to the compiler program
which field is a control field by assigning one of the control
level indicators (L1-L9) to the field in columns 59-60 of
the Input sheet. You also use this same control level indi-
cator to tell the program which calculations are total calcu-
lations by entering the indicator in columns 7-8 of the
Calculation sheet. Those calculations that are not con-
ditioned by a control level indicator (in columns 7-8) are
detail calcutations. Control level indicators are not used

in the Output-Format sheet to indicate detail and total
records. Rather a T is used in column 15 to indicate a
total output operation; and H or D is used to indicate

an operation done at detail time.
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Specific Steps in Basic RPG |} Logic

Figure 1-4 shows very generally the sequence of events in an
RPG Il program cycle. The RPG i logic actually consists
of definite steps taken during the cycle. When you do a job
you mentally ask yourself questions such as, “Do | do this
now? Do | have all my information? What should | do
next?”” RPG Il logic also asks questions. It uses your pro-
gram to find the answer and thus determines what to do
next. The questions, and specific steps taken based on the
answers to the questions, are shown in Figure 1-6.

According to RPG I logic, after a record is read the program
checks to see if information in the control field of the record
just selected is different from the control field information
in the previous record. (The program always saves the con-
trol field information so that it can make a comparison.} If
there is a change, the proper control level indicator {the one
you assigned) is turned on. This means that all records

from one group have been read. All total operations can
then be performed. Control level indicators are always
turned off before the next record is read.

‘ .
[
[
[ J
d
Turn off control Read a recor
level indicators
L1-L9.
o
~
~
~
~
~
-~ ®
Perform detail ~ ~
output operations ~
(those identified ™~ ~
by D or H) ~
Detail P
i [ ]
time y / \
\
7/ Total
7/ / .
Y time \
AN
/ / ®
e AN
Perform detail / N
calculations (those / N Change in control field?
with blanks in / / \ If yes, turn on control
columns 7-8) s / N\ level indicatiors ®
L4 AN
Move data from
/ \

record read at
beginning of cycle
into processing
area

Ve

Perform total output
[ J operations (those
identified by a T)

Figure 1-6. Steps in RPG Il Total and Detail-Time Logic

1-6

Perform total

calculations (those
conditioned by L0O-L9
or LR in columns 7-8
of Calculation sheet)




Notice the step between total and detail time. Here data
from the record read at the beginning of the cycle is moved
into a processing area and becomes avaifable to use in cal-
culations and output. Data from this record is not available
at total time. Total operations are performed only on data
accumulated from previous records. Detail operations on
the record which caused the control level indicator to be
turned on are done only after total operations for previous
records.

Why are total operations done before detail operations?
Think of what would happen if the record which caused

the control level indicators to be turned on were processed.
Information on this record would be added to information
from records in the previous group. As a result, the totals
printed would be in error since they contained information
from one record in the next group (the record just read).

To prevent data from the first record in a new control gropp
from being accumulated in the totals for the previous
group, total operations are done before detail operations.

First Program Cycle

When control fields are specified for a record, the first pro-
gram cycle may be slightly different from the others.

Control level indicators are turned on by the first record
containing control fields. This happens because contents
of the control fields on this record are different from the
biank control field areas that were in main storage before
the record was read. To prevent printing of blank totals on
the first cycle, RPG |l logic causes total operations to be
bypassed on the first cycle.

Note: If the initial input records do not contain a control
field, total calculations and total output operations are
bypassed on each program cycle through and including the
first cycle in which a record with control fields is read.

Summary of Basic RPG Il Logic

Figure 1-7 shows specifications for the group printing job
previously discussed and the logic for the first four pro-
gram cycles. Follow the logic involved in each program
cycle step by step. Remember, the cycle repeats itself from
the time the program is started until the last record is
processed.

Be sure you understand this basic logic before proceeding
further.

RPG Il LOGIC RELATED TO INDICATORS

It was previously stated that RPG |l logic is built around
indicators. This section discusses how logic related to in-
dicators fits into the basic RPG Il detail and total time
logic shown in Figure 1-4.

in your specifications, you use indicators to tell the pro-
gram what to do and when to do it. Although you use in-
dicators, you do not set them. Naturally the indicators
don't turn on and off by themselves. The compiler supplies
logic which is needed to control the setting of indicators.

Indicators are set to signal various conditions that occur
during the execution of a program. In addition to setting
indicators, RPG |1 logic also causes tests to be made for
various indicators at certain times in the program cycle.
Specific operations are performed as a result of these tests.

It is very easy to think that an indicator is on when it really
is off or vice versa. It is extremely important that you know
when indicators are on and when they are off in the pro-
gram cycle. Many programs fail just because the program-
mer did not understand RPG 11 logic concerning indicators.
The following paragraphs will discuss the time in the pro-
gram cycle at which indicators are set and the time at

which they are tested.
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Figure 1-7 (Part 2 of 5). lllustration of Detail and Total Time

Change in control field?
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Recall that there is
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on the first cycle,
although total operations
are bypassed.
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Figure 1-7 (Part 3 of 5). lilustration of Detail and Total Time
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1P (First Page) Indicators

It was stated before that the first program cycle is slightly
different from the others because total operations are by-
passed on the first cycle. Another difference in the first
cycle is that the first page indicator (1P} is on during the
beginning of the cycle. Any records conditioned by the 1P
indicator are printed before the first record is read.

This indicator is used to condition records which are to be
printed on the first page of a report. These records are
usually headings used to identify information found on the
page, but may also be detail lines.

® Tyurn off controf
level indicators L1—-L9
and 1P

Perform heading and detail
output for which conditions
have been met, including 1P
output (first cycle only)

Bypass total

START
(1P is on)
Perform detail
calculations
Move data into
® processing area
[ ]
® operations

Figure 1-8. Logic for the First Page {1P) Indicator

The 1P indicator is turned on only for the beginning of the
first cycle. It is turned off before a record is read and is
never used again during the program (see Figure 1-8).

Notice in Figure 1-8 that the program performs 1P output
and other heading and detail output first when it is started.
This is always true. in any program, 1P output and any
other heading or detail output for which specitied condi-
tions have been met is performed before the first record is
read. On succeeding cycles, however, it is usually easier to
think of reading a record as the first step in the cycle.

Change in contro! field?
If yes, turn on control @
level indicators
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Assume that a heading is desired on the report created by
the previous example (Figure 1-7). The heading should be
printed on the first page before any records are printed.
Thus the heading line is conditioned by 1P (see Figure 1-9).
Figure 1-10 shows what happens in the first cycle according
to RPG li logic.
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® processing area
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Figure 1-10. Program Cycle llustrating the 1P indicator
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Last Record Indicator (LR)

The last program cycle is also a little different from the
others. When the record with a /* in positions 1 and 2 is
read, the LR (last record) indicator is turned on. Since the
/™ record has no data on it, detail operations need not be
performed. Thus RPG Il {ogic is set up so that detail
operations are not done when LR is on {see Note). Total
operations are done. The program then ends.

When the last record indicator is turned on, all control level
indicators are also turned on. Thus all total operations con-
ditioned by L1-L9 and LR are performed. See Figure 1-11

for specific steps in the end of job logic.

[}
[ ]
®
o
®
HALT
o
[ Perform total
output operations

Figure 1-11. Logic for the Last Record (LR) Indicator

|
|
|

You use LR to condition all operations done at the end of
the job. These usually include the calculating of totals for
all records and/or writing or punching summary informa-
tion. Suppose the previous example (Figure 1-7), which
found total charges for each customer, required the state-
ment List Complete as of. (date job was run).
Since this is to print out after all records have been
processed, it is conditioned by LR (see Figure 1-12}.
Figure 1-13 shows what happens during the last program
cycle according to RPG |l logic.

Note: Detail operations are done if LR has been turned on
during calculations, rather than by reading a /* record.
However, when LR is turned on in calculations, the other
control level indicators are not turned on.

[ ]
®
Read a
record
Was the record
just read an end
of file { | * ) record?
[
®
®
If so turn
on all control
level indicators
and LR Y
Perform

total
calculations
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Record ldentifying Indicators (01-99) - After the program has selected the next record to process,
it turns on the record identifying indicator which you as-

You assign a record identifying indicator to each type of signed to that record type. This indicator is turned off only
record in the input file. If certain operations are to be per- at the end of each program cycle; thus it is on during both
formed for one record type only, you may condition those detail and total operations. Detail and total operations con-
operations by the appropriate record identifying indicator. ditioned by the record identifying indicator, currently on,
By this method you can tell the RPG Il program what oper- will then be performed.

ations to perform when it processes a specific record type.
Figure 1-14 shows specific steps in the RPG |1 logic related
to record identifying indicators.

®
PY o
®
[ J
[ ]
Read a
Turn off record
control level indicators
® and record identifying
indicators
Turn on record
identifying indicator P
identifying the
Perform i
outout detail record selected
u .
P for processing
@
[ )
R Change in control field?
Perform. detail Hf yes, turn on control
calculations level indicators ®
o
Move data
into processing
area
[ ]
Perform total
calculations
o Perform total
output
®

Figure 1-14. Logic for Record identifying Indicators
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Consider the use of record identifying indicators in a billing
job. A monthly file is kept which contains records of pur-
chases and payments made by each customer. In addition,
the file contains a balance forward record for each cus-
tomer. Figure 1-15 shows the three input record types used
and output records required.

The three record types are defined on the input sheet. Each
type is given a different record identifying indicator. The
record identifying indicators are then used to indicate which
operations are to be performed for each record type. Fig-
ure 1-16 shows the input, calculation, and output-format
specifications for the job. Use thesespecifications to help
you follow, step by step, the operations performed in the
program cycles shown in Figure 1-17.

NUM PAYMNT k— Payment
Record {Number) (Name) (Balance)
NUM PURCHS &+ Purcha
Control—\( R ¢ dse
X or
Field ec
4 (Purchases)
NUM NAME BALFOR Balance "
S Forward ”
Record (Payments)
”
A ”
——
(Balance) *
B
Record ldentifying
Code
Figure 1-15. Input and Output for Billing Job
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Figure 1-16 (Part 2 of 2). Billing Job Specifications Using Record identifying Indicators
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Figure 1-17 (Part 1 of 3). Program Cycle lllustrating Use of Record Identifying Indicators
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Figure 1-17 (Part 2 of 3). Program Cycle lllustrating Use of Record Identifying Indicators
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Field Indicators (01-99)

Field indicators are used to test a field on an input record
for a plus, minus, zero or blank value. Any operations
that are to be performed only when a numeric field is plus,
minus, or zero or when an alphameric field is blank may

be conditioned by the appropriate field indicator.

Note: A numeric field that is all blanks will turn on an
indicator specified for all zeros. However, if an alphameric
field is all zeros, the field will not turn on an indicator

specified for all blanks.

Field indicators are turned on or off after data from the
record to be processed has been moved into the processing
area. Figure 1-18 shows the RPG (] logic related to field

indicators.
[ J
[ J
[ J
Turn off
control level
° and record identifying
indicators
Perform detail
output
Perform detail
calculations
[ J
Move data
into processing
® area. Turn
field indicators
on or off
® Perform total
output
o

Figure 1-18. Logic for Field Indicators

For each program cycle, field indicators are set to reflect
the result of the test on a field. If the condition tested for
is satisfied, they are turned on; if the condition is not satis-
fied, they are turned off. A field indicator that is set as
the result of a test retains its setting until another test is
made using the same indicator.

When the indicator is on, any detail and total operations
conditioned by the field indicator may be performed before
testing of a field again resets the indicator. Remember that
at total time, however, the field indicator will have the set-
ting established in the previous cycle.

Turn on record @
identifying
indicator

Change in
control field?
If yes, turn on
control level
indicators

Perform total
calculations
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Consider the use of field indicators in the billing job pre- Each time a record with a B in position 96 is read, DISCRT

viously described. The same record types are used as in the must be tested. Only when it contains a positive value
previous job. The only difference is the additional fieid, should discount be calculated. Figure 1-19 shows the input,
discount (DISCRT), in columns 39-40 on the balance for- calculation, and output-format specifications for this job.

ward record.

Use these specifications to help you follow, step by step,
All employees receive a discount on everything they buy. the logic for each program cycle shown in Figure 1-20.
The rate of discount they receive is recorded in the DISCRT
field. AH accounts other than employee accounts have a
zero in the discount field since they receive no discount.
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Figure 1-19 (Part 1 of 2). Billing Job Specifications Using Field Indicators
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Figure 1-20 (Part 1 of 3). Program Cycles Hlustrating Use of Field Indicators
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Figure 1-20 (Part 2 of 3). Program Cycles lllustrating Use of Field Indicators
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Resulting Indicators (01-99)

Resulting indicators are assigned to signal something about
the result of a calculation operation. Any operation which
is dependent upon the result of the calculation can then be
conditioned by a resulting indicator.

Resuiting indicators may be turned on or off at either de-
tail or total calculation time. An indicator which is set as a
result of the calculation operation retains this setting until
the next time a calculation is done for which the same in-
dicator is a resulting indicator and the condition is not
satisfied. Figure 1-21 shows the RPG |1 logic related to re-
sulting indicators.

[ J
[ J
[
Turn off
control level
and record identifying
L] indicators
Perform detail
output
operations
Perform detail
calculations.
Turn Calculation
resulting indicators
on or off
[ ]
Move data
into processing
area. Turn
b field indicators
on or off
® Perform total
output
®

Figure 1-21. Logic for Resulting Indicators

A resulting indicator may change status in the same cycle.
This happens when one indicator is assigned to signal the
result of both a total and detail calculation. The total cal-
culation could turn it off and the detail calculation could
turn it on, or vice versa. The indicator will not, however,
be reset to show that a field is blank or zero after being
blanked out by the Blank After function (B in column 39
of the Output-Format sheet).

The use of resulting indicators is demonstrated by an inven-
tory job which determines whether an item needs to be re-
ordered. After inventory has been taken, the quantity on
hand is recorded for each item. If the quantity on hand is
100 or less, reorder should be immediate. If the quantity

Read a
record

Turn on record
identifying [ ]
indicator

Change in
control field?
If yes, turn on
control leve!
indicators @

Perform total
calculations.

Turn Calculation
resulting indicators
on or off
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is over 100, the item need not be reordered at this time. A
list of all items is printed. All items to be reordered are in-
dicated with a double asterisk. Figure 1-22 shows the
specifications for the job. Use these specifications to help
you follow the program cycles shown in Figure 1-23.

Figure 1-22. Inventory Job Specifications Using Resulting Indicators
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Figure 1-23 {Part 1 of 2). Program Cycles lllustrating Use of Resulting Indicators
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Figure 1-23 (Part 2 of 2). Program Cycles Illustrating Use of Resulting Indicators



Halt Indicators (H1-H9)

Halt indicators are used to stop the program when a speci-
fied condition is satisfied. Halt indicators may be used as
record identifying, field, or resulting indicators. When halt
inclicators are used as record identifying indicators, a halt
will be caused by a specific type of record: when used as
field indicators, a halt will be caused by erroneous input
data; when used as resulting indicators, a halt will be caused
by erroneous results from calculations.

HALT

Perform detail
output

Perform detail

calculation.

Turn halt indicators

used as resulting

indicators on or off

®
Move data from record
selected into
processing area.
® Turn halt indicators
used as field
indicators on or off
[ J

Figure 1-24. Logic for Halt Indicators

A halt indicator may be turned on at one of four different
times {see Figure 1-24). Its use, of course, will determine
when it is turned on. The program does not halt immedi-
ately when a halt indicator is turned on. All total and detail
operations remaining in the cycle are performed first; then
the program halts. This means that processing will still be
completed on information from the record that caused the
error condition,

Read a
record

Turn on halt
indicators when

used as record
identifying indicators

Change in

control field?

No, there is no
control field @

If total calculations were
done, halt indicators
used as resulting
indicators would be
turned on or off
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After a halt you may continue processing by pressing
START on the processing unit. Halt indicators are always

turned off before another program cycle begins.

Suppose a halt indicator were used in the billing job pre-
viously described in the discussion of field indicators. The
halt indicator is used as a field indicator to check for an
erro in the input record. When recording information for
a customer who makes many purchases and payments, the

NUM field is sometimes inadvertently omitted from the
record. Any record with a blank NUM field should be
corrected. Therefore, you must have some way of telling
the computer to halt if the NUM field is blank. The indi-
cator H1 in columns 69-70 (see Figure 1-25) will do this.

Figure 1-25 (Part 1 of 2). Billing Job Specifications Using Halt Indicators
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Figure 1-25 (Part 2 of 2). Billing Job Specifications Using Halt Indicators
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Figure 1-26 shows the three program cycles. In the first
cycle there is no error. In the second, a halt occurs because
of a blank number field. The third begins with another
record being read.

/1645 JOE AARON 643
J

JOE AARON 742
/1645 JOE AARON 47681‘
( |
! i
1645 JOE AARON 47.68 i | A
. | [
| N
| A
i B 5
® o L e ]
°
°
°
Turn off 1645 JOE AARON 4768

control level indicator L1
and record identifying
indicator 10

Turn on record
identifying ®
indicator 10

Perform detail
output

Change in
controi field?
Yes, turn on °
control level
indicator L1

Perform detai!
calculations
o

Move data into
processing area
®

Bypass total operations

Figure 1-26 (Part 1 of 3). Program Cycles Illustrating Use of Halt Indicators
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The second cycle shows that operations are performed on since detail operations are performed before the halt occurs.

the record that contains the blank NUM fieid. The record In order to prevent processing data which could be in error,
containing an amount of 742 has a blank account number you must write specifications which will bypass operations
field. Thus it is not known whether this record reatly be- when an error oceurs. This will be discussed later in the

longs to Joe Aaron. But Joe is

charged 742, regardiess, chapter titled Controlling Operations inn an RPG /! Program.

e 1645 JOE AARON 643
e e —
(/ JOE AARON 742 |
| | |
1645 JOE AARON  47.68 § | :
e | | i
7.42 ] | !
: A
| | |
J ot Y | Al
) — ® e e e e e
e @
—
P ]
//
».—-/‘ Pt R ——1
® Turn off record /’JOE AARON 742 I
identifying ’ Read a
RESTART Lo ! record
indicator 20 i ;
turn off H1 ‘ ;
@ \ | §
HALT
®
Turn on record
Perform detail identifying
output indicator 20
Second
cycle o
Perform detail L
calculations:
4768
742 Change in control field?
5510 No °
®
Move data into
° processing area.
Turn H1 on
{Blanks in NUM)
o
[ J
@

Figure 1-26 (Part 2 of 3). Program Cycles lilustrating Use of Halt Indicators
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1645 JOE AARON 643

1645 JOE AARON 47.68

7.42
6.43

.
[ ] .
1645 JOE AARON
Turn off record 643 Reaq a
identifying record
indicator 20
®
Turn on
- record identi- @
Perform detail fying indicator
output 20
Third L4
cycle
Perform detail °
calculations:
5510 (BALFOR)
043 (PURCHS) Change in control fieid?
6153 (BALFOR) No o
[ ]

Move data into
processing area

Figure 1-26 (Part 3 of 3). Program Cycles IHustrating Use of Halt Indicators
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Overflow Indicator (OA-OG, OV) Figure 1-27 shows RPG Il logic related to overflow indica-
tors. A more detailed discussion of the purpose and use of

Overflow indicators are used to signal when the end of a overflow indicators can be found in the chapter titled Con-

printed page has been reached. They are assigned to the trolling Printer Output.

printer file and turn on when the overflow line is printed.

This could be either at detail or total output time. Those

lines which you wish to print at the end of one page or at

the beginning of another are conditioned by the overflow

indicator.

@ Turn off control
level, record
identifying, and

o halt indicators

Read a
Hait if record
halt indicator
is on

Set off overflow
indicators if
performed during
this cycle

Turn on record
Perform detail !der.mfymg )
output indicator
If overflow
occurs, turn on
overflow indicator

Perform detail

calculations.

Turn calculation

resulting indicators

on or off 4

Move data into

Change in control field?
processing area.

If yes, turn on appro-

Turn field priate control level
indicators indicators
@ on or off

Is overflow indicator
on? If so, perform
output operations
@ conditioned by
overflow indicator Perform total Perform total
output. If calculations
Py overflow occurs
turn on the
overflow indicator

Figure 1-27. Logic for Overfiow Indicators
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Matching Records Indicator (MR)

Thus far, you have been concerned with only one input file.
According to RPG |l logic discussed so far, a record is read
from the input file, then processed. Another is read and
processed and so on. Suppose you have more than one in-
put file; from which fiie is a record read?

RPG Il lngic has been designed so that your program can
select the next record for processing. Figure 1-28 shows
general steps in the logic (multifile logic) required when

more than one input file is used.

Turn off

® control level,
record identi-
fying, and halt

R indicators
® Halt if

halt
indicator
is on

Perform detail
output,

Perform detail
calculations.
Turn calculation
resulting indicators
on or off
[ ]
Move data into
processing area. Turn
field indicators on or off
[ J
Turn MR
on or off
Perform total

output
[

Figure 1-28. Simplified Matching Record Logic
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The matching record indicator (MR} is used only when you
are processing more than one input file. It indicates when
fields on records from different files match. MR is set only
after total operations are performed. Thus, at detail time,
MR always signals the matching status of the record just
selected for processing; at total time, it reflects the matching
status of the previous record.

Specific steps in the multi-file logic are described in the
chapter titled Match Fields and Multifile Processing. At
this time, it is sufficient to know at what point in the pro-
gram cycle records are selected for processing and at what
point MR is turned on.

Multi-file logic: togic
used to select the
record to process
when more than one
input file is used.

Read a
record

Are end-of-file
conditions met?

Are multiple input
files being used?
If so, determine
the next record

to process
Turn on [ J
recording identifying
indicators

Change in control field?
If yes, turn on contro!
level indicators g

Perform total

calculations. Turn
calculation resulting
indicators on or off >




Setting Indicators

You have just seen the normal setting of indicators accord-
ing to RPG Il logic. You, in your program, can alter this
setting by turning any indicator {except 1P) on or off
through use of the operation codes SETON and SETOF
(see Figure 1-29). An indicator may be set during either
detail or total time. It will be set at the time the SETON
or SETOF code is executed and will retain the setting you
give it until it is reset according to the program logic.
(Refer to the logic for the various indicators, earlier in this
section, to determine when they are set on and off in the
logic cycle.)

Indicators of various types may be used anywhere in the
program. For example, you can use LR as a record identi-
fying indicator, L1-1.9 as resulting indicators, or L1-L9 as
record identifying indicators. If you need to set indicators
yourself, you should be thoroughly familiar with RPG {1
program logic so that you will use the indicators correctly
in your program,

Figure 1-29. Setting Indicators
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Arrange the following steps in the order they occur in the RPG |1 logic cycle start-
ing with Read a record.,

a. Read a record

b. Total output

¢. Move data from input area to processing area

d. Detail calculations

e. Detail output

f. Total calculations

In the RPG I cycle, total calculations and total output are for data from:
a. the record just read

b. records read in previous RPG I| cycles

When is the 1P indicator on? When is it turned off?

Which steps are bypassed during the first program cycle?

When the LR indicator comes on, the last program cycle ends after
therefore

’

When are record identifying indicators turned on? When are they turned off?

When are field indicators (the indicators which test the contents of an input field)
turned on or off?

Halt indicators may be turned on at various times depending on how they are used.

If a halt indicator is turned on, when does the computer stop?

Calculation resulting indicators are turned on during total or detail calculations.
When are they turned off?

operations are not performed when LR is on (/™ record read).

Review 1

Review 1
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Answers To Review 1

1-46

a,f,b,cde

1P is on at the beginning of the first program cycle only. It is turned off before
the first record is read.

total calculations and total output
total output, detail

Record identifying indicators are turned on right after a record has been read and
identified. They are turned off at the end of each RPG Il cycle.

Field indicators are set just after data is moved from the input area to the proces-
sing area.

The computer halts after detail output.

Resulting indicators remain on until reset by another calculation.



Chapter 2. Describing and Using input

CHAPTER 2 DESCRIBES:
Specifying and using contro! fields and split control fields.
Checking the sequence of record types.
Describing input record types using the OR relationship.
OR records with field record relation.
Field record relation with control fields.

Conditioning use of input files.

BEFORE READING THIS CHAPTER YOU SHOULD BE ABLE TO DESCRIBE:
Function and coding of input fields on the Input sheet.
Function of RPG Il indicators.

RPG Il object program cycle (Chapter 1).

AFTER READING THIS CHAPTER YOU SHOULD BE ABLE TO DESCRIBE:
Function and RPG Il coding for control fields and split control fields.
How to handle typical record type sequence checking situations.
Function and RPG Il coding for field record relation.
Uses for conditioning input files.
Setting external indicators.
Note: You can use the review questions contained in Review 2 at the end of this chapter

to test your comprehension of the topics in the chapter. Answers follow the review
questions.
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INTRODUCTION

For every RPG Il program, you must describe the input
information you are processing. This includes describing
input files, record types within each file, and fields within
each record type. Input files are described on the File
Description sheet; record types and fields within each input
file are described on the Input sheet.

From previous instruction, reading, and experience, you
should already know how to describe and use input files,
record types, and fields. You should also know how to use
RPG Il indicators to condition operations. This chapter
describes additional ways to use input with control level
indicators, field record relation indicators, and external
indicators.

CONTROL FIELDS

A basic type of report in any data processing installation is
a detail list that consists of one line of printing for each
record read, such as a transaction listing. Figure 2-1 shows
what a detail report would look like.

Because product classes are repeated for each line, the
report is cluttered and hard to read. The same report (Fig-
ure 2-2) grouped by class is much easier to read. Here, all
items from one class are listed together with headings used
on each page to identify the information. Since all items
on one page apply to the same class, the class is printed
only once. Such a report is sometimes referred to as a
group-indicated report. Group-indication is the printing of
control information on one line per group. The date is
printed at the bottom.

2-2

A control field is any field used to indicate when a certain
type of processing should be done. Since the CLASS field
(Figure 2-3) controls processing, it must be specified as

the control field. Each time a record is read, this control
field is checked for a change in contents {control break).
When a control break occurs, a different type of processing
or additional processing is to occur. In this case, a change
in the CLASS field indicates:

1. Skip to the bottom of the page.
2. Print the date.
3. Skip to a new page.

4, Print heading.

CLASS ITEMNO DESCRIPTION ON HAND
00124 7657352 SWEATER, V-NK, SZ 32 10
00124  63241B1 SWEATER, V-NK, SZ 34 16
00124  43151CK CARDIGAN, SZ 36 17
00124  76738K2 CARDIGAN, SZ 40 8
00126  54321K4 T-SHIRT, WH, SZ 30 1
00125  56422K4 T-SHIRT, WH, SZ 32 14
00125 5738144 T-SHIRT, WH, SZ 40 15
00125  58324B1 T-SHIRT, WH, SZ 42 8
* »
00125  57421C2 T-SHIRT, BK, SZ 46 12
00126 67341B3 WOOL SOCKS, BL 10 11

IN STOCK AS OF 10/30/70

Figure 2-1. Printed Report of all Items in Stock



CLASS ITEMNO DESCRIPTION ON HAND

00124 467321 SWEATER, V-NK, S§Z 32 10
6324181 SWEATER, V-NK, SZ 34 16
43151CK CARDIGAN, SZ 36 17
IN STOCK AS OF 10/30/70

CLASS ITEMNO DESCRIPTION ON HAND

00125 54321K4 TSHIRT, WH, SZ 30 11
56422K4 T-SHIRT, WH, SZ 32 14
5738144 T-SHIRT, WH, SZ 40 15
5832481 T-SHIRT, WH, SZ 42 8
IN STOCK AS OF 10/30/70

CLASS ITEM NO DESCRIPTION ON HAND

00126 6734183 WOOL SOCKS, BL 10 11
67432B3 WOOL SOCKS, GR 10 9
IN STOCK AS OF 10/30/70

Figure 2-2. Report Group - Indicated by Product Class
CLASS ITEMNO DESC ONHAND DATE
1 6 1213 32 33 38 39 a4

Figure 2-3. Item Record

Describing And Using Input
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Coding Control Fields

The RPG Ii specifications for the program are shown in
Figure 2-4. The entry L1 on line 02 of the Input Sheet
(Figure 2-4, insert A} establishes the CLASS field as a con-
trol field. When the information in the control field
changes {a control break occurs) L1 is turned on. The L1

indicator is used on the Output-Format Sheet {Figure 2-4,
incert B) to condition those operations which should be
performed only when a control break occurs. Note that the
L1 indicator is used in line 08 to condition the CLASS field
in the detail output line. This causes the CLASS field to be
printed only for the first record of a new control group.
That is, the CLASS field is printed only when it changes.

Figure 2-4. Defining and Using a Control Field
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Split Control Fields

Two separate parts of a field or two separate fields can be
used as one control field known as a split control field.
This is done by assigning the same contral level indicator to
both parts of the field. The compiler will consider the data
in the split control fields as one continuous field.

The soiution to the problem is to add a 3-character portion
to the customer number field using three columns which
are not adjacent to the original customer number field
{Figure 2-6). The original three numerals of the customer
number remain in the original field. The three additional
numbers are put in the new customer number field.

At the end of each month, a report is produced consisting

Suppose you have a 3-character customer number field in of:
the record and now need a 6-character field. The problem
is how to put a larger customer number (such as 100010, 1. Customer number.
100020} in a 3-character field. You cannot change records
easily because there is no room for expansion on either 2. A description of each purchase.
side of the customer number field (Figure 2-5), and to ex-
pand the field, the entire record format would have to be 3. The cost of each purchase.
changed. All programs using these records would also have
to be changed to accommodate the changed record format. 4. The total cost of all purchases.
This would be considerable work and inconvenience. RPG
Il provides the split control field feature to meet changing
data processing needs with minimum effort.
CUSTNO ITEMNO DESC QTYORD COST %
1 34 12 13 32 33 37 38 44
Figure 2-5. Three Digit Customer Field
CNUM2 ITEMNO DESC QTYORD COST CNUM1 {
1 34 12 13 32 33 37 38 44 45 47 48

Figure 2-6. One Customer Number Split into Two Parts

Describing And Using Input  2-b



The report is group-indicated as shown in Figure 2-7.

The customer number determines when totals would be
printed and thus must be used as a control field. However,
on each record the customer number is split into two parts
(two fields). Both must be used in order to get the correct
customer number (Figure 2-8).

Coding Split Control Fields

Split control fields must be described in specification lines
which follow one another {Figure 2-8, insert A).

CNUM1, the field in columns 45-47 of the record, must be
specified on the Input sheet before CN UM2, the field in
positions 1-3. This is required because the three digits in
CNUMA1 are the first three digits of the customer number.

Parts of a split contro! field may be either alphameric or
numeric. In this example, they were both defined as numer-
ic (indicated by the entry in column 52). If one of them,
however, had been defined as numeric and one as alphamer-
ic, they both are considered numeric by the compiler.

CHECKING THE SEQUENCE OF RECORD TYPES

Many data processing jobs require the use of several kinds
of information. Sometimes, this information must be in a
special order to produce the correct results.

Order of Record Types Within a Group

For example, to do end-of-the-month billing, you need
several kinds of information. For each account you must
know:

1. The balance forward at the beginning of the month.
2. Payments made during the month.
3. Purchases made during the month.

To get the amount due, you subtract payments made from
the balance forward and then add new purchases to that
amount.

Information concerning balance forward, payments, and
purchases is usually on more than one record. Payments
are usually recorded as they are received. Purchases are
recorded as they are made. The balance forward is also
kept on a separate record.

2-6

CUSTOMER PURCHASES cosT
001249 #14 NAILS 2.49
# 9NAILS 3.78
$6.27 *
001254 HAMMER 1.29
ELECTRIC SAW 42.85
$44.14 *
001497 2° X 4's 17.93
$17.93 *
001972 PLYWOOD 7.43
$7.43 *
002024 TILE 87.93

Figure 2.7. Report Group Printed by Customer Number
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Thus, to do the billing, three different types of records

are necessary for each account. Furthermore, these rec-
ords must be read in a special order. The balance forward
record must come first. The payment and purchase records
can be in any order; it makes no difference whether you
subtract all payments first, or add all receipts first, or add
receipts and subtract payments in any order. However,
you must decide on the order of these records for your
program and keep them in that order, since the computer
will always expect them in a certain order.

Management of a retail store requires all receipts to be
listed and subtracted before purchases are listed and added.
Thus, the order in which the records must be read is:

1. Balance Forward.

2. Payments.

3. Purchases.

®
DRAKE, A
S

DRAKE, A

Remember that these three types of records are necessary
for one account. When they are organized, they are organ-
ized according to account. Each record has a name on it.
All records with the same name must be grouped together
in the file and must be in the order indicated (see Figure
2-9, part A).

What if one of the records accidentally got out of order?
Some customer would end up with the wrong amount,

EDWARD, B

© { DRITT, ED

DRITT, ED

——J~—— Payment
DRAKE, A

~———Balance
/DRAKE, A

-«— Purchase

DRAKE, A

~— Payment
.

DOE, JOHN

®

~4e———————— Balance

DOE, JOHN

DOE, JOHN

~———— Purchase

+———— Payment

~4—e— . Balance

Figure 2-9. Order of Record Types Within a Group
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To prevent this, you direct your program to check for rec-
ord sequence by entries in columns 15-16 on the Input
sheet. These columns are titied Sequence and are used for
indicating the sequence of record types for each account.

These sequence columns are used for every program you
write. If you are not checking for a special order, these
columns must contain alphabetic entries. If you are check-
ing for a special order, these columns must contain numeric
entries (01-99).

Since it is first, the Balance record must be given the se-
quence entry 01 (see Figure 2-10). What sequence entries
would the Payment and Purchase records have? Logically,
they would be 02 and 03 respectively (Figure 2-10). How-
ever, you could have used 09 and 20. You may use any num-
bers from 01-99 just as long as the numbers used are in as-
cending order. However, 01 must always be used.
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Figure 2-10. Record Sequence
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Since there are three different types of records, each should
be identified by a code so that the computer knows which
record type was read. Record identifying indicators should
be specified for each record type. All fields in each record
type must also be described. Figure 2-11 shows how the
records kept by the retail store were described.

How does the entry specifying sequence help you check for
record sequence? Suppose a payment record was read after
a purchase record. This would be incorrect order. The pro-
gram knows that a 02 record type doesn’t come after a 03
type and will automatically halt because of the mistake.

More Than One Record Type Per Group

What would happen if two payment records (02 record
type)} were read in a row? The program would halit because
it expects a 03 record type to follow a 02 type. It does not
expect two 02 types in a row. But what if a customer ac-
tually made two payments during the month? Or what if
he bought more than one item during the month? You
wouldn’t want the program to halt whenever it read more
than one payment of purchase record per customer.

You must make another entry to indicate whether the pro-
gram can expect to read one or more records of the same

type in one group. This entry is made in column 17 (Num-
ber) of the Input sheet. A 1 indicates only one record per
type; an N indicates one or more records per type. In this
example, only one balance record is needed. However,
there may be more than one payment record or purchase
record. Figure 2-12 shows these entries.

Optional Record Types in the Group

Itis also possibie in this example to have no purchase rec-
ord. A customer might not have purchased anything during
the month. If so, a balance record would be read after a
payment record for the previous customer (see Figure 2-9,
part C). According to the specifications shown, this is
incorrect order. The program would halt.

To prevent halting in this situation, you must make another
entry, this time in column 18. Place the letter O in column
18 to indicate that the record type is optional (it may or
may not be present). If you leave column 18 blank, the
computer assumes that the record type must always be
present.

Of the three record types, which must always be there?
The balance forward record should be present. Leave col-
umn 18 blank for it. The other two record types are op-
tional. Enter the letter O for each (see Figure 2-13).

INPUT SPECIFICATIONS

GX21.9094  U/M 050*
Printed in U.5.A

Punch

Program
bl e Punching
Programmer Dats Instruction

]
! [ Card Electro Number 2
- [ o

75 76 77 78 79 80
Program
Identification

Figure 2-11. Description of Sequenced Record Types
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Figure 2-13. Optional Record Typesin a Group
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Checking the Order of Record Types in a Group

In summary, three entries must be made to ensure proper
checking of the sequence of records in a group.

1. Columns 15-16 must contain a numeral from 01
through 99 that indicates the order in which records
must be read.

2. Column 17 must contain an entry that indicates
whether or not more than one record of a type can
be expected. A 1 indicates that only one record of
a type will be accepted. An N indicates that more
than one record of a type will be accepted.

3. Column 18 must contain an entry which indicates
whether or not the record type is optional. The let-
ter O indicates that the record type is optional. A
blank indicates that the record type must be present.

Incorrect Records Within a Group

The entries for checking the sequence of record types with-
in a group will determine that the records in groups A and
B shown in Figure 2-14 are in order. Suppose, however,
that the payment records for John Hill and A. James were
mixed up {Figure 2-15). The program using the sequence
specifications just described would not find this error. The
record types are still in proper order, but the records them-
selves are in the wrong groups. To ensure that records are
in the right group other specifications have to be made.

For the end-of-month billing example, the NAME field is
used as a control field. A change in the NAME field indi-
cates the end of one group and the start of another. Since
the balance record is always the first one in a new group,
the balance record type should be the only one that causes
a control break. If the records are mixed up, as shown in
Figure 2-15, a control break will occur before all records
of one group have been read. For example, when the
Arnold James’ payment record is read after a John Hill
balance record, a control break occurs because information
in the NAME field changes. There should be no control
break at this time. If there is a control break here, the
results of the report will be inaccurate.

JAMES, A

JAMES, A

JAMES, A .

@ HILL, JOHN

HILL, JOHN

HILL, JOHN

L

JAMES, A /><- Purchase
JAMES, A g
JAMES, A
/\4-— Payment
[~e~—————————Balance
——-Purchase

le— Payment

«—— Balance

Figure 2-14. Correct Data Records in a Group



To prevent this, certain calculation specifications must be
made. Line 01 of the Calculation sheet shown in Figure

2-16 shows that indicator H1 is set on. H1 is a halt indica
tor. When it is on, processing halts after calculations and

output operations have been performed for the record just

read.

/JAM ES. A

JAMES, A

JAMES,

A

JAMES, A

-—— Pyrchase

HILL, JOHN

JAMES, A

-+—— Payment

@ (HILL, JOHN

JAMES, A

HILL, JOHN

[+~ Purchase

t————— Payment

|+——— Balance

Figure 2-15. Incorrect Data Records in a Group

Balance

Figure 2-16. Haitiny When Incorrect Record if Found in a Group
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Look at the indicators which condition the SETON opera-
tion, L1 and NO1. A control break (L1 turns on) caused by
record type 01 (balance record) is correct. But a control
break {L1) caused when any other record type (02 or 03)

is read indicates that a record is in the wrong group. This

is an error condition. Thus when L1 is on {a control break
has occurred) with any record identifying indicator other
than 01 (NO1), the halt indicator H1 is set on to stop proc-
essing.

Halting on an error is one way of handling error conditions.
This method allows you to stop, correct the record in error,
and start processing over again. This often wastes time since
you must restart the computer each time an error is found.
Programming to bypass the error is more often done. This
will be discussed at a later time.

Sequenced and Unsequenced Record Types in a Group

So far we have talked about having records in a group which
must be in a special sequence. However, you may also have
records in the group which need not be in any sequence. In
this case, all records which do not need to be jn sequence
are specified on the Input sheet before those that do. Re-
member that unsequenced records must have alphabetic
entries in columns 15-16, and blanks in columns 17-18.

Unexpected or Unused Records Within a Group

If the computer reads any record types which are not spec-
ified, it will halt. Often you may have several record types
within a file, but the job being done requires the use of only
a few of the record types. Do you still have to specify

each type? No, you don‘t. But remember each time an un-
described type is found, the program halts. This could result
in wasted time. Therefore, to prevent halting and to elimi-
nate a description of each record type, you specify a catch-
all indicator in addition to specifying all record types needed
(see Figure 2-17).
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According to the specifications in Figure 2-17, any record
read which does not have one of the identification codes
specified, is considered to be record type 99. If no opera-
tions are conditioned by record identifying indicator 99,
none will be done for all records which are considered type
99.

You may also use a catch-all indicator specification to pre-
vent halting when unexpected records (record in wrong
file, blank record, etc.) are read. Unwanted card records
are normally stacker selected into a special stacker so that
they can be removed from the deck at the end of the job.

Figure 2-18 shows specifications that describe three un-
sequenced record types used in the program and a catch-all
indicator which will be assigned to unwanted record types
found in the file. When records are not in a special order,
(alphabetic entries in columns 15-16), the catch-all indicator
is described last with no Record Identification Codes. The
catch-all indicator turns on if a card is read which can not
be identified by any of the preceding Record Identification
Codes.
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Figure 2-18. Unsequenced Record Types with Catch-All Sequence
Entry

FIELD RECORD RELATION INDICATORS

You may have some programs which process several dif-
ferent record types. Two or more record types might con-
tain identical fields. To eliminate coding these identical
fields for every record type you may use the OR relation-
ship which indicates that certain fields are found on all
record types. Not all fields are identical in different record
types, however. You must have some way of specifying
those fields found on only specific record types in the OR
relationship. Field record relation indicators indicate those
fields found on only specific record types.

Field record relation indicators will relate:
® A field to a specific record type in the OR relationship.

® Control fields and split control fields to a specific record
type in an OR relationship.

® Match fields for more than one record type (see Match
Fields and Multifile Processing).

OR Relationship

You can eliminate duplicate coding by using an OR relation-
ship to describe identical record types. This method also
reduces the size of the program.

When using the OR relationship, you need to write the
names of identical fields from more than one type of rec-
ord only once on the Input Sheet. OR relationship speci-
fications indicate that the fields named may be found on
all of the record types. The following input specifications
are necessary to set up the OR relationship:

1. Record identifying indicators (01-99) for each record
type.

2. The letters OR in columns 14-15 for all record types
other than the first.

3. Entries describing the record identification code of
each record type (columns 21-41).
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The record identifying codes must be described for all types
of records in the file before any fields are described (Figure
2-19).

The letters OR are placed before the description of each
record type except the first. OR indicates that the fields
listed may be found on all record types. In this example,
the fields listed may be found on records identified by an
N, D, or O in column 96. Identical fields are described
after the entries which establish the OR relationshigp.

OR Relationship With Field Record Relation Entries

In the exampie of printing a report by product class, all
record types had identical fields {Figure 2-3). Suppose that
the information on each record type is organized different-
ly; the records have some fields which are identical and
some which are not (Figure 2-20). Now you want to print
only a description of new items. The record identified by
an NV is the only one with the DESC field. All record types
still have CLASS, ITEMNO, DATE, and ONHAND fields.

The OR relationship can be used when all fields are not
identical. In this case, additional entries must be made in
the field record relation columns {63-64) on the Input
sheet. The entry consists of any of the record identifying
indicators (01-99) assigned to a record type specified in the
OR relationship. The record identifying indicator entered
in columns 63-64 relates a field to a particular record by
identifying the record type in which the field is found.

When columns 63-64 are blank, the fields listed are assumed
to be found in the positions specified on aff records in the
OR relationship. When an entry is specified in columns
63-64, the field is found only on the record type having that
record identifying indicator.

To use the OR relationship with tield record relation entries
you must:

Code the specifications describing record types in the
OR relationship (Figure 2-21, lines 02, 03, and 04).

Describe all fields which are identical on all record
types (Figure 2-21, lines 06, 07, and 08). In this
example, the identical fields are CLASS, ITEMNO,
and DATE.

Specify all fields that are found only on the first rec-
ord type in the OR relationship, then the second rec-
ord type, then the third, and so on (Figure 2-21, lines
10, 11, 12, and 13).

In this example, the only fields for the first record type
which have not been described are DESC and ONHAND.
For each field, the entry 01 must be made in colurmns
63-64. This entry means that DESC and ONHAND are
found on only the record type 01 identified by an N in
column 96.

Figure 2-19. Using the OR Relationship to Describe Identical Record Types
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CLASS ITEMNO DESC ONHAND DATE
1
<
1 5 6 12 13 3233 40 S0 95 96
New item Record
(@]
(o]
CLASS ITEMNO ONHAND DATE )
I
o
1 5 6 12 13 20 90 95 96
Regular Item Record
Q
[¢]
CLASS | ITEMNO ONHAND DATE R
It
|w)
1 5 6 12 13 20 90 95 96
Discontinued Item Record
Figure 2-20. Record Types with Some Identical Fields
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® Figure 2-21. Field Record Relation
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The DESC field is related to the record identified by an N
because this is the only record type having a DESC field.
ONHAND, however, is found on all record types. ON-
HAND must be related to the record having an AV in column
96 because it is in a different location on this record type.
The field location of ONHAND must be specified and re-
lated to the corresponding record type by the record iden-
tifying indicators (Figure 2-21, line 11).

Remember that when fields are not identical on all record
types, the field must be described and related to all record
types on which it is found.

All fields relating to onty one record type should be entered
as a group and must be given the same record identifying in-
dicators in column 63-64.

If most fields are common, describing the record type with
field record relation usually reduces the number of specifi-
cations you must write and the amount of storage necessary
to hold the instructions.

Field Record Relation with Control Fields

Control fields can also be related to a specific record type
in an OR relationship by field record relation entries. In
Figure 2-22 the CLASS field is a control field (L1 in col-
umns 59-60). It is also found cn all record types; blanks
in the columns 63-64 indicate this. However, if a contro!
fieid is found on only one record type, the control field
must be related to the record type in which it is found Dy
an entry in columns 63-64 (Figure 2-22, line 07).

The number of control fields need not be the same for
every record in the OR relationship. Regardless of the num-
ber of control fields per record type, all control fields and
all other fields refated to the same record type should be
entereu as a group (Figure 2-22, lines 07 and 08).

Field Record Relation with Split Control Fields

The rules applying to field record relation with control
fields also apply to field record relation with split control
fields. In addition, when split control fields are found on
record types described in an OR relationship used with field
record relation entries, all portions of the split control field
must be assigned the same control level indicator and the
same field record relation entry. This is necessary because
all parts of a split control field are on the same record rather
than on two different records.

RPG INPUT SPECIFICATIONS

(GX210094 LM 050
Prnted in 1S A

Figure 2-22. Field Record Relation with Control Fields
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CONDITIONING USE OF INPUT FILES (EXTERNAL Using One Program to do More Than One Job
INDICATORS)

Have you ever thought how useful it would be if, when

Thus far, in this chapter, you have read about jobs that doing similar jobs, you could use one program to perform

require the complete processing of all input files specified. more than one function?

The following topics will illustrate how you can use RPG |1

to do jobs for which: Consider, for example, the following jobs. Two types of
reports are required each week. One is a sales analysis re-

1. It is not necessary to process one or more of the files. port showing what items sold during the week. The second
is an inventory report showing balance on hand for each

2. It is not necessary to process an entire file. item in stock. Notice the similarity in the format of the

reports (Figure 2-23).

SALES ANALYSIS BALANCE FORWARD
ITEM NUMBER AMOUNT SOLD DATE ITEM NUMBER  AMOUNT SOLD DATE BALANCE
46732 7 09/15/70 46732 7 09/15/70
8 09/16/70 8 09/16/70
2 09/17/70 2 09/17/70
3 09/19/70 1 09/19/70
150"
46739 12 09/15/70
46733
20 09/16/70
32
25 09/17/70
46739 12 09/15/70
8 09/18/70
20 09/16/70
3 09/19/70

i —_— — A

Figure 2-23. Two Similar Reports from Two Different Jobs
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Two files are available: the MASTER file which contains
balance forward records for all items in the store; and a
transaction file (TRANS) which contains all the weekly
sales for each item (Figure 2-24). Both files are in ascend-
ing order by item number.

The sales analysis repcrt merely equires a listing of records
found in the transaction file.

The inventory report requires that records from two files
be matched. (If you are not familiar with multifile pro-

cessing using two input files, see the chapter Match Fields

ltem Number

Note; On disk systems,
MASTER & TRANS
could be disk or
console files.

and Multifile Processing.) When records from both files
match, the number sold is subtracted from the balance on
hand. The new balance is then printed on the report
following the list of transactions.

One report requires two files: the other only one. How
could you write one program to produce reports which
have such different file requirements? 1f you had some
way of telling the program when to expect the use of one
file and when to expect two files, it could be done.

This you can do with external indicators.

Item Number

/ 32489 { 00469
// 12369 / 00123
// 00469 { 00123
/ _J
00123 00123
—
00123 )
-
-
I
/ MASTER \
/ FILE \ / N
N
/ \ TRANSACTION ~
/ \ , FILE N
/ AN / AN
/ /
st e e e e e e g n s s ok 1 26 21 ae te mo m e s s e h e e s e e e s e 2 e e
T s a0 s 4 a1 41 45 9 67 ke 45 50 % 8 55 54 55 30 57 58 59 00 o1 1 e 35395 36 05 4 4 a2 4k se 48 2 47 4 9 5D 5 57 51 % T B 0 gk e e e 1r 1y es
T 65 0h 63 8859 10 1 7 117 7 T 0 s 84 wa 8 56 67 a6 86 a0 5 0 04 %6 s ot
214 8 8 12 1 16 T 18 1 v 5 13 08 s e 1 1 97 9895 1 108038 0% 0 08 U 2 5 ne e e Y N e 20 1 3 53054 7 6 01
B | B B8 B
‘o BALANCE A . i
8
8 ITEM DATE 8 % ITEM QUANTITY DATE 8
4 FORWARD 4 ‘
2 2 2
! ' I ToA w2 v e s w2 b 19 26 2 22 5424 29 26 27 28 28 40 v a2 1 ! Tz L L T L R R !
Lok y e e e vt ae o e . & 5
A A A A
8 8 8 8
4 4 4 4
2 2 2 2
1 1
1 ERTY FOTE40 4T 42 4% 44 44 S6 47 4B 49 SC 5 €2 7 54 55 56 ST S8 50 60 6 62 63 64 1 FA4OAR IR 2T 4B 30 4G A A2 41 44 49 46 47 4B 49 S0 K1 52 S oS4 8% Sh o nt 8 G4 i B g s R4 s
B B =)
A A A A
8 8 8 8
4 4 4 4
2 2 2 2
1
1 ESBE T ER B3 OO0 U0 4 e TS 6 7T TR 59 B0 81 B2 B3 BA 85 A6 87 BH B9 9C 91 92 93 94 9% a6 1 ! Bh BE 67 BE By LTV M2 T3 74 TR T ST A TG Ry B B/ B3 84 A% 86 B OAE Hu B0 40 92 At a4 b 4y
1BM 37400 IBM 3700

Figure 2-24. Format of Records Used to Produce Sales Analysis and Balance Forward Reports
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Setting External Indicators

You are already familiar with several types of indicators
used in the RPG Il language. These indicators are used to:

1. Signal the occurrence of a specific condition, such as
matching records, control break, or last record.

2. Control when certain operations should be per-
formed; such as only when a contro! break occurs,
or when a specific record type is read.

Most indicators are set by the program on the basis of the
conditions which occur during the execution of the pro-
gram. External indicators, however, are set by you prior
to the execution of the program. You do this in one of the
following ways, depending on which System/3 model you
have:

Model 10 Card System: In order to set external indicators
in the Card System, enter an Indicator Control Card in the
System Initialization Program. The control card must have
the following format:

Columns Entry
1-2 //‘(two slashes)
3 blank
4-6 IND
7 blank
8-15 One-position entries indicating the setting
of U1 through U8. Indicator U1 is set in
column 8, U2 in column 9, and so on, as
follows:
1 Indicator is turned on
0 Indicator is turned off
B (blank) Indicator remains as it
was set in the last job
16-96 blank

Figure 2-25 shows an Indicator Control Card which causes
external indicators U1 and U8 to be set on, indicators U2
through U6 to be set off, and indicator U7 to remain as it
was in the previous program.

Once an indicator is set, it is not changed during the entire
program. The only way the setting may be changed for the
next program is by another Indicator Control Card entered
in the System Initialization Program.

U1jU2|U3|U4!U5|U6{U7iUS8 — Indicators set
110{0j0|0|0 1 — Punches
N /
) /
// IND, | gapp 1
5334045 36 37 38 3 a0 & 42 41 an 45 4 37 4B 45 52 41 S 1 % % G 5T A 5 KC e 62 6 bt
B B
A A
8 8
4 4
2 2
1 il 34 & # n i o il 1 LN 4 !
B B
A A
8 8
4 4
2 2
:3 § 5 % 6 7 33 40 A a7 41 43 4% S 87 S8 8% S0 M G L4 e 47 A Sonn 62 b 6 ‘B
A A
8 3
4 4
2 2
1 1
IBM 3700 /

Figure 2-25. Indicator Control Card (Model 10 Card System)

Model 10 Disk System and Mode/ 15: Although most
indicators are set by the program, you set external indicators
prior to the execution of the program. This is done by
including a SWITCH statement in your Operational Control
Language. The format of the SWITCH statement is:

// SWITCH indicator settings

The indicator settings are:

indicator is turned on.

1 =
0 = indicator is turned off.
X = indicator is unaffected.
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Figure 2-26 shows a SWITCH statement which sets external
indicators U1 and U8 on and indicators U2 through U6 off.
Indicator U7 is unaffected.

Once an indicator is set, it is not changed until you provide
another SWITCH statement or perform IPL. You cannot
use the SETON or SETOF operation codes with external
indicators.

On the Model 15, when operating in job mode, SWITCH
settings are reset to O at end of job.

Model 6: The operator sets external indicators prior to
execution of the program by responding to the SWITCH
keyword displayed by the system. An eight-position re-
sponse is possible, corresponding to the eight external in-
dicators. Possible entries for each position are:

1

indicator is turned on.

0

indicator is turned off,

X

indicator remains unchanged.

For example, if the operator keys XXXX10XX in response
to the SWITCH keyword:

® {ndicator U5 is turned on.
® [ndicator U6 is turned off.

® |Indicators U1, U2, U3, U4, U7, and U8 remain un-
changed.

While displaying the SWITCH keyword, the system displays
the previous external indicator setting. f all indicators are
to remain unchanged, the operator responds to SWITCH by
pressing PROG START.

indicators set by the SWITCH keyword retain their settings
until another SWITCH statement changes them or the next
IPL occurs.

1 4 8 12 16 20 24 28

/16 I
/| BWLITCH [11330daX]1

Figure 2-26. SWITCH Control Statement

Using an External Indicator to Condition a File

You can assign an external indicator to a file. When the in-

dicator is on, the file is used; when it is off, the file is not

2-22

used. This then is how you can tell a program when to ex-
pect one file and when to expect two. Consider again the
two jobs discussed previously: sales analysis and inventory.

The TRANS file is needed for both jobs, the MASTER file
is only needed for the inventory job. Thus, the MASTER
file is assigned the U1 indicator. You set the indicator on
for the inventory job (MASTER is used here) and off for
the sales analysis job (MASTER is not used here).

The U1 indicator is assigned to a file on the File Description
sheet in columns 71-72. Any of the eight external indicators
(U1-U8) could be used. U1 was arbitrarily chosen for this
example (Figure 2-27).

Naturally, the calculations performed and the type of re-

port written out will depend upon which job is being done.
Different calculation and output-format specifications are
needed for each. In order to determine which specifica-

tions to use for a particular run of the program, calculation
and output-format specifications must also be conditioned

by the external indicator. This topic will be further

discussed under Controlling Operations in an RPG /I Program.

When writing a program which can do two jobs, be certain
that the two jobs are very similar. Where the jobs require
many different calculations and output operations, it would
be easier to write two different programs than to use ex-
ternal indicators.

Ending the Program Before Processing All Files Completely

When should end-of-job operations take place? The pro-
gram would normally end after all records have been pro-
cessed. When you are reading one file, you usually want to
process all records in that file. Normally, you wouldn’t
want to process a few records and then end the program
unless, of course, you found an error condition. The com-
puter also operates under the assumption that all records
in the file should be processed before the program ends.
The LR (last record) indicator which conditions end-of-job
operations is not turned on until the last record has been
processed.

Suppose, however, that you are using two files in your pro-
gram. The computer assumes that all records in both files
must be processed before the program ends. If you want
the program to end before all records in both files are pro-
cessed (for example, when the secondary file runs out of
records), you can specify this. This is done by placing an E
in column 17 of the File Description sheet for the file which
will terminate the program.
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Figure 2-27. Assignment of an External Indicator

Figure 2-28 shows the File Description sheet used in a
biiling program that is to end when the last record of the
secondary file has been processed. This is indicated by an
E in column 17.
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Figure 2-28. End-of-Job Specification
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To indicate that the program wili end only after all records
from a// files have been processed, you have the option of
leaving column 17 blank for all input, update, or combined
files or of placing an E in column 17 for all of these files.
Figure 2-29 shows both ways of specifying that all files
must be completely processed before end-of-job. For more
information concerning end-of-job for programs using more
than one file, see Match Fields and Multi-file Processing.
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Note: On disk systems, the files shown here might be on different devices, such as disk or console.

Figure 2-29. Two Ways of Specifying that All Records in All Files Must be Processed Before the Program Can End
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Review 2

1. A sales analysis report is to be group-indicated by salesman number as shown on
the print chart below (GX20-1776).

The fields on input file records are arranged as follows:

Positions
1-2 Salesman number {last two digits of the three possibie)
3-8 Amount of sale
9-23 Customer name
30 Salesman number (first digit of the three possible)
96 1 identifies the record type

Fill in the input specifications for this program choosing your own file and field

names.
; ;
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2. A large warehouse requires a weekly report showing the quantity of each item in

stock. Three types of records are found in the file for every item in stock:

a. In Stock, which records the quantity in stock at the beginning of the week. This
record must be present, and there can be only one per item. It is identified by a
Qin column 96.

b. Receipt, which records the quantity brought into the warehouse. This record is
optional. There may be several per item. It is identified by an | in column 96.

c. Issue, which records the quantity shipped out of the warehouse. This record is
optional. There may be several per item. |t is identified by an O in column 96.

T T
ITEMNO DATE:INSTOK:

123456 7 8483011121314M50 7181920210223 242526 727282330

INSTOCK Record

o
>
_‘
m
»
I
)
P4

RECE!PT Record

I T T
ITEMNO : DATE } ouT ;
122456 78l wnren 1415 16 1718 920 210222324 2526 27 282930 1
ISSUE Record

The records are grouped according to item number. All records of one item number must
be in the order listed previously. Using the information given, write the Input specifica-
tions which are necessary to:

a. Check the sequence of the records in each group.

b. Prevent halting if unwanted or unused record types are read.
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3. Rewrite the Input specifications shown below using field record relation entries.

RPG INPUT SPECIFICATIONS GX21:9094 UM 050°

Printed in US.A

- 12 75 76 77 18 79 B8O
rogram —

Card Electro Numnber
Punching Graphic " Program
Page of N \
Programmer Date Instruction Punch ‘ Identification .

s Record Identification Codes Field
I Kl Field Location | d
E 1 2 3 § 5 naicators
3 £ 2 Zls | %
5 2w
Line Filename s |z R 3 2| FieldnName | 3 1231 %
g g |Z(= 2 2 ToEE oz 2
2 & E % % Position | E| Position %’ Position |~ 1&|T|ac| From To 5 2 gtw 5 Plus |Minus orem
e HHE = SIR)E HHEHE : A Blon
& o[r] |2|3| & 2|5(8 2|5(6 2|5|515|2 3 & |28 2
AN
3 4 5[817 8 9 1011 12131415 16[17[18]19 20 21 22 23 24{25}26[27]| 28 20 30 31]32|33|34|35 36 37 3830§40(41{42)43|44 45 46 47|48 49 50 515253 54 55 6 57 58|53 60{61 62|63 w4 |6s 66|67 w889 70[71 72 73 74
T T ] ! I !
o[l tpalvien e Wl | [T 1] iR | IRENERRRRNRD ‘ !
012 1Tpel | IPIAY| RIATIEl |CIAIRID ‘ ‘ ;
BRE MEE KNO
e r | L 4 | | 5@DEPT. . IL ) L
opE 1 6| | FDEMPNO
JONE: | 24| NAME 0
ol T ‘ 1 L B3RIPAYRAT | | . L
OlF| 1Tl | STOCK 1A BIOND| [DIEDUICTX ! L ‘ BE § b
0o T NG| | 24 C ; Pl - !
JaNE | aEEl 3MEE KNO | 2l
L ; ; . 4 DEPH L2 ;
x | i bl || Q@EMPINO L4 o
JENE 133 47 Name | i
|
et N L@ | L42DEDAMT] . N
del T+ ! i

RPG INPUT SPECIFICATIONS s
12 75 76 77 18 79 80
Program Punching Graphic Card Elecrro Number . Dj ’ Program 7
Programmer Date Instruction | g age o' Identification

5 Record Identification Codes . ; Field
g Field Location
1 1 2 3 _ < indicators
£ = 3
g 2. ]
» s =
s g, 2
) [ P - s 2 lsg] @
Line Filename 2 |z £ 0 g 2| Field Name T 2B D
g 2 I25] 5 ° 3 e Zero
= & 3l =z Position | &| Position {~| |Z! Position |- 2|?|e| From To 3 Z i 2g] & |Pus [Minus|or
£ £|8| 8 Z|efz Zlofs SR E £ $igEl = Blank
5 3|5 8 SN2 SINi 2 N EEE g S l22f =
& 0 z|5| & z|si6 2|sis Z|G|E|a|a & § 126) i«
A[N|D
3 4 516|7 8 91011 12131415 M6 (17]18 (19 20§21 22 23 2425 |26]27] 28 29 30 31{32|33]3al35 38 37 28 39(40{a1(a2)a3

3|44 a5 46 47|48 a9 50 51(52[53 54 55 56 57 58|59 0|61 62|63 64165 6667 68|69 70|71 72 73 74
T T

¥ | Holurs D f | ] l ‘

B 1d | 2t
HH ; T 3 &

Bouw
m
=<
o
[
l—.

oJ
Y
Z
2

S
IS
M

4, To write an RPG 11 program which will produce either of two similar reports re-
quiring the use of one or two input files, you must enter a (an)
indicator in columns of the sheet for the optiona! file.

5. You are reading two files, NAMADD and TRANSACT. TRANSACT (ecords will
have a field added to them at output time. The program should stop when the last
record from TRANSACT has been processed.

Make the necessary File Description entries for NAMADD and TRANSACT.
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Answers To Review 2

RPG INPUT SPECIFICATIONS e 0%0"
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12 75 76 77 78 79 80
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The two fields which make up the salesman number should be assigned the same
control level indicator to indicate that both fields are to be considered as one.

The split control fields must be specified on two adjacent lines. Since the first
digit of the salesman number is in position 30, this single digit field should be
specified before the field containing the last two digits of the number. The
program determines the order in which the digits are to be arranged by the order
in which the fields are specified.

2-28



RPG INPUT SPECIFICATIONS s

B T T T T e — 12 75 76 77 78 75 80
P
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34 of6f7 8 81011 121314 AEEALERRAR TR KL VIl L SURD SR P BTN EV 2128 29 30 Srgsvias|aalas a6 32 aw | aa(s0|ar 4 43[44 a5 4n a7lag 49 ©0 51|50 (03 B4 s e &7 98|50 Li{6Y A2 16 A |65 66167 68
T T T T T 17
(AL b i ! I ey !
ail ,ﬂfp ,sa,, NS| 1 a9) | SeNcq . lascr] T 9kl | 1
02 I ! i H ' ‘ : I I '
R i + {,,, gum I O S b o [ S S (N S N S A
o3 1 T \ ﬁLL Q (o] i
Sest S O O - S § - i
LS RSN RN U TR A d - DRI RN AR
olal |1 1 HENE i I
e s SN NS S N O S : . Ly 4] .
o501 (1| | ! . ‘ ! | '
R i SR SR .«
016 (X l v |
LT T e . e
L o
J d ] 44
a-—t 3 - +
e PR Ly -
ol S ] .
[ i :
D i {
[ Lo
. S P T
- —t . o Lol
[— [
. | |
A m 14 ,:4} %, . ‘ rﬁ L
pepo -y 4 4 - . — :
L L * _ H R . - L
; i Lo ;
vl ; [
=X TR R SEmasas
i ;
ISR ENN , S Y O A S O — A
| '
i o !
t -
I |
- - ‘P 0 R SR S B —1 e
| ,
b L 4l I B S 4
I ! '
! | ,
+— [E s e e oy B I -
‘ : | ‘ ‘ Do 1 ‘
—-T«— e A e b ‘ - b g 4 e L T S i B e e e B B e o e e ati J,,_
I . ‘ o i [ | | }
I i i i 1 I | i ! H i l
Z[ 1¢ DL 69 B9 (9 99 S9 9 £9 29 19 09 5G B9 45 99 S5 ¥S G 2% UG 05 B 8Y ,b Gb “V PP EV ZP v Ov 6F 8€ (L OF SE b€ L JE LF OF 6C BC i7 92 a¢ €0 77 L7 A5 BLBE (081 G »0 CL 2L iDL & B £ 6 6 v E ¢ L

Any alphabetic sequence entry must be entered first to catch all record types not
being used for the program. This prevents halting when an unused or unidentified
record is found in the input file. The three record types being sequence checked
must be assigned sequence numbers in ascending order with the INSTOK record
first, the RECEIPT record second, and the ISSUE record third. Since there is only
one INSTOK record per group, a 1 must be entered in column 17. This record
must be present so column 18 is left blank. Both of the remaining record types
require an N in column 17 and an Q in column 18. They are optional, and there
may be more than one per group. Any record identifying indicators (01-99) you
choose are correct.
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RPG INPUT SPECIFICATIONS GX218094 UM 050"

Printed in US.A.

IBM Inteer aticnal Business Machine Corporation
o . 12 75 76 77 78 79 80
Program buncing L Graohic i [ ‘ Card Electro Number program
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Because these record types contain common fields, the OR relationship may be used
to describe them. However, since not all fields are common to all record types,
field record relation entries must also be used. All common fields—WEEKNO,
EMPNO, and DEPT —are described first. The NAME field, although found on all
record types, is in different locations. Thus, it must be related to all record types
by specifying it and its end position three times and using the record identifying
indicator in columns 63-64 to indicate the record type with which it is associated.
PAYRAT is found in only record type 10. Thus 10 is placed in the Field Record
Relation columns (63-64). DEDAMT and HRSWKD are related to the record type
on which they are found in the same way. Remember that all fields related to one
record type must be grouped together.

4, An external indicator {U1-U8); 71-72; File Description.
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File Description Specification

F File Type Mode of Processing File Addition/Unordered
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€nd of File g N .
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In the example above, TRANSACT is specified as a combined MFCU file because it
is to be both read and punched. An E is entered in column 17 for this same file to
indicate that the program should end when all TRANSACT records have been
processed.

If you have a disk system, however, TRANSACT couid be a disk update fite (U in

column 15). NAMADD would probably also be a disk file. An E would still be
entered in column 17 for the TRANSACT file.
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Chapter 3. Controlling Printer Output

CHAPTER 3 DESCRIBES:
RPG Il overflow and fetch overflow to control page formatting.
RPG It fetch overflow object program cycle.
Aligning printer forms.
Editing with edit words.
Using the special RPG !l word, *PLACE, to print duplicate information.

Dual printer files.

BEFORE READING THIS CHAPTER YOU SHOULD BE ABLE TO DESCRIBE:
The RPG |l object program cycle for overfiow.
Function of RPG Il indicators.

Using edit codes to punctuate numeric data.

AFTER READING THIS CHAPTER YOU SHOULD BE ABLE TO DESCRIBE:
RPG 11 overflow and fetch overflow.
Effects of fetch overflow on the RPG i object program cycle.
Aligning printer forms.
Using edit words.
*PLACE

Coding for the Dual Feed Carriage Feature on the IBM 5203 Printer and coding for
Dual Feed Tractors on the IBM 2222 Printer.

Note: You can use the review questions contained in Review 3 at the end of this
chapter to test your comprehension of each topic in the chapter. Questions are
grouped according to the topic to which they apply. Answers follow the review
questions.
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INTRODUCTION

The most important part of any RPG Il program is the
result—the output. This chapter describes the RPG Il cod-
ing necessary to format and punctuate printed output to
make it easier 1o read and understand. Methods are also
described for duplicating information on the output record
and using dual printer files to print two reports in the same
program.

Using the printer, you can create a report consisting of in-
dividual lines (records) recorded consecutively on stock
paper. You may also use it to record information on your

own preprinted forms, such as on bills, invoices, and checks.

Regardiess of the paper or form you are printing on, you
are always interested in obtaining a report that is neat and
readable. This means that the format of the report and
data on the report must be considered when planning the
program.

RPG 11 coding for the different printers available on
System/3 is nearly identical. Differences in coding are
noted. The available printers are:

® |BM 5203 Printer {Model 10)
® [BM 1403 Printer (Model 10 Disk System and Model 15)
® |BM 5213 Printer (Model 6)

® [BM 2222 Printer (Model 6)

USING OVERFLOW AND FETCH OVERFLOW TO
CONTROL PAGE FORMATTING

RPG Il performs automatic page formatting. With standard
66 line forms, it leaves five blank lines at the top of a page
and six at the bottom. (Six lines are printed per inch; eight
lines per inch are also possible.) However, automatic page
formatting may not always meet your needs. {f you want
control over page formatting, you can use an overflow
indicator (OA-OG, OV). For instance, assume that at the
end of every month you prepare an inventory report which
consists of a list of the quantity of all items in stock by
product class. ltems are listed by product class, and each
product class should start on a new page (Figure 3-1}.

3-2

Suppose the heading were to start on line 11 of each page.
To have an equal margin (ten spaces) on top and bottom,
line 56 should be the last printed line on the page (assum-
ing 66 lines per page). For this report, you must use an
overflow indicator to controf page format.

Overflow Indicators

Overflow indicators, like other indicators, are used to do
two things:

® Signal a certain condition.

® Control when specific operations {including those whick
control page format) are performed.

For example, in the monthly inventory report, items in
stock are listed by product class. The report consists of 46
lines per page (starting line is 11 and ending line 56). Some
product classes are going to have more than 46 different
items in stock. For these classes, additional pages (overflow
pages) are required to list the items.

Normally, the overflow line is the last line you want to
print on the page. For this report, the overflow line would
be line 56. When this line is printed, the overflow indicator
(if one is assigned) is turned on to signal that the last line
you wished printed on the page has been reached.

When the overflow indicator is on, you know that the over-

flow line has been reached. At the end of the page, opera-
tions, such as advancing to a new page (the overflow page)
and printing headings on the new page, can be performed.
By assigning and using overflow indicators, you can print
special lines at the bottom of the page and at the top of the
new page. Because you do these operations only when the
overflow indicator is on, you will have to condition these
operations by the overflow indicator.



Figure 3-1. End-of-Month Inventory Report

CLASS ITEM NO DESCRIPTION ON HAND <+————— |ine 11
00124 4673241 SWEATER, V-NK, SZ 32 10
63241B1 SWEATER, V-NK, SZ 34 16
43151CK CARDIGAN, SZ 36 17
W‘ e ——
IN STOCK AS OF 10/30/71 Line 566
CLASS ITEM NO DESCRIPTION ON HAND <——— Line 11
00125 54321K4 T-SHIRT, WH, SZ 30 1
56422K4 T-SHIRT, WH, SZ 32 14
5738144 T-SHIRT, WH, SZ 40 15
58324B1 T-SHIRT, WH, SZ 42 8
T
r' R
IN STOCK AS OF 10/30/71 Line 56
CLASS ITEM NO DESCRIPTION ON HAND ~<—— Line 11
00126 6734183 WOOL SOCKS, BL 10 11
6743283 WOOL SOCKS, GR 10 9
L M——W
w—/\—.,—v -/\_—’_—-——\ﬂ
IN STOCK AS OF 10/30/71 Line 56

Controlling Printer Output
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Specifications for Using Overflow Indicators

You must specify to the RPG H compiler how reports
should be printed. To tell it what to do, you make line
counter, file description, and output-format specifications.

Line Counter Specifications

Line counter specifications, found on the bottom half of
the Extension and Line Counter sheet (Figure 3-2), are used
exclusively for defining the number of iines you want
printed on each page.

Every time you use an overflow indicator to control for-
matting, you should prepare line counter specifications.
Otherwise, a page length of 66 lines will be assumed with
line 60 as overflow line.

Figure 3-3 is a sample Line Counter sheet for the inventory
report. Columns 7-14 are for filename. Only a printer file

name can be used here. Columns 15-22 contain the entries
for report formatting:

® Columns 15-17: Place in these columns the number of
available lines per page. Your page can contain a max-
imum of 112 lines. The inventory report uses standard
11 inch paper, providing 66 lines per page.

® Columns 18-19: Put the letters FL in these columns to
show that the previous specifications gave form length.

® Columns 20-22: Enter in these columns the number of
the overflow line, when you want the overflow indicator
to be turned on. In the example given, it was 56. You
can use any number from 1-112.

e Columns 23-24: Enter the letters OL in these columns
to show that the previous specification was the overfiow

line.

Notice that columns 25-80 are not used.
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Figure 3-2. RPG |i Extension and Line Counter Specification Sheet
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Line Counter Specifications
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Figure 3-3. Line Counter Specifications
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File Description Specifications

You must assign an overflow indicator to the printer file
when you want to control the format of printed reports.
This is done by an entry in columns 33-34 of the File De-
scription sheet (Figure 3-4). You may choose to enter any
of the following overflow indicators: OA, OB, OC, OD, OE,
OF, OG, or OV. The one you choose, however, must be
used throughout the program. L must also be entered in
column 39 to indicate that line counter specifications are
used.

These two entries indicate to the RPG |} compiler that it
should not provide automatic page formatting, but should
format according to your specifications. If you do not
make an entry in columns 33-34 of the File Description
sheet for a printer file, an automatic skip to line 1 occurs
on overflow,

File Description Specification
File Type Mode of Processing File Addition/Unordered
F File Designation Length of Key Field or s Extent Exit Number of Tracks
of Record Address Field 5 for DAM for Cyiinder Overflow
f Fil >
Lol ik Record Address Type Symbolic Z| Nameof Number of Extents
Filename Sequence Type of File o Device Device 3 Label Exit T
File Format Organization E = Core Index Rewind
Line or Additional Area |8 File
g
Q a | Overtiow Indicator| Ef;nggmn
ale g ™ 5 R
§ S|e H B'“kh Record x|® Key Field |'# Continuation Lines - —
€ 39| |o)g] Length 215 Starting | 5 5
K Ll |ulz|s 3 2= Location | K Option Entry < u:
3. 4 51617 8 5 1011 12 13 14]15016]17]18[19])20 21 22 23} 24 25 26 27028129 30{31[32133 34{35 36 37 38|39} 40 41 47 43 44 45 a5 )47 48 49 50 51 52 53| 54 55;{_{2&5@ |60 61 62 63 EA_’ES_BG 67168 69|70[71 72] 73 74
e 2433 44 jo6167}
o2l lFcaRDS RERN [Tt FCU ,
: i
o3 [FIPIRITINT 8, TINT 1
olal |F .
0/5 F l 1
o8| |F | )
107 |F | ; | |
10181 fF ; Different device names could be used here,
o IF ey 14 T depending on your system configuration 44
i ‘ ‘ and model. The device name for the Model 6
o I O I 6 4o L L L] printer would be TRACTRI.
lLILDLGQ@LQQ‘JQQW&QZQU:?OSSSBSLEQQQQVGESZQKQOQSVHYLVQVSPWEDLVAVOUSEBCLEQCSEVCEEZElEOEBZBZLZQlSZVlfClZlZUZSiElLlQIGIDlEiZKHOISELBQVEZt

Figure 3-4. Assigning an Overflow Indicator to the Printer
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Output-Format Specifications

When RPG ! handles overflow, pages are advanced auto-
matically. When you handle overflow, you must specify
that forms should advance. This is done by specifying a
skip to the first printing line on the page. For the end-of-
month inventory report (Figure 3-1), this would be a head-
ingon line 11. Figure 3-6 shows the correct specification
for forms advancement. Remember to make a skip specifi-
cation on a line conditioned by the overflow indicator
{Figure 3-5). If you forget, a continuous listing will be the
result,

When the printer reaches the end of a printed page, RPG Il
also allows you to ignore that the end of the page has been
reached and continue printing. You do this by assigning an
overflow indicator and never using it to condition output
files. Lines will be printed from the top line to the bottom
line of each page, even over the perforation. If you do not
want this to happen, remember to use an overflow indicator
to condition the output operations which are to be done
when the end of the page is reached.

Preventing Records From Printing Over the Perforation

Suppose your program prints several detail and/or total
records per program cycle as shown in Figure 3-6. In this
case, the overflow indicator could be turned on:

1. When the detail record is printed.

2. When any one of the total records is printed.

If overfiow occurs when the detail record is printed, all
total lines will also be printed before forms advance, pro-
vided a level 3 control break has occurred {L1-L.3 are on).
Remember the specification to skip to the next page is on
the heading line conditioned by.the overflow indicator.
This heading line is reached only after total records are
printed.

Assume that line 58 was specified as the overflow line for
this program. Assume also that the detail record printed on
the overflow line and that a level 3 control break occurred
when the next card was read. One page of the report would
look like that shown in Figure 3-7. Because ali total rec-
ords are printed before overflow is sensed, the last total
record is printed on the fourth line of the next page. One
total record was even printed over the perforation.

What can you do to eliminate this situation? You couid
specify the overflow line high enough on the page so that

all total records would be printed on the page after the
overflow line has been reached. For the report shown in
Figure 3-7, the printing of total records requires 14 lines (in-
cluding spacing lines). Thus for the case where a detail rec-
ord is printed on the overflow line, you would have to
specify line 44 as the overflow line to prevent printing

past line 58.

RPG QUTPUT SPECIFICATIONS s 7
Printed in U.S.A
IBM International Business Machine Corperaton
12 75 76 77 78 79 80
Program punching Graphic Card Electro Number , ) Program
Programmer Date Instruction Punch 20 o' Identification
o i [Space Skip Output ndicators - Commas | 2810 Balances | Sign | CR | - | X = Remove
i ) to Print Plus Sign
g é Field Name Yoo Yes 1 A |9 |V = Dae
) Sl e . Yes No 2 8 |« Field Edit
Line Filename M EIEE End No Yes 3 c L [Z= Zero
HEIERS And  And x| Positon No No 4 D Im Suppress
g Tle g |,  E =
=1 alo[oy £ 1 2 |5 5 3 8ls| ouvteut |3 Constant or Edit Word
5 o|r R z z *AUTO £]|2| Recora |@
w w @ a
a[n]o
3 4 5[6]7 8 8 1011 1213114115{16[17]18]19 20)21 22{23|24|25[256:27{28/29{30(31}32 33 34 35 36 37)38 |39 Ja0 41 42 43|44145 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 63 70|71 72 73 74
o1
OIPIRIINIT P e
i : T
a2 Q OV
- 7
ofs] Jo CLASIS”| |
0l4 1 : N’ i ;
oAl | 4@ [ TTEM NOU| || j
1
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Figure 3-5. Specifications for Forms Advancement
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Figure 3-6. Several Total Records Per Cycle.
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This is not the best solution, however. Suppose overflow
was caused by the second total record instead of the detail
record. Only one more totai line would be printed before
forms advanced. Much of the page is not used in this case
since the last line is printed on line 50 (see Figure 3-8). As
you see, this is a very uneconomical solution since much
paper can be wasted.

Fetch Overflow

RPG 1l provides you with a better solution for preventing
printing over the perforation than the one previously dis-
cussed. This solution uses the RPG Il routine known as
fetch overflow. Fetch overflow specifications allow you to
alter the basic RPG Il overflow logic (see Overflow Indi-
cator, Chapter 7). You can cause forms to advance at the
time total or detail records are printed, instead of waiting

//___/

for the usual time. Figure 3-9 shows the two additional
times when operations conditioned by the overflow indi-
cator may be performed. {(Remember that forms advance
at this time.)

During the regular program cycle, the RPG 1/ program tests
only once to see if the overflow indicator is on: this occurs
immediately after total output. By using the fetch over-
flow specification, you can tell the computer to check if the
overflow indicator is on before it prints total or detail rec-
ords. You do this by simply entering an F in column 16 of
the Output-Format sheet for any detail or total record.
When an F is encountered, a test is made before that line is
printed.

H the overflow indicator is on when the test is made, all
operations conditioned by the overflow indicator are
immediately performed. These operations usually include
forms advancement and the printing of headings. In order
for the line to be printed, all other indicator conditions
tested for on the same line as the overflow indicator must
also be satisfied.
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Figure 3-8. Specifying the Overflow Line High on the Page
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Figure 3-10 shows two fetch overflow specifications (lines

07 and 09). Consider how these operations are performed.
When it is time for the specification in line 07 to be done,

a test is made to see if the overflow indicator is on. If it is
on, the overflow routine is fetched; this causes the follow-

ing operations to be performed.

1. All total lines conditioned by the overflow indicator
are printed.

2. Forms are advanced ({provided a skip to a new page
has been specified in a line conditioned by the over-
flow indicator).

3. Heading lines conditioned by the overflow indicator
are printed.
4. The overflow indicator is turned off.

5. The record specified in line 07 is printed.

Another test is made to see if the overflow indicator is on
because of the specification (F) in line 09. If line 07 causes
forms to advance, the overflow indicator would not be on
at this time. The total record specified in specification line
09 would be printed normaliy.

RPG OUTPUT

| § Program Punching Graphic
‘1 Programmer Iom Instruction | g
i L
O & {Space Skip Qutput Indicators
Lty
g E Field Name
NN
Line Filename M E
B KR And  And
- sla ” T
= afelo] 21 2 |5 ‘ 5 ‘ g
5 cir S B £ P E *AUTO
- A i i
3 4 s516[7 8 9 10 11 1213lais]is)17]18)19 20 21 22§23|24{25]26 27‘3!! 29[30/31]32 33 34 35 36 37
ol1] lolpiplyInrric] e ; !
P CPRINTIER] HEL | B P
PRI ORI R I Qv INNEE
o3l o} : i |
04 (o] |
o|s| jo ! | i i |
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o oo ol . . .
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Figure 3-10. Fetch Overflow Specifications
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However, if the record specified in line 07 were printed on
the overflow line, the overflow indicator would be on and
the specification in line 09 would cause the overflow routine
to be performed.

Consider again the example as shown in Figure 3-6. When the
detail line was printed on the overflow line, all tota! lines
were also printed before forms advanced. As a result, print-
ing occurred over the perforation onto the next page

(Figure 3-7).

What records should most logically be printed on an over-
flow page? Your answer is probably all those records that
printed on or over the perforation. 1t would indeed be nice
if ali total records could be printed on the next page when
a detail record was printed on the overfiow line (see Figure
3-11).

If the program knew before it printed the first total record
that the overflow line had been reached, forms could be ad-
vanced before the total records were printed. By specifying
an F in column 16 of the first total specification, you can
tell the program to check to see if the overfiow indicator is
on. Ifitis on at this time, forms will advance before total
records are printed. Specifying an F in column 16 of the
first total specifications will cause all tota! records to be
printed on an overflow page.

Would an F for the first total line take care of all situations?
Suppose that overflow did not occur until the first total rec-
ord was printed. The remaining total lines, having no fetch
overflow specification in column 16, would not cause the
program to check to see if the overflow indicator was on.
Thus, they would be printed on the same page (Figure 3-12).
Counting the spaces, this would mean the last print line
would be eight lines beyond 58 {the overflow line) or on
line 66.

If this is feasible for your report, you could allow printing
on line 66. If not, you could have the overflow indicator
checked at the second total line. In this case, if the first
total line caused the overflow indicator to turn on, the sec-
ond total line would fetch the overflow routine. Thus, the
last total records would be printed on the overflow page.

How can you determine on which line to place the F that
will fetch the overflow routine (provided the overflow in-
dicator is on)? You should study all possible overflow
situations. By counting spaces and lines, you can calculate
what would happen if overflow occurred on each detail and
total line. This is essentially the method used in the previous
discussion.
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ALIGNING FORMS

Regardless of the type of printing forms you are using, it is
always necessary to have the forms aligned so that printing
is done on the correct line. If printing occurs above or be-
low the line, your report looks messy and is hard to read.

How can you be sure the first line will be printed in the
correct position? You can align the forms in the position
you feel is correct. But you can never be sure until you try.
To try the alignment, the program must be executed; a
record must be printed. Suppose the forms are incorrectly
aligned, and as a result, the first printing line is incorrectly
positioned. In this case, you can stop the computer and
realign the forms so that, hopefully, the second line will be
correct. This can go on for several tries, however. In the
meantime, the first few records printed on the report will
have been incorrectly aligned.

RPG Il has the facility to print the first line repeatedly until

forms are aligned properly. This eliminates printing the
first several lines of a report before correct forms alignment
is attained. The use of this facility requires two specifica-

" tions:

1. An output line conditioned by the 1P indicator.
2. The entry of 1 in column 41 of the control card.

When these specifications are made, the first line condi-
tioned by the 1P indicator is printed. All processing then
stops. The operator has time to reposition the forms if
necessary. When this is done, the operator has the option
of having the 1P line printed again or of continuing process-
ing. This he indicates by specific settings of the console
switches on the processing unit. (See halt 1P in the /BM
System/3 Models 8 and 10 Halt Guide, GC21-7540 for a
complete description of the alignment process.)

All space and skip entries specified for the 1P line are per-
formed when forms are being aligned. This should be con-
sidered in planning for forms alignment.

if spooling printed output on the Model 15, the 1P forms
alignment option will be ignored and the user can request
alignment by means of the OCL PRINTER statement.

EDITING

Formatting a printed report is one way of making the re-
port easy to read and understand. Formatting, however,
concerns only the spacing and arrangement of data on the
printed page. It does not concern the data itself. Data
must also be readable before the report can be understood.
Editing makes a field readable. ‘

3-12

When fields are printed out according to basic specifications
they appear exactly as they are inside the computer. This is
shown by the following examples:

Type of Field Field Before Printing  Field After Printing

Alphameric JOHN T SMITH JOHN T SMITH

Numeric 004765K

004765K

The alphameric field, when printed, is easy to read and
understand, but the numeric field is confusing. How should
it be read? What does the K mean? K is actually a com-
bination of a digit and the sign of the field. But in this
form, the reader would have to guess what it says (see
Character Structure in Working With Data Structure for
more information).

Editing is the means by which data is made more readable
and understandable. Editing a field means punctuating it
by removing the sign of the field from the rightmost digit
and placing it at the end of the field, adding commas, dec-
imal points, minus signs, dollar signs, or any other constant
information.

Only numeric fields need to be edited before they are
printed. Notice the difference between the following
edited and unedited data taken from the same numeric
amount field:

004765K
$476.52CR

unedited data
edited data

The edited amount field is certainly much more precise
and understandable than the unedited field.

Methods of Editing

A field can be edited by two methods: (1) edit codes and
(2) edit words. Several different codes are available. Each
code edits in a slightly different way according to a pre-
defined pattern. All, however, remove the sign of the field
so that the rightmost digit will always print as a number.
(See Character Structure in Working With Data Structure
for more information.) The Y edit code is used for date
fields only.

Figure 3-13 shows the edit pattern for all codes. Choose
the code which will edit a field the way you want it to
appear and enter this code in column 38 of the Output-
Format sheet.



Sign For Negative Balance Print Out On Zero Balance *
Edit Decimal Domestic and Zero
Code Commas Point No Sign | CR | — {Minus} United Kingdom World Trade / | World Trade J Suppress
1 Yes Yes No Sign .00or0 ,00o0r0 0,000r0Q Yes
I
2 Yes | Yes No Sign Blanks Btanks Blanks Yes
3 Yes No Sign or0 000r0 0,000r 0 Yes
4 Yes No Sign Blanks Blanks Blanks Yes
A Yes Yes B CR 00or0 ,00o0r 0 0,000r0Q Yes
";“" Yes Yes ) CR Blanks Blanks Blanks Yes
: < “ Yes CR .00or0 00 or0 0,00 0r 0 Yes
_; | ~Yes CR Blanks Blanks Blanks Yes
J Yes Yes — .00 or O ,L00o0r QO 0,00 0r 0 Yes
I K Yes Yes — Blanks Blanks Blanks Yes
L Yes 00 or 0 000r0 0,000r 0 Yes
M Yes - Bianks Blanks Blanks Yes
X **
Y ¥xx Yes
Z _ Yes

Zero baiances for the World Trade format are written in two ways, depending on the entry made in column 21 of the control card
specifications.

» %

The X code performs no editing.

***  The Y code is used tor date fieids. it suppresses the leftmost zero only. The Y code edits a three 1o six digit field according

to the following patiein:

nnysn

nn/nn

nn/nn/n

nn/nn/rn
If a data field of six digits is packed on disk and the ¥ edit code is used with the data field, an error will occur. To solve this
problem, move the data field to another field.

Figure 3-13. Edit Codes
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o example, it you wish a field cailed AMOUNT which
has two decimal positions to be zero suppressed and pung-
tuated with deciimal points and commas {when needed) but
with no sign, you choose ihe code that will do this. The
chart in Figure 3-13 shows that two codes will accomplish
this—-T and 2. If you wishi a zero balance to print, you
would choose the code 1. If you wanted blanks to print
when the field is zero, you would use the 2 code.

tsing edit codes is a convenient way of editing. However,
the cades by themselves can’t do everything vou might
want to do.

Punctuating With a Dollar Sign

Suppose you wanted a dotlar sign to be printed on the re-
pori for the AMOUNT field. An edit code won't put the
dollar sign there. You will have to specify this in addition
to the edit code you are using.

According to the printer spacing chart (Figure 3-14), the
AMOUNT field is six characters long. |t begins in column
70 and ends in column 75. However, the minus sign

weuld extend the amount field to column 78, as shown

in Figure 3-15 and Figure 3-16. The doiiar sign, if printed,
should be in column €9. Line 11 in Figure 3-15 shows the
specification for editing the AMOUNT field by the edit
code J. This code is used so that negative vatues will print
with a minus sign (-} following the field. The dollar sign can
be specified as a constant ending in column 69 and must be
specified in line 12, the line following the edit code.

Depending upon its contents, the AMOUNT field, when
orinted out, could look like any of the following (where
No1s any number):

SNNN.NN
S NN.MN
$  N.NN
$ NN

The blanks between the first digit and the doliar sign are
the result of zero suppression. The dollar sign remains in
position 69 this is known as a fixed dollar sign.

Often, it is desirable, as in writing checks, to eliminate these
empty spaces. There are two ways of doing this: {1) mov-
ing the dollar sign so that it is always next to the first
and (2) filling the spaces with asterisks.

cdigit;

Instead of having blanks between the doliar sign and the
first digit, you can cause the dollar sign to print next to
the first digit. in this case, the amount field would look
like one of the foliowing:

SNNN. NN
SNN.NN
SN.NN
$.NN

A dollar sign that changes positions is known as a floating
deollar sign. 1t is specified by placing the entry '$” in col-
umns 45-47 on the same specification line as the edit code
{see Figure 3-16). Remember that the fixed dollar sign was
specified by placing $ in columns 45-47 of the line foflow-
ing the edit code (Figure 3-15).

'
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Punctuating With Asterisks

To indicate that asterisks should fiil the spaces caused by
suppression of leading zeros, place the entry '™ in columns
45-47 ot the same specification line as the edit code. 4
dotfar sign is to appear before the asterisk, it must be speci-
fied on fhe next line. With the specifications shown in Fig-
ure 3-17, the AMOUNT fieid, depending upei its contents,
could ook like any of the following:

SNNN NN

$*NN.NN

$* “N.NN

T NN

Refer to the /1BM System/3 RPG !! Reference Manual,
SC21.7504 for a more detailed explanation and further
considerations.

Punctuating With Dashes

What code would you use for the following job? A report
listing all employee names, addresses, telephoie numbers,
and social security numbers, is desired. A file is
employees. Each record includes one employee name, ad-

kept on all

dress, telephone number, and social security number among
other things.

The telephone number and soc:al security number are
entered in the record as one continuous number with no
dasnes. Kemember that fi2ids wili print out exactly as they
are recorded. Thus the telephone number will appear as
2820804, This is rather hard o read. 282-0804 is much
better. How will you get the dash to apnear?

A dash is a type of punctustion. So some type of editing
must e done

Can you iindd a code that will edit this way?
Noo there s none availabie

For this case, you will have to set up your own editing pat-
tern. An edrt word gives a pattern for punctuation. For the
phone number you need three digits, a dash, and thien four
digits. You specify the edit word in columns 45-70 of the
Output-Format sheet. The word, like any constant, must

he enclosed in quotes. Figure 3-18, line 334, shows now the

i

telephone number field is edited. three bianks, a dash, and

four blanks.

Unless the social security field is also edited, it wili print
such as 4724463457

Form the edit word to imake the social security number
472-44.6307.
shown g Figure 319, Hine 0b. Notice that a feading O
(.

ber of places required for the data, This prevents zero sup

out in one iong string of numbers

’

read: it shoutd ook tike the oot word

ero} w included in the edit word in additios o the num-

pression whien the SOCSEC tield is edited,
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Figure 3-18. Edit Word for Telephone Number
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Punctuating by Leaving Blanks

A company has rather long account numbers. To make
them easier to read and handle, blanks are left after every
third digit when the number is printed.

Is there a code that will insert blanks? No, again you have
to specify your own edit word. In an edit word, blanks in-
dicate where the digits go and ampersands indicate where
blanks will go. The account field consists of ten digits.
The edit word shown in Figure 3-20, insert A, will put
blanks after every three digits.

Punctuating by Adding Constant Information

For shipping purposes, the catalog department of a depart-
ment store must know the weight of every item it sells.
The weight in pounds and ounces is recorded in a 6-digit
field. The last two digits are ounces, the first four digits
are pounds. When printed out on a report, the constants
LBS and OZ must be inserted. Otherwise, the data would
not be understandable. Again to do this, an edit word is
needed because no edit code will insert LBS and OZ.

The printed field is shown on the printer spacing chart in
Figure 3-21. One space is needed between the digit and

LBS and between the digit and OZ. Two spaces separate
pounds from ounces. Remember in the edit word, blanks
are specified for digits, ampersands are specified for blanks;
and constant information is inserted where desired. The
edit word should be as long as the field shown on the printer
spacing chart. Figure 3-20, insert B, shows the correct edit
pattern for this field.

OUTPUT

SPECIFICATIONS

Card Efoctro Number I

Field Name

TAUTO

32 33 34 35 36 37|y

Edit Codes
B/A/C/1-9,

i

/
P/B/L/R

£
5

45 ag 47

Commas Zero Balances
= to Print

Yeu Yoo
Yes |, No
No | Yes

ONT

"’f"'

il

GHT] .

Figure 3-20. Edit Words
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Edit words can do all kinds of editing for you. They can
even be set up to do the same thing as the edit codes. All
you have to do is show where the commas, decimal points,
credit signs, etc. should appear. A zero is used to indicate
where zero suppression stops. For example in Figure 3-20,
insert C, the 0 shows where zero suppression is to end in
the WEIGHT field.

Edit codes are a faster and more convenient way of editing
than edit words. Therefore, edit words are normally used
only when edit codes alone cannot accomplish the job.

Editing and End Position

When specifying end positions for fields which are to be
edited, either by edit words or edit codes, be sure to allow
enough room for the edited field. |f the field to be edited
is six characters long on the input record, do not allow only
six positions for it on the printed report. By the time the
field is edited, it may contain many more characters than
six. For example, the WEIGHT field which is to be punc-
tuated with the constants LBS and OZ is only a 6-character
field on the input card. But when printed out after editing
it requires 15 spaces. Always specify an end position on
the Output-Format sheet (columns 40-43) that takes into
account the length of the edited field.

USING *PLACE TO PRINT DUPLICATE INFORMATION

Using *PLACE, you can tell the RPG |l compiler to print
duplicate information. When you specify *PLACE on the
QOutput-Format sheet, the fields listed above it will be
printed in a different position on the same line. This elim-
inates much duplicate coding.

For example, assume that your distribution firm prepares
invoices on their data processing system. The invoice (Fig-
ure 3-22) sent to each customer consists of two parts: one
part the customer keeps, the other he tears off and sends
along with his payment. Many fields are common to both
parts of the invoice. For example, NAME and CUSTNO
{customer number) are printed on the first line of each part.
All fields in the fourth line of the report, except for the
description (DESC) fields, and all fields in the total line are
found in both parts of the invoice. The second part is al-
most a duplicate of the first.

|
NAME custnO | NAME CUSTNO

|
| ADDR
I CITY
!
|

ITEM QTty PRICE AMT : ITEM DESC QTyY PRlCE AMT

NO NO
|
|
|
]
|
]
|

TotaL 10T | ToTAaL_10T

Figure 3-22. Invoice Form
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Fold back at dotted line

fields twice on the same line? You could define the field

e invoice.
and give the end position for it each time you wanted to

PAGE .
DATE

using this method. There is an easier way to do this, how-

print the field. Figure 3-24 shows the coding necessary
ever. This is through the use of *PLACE.

What output-format specifications would You write to prin

Figure 3-23 shows the printer spacing chart fo:
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Figure 3-23. Printer Spacing Chart for Invoice
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Figure 3-24. Output-Format Specifications for Invoice {Coding Each Field Twice)
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Specifications for Using *PLACE

*PLACE is a special RPG 11 function which can be used to
accomptlish duplicate printing with less coding. To the RPG
H compiler the specification *PLACE means: Duplicate
that part of the line which has been specified and place the
duplicated information in a different position on the same
fine. "PLACE means a special function is to be performed.
You should not use this specification as a field name, since
the RPG Il cornpiler will assume you want the preceding
field duplicated. When using *PLACE you first define, for
each record, all the fields which are to be duplicated. Give
the end position for each field as you normally do. Then
enter the word *PLACE on the line below the fields which
are to be duplicated. Figure 3-25 shows the entries for the
first detail line of the invoice.

The compiler does not know where to print unless you
specify an end position on the *PLACE entry. in Figure
3-25, the end position given for the *PLACE entry was 86.

The *PLACE specification duplicates not only letters but
also blank spaces. It will duplicate all the characters (in-
cluding blanks) from position 1 to the end position speci-
fied for a field. These duplicated characters are then placed
so that they end in the end position specified for the
*PLACE entry.

When specifying an end position for the *PLACE entry,
you must know exactly where you wish the fields to print.
You must also consider the amount of space needed for
the printing of a// characters to be duplicated. Always
specify an end position which allows room for the printing
of duplicated fields.

A *PLACE specification must not be conditioned by indi-
cators in columns 23-31. *PLACE is automatically condi-
tioned by the same indicators that condition the field or
fields to be repeated.

Formation of Print Lines

When System/3 performs printer output, a whole line is
printed at once, regardless of how many fields are in that
line. Before printing, the whole line is moved to an area of
storage exactly as it is to be printed. Data is placed in this
storage area one field at a time.

The sequence in which data enters the storage area depends
on the sequence that field names are specified on the RPG |
Output-Format sheet. The first field recorded on the Output-
Format sheet is entered first, then the second, etc. Each

field is inserted into the storage area according to its end-
position entry on the Output-Format sheet. |f you have
made conflicting entries in your specifications (for example,
one field overlapping another) the last field mentioned is

the one that will print in its entirety.

"PLACE operates in the same way as normal field names.
The operations associated with *PLACE are performed in
the sequence *PLACE is specified on the Output-Format
sheet in relation to other output entries.

Figure 3-25. Output-Format Specifications for First Line of Invoice (Using *PLACE to Print Fields Twice)
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Figure 3-26. Line Formation {First Line of Invoice)

Follow the formation of the first line to be printed on the Using Different Spacing for Duplicated Fields

invoice. According to the specifications in Figure 3-25,

the NAME field ends in position 25 and CUSTNO in 36. The second and third lines of the invoice do not have fields
The first part of the line is completed with these specifica- to be duplicated. However, the fourth line of the inveice
tions {Figure 3-26, insert A). Because of the way lines are requires that all fields be duplicated. Notice that different
formed, the end position for the *PLACE entry must be at spacing is required for the duplicated fields because a field
jeast two times the higher end position specified for a field called DESC must be inserted between ITEMNQO and QTY.
that is to be duplicated. This ensures that the last field

mentioned will not overlap the field preceding. In this case Figure 3-27 shows correction specifications. You want to
the same fields are to be printed again on the second part start with ITEMNO since it is the first fiend. ITEMNO is
of the same line. Since the end position was 36, the sec- specified as usual; the end position is given. Then *PLACE
ond part of the same line must end at least in position 72 is specified with the correct end position, 50 in this case.
{two times higher than the end position for the field to be These specifications cause the line to look like that in Fig-
duplicated). It is decided they are to end in position 86. ure 3-28, insert A.

The second part of the line is formed by the *PLACE entry
(Figure 3-26, insert B).
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Figure 3-27. Specifications for Fourth Line of Invoice
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Figure 3-28. Fourth Printed Line

Now, the remaining three fields are specified and an end
position is given for each. *PLACE is entered after them
to signify that the above three fields should be duplicated.
Remember that when fields are duplicated, all information
from position 1 to the highest end position specified for a
field is used. In this case, positions 1 through 38 are dupli-
cated and placed so that they end in position 95,

QTY, PRICE, and AMOUNT are in positions 1 through 38,
but ITEMNO is also there since it ends in position 10. Thus,
all four fields are duplicated and placed so that they end in
96. Figure 3-28, insert B shows resulting formation of the
line. ITEMNO now appears three times, once in the DESC
field area where it should not be.

3-24

In this example, we can specify the field DESC to end in
position 75. It will overlay the unwanted ITEMNO field
and thus get rid of it. Figure 3-28, insert C shows the line
as it will be printed.

For each job you do using *PLACE, you will have to cal-
culate exactly what happens when lines are formed.

Duplicating Constants

*PLACE can duplicate constants as well as tields. The same
specifications are used for both. Figure 3-29 shows the
specifications for the last line of the invoice. In this case
*PLACE duplicates a field and two constants. As you can
see, using *"PLACE eliminates duplicate coding.
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Figure 3-29. Using *PLACE to Duplicate Constants (Last Line of Invoice)

- T 12 76 76 77 18 79 80
Program Punching Graphie l ] ! Card Electro Number . Program
Programmer Date instructon [ oo j i { 29¢ o' Identification
S - - 1
o [y Skip Output indicators ,——-*——--—JW‘/\ "a;maqhm Bpa‘;}vgeSi No Sign ‘ cR | - | Xx= Vrriemove
5 “ — ! tofrint | H Plus Sign
s ( S S,
> Field Name v v T T Y - Date
L | Yes es Lo Al
N | Yes No D2 ek Field Edit
Line Filename z End | No Yes 3 | ¢ 1L 2 Zero
S Ana And x| Positon © o Ne No l 4 oM Suppress
: L AT ol o e ‘
; alpro; €| £ |zl = g S|s] Outpur {5 Constant or Edit Word
£ olR < < |Z| z z i ‘ *aUTO zi<g Record | @
w i w |o o
A i | o
3 a4 s|6]7 8 9 101 12 Wa1E(16[17FBETD 2G[21 22 73‘24:1‘5 76177178 29‘30‘3' 37 33 34 35 36 37]38 |39 a0 41 a2 43}4afas a6 47 48 43 50 51 52 51 64 55 56 57 58 59 60 7Y 72 73 74
T { =t T T T T T T T T T T
0 1[ o] tl \ : b ‘ ‘ T
vorclel b| | Rigs| [] MR dd [T T T
o ~ ARk BanERRRRRERRERRERERE o
- B g d IR SN SR | RIS A
ol To I ’ ‘ q‘ Ty T ST R ,
i [ . ' ;
L bt : . { [EES IS R B ford P A }
olsl fO o s Y . b [ | o ] | l Ly i
-4 - PR . % [ ., P S S PR 1 . Pooe b ‘ -
ois| |0 - l ; : | ; } - L i !
T T EEREEERE N S b e n
¢} I ! ) [ | ; ; 0
Vo e i i - . , ' l . Ly P bood ‘p,; . } ‘
of . l ‘ i P i | i , [ . | | ! I
4t - B | H [ B “ i [ T PO P
o T P RN C] : ; | Ll ' I
S G T S U 4 yomio b ] . JIR . i . i i Poaos [ —+ §od e 4+
o9 (o] : [ i ! ! . !
SRS RERE b T 321 || MR L N ] R IS .
110 o Lo s : i | ' T f ' ' .
¢ ‘TI A I IR R 34 I'ToTAL. | #. | j e
o . ; , : i A i ‘
: 1'w1%m< I R R L - I R -
o] | [ ! feY ! o | | Co ,
‘ . ‘ il O - fi 4 | T - J*PL‘ALE . 9.5 4 S I A - 7T<—H
113 1o I ' i ; : | L 1 \

Controlling Printer Output

3-26



Printing a Field Several Times on the Same Line

*PLACE can be used to print the same field several times in
the line. All you have to do is enter *PLACE along with an
end position for each time you want the fields duplicated,

If you want the field duplicated twice, you need two
*PLACE entries.

Assume that periodically a store prepares mailing labels for
each customer who has an account with them. They use
the labels when they send out special advertisements. The
mailing label has only name, address, and zip code on it.

Since the label has to be only a few inches wide, the man-
ager found he could print three labels side by side on his
120-print position printer (Figure 3-30).

You can see that each field needs to be printed three times
on each line. In the examples discussed so far, *PLACE was
used to duplicate fields only once.

Figure 3-31 shows the specifications for the first line,
NAME needs to be entered three times per line. The orig-
inal field specification prints it one time: the two *PLACE
entries cause it to be printed two more times,

0 10 20 30 40 50 60 70 80 90 100 110 120
L 1 ) l ) l ] l ] l 1 l 1 ' I l i ' 1 I [l | 1 l
L NAME i L NAME 1 l NAME I
L ADDR | | ADDR j | ADDR |
L CITY | IstATE] | ciITy | |sTATE] L CITY | |sTATE]

ZIP ZIP 2IP
Figure 3-30. Mailing Labels
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l Figure 3-31. Using *PLACE for Producing Mailing Labels
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USING TWO PRINTER OUTPUT FILES IN ONE
PROGRAM

Two System/3 printers, the IBM 5203 Printer on the Model
10 Card and Disk systems and the {BM 2222 Printer on the
Model 6 allow you to produce two separate printer output
files on the same printer in a program (Figures 3-32 and
3-33). The forms can be narrower than standard forms and
are often special forms such as checks or invoices.

A minimum of 17 print positions, between
the left carriage tractor and the right
carriage tractor, are not available for printing.

Figure 3-32. 5203 Printer with the Dual Feed Carriage Feature I 53968A

Primary tractor

Secondary tractor

Figure 3-33. 2222 Printer with Dual Feed Tractors I 54019A
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Model 10 Card System, Mode! 10 Disk System, and To print two output files for one program, each of the two
Model 12 printer files is considered a separate output file and must

be described as such. These output files require special
The feature of the 5203 printer that allows you to produce descriptions on the File Description and Output-Format
two separate printer output files is known as the Dual Feed sheets.

Carriage Feature. The feature is available on 96, 120, and
132 position printers. One form is controlled by the left

carriage of the printer and the other form is controlled by File Description Specifications

the right carriage. There is space between the right and left

carriage tractors that contains no form. When you are print- Model 10 Card System, Model 10 Disk System, and Mode/
ing on two forms you lose at least 17 print positions 12: Figure 3-34 is a sample File Description sheet for the
because no forms can be placed in this space (see Output- Dual Feed Carriage Feature. The two output files to be
Format Specifications, |ater in this section). printed must be assigned to the device names PRINTER and

PRINTR2 on the File Description sheet (columns 40-46).
PRINTER is the device name for the left carriage of the

Model 6 printer. The right carriage is assigned the device name
PRINTR2. Record Length entries (columns 24-27) for the
The 2222 printer on the Model 6 has dual tractor feeding, two printer files should be the same. Entries under Block
a primary tractor and a secondary tractor. All 220 posi- Length {cofumns 20-23) must be the same as Record Length
tions of the printer are available for printing, that is, there entries. You are responsible for ensuring that output to the
need be no positions lost between the primary tractor and PRINTER device is confined to the left-hand form and out-
the secondary tractor. put to the PRINTR2 device is confined to the right-hand
form. You can easily lay out your two reports using the
The tractors that control the right-hand and left-hand forms Printer Spacing Chart.

on the printer are adjustable. That is, the width of the
forms and the starting and ending print positions for each
form are variable.

File Description Specification
" File Type Mode of Processing Fiie Addition/Unordered
F. File Designation Length of Key Field or s Extent Exit Numbee of Tracks
of Record Address Field T for DAM fcr Cylinder Overflow
End of File = . .
o z ame o o e
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, Figure 3-34. File Descriptions for Two Printer Files on Modei 10 Card System, Model 10 Disk System and Model 12 (5203 Printer)
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Model 6: Figure 3-35 shows the File Description sheet
entries for the dual tractors on the 2222 printer. The two
printer files are assigned device names TRACTR1 and
TRACTR2 on the File Description sheet {columns 40-46).
TRACTR1 is the primary tractor {left-hand print unit) and
TRACTR2 is the secondary tractor (right-hand print unit).
Under Block Length {columns 20-23) for each file enter the
beginning print position for that file. Under Record Length
{columns 24-27) enter the ending print position for that
file. Print positions for TRACTR1 and TRACTR?2 cannot
overlap.

Output-Format Specifications

Spacing and skipping on the two forms are completely in-
dependent. You can specify different spacing and skipping
for each output file. Spacing and skipping are entered in
columns 17-22 of the Output-Format sheet.
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| Model 10 Card System, Model 10 Disk System and Model 12:
Remember, there are 17 print positions you cannot use,
because there is a space between the left and right carriage
tractors which cannot contain a form. This is important
when you are planning where to position your printing on
each form. The first character to be printed on the form in
the right carriage (PRINTR2) must be at feast 17 positions
away from the tast character on the form in the feft carriage
(PRINTER). Suppose you decide to use print positions
1 through 80. Because the first character in the right car-
riage must be at least 17 positions away from the last char-
acter in the left carriage, print position 98 is the first avail-
abte position:

80 (End position of the form in the left carriage)
+17 (Number of print positions you cannot use)
97

Therefore, 98 is the first available position. If the length of
your print line is 35 characters, the last position for the
second form is 132.
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Figure 3-35. File Descriptions for Two Printer Files on Model 6 (2222 Printer)
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Page of GC21-7567-2
Issued 24 May 1976
By TNL: GN21-5389

REYNOLDS INDUSTRIES, INC.
111 W, SECOND ST.

FINAL TOTALS

are——;

$12,263.97

$145.29

’/,_\\_//—-_~/’_\\"’/’—"\_—/”—§~——___~§\~—”——N\-—,
//—\\~///,_\\“_/,.__‘__,//—‘“\\s__——__—f/’——§““—“”—_"“~——ﬂ

$11,118.68

TELEPHONE SAN JOSE, CALIF. 95113 CUST. NO.
408-286-9100 430975
SOLDTO Se We KINGS
498 RIVER STREET
SAN JOSE, CALIF. 94067
SHIP TO IMPERIAL DESIGN HOMES
DIVISION GF S. W. KINGS
8343 BRANCH STREET
SUNNYVALE, CALIF. 95117
ORDER DATE ORDER NO. SALESMAN SHIP DATE
7/10/70 13826 G. JONES 7/15/70
ITEM EXTENDED
aTy. NUMBER DESCRIPTION UNIT PRICE AMOUNT
96 391468 OCTAGON BOX 4 INCH «23 $ 22.08
40 411116 TWINLITE SOCKET B « 60 24.00
350 411132 SOCKET ADAPTER BRN «32 112.00
200 411732 SILET SWTCH IVORY 1.20 240.00
175 511117 PULL CORD GOLD 42 73.50
TOTAL $471.58
INVOICE REGISTER
7/15/71
INVOICE CusT. EXTENDED DISC. INVOICE
NO. NO. AMOUNT AMOUNT AMOUNT
13826 430975 $ 471.58 $ $ 471.58
13827 431030 238.96 4,78 234.18
13828 432450 57.70 57.70
13829 434960 208.62 4,17 204 .45

Figure 3-36. Sample Invoice and Invoice Register
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Example: End-of-the-Month Billing Since INVOICE has a nonstandard form length, it must be
defined on the Line Counter sheet. You will use line 43 as

Assume that your company invoices its customers using the overflow line. Figure 3-37 shows a sample Line Counter
your data processing system. It is your responsibility to sheet. {Note that since INVREG has a standard form length,
prepare and print the invoices to be sent to the customers. it does not have to be defined on the Line Counter sheet.)

You are also going to keep an invoice register; a record of
every invoice that is sent out. Since you have a dual feed
printer, you will print both the invoice and the invoice
register at the same time. You might name your two out-
put files INVOICE and INVREG.

The format of your output must be determined. in this
case, INVREG will have the standard length of 66 lines,
while INVOICE will have a nonstandard form length of 50.
Heading information is printed on the top of each report.
INVOICE uses a preprinted form for much of its heading
information. INVOICE has a 63 print position line and
INVREG has a 50 print position line. Figure 3-36, insert
A is a sample invoice and Figure 3-36, insert B is a sample
invoice register.

Line Counter Specifications

L 1 2 3 4 5 6 7 8 9 10 11 12

Lo T Filename

Line

Number
Channel
Number
Nurnber

Line
Number

FL ar Charnet

Nuriber

Number

Nurnber
Channel
Number

Channet

Lane

& foE oW B0 1112 13 34t 16 17118 1920 21 22 fo3 2426 vu x| as 29130 31 3233 3a)as a6 37038 30]40 41 a2]an 44l 4 a6 arlag agluo 51 w2]e3 safss 5e ny{ss bo 60,6‘ 6263 64 (xi."j(‘ S7|68 6970 /1 77|73 14
r e T T T T

e CE B85 : | | ] 2NN J
P FLNVIOICE souf | : ] bl NN :

|
| [
1 4+ i e I '

M

|

.

H |

. i L : ] i i

Figure 3-37. Line Counter Specifications for INVOICE
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Page of GC21-7567-2
Issued 24 May 1976
By TNL: GN21-5389

You also want to have headings printed on the top of every RPG OUTPUT
page. Because you do these operations only when an over- IBM ...o.ccom susmes macnme Corsorstion
flow indicator is on, you have to condition these operations Program bunching | Granhic
by the overflow indicator. Figure 3-38 shows the File De-  Poganmer Date etrecvon | punch
scription sheets for Model 10 {Insert A) and Model 6 (Insert
B). Figure 3-39 shows the Output-Format sheet to print O Gl Efree| S| Ouiwatindictors
headings at the top of every page. (Remember that skipping % £ T ‘ Fiowd Nome
and spacing on the two carriages are independent.) o Filename & f HE ra
Note for Model 10 and Model 12 Users: Recall that the A B
right form (in this case INVREG) must be at feast 17 X"T e L 73424120026 |27 7 wro Sl “[”;4 S ‘ﬂ 2
positions away from the form in the left carriage. Because %;w z VO CEOH RBL P ‘ | i | ‘l
INVOICE will have a 63 print position line, you assign posi- s o R T 4 T r Py ;
tions 1-63 to it. INVREG is a 50 print position line and you oo lo I T l i o
assign it to positions 81 through 130. ole) Jo Ml |13 BRI I I t‘ 1 ’ {
° Gl o OR SOV } i }
oy Jo PR

Figure 3-39. Heading Specifications for INVOICE and INVREG

File Description Specification

I- File Type Made of Processing File Addition/Unorrered
-
File Designation Length of Key Field or s Extent Exit Number aof Tracks
- P of Recort Address Fiekd S for DAM for Cylinder Overtlow
nd of Fite S
Z f
Record Address Type : 2| Name o Nurmber of Extents
R Sequence Symbolic &) Tl Exit
Filename Type of File . Device Device = Tape
File Format Qrganization | K Rewind
3
Line or Additonal Avca | 2 Core Index o
N =]
e a JOverflow Indicator| 2 Condition
= 9 B
Block § = 2 [RTT]

& = Record |53 Key Fietd | 2 Continuation Lines z

IS] o Length Length = 5 E

b ol @ glg Starting % =) )

a |wg|d i < |z Location  |% K Option Entry e «

/»go 101112 13 14

>
&
=

20 21 22 23124 25 26 27128|29 30431(32[33 34|35 36 37 383940 41 42 43 44 45 46|47 48 49 50 51 52 |53|54 55 56 57 68 59 160 61 62 63 64 65[66|67]|68 63|s0]71 s2| 13 14
T T T r e ,

1320 1320 || 1 oF ., [PRINTER

T |e Form Type

INVO

mr~
C H ) |z _vowico
m

I
- St : i t
FLNVREG @ 43 V.| ||| PRINTR Fh , ]
I [ !
FILNPLT. PE| Fl| 96 98 |1 cu \ L
' ' |
FLUSMAS, . Wic [LIFl W7l L17Re7AL] | pees) d,mm - ! e + N L
E ! ' I b ; !
R R IR iR R . -
. | : |
A L 0 s bt B ‘ |
Fl ! o i | i |
RN Sl IR R RS e S R H
F |
o P SERERRREE TR - 44
File Description Specification
I- File Type Mode of Processing File Addimen/Unotdered
= i Extent Exit
. o Length of Key Freld Number of Tracks
nd of File i
Record Address Type 21 Name of Number of Extents
Eilename Seguence Type of Fde o Device Eye':itc):‘m 2 Label Exit Tane
File Format Organizatior ; E Rewind
o . Jovertiow | © Condition
e o= &
B Ol = B‘“Ckh Record ME Key Field z Continuation Lines = urE |
A Slo| ol e Leagn | sl somine |2 =
3 Sl w2 3 2|2 Locauon |4 K Option Entry z =
3 SR ] Go1Y 12 33 14 11016 (17[18)18)20 21 22 23[ 24 v 26 27[28 |20 s0]31{32]33 34|35 36 37 38 30140 41 42 43 44 45 46 |47 48 43 50 51 ‘5? 53] 54 55&57 58 59 |60 61 652 63 64 '55 6616768 69{70 7“7? 7,'1‘74
o] ‘ N | “lihea ‘ Pl !
Invorce o | LFL ol b3 | T]DF ..,LTRAdTRP P SRR
Lo . | H | :
o FINVREG O | E| a4 L3 V| TRACTRR | IR
o FLNPUT L IPEL ] 94 | 9B I bisk e 3.
“;; FLUSMAS P RCLL R L] rLm 7AL | BOB2 DISK . +T il
|F : I | ' Co :
SRR SRRRAAS N R R Lo b b 1 {4 H

Figure 3-38. File Description Sheet for End-of-Month Billing
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Review 3

Overflow and Fetch Qverflow

1. When you are not using overflow indicators or line counter specifications, but are
allowing RPG iI to handle overflow automaticatly, how many lines are assumed per
page? What is the first line printed? What is the overflow line?

2. Code the line counter specifications which are necessary to define a form of 50 lines
with the overflow line 8 lines from the bottom. What entries must also be made on
the File Description sheet?

3. When is the overfiow indicator turned on and when is it tested?
4. Describe a situation where printing can occur below the overflow line.
5. How does the fetch overflow specification alter the normal program cycle?

6. Given the following information, supply the Fetch specifications, for the output
shown in Figure 3-40, which will prevent printing records on or over the perforation.

® Number or printing lines per page is 66. The overflow line is 58.

e There are seven total lines in all. Since ail are conditioned by the same control
level indicator, they will all print when a level 7 control break occurs.

® Overflow should be forced if the overflow line is printed prior to beginning total
output.

® Total lines 1, 2, and 3, must print on the same page. Total lines 4 through 7
must print on the same page.

RPG OouUTPUT SPECIFICATIONS CX21 8080 00
IBM ..coatomsi susoess Mcnw Corporann
Program Punching 1 Gravhic z 1 Card Fiectra Number 'z Prograns 75 76 77 78 78 80
Programmer } Gate stuction [ po ‘{ 1 I Page [D of__ identitication [:II]:L
_ . ) —
O - %Suace Skip Qutput Indicators //~——t__t~:j[> [ commas IZEVILBPdv’?nT?ST o St Tem 1 - 1x :,i?g::n
=i 5 Field Name i ﬁ Ves | Yes [ Al |Y = Date
:2 NN ! Ves | No ‘I 2 8 | K Field Edit
Line Filename MEIE R End | Yes 3 c L |2 = Zero
HEER and _ And x| Positon ‘ N |4 D M Suppress
g Cla 2 [ ] 12l o«
T afolo] £ 2 |5 X I 35| Ouwar {5 Constant or Edit Word
£ ) o [ < |2 zi |z *AUTO S| Recors | S
B 1B IS
A
1 4 sieft7 8 9 101112 13}1al1she17]18]19 20|21 22{23]24 25|26 |27128]|28 203132 33 34 35 36 3738139 140 41 47 43144 145 QE 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 52 €3 64 65 66 67 68 B3 70171 72 73 74
T * T T T -
o' [olPRINTER IT| 3] | . T T T T T T e T T T T T
1 ; [ | !
o] Jo . | TOTALLL] | | 80 4 RERRRERRNENA
- L . ; ‘ - e . r T 1 Lt
3 o T L | i . | ‘ i |
e : N L +— bbb 1 1
o1 o , Ll oA | sd | T il BEEN
i T f i
0|5 0 P! AR ! | |
L AT S N RNNRE NS ]
ols| fo I O ; L TOH AL'3 ! }8@ 'T’l: } R _
017; |o : | i ! 1 ;
LELeL d4H PLbLi b | ToTALAHL L. 8 L. e .
ole |o \ P Co N 3 |
‘ LT I IO S B O R P IE I U S = i
1]e] fo e i i ‘n ‘ b :
A . T } I L TATALS @ﬁ y 1‘ bl lT BN ‘ ; ‘L L
| ; P i ; ! [ i P !
Tl e[ TT T | LI_L‘ Lpf b b L o -H | L] i
1]2| 1O ! ; i i Lo [ [ ; b ;
. R mm 4 TALGL A - B4 L frw;#fﬁrr ST
13 | ' ! ' i P! i I |
- | 1T I - ]‘L ‘I.L + - Ll l SR 1474‘,_ % ,‘ [ <L I 1‘ L | L |l % | : { ;‘J.__
1]a] |O o I ! . I h:l \ m M L e b i L L
SRS Lfdob b s b L HOTAL 7 | ~>>rr——i4~+‘m‘#4“1‘11%!1 -
® Figure 3-40. Total Specifications (Question 6)
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Forms Alignment
7. Why is accurate forms alignmentt important?

8. What entries must be made in the RPG |1 specification sheets to repeat printing the
first heading line of a report until the forms have been correctly aligned?

Editing

9. Choose the correct edit codes for the following punctuation.
a. 1,342,650.00CR (for zero balance, print .00)
b. 1,246,900 (for zero balance, leave the field blank)
. 1694824.25— (for zero balance, leave the field blank)
d. 12/13/71

10.  Construct an edit word for a 12-digit account number so that it will print out with
the format XXX XXX XXX XX-X.

11. On the Output-Format sheet, specify the edit code and any other entries necessary
to print out a dollar amount with the format $%%1,234.66CR. The field must end in
position 50. If the tield is zero, print 00.



*PLACE

12.

13.

What is the function of *PLACE?

In the example shown, is *PLACE used correctly? If not, why not?

GX21.9090 U/M 050°

RPG OUTPUT SPECIFICATIONS e USA
IBM c.cuncnes susness acne Corporanon
1
Program Punching Graphic Card Electro Number 2 broaram 75 76 77 78 79 80
Programmer l Date Instruction | py Page {D o identfication _
O R % Space|  Skip Output Indicators E);ma; zero dela 'Ces‘[ No Sign [ CR ‘ X = Remove
a|% 1o Print Plus Sign
& =
5 & Field Name i { T ves ]" Yo 4 N l ) LY = Dete i
HNER [ oves | me 5 Bk Field Edit |
Line Filename MEEE Eng foNe Yes 3 C | L |2 Zero
EIER And And | Positon Lo~ | No 4 o | ™ Suppress
3 Mk . T 2% in = T -
e | L i = 3
e alofo} 2| £ I3 3 3 8|a| Ouwur (I Constant or Edit Word
5 olR S T z z *AUTO z|2| Record |B
« ARE ! e *
3 4 5|67 8 9 101 12 1311416 {16§17]18]19 20]21 22]23|241 2626 127 ‘ZE 29{30 31|32 233 34 35 36 37|au |39 |40 41 42 434445 46 47 48 4D L0 51 52 B3 54 65 56 5 58 59 bﬂ 81 62 63 64 65 BG 67 68 69 70|71 2 73 74
' 7 T T T R B B T T T T T T
0 x[ 0 l { i ] i [ [ ! i . | | Pl : P
RIL T D 3 ﬁs S O ,,l, T S S ‘rjv L 4‘,1 44 Lo JT" i A,J,,w‘ ' ‘l4ﬂu l*‘_‘f_
o2 Jo - A PR RN R nnl
! T ' oo +++ 1‘2" = - [ L ot | ?‘\‘1'{‘ i bt
o3| |o [ ; I b ; [ e I J ,‘ -
. o pr b J\CCU\—‘ PRI L By e et bt 1 ER R
ols! fo | ERRRRRER dll R I N I
} —t- +—1 ,"-v - 4 FI S S R NN Lmlcﬁf 7*74»7 J‘ . [ PR R I “ S S )»,T,,li

14.

Write the output specifications to print two mailing labels in a row using *PLACE.

The first label ends in print position 25, the second in 60. Each mailing label will
have three lines and look like this:

NAME
ADDR1
ADDR2

(25 characters)

{25)

{

18)

Dual Printer Output Files

15.

16.

ZIPCODE

Feature on the 5203 printer?

17.

()

What does the use of the dual feed printer allow you to do?

What limitations exist when designing forms for use with the Dual Feed Carriage

How do you distinguish between the two feeds on the RPG |1 specification sheets?

Review 3
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Answers To Review 3

3-36

flow rather than waiting until all total output has occurred. If the indicator is on
when tested, overflow output is performed immediately and then the line specified
is printed.

1. Sixty-six lines are assumed per page. First line printed is 06 and the overflow line
is 60.
2.
File Description Specification
F File Type Mode of Processing File Addition/Unordered
File Designation Length ot Key Freld or s Extent Exit Number of Tracks
P of Record Address Field b} for DAM for Cylinder Overfiow
Record Address Type €] Name of Number of Extents
Filename Sequence Type of File o Device E\;rv':::mc :% Label Exit Tape
File Farmat Organization o 5 Rewind
Line or Additonal Area § - Core Index T
% ° S o | Overtiow Indicator| Q Condition
2 S|zl | [E] T | [reoe 21Z [ xevrea ] Contmuaton Lines o VE
£ Sle als 3 s Starting | £ 3
S e w|? | o QU= Locaton [# K &
3 3 £17 8 9 101112 13 14 15016)17]18119[20 21 22 23] 24 25 26 27]28|29 30| 3132, 33 34135 36 37 38{39)40 41 42 43 44 45 46 |47 48 49 50 51 57 |53 70]7t 72| 73 74
"] IfPRINT. | [ L gl [T OE T T RN ER] 1T |
—- - I—$N+ ENES o NN N b, el p o L ! dd J— -
Line Counter Specifications
L 1 ? 3 4 5 6 7 8 g 10 11 12
Lime Filename . E . . _ ~ L B s
52023 Z |53 22|82 52 iz 52 2|55 (22
3 i3 ! IE SO0 11 12ty orafts 1 1718 19 20 @1 27(vs vafon 2 27| ow 20120 31 32133 34f35 36 3|38 39140 41 32)43 a4l 45 ap a7fas ag|s0 51 v2[53 54155 56 57)58 sal6o 61 62|63 64 65 66 7|68 €970 11 7207y 74
‘ ‘ SO " T . T T LR I O R R R ‘
e LPRLUNI‘. L meU_ﬂ‘{JlOL L. e R [TT A Pidod o dvits
1128 |L o i ' | i i 1 [ ! | i '
Vo ; [ i b . | | | ! | | | | !
Lo . Fe P - ' o R I ! . S e i R l i Dbt mull EESE S S =1 =
L EEERENEERES el bbb SENSERENI RSN NN
Form length is 50 lines and overflow line is 42. Any overflow indicator OA-OG or
OV must be entered in columns 33-34 of the File Description sheet. L must be
entered in column 39 to indicate that Line Counter specifications are used.
3. tf the printer has printed on the overflow line either during total or detail output,
the overflow indicator specified in the File Description sheet is turned on. The over-
flow indicator is tested and overflow output performed only after total output.
4, a. When more than one detail or total line is printed during one cycle and a line
other than the last total line is printed on the overflow line.
b. When the ast detail line for a control group prints on the overflow line, the total
lines for that group will print below the overflow line.
5. The overflow indicator is tested prior to printing each line specified with fetch over-




6. F in column 16 of lines 1 and 7 of Figure 3-40. F in column 16 of line 1 causes
forms to advance if the overflow indicator is on, assuring that total 1 will not print
below the overflow line and total 3 will not fall over the perforation. Since totals 4
through 7 must all print on the same page and will not all fit below the overflow line,
enter F in the specifications for total 4 to cause a skip to the next page if the over-
flow indicator is on. Since totals 5-7 must print on the same page as total 4, no fetch
specification should be entered for them.

7. Forms must be aligned accurately so that printing is correctly positioned on each
page and so that printing occurs exactly where you want it, not above or betow.

8. There must be at least one line on the output sheets conditioned by the 1P indicator.
A ‘1" must be entered in column 41 of the control card,

©
»

oo o
<ZTA>»

10. Blank spaces show where digits are to be placed and &'s show where blanks go. The
entire word must be enclosed in quotes.

RPG OUTPUT SPECIFICATIONS X109 s 0%
Printed in US.A,
IBM international Busingss Mechine Corporation
12 75 76 77 78 79 80
Program Punching Graphic Card Electro Number Program
Page of ” ficati
Programmer Date Instruction | p ey, __ identification
o _|Z[sesce]  swin Output Indicators Commas | 2570 Balances | o gion 1 ¢ | - | X = Remove
(5 X to Print Plus Sign
E & Field Name |f: Tes Yes ' A | 4 |Y = Date
T | ™ Yes No 2 B K Field Edit
Line Filename HEEHE End No Yes 3 c L 2= 2ero
8} §{3|< And And @ Positon No No a D |m Suppress
§ i L 3 {2 w @
e ool 2|2 |3 3 3 85| Ouput (I Constant or Edit Word
£ ) 2|2 |z z 2z *AUTO |2l Record |&
&2 ol S
A
3 a4 s|6{7 8 8 101112 13014}15]16]|17]18]19 20|21 22]23]2¢|25]26 |27|28| 2030131 |32 33 34 35 36 37]36 [39 |40 41 42 43]aa]45 46 47 48 49 50 51 52 53 4 55 56 57 68 59 60 61 62 63 64 65 66 67 68 69 7O{7Y 72 73 74
T
o1 o
ot2| |o T b ' -~
oi3f |0 ;
}
0fa o
0is| |0
ofs| |O
of7 {o i
+
ols} |o
[ k] [o]
4
10 o i
- t
)1 |o
12| |O i
1(3; lo
1141 {0
1:8| |0
1{6] |0
t|7] |o
1|8 jo
18| lo
2]0 (o]
[s]
o]
[¢]
o
o]
-
Zt LL OL €9 89 L9 99 9 ¥O (9 19 19 Wuﬂls“‘ﬁ"ﬁ‘?ﬁ‘l‘i TS OC Gy 8¥ Lv 9F SY PP CP ¥ Ly Op 6 BL LE 9 SL ¥E CF L€ ML OC 62 BZ £Z 9Z ST YZ EC ZZ LZ OZ 61 BL LL 9L GLPLEL ZL 1L OL 6 8 £ 9 S £ T
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11.  The A edit code will zero suppress and insert commas, decimal points, and the credit
sign CR. The asterisk entered in columns 45-47 will cause all places zero suppressed to
be filled with asterisks. The dollar sign must be specified on the line following the
edit code. When printed in position 38, it will come right before the asterisks.

RPG  OUTPUT  SPECIFICATIONS Psamasa

— 12 75 76 77 78 79 80
)
Program Punching Graphic l l 1 Card Electro Number \ ‘ Program
Programmer Date Instruction [~ l I a0 ®'__ Identification
() i Output Indicators = Reme
Space|  Skip p | Commas Zero Balances | o gign [ cR | - | X = Remove
Fioid N f to Print Plus Sign
i
E ief ame Yes Yes 1 Y = Date
1 Yes No P Field Edit
£ Yes 3 Z = Zero
4

TOo®>
Zrxe

Line Filename nd
No No Suppress

After
>
E
»
kS
a

Positon

Before

in

Type (H/D/T/E)
P | Stacker # /Fetch{F)

Output
Recard

Constant or Edit Word

o
o
Before
After
Not
Not
P/B/L/IR

“AUTO

Edit Codes
B/A/C/1-9/R

PO

40 41 42 43144145 46 47 48 49 50 51 52 53 54 55 56 57 58 53 60 61 62 63 64 65 66 67 68 69 70}71 72 73 74

S

|
28293031132 33 34 35 36 37

P
8
e
S

7 B 9 10 1112 13)1a]15116117{18[19 20|21 22[23)24|25[26 |27

SR gl ] NEEN
'%7 Mﬁ'#lr ﬁi‘ T J’J\’ *TT;F\I l ’#\L '4* \[ \{ " BERREERERE 4 } [

%Mlbu T .%.5 L!TH 7 : HREN

o
i
[
©[0lolo]s Formiype
I
I |
| I
—
I
L
|
N
|
[ |
T
]
il
[
I
|

Te
S
ZA‘AA
—L
J
4!

]

!
——
N

12.  The function of *PLACE is to easily code the printing of duplicate information on
the same output line. *PLACE places information from print position 1, through
the highest end position previously defined for a field into the print positions indi-
cated by the end position in the *PLACE entry.

13.  Itisnot correct. The end positon in the *PLACE specification is not high enough.
The duplicated information will overlay the field called ACCTNO. The end position
on the *PLACE line should be at least twice the highest end position previously
specified for that record.

14.  Two labels must be printed. Therefore, for each line you must specify the original

field and a *PLACE entry, which will cause the contents of the original field to be
duplicated.

3-38



Page of GC21-7567-2
Issued 24 May 1976
By TNL: GN21-5389
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15.  The dual feed carriage allows the printing of two independent reports simultaneously.

16. A minimum of seventeen print positions must be left blank between the two output
forms.

Model 10 Card System, Model 10 Disk System, and Model 12: The only difference
is that the device name on the File Description sheet for the left carriage is PRINTER
and for the right carriage is PRINTR2.

Model 6: The only difference is that the device name on the File Description sheet
for the left tractor is TRACTR 1 and for the right tractor is TRACTR2.

Answers To Review 3 3-39
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Chapter 4. Card Outpurt Operations

CHAPTER 4 DESCRIBES:
Puncned output.
Printing on cards.
Using one file for both input and output.
Selecting the stacker for output cards.

Merging input and output file cards.

BEFORE READING THIS CHAPTER YOU SHOULD BE ABLE TO DESCRIBE:
Using the printer to produce a simple listing.
Using control fields.

RPG Il object program cycle for detail and total operations.

AFTER READING THIS CHAPTER YOU SHOULD BE ABLE TO DESCRIBE:
Coding for punching a combined or output card file; summary punching.
Formatted printing and unformatted printing (*PRINT) on cards.

Uses and coding for combined files.

Stacker selecting input, combined, and output card files.

Coding for merging input and output card files.

Note: You can use the review guestions contained in Review 4 at the end of this
chapter to test your comprehension of each topic in the chapter. Questions are

grouped according to the topic to which they apply. Answers follow the review
questions.

Card Output Operations  4-1



INTRODUCTION

Thus far, in this manual, the program output usually has
been a printed form or report. Punched cards generally
have beer: used as a source of input data. However, cards
can be used for output as well as input. This chapter des-
cribes RPG Ii coding for output operations using the I1BM
5424 MFCU, available on the System/3 Models 10 and 15,
and the IBM 2560 MFCM, available on the System/3 Model
15 only.

You might want to have card output for many reasons,
Perhaps you want to generate a new file or change an input
file in some way, such as by reformatting the records, add-
ing data, deleting data, adding new records, or deleting un-
wanted records. The output you choose might be data
punched on the cards, printed on the cards, or both. In-
formation can be printed on cards for identification, inter-
pretation of the punched data, or any other purpose you
desire. You can punch and print data on blank cards or on
cards that already contain data. You can also direct cards
to a specific stacker or more output file cards with cards
from an input file.

PUNCHING AND PRINTING ON CARDS

Punching and printing on individual output cards are con-
trolled separately. Punched cards need not be printed;
printed cards need not be punched.

Punched OQutput
Punched output can be used to:

® Create a file of cards that is different from the input card
file

® Add new records to a card file
® Add fields to input records
® Punch a summary card from a group of input cards

RPG Il coding for punched output is similar to coding for
printer output. Either the primary hopper (device name
MFCU1 or MFCMT1) or the secondary happer (device name
MFCU2 or MFCM2) can be used as the output device; the
other hopper is used as the input device. In some cases,
punching can be done on the input cards themselves (see
Using One File for Boti1 Input and Output, in this chapter).
Remember, however, if only one MFCU hopper js used, it
[ must be MFCU1 {Model 10 Card System only),
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On the Output-Format sheet, you can specify heading, de-
tail, and total output, just as you can with a printer file. In
some cases, you may want to punch only total records by
summing the data on several input records and punching a
separate card for the total. This is known as summary
punching. Do not specify an edit code for punched output
unless you want to have punctuation punched into the out-
put cards.

Printing On Cards

It is advantageous to print the same information on the
card as was punched on the card. This way you can easily
interpret what information is recorded on the card, Also,
printing information on the card makes it easier to recreate
a card that is damaged to the extent that it cannot be read
by the MFCU or MFCM, or duplicated by the data recorder.

Although you may print the same information on the card
that is punched on the card, it is not always'necessary to
do so. You may print entirely different fields from those
that are punched.

The 96-column card has space at the top for four lines of
printing (Figure 4-1). Each line can contain 32 printed
characters, for a total of 128 print positions.

The 80-column card can be printed only on the MFCM
Model A1 with the optional print feature. Up to six print
lines can be used. Each line can contain up to 64 printed
characters, for a total of 384 print positions.

The MFCM print heads can be set to print in 25 different
print tine positions, from above the 12-punch position to
below the 9-punch positions (Figure 4-2). The print heads,
numbered 1 through 6, must remain in sequence from top
to bottom, with print head 1 at the top. Therefore, with
six print heads installed, print head 1 cannot be set below
line 20 and print head 6 cannot be se¢ above line 6. Inter-
mediate line positions are located on and between each row
of punch positions. Print-position 5 (between the 11-row
and O-row) should be avoided, if possible, because the feed
wheel may cause some smudging of characters printed in
that position. In punched fields, printing in even-numbered
line positions should be avoided because punching may
obliterate some characters.
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Formatted Printing (MFCU)

Using formatted printing, you may print a field or constant
in any of the 128 print positions available on a 96-column
card. The first three lines are the lines usually printed. The
fourth is printed only if necessary because printing on the
fourth line increases considerably the amount of time needed
to print, and thus increases the time needed to do the job.

Printing lines ———l
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Figure 4-1. Printing Lines on a 96-Column Punch Card
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Figure 4-2. Printing Lines on an 80-Column Punch Card
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For each field or constant you wish printed by the MFCU,
you must make the foliowing specifications on the
Output Specifications sheet:

1. If a field is to be printed, enter the field name in col-
umns 32-37.

2. Enter ™ in column 40 to indicate that the field is to
be printed not punched.

3. Enter any end position from 001 to 128 in columns
41-43.

4. ifaconstant s to be printed, enter the constant in
columns 45-70.

For example, to print the fields on the card shown in Fig-
ure 4-3, the specifications in Figure 4-4 lines 06-10 are
necessary. You indicate punching of these fields by speci-
fying an end position without the asterisk (see Figure 4-4,
lines 02-05). If you intend to punch fields and print fields,
you need two specifications per field. If you have seven
fields to be both punched and printed, you need 14 specifi-
cations.

Because printing and punching are two separate functions,
it is possible to print a field without punching it and punch

/ JANICE T SWENSON
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Figure 4-3. Formatted Printing on a 96-Column Card

a field without printing it. If you punch and print the same
field, you may put each in different positions. In other
words, you may format the punched fields in a different
way than you format the printed fields.
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Figure 4-4. Specifications for Punching and Printing on a Card (Formatted Printing — MFCU)
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Formatted Printing — MFCM

Using formatted printing, you can print a field or constant
on any six of the 25 print lines available on an 80-column
card. For each field or constant you wish printed by the
MFCM, you must make the following specifications on the
Output-Format sheet:

1. When printing a field, enter the field name in columns
32-37.

2. Specify a print head number (1-6) in column 41.
3. Specify a print end-position (01-64) in columns 42
and 43. (The leading zero is required when specifying

print positions 01-09.)

4. When printing a constant, enter the constant in
columns 45-70.

For example, to print the fields shown in Figure 4-5, the
specifications shown in Figure 4-6 are necessary. Coding
lines 02 through 05 cause the fields to be puncher!. Coding
lines 06 through 10 cause the fields and a constant,
BALANCE, to be printed. As you can see, two specifications
are required for each field that is to be both punched and
printed. In order to obtain the desired printing results, the
MFCM print heads must be aligned mechanically prior to
running the program.

Note: The fourth line of printing also could have been
printed using print head 4, with print heads 5 and 6 set to
line positions lower on the card.

Because printing and punching are two separate functions,
it is possible to print a field without punching it and to
punch a field without printing it.
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® Figure 4-5. Formatted Printing on an 80-Column Card
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Figure 4-6. Specifications for Punching and Printing on a Card (Formatted Printing — MFCM)

Unformatted Printing (*PRINT) — MFCU and MFCM

Using formatted printing, recall that if you wish to both
punch and print a field, you must have two entries per field
on the Output-Format sheet: a punch entry and a print
entry. |f you want several fields to be both punched and
printed, there is a great deal of coding involved.

RPG Il has a special reserved word, *PRINT, which allows

you to punch and print fields and constants with less coding.

When *PRINT is specified, it causes all previous fields
described for the record to be printed. Use of *PRINT is
known as unformatted printing.

Figure 4-7 shows the use of the *PRINT specification.
NAME, ADDR, ACCTNO, and BAL are to be punched.
Following these field names in columns 32-37 is the entry
*PRINT. This entry causes the previous four fields to also
be printed on the card (see Figures 4-8 and 4-9).

Using *PRINT with the MFCU causes fields and constants
to be printed in positions corresponding to the punch posi-
tions. For example, ACCTNO is punched in positions 41-48
and also is printed in positions 41-48.

On the MFCM, there is not space to print 80 characters on
one line. Therefore, data punched in columns 1-64 is
printed in print positions 1-64 by print head 1; data punched
in columns 65-80 is printed in positions 49-64 by print

head 2 (Figure 4-9),

The word *PRINT can be used only once for a record and
must be entered after the description of all fields that are
to be both punched and printed. Suppose, instead of print-
ing all four fields (NAME, ADDR, ACCTNO, and BAL),
you want to print only NAME and ACCTNO. In this case,
the entry *PRINT must follow NAME and ACCTNO.
ADDR and BAL must be described after the *PRINT entry
(Figure 4-10).

Columns 7-22 and 39-74 must always be left blank on the
*PRINT specification line.
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Figure 4-10. Using *PRINT to Specify Fields When Some are
Punched Only

You may use any indicator in columns 23-31 to condition
the “PRINT entry. That specification will then be per-
formed only when the condition set by the indicator is
met. For example, according to the specification in Fig-
ure 4-11, line 05, the fields will be printed only when 10
and 21 are both on at the same time.

Editing A Field Printed on the Card

Any field that is to be printed, using either formatted or
unformatted printing, can be edited. This, of course, will
make the printed field easier to read and understand.

Editing a field to be printed on the card is done in the same
way as editing a field to be printed on the printer. How-
ever, editing should be kept at a minimum so that the length
of the printed field won’t be considerably larger than the
fength of the punched field. Zero suppression or merely re-
moval of the sign are often done since they do make the
printing easier to read, but still keep the printing in a one-
to-one relationship with the punches.
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Figure 4-11. Conditioning *PRINT Entry

USING ONE FILE FOR BOTH INPUT AND OUTPUT

In your experience with RPG i1, you have used card files as
input files and output files. Suppose, however, you wanted
to punch into the same card that was read into the com-
puter. |s it possible to use input and output files to do this?
No, input cards are only read and output cards are only
punched or printed. What you need is a combination of the
two. The RPG Il language allows such a file combination.
This type of file is called a combined file.

Note: In this discussion, only the MFCU is used for refer-
ence; unless noted otherwise, the MFCM can be used in the
same way.

Punching Into the Same Card that is Read

A company keeps a daily record of the amount of each item
sold. At the end of the week the daily amount sold for each
item is punched into the card in six different fields, one fietd
per day. These cards are then used in a program which totals
the daily amount sold for each item and punches that total
into the same card that contained the daily amounts.

Figure 4-12 shows the format of the data card which is read.
Each card contains the end of the week date (DATE), the
item number (ITEMNO) and daily amounts sold (FLD1
through FLD6). Figure 4-13 shows the same card after it
has been punched. TOTAL is the field punched after the
total amount sold has been calculated.
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Figure 4-12. Combined File Card Read
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To describe this program, you will need four types of On the Input sheet (Figure 4-14, insert B) you should de-

specifications sheets: File Description, Input, Calculation, fine only the fields which are to be read. Remember the
and Output-Format. On the File Description sheet, you TOTAL field is not in the cards when the cards are read
define the file as a combined file with a letter C in column 15.  and therefore, is not described on the Input sheet. Since
File Description entires for a combined file are the same as the TOTAL field is to be created during the job, it is de-
those for an input file except for column 15, (See Figure fined on the Calculation sheet (Figure 4-14, insert C).
' 4-14, insert A.}) Cards will be both read and punched on
MFCU1. With the exception of the device name, specifica- The Output-Format sheet (Figure 4-14, insert D) describes
’ tions in Figure 4-11 apply to the MFCM, as well. only the information that is to be punched into the card.

Here again you describe the TOTAL field.

Note: Be sure the card columns to be punched contain
blanks, to prevent problems with invalid punch combinations.
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Figure 4-14 (Part 1 of 2). Specifications for Reading and Punching Each Card
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Figure 4-14 (Part 2 of 2). Specifications for Reading and Punching Each Card

Punching into a Blank Card in the File

You have just learned how to use a combined file when you
wish to read and punch the same card. What if you wish to
read several cards and then punch another card in the same
file? Remember any time you want to read and punch cards
from the same file, that file must be defined as a combined

file.

Assume that a company which keeps a weekly record of
items sold, uses these records at the end of the month to
determine the quantity of items on hand. For each item,

four different types of cards are read (Figure 4-15).
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Onhand, which contains the number in stock at the
beginning of the month.

Issues, which contains the number sold during the
month. There is one of these cards for each week.

Receipts, which contains the number added to stock
through reorder.

New Onhand, which is blank. After calculations have
been performed to determine the number on hand,
this number and the date and a code are punched into
the card. This card, when punched, will be used as
next month’s Onhand card, and will be in the same
format as the current Onhand card.

Card Output Operations 4-11



Each of these card types is identified by a code in column

96 (see Figure 4-15). (This code would be column 80 if

the MFCM were used.)
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Again, you will need four types of specification sheets to
write your program: File Description, input, Calculation,
and Output-Format. On the File Description sheet, you
must enter the filename, file type, and device (see Figure
4-16, insert A). Since this file is both read and punched,
the file type must be C to denote a combined file.

On the Input sheet, you must describe all four card types
and assign record identifying indicators. These indicators
will be used later to condition those operations which are
to occur only when a specific card type has been read.

These cards must be read in a certain order. The onhand
card must come first, the new onhand (blank) card must
come last. The issues and receipts cards may be in either
order, but must always be in the same order for any pro-
gram. For this program, assume that receipts cards follow
issues. Remember to indicate that cards are to be in a cer-
tain sequence by using numeric sequence entries for all card
types. These entries will direct the program to check for
sequence. Figure 4-16, insert B, shows input specifications
for this program.

On the Calculation sheet, you define the calculations
(Figure 4-16, insert C) which must be performed to deter-
mine amount on hand. The record identifying indicators
assigned on the Input sheet are used to condition calcula-
tions. For example, only when an issues card is read {02 is
on) will number sold (ISSUES) be subtracted from INSTOK.
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Figure 4-16 (Part 2 of 2). Specifications for Reading and Punching Combined File Cards

On the Output-Format sheet (Figure 4-16, insert D) you
must show the fields which are to be punched. Since only
the blank card is punched, punching occurs only when 04

is on. Because the card punched will be used as next month’s
Onhand card, ITEMNO, DATE, INSTOCK and a code must
be punched.

When To Specify a Combined File

How do you know whether to describe a card file that must
be read into the computer as an input or as a combined file?
If you remember these basic rules you will have no trouble
deciding.

1. If the file contains cards that are to be both read and
punched, it must be a combined file.
2. If cards in the file are to be stacker selected on some

basis other than card type, the file must be described
as a combined file (see Stacker Selection, Selecting on
a Basis Other Than Card Type).

STACKER SELECTION

Stacker selection is the means by which you can separate
certain cards from all others in the file. 1f stacker selection
entries are not made, all cards automatically fall into speci-
fic, predefined stackers:

MFCU1:  Stacker 1

MFCU2: Stacker 4

MFCM1: Stacker 1

MFCM2: Stacker 4 (Model A2) or Stacker 5 (Model
A1)

Note: Unless stated otherwise, this discussion applies to
both the MFCU and the MFCM.




Input and Combined File Cards

Input file cards are stacker selected by input specifications.
Combined file cards can be stacker selected by either input
or output specifications.

Selecting on the Basis of Card Type

Stacker selection by input specifications must be on the
basis of card type. This means you may separate all cards
of one type from the input file by specifying a special
stacker into which they shoulid be stacked.

Suppose you want to create a monthly list of all items in a
retail store. Three card types are used: one for new items,
one for discontinued items, and one for all cther items.

The manager wants to take all cards describing discontinued
items out of his file. He can do this by specifying the stacker
into which the card type is to be selected. The specification
in Figure 4-17, insert A, line 02, will separate the discontin-
ued item cards {card identified with a D in the last column)
from the other cards by putting them in stacker 2.

Notice that the OR relationship was used in describing the
three card types. When stacker selection is done with the
OR relationship one rule must be kept in mind: each card
type will fall into the stacker indicated for it. For example,
Figure 4-17, insert A, shows the stacker selection entry 2
for the second card type. The other card types have no
stacker selecton entry. They are, therefore, stacked in
stacker 1 if they were entered in the primary hopper or in
stacker 4 or 5 if entered in the secondary hopper. According
to Figure 4-17, insert B, card type 02 falls into stacker 2,
card type 03 falls into stacker 3. Where does card type 01
fall? it will fall into either stacker 1, 4, or 5 depending
upon the device used and the hopper in which the file was
entered.

Selecting on a Basis Other Than Card Type

Suppose you wish to stacker select input file cards on some
basis other than card type, such as the result of calculations,
the results of matching records, or the contents of an input
field. For example, assume that the cards which contain
information concerning new, discontinued, and available
items in the store also contain the amount on hand at the
end of the month. In addition to listing ali items, records
of items which need to be reordered are selected to a
separate stacker. The critical reorder point occurs when
there are 25 items or less left on hand. (This, of course,
does not apply to discontinued items.) Thus, in the cal-
culations, ONHAND is always compared to 25, |f the
amount is equal or less than 25, the item needs to be re-
ordered. All cards describing items to be reordered are to
be separated from the others in the file by stacking them

in a special stacker.

Where would you specify the stacker select entry that
would do this? There are only two possibilities — Input
sheet or Output-Format sheet. Remember that input cards
can be stacker selected on the Input sheet on the basis of
card type only. In our example, not all cards of any one
type will describe items that need to be reordered. There-
fore, the selection is not on the basis of card type and can-
not be specified for an input card on the Input sheet. This
leaves only the Output-Format sheet on which to specify
this stacker selection. But since our file is not an output
file, how could it be specified on the Output-Format sheet?
Remember that a combined file serves for both input and
output. Therefore, a file from which cards are to be
stacker selected must be defined as a combined file.
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Figure 4-18 shows the entiies which are necessary to stacker
select ali cards (except di,continued) cards) which contain
25 or less in the ONHAND field. The file would be de-
scribed as a combined file by placing & C in column 15 of

the File Description sheet.

Figure 4-18, insert A, shows that the GNHAND field is
compared with 25, {f the compare is equal or less, in-
dicator 10 turns on to indicate that the item shouid be
ordered. Indicator 10 is then used on the Qutput-Format
sheet 1o condition the stacker selection entry (Figure 4-18,

insert B, line 01).

When 10 is on {there ave 25 or iess ot

the item feft}) and the card is not a discontinued item {in-
dicator 02 is net on), the card s selected into stacker 2.
All other cards go into stacker 1,

Rules for Stacker Selecting Cards from a Combined File

Combined file cards can be stacker selected by both input
and output-format specifications. Input stacker selection
is hased on card type alone; output stacker selection can
be on any other basis. In fact, you can stacker select some

card types by input specifications and others by output-
format specifications. However, one card type should not
have both types of stacker selection specifications. if it
does, the input entry is ignored. Furthermore, if you are
punching or printing on combined file cards that are also
to be stacker selected, the stacker selection entry must be

on the Cutput-Format sheet.

Stacker Selecting Output File Cards

Output tile cards are stacker seiected by utput specifica-
tions. For example, stecker selection by output specifica-
Tions can be made on the basis of results of calculations,
matching records, content of fields, and error conditions.
Dutput stacker selection can be based ¢n card type, but
card type selection is usually dorne with input specifications.

Consider an end-of-the-month inventory program that: (1)
tinds the balance on hand for each item, (2) determines if
and when an itern should be reordered; and (3) finds any

items that are overstocked.

Figure 4-18. Stacker Selection on the Basis of Calculations
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Two files are used: an input file and an output file. The
input file contains three types of cards (Figure 4-19):

1. fnventory Balance cards, which contain the number
in stock at the beginning of the month, and the max-
imum and minimum quantities which should be kept
in stock.

2. Issue surmmary cards, which contain the total number
issued during sach week. Since this is an end of the
month job, there may be several of these.

3. Receipt cards, which contain the number added to
stock through reorder.

Each item must have a balance card. The other two cards
are optional. The output file contains blank cards.

For each item, the total number in stock will be calculated
from information on the input cards and then punched into
a blank output file card along with afl other fields found on
the balance card. The format of the output card must be
the same as the input balance card, since this output card

is used as the balance card for next month’s inventory.

Before the balance on hand is punched into the blank cards
the amount is compared to the maximum and minimum
quantities in stock established for each item to determine
reorder procedure. As a result of the comparison, four con-
ditions could occur:

.

1. If the amount in stock is zero or back-ordered, the
itern should be reordered immediately.

2. If the amount is greater than zero but equal to or
below the minimum, normal reordering procedures
should be followed.

3. If the amount is between maximum and minimum,
the item does not need to be reordered.

4, If the quantity is greater than the maximum, the
manager should be notified of the overstocked item.

Instead of putting al! newly punched balance cards into
one stacker, it would be more convenient, when preparing
to reorder, if they were stacked into different stackers:
one stacker for items requiring immediate attention (re-
order immediately or greatly overstocked), one for items
to be reordered normally, and one for items which need
not be reordered. To separate them, you spectfy different
stackers they could go into on the basis of the amount in
the INSTOK field.
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From which file do cards come that are to be stacker
selected? They come from the output file since they are
the newly created balance cards. Therefore stacker selec-
tion entries must be made on the Qutput-Format sheet.
Stacker selection entries are on the basis of the compare
operation. Thus these compare operations must set indi-
cators which will be used on the Output-Format sheet to
indicate into which stacker cards must fall. Figure 4-20
shows the program specifications.

Figure 4-20, insert A, lines 01, 02, shows operations used
for finding the number in stock. When a control break
occurs (a card for a new item is read) the number in stock
is compared as many as three times (lines 04-06) to deter-
mine into which stacker the cards should fall for reordering
purposes. Resulting indicators are set off (line 03), since
improper selection could otherwise occur due to multiple
indicators set for a single condition.

INSTOK is first compared to zero. If it is equal or below,
indicator 10 is turned on. If INSTOK is greater than zero,
it is compared to the minimum quantity. When INSTOK
is equal to or less than minimum, indicator 20 is turned on.
If INSTOK is greater than minimum, it is then compared
to maximum. Indicator 10 is turned on if INSTOK is
greater than maximum; indicator 30 is turned on if it is
equal or less.

Any of these indicators can be set: 10, 20, 30. Since they
indicate the amount in the field INSTOK, they also indicate
into which stacker cards should fall. (See Figure 4-20, in-
sert B.) If 10 is on (INSTOK is zero or less or greater than
maximum) cards go into stacker 4. If 20 is on (INSTOK is
greater than zero, but equal to or less than the minimum),
cards go into stacker 2. If 30 is on (INSTOK is greater

than MIN but less than or equal to MAX) cards go into
stacker 3. In all cases, five fields and a constant are punched
punched on each blank card before it is stacked.

Rules for Stacker Selecting Cards From An Output File

If no stacker selection entry is made for the output file,
cards automatically fall into predefined stackers — stacker 1
if the file is in the primary hopper; stacker 4 if the file is in
the secondary hopper. You may, however, cause cards to

be stacked in any of the four (or five) available stackers
merely by entering 1, 2, 3, 4 or 5 {5 for MFCM Model A1) in
column 16 of the Output-Format sheet.

All cards from the same file will fall into the specified
stacker unless indicators are used in columns 23-31. If,
as in this example, you want cards to fall into different
stackers, you must use indicators set by calculation opera-
tions to condition the stacker selection specifications.

Merging Input and Output File Cards

Putting cards from two different files into the same stacker
is known as merging cards. Any two files can be merged.
To do so, you merely specify the same stacker for each file.

When input and output file cards are merged, the output
fite card for each program cycle is stacked in front of the
input file card read at the beginning of the cycle. Why are
output cards stacked before input file cards? According to
the way the MFCU and MFCM operate:

1. An input card is not stacked until the next input card
is read.

2. Any output card that is punched is stacked immedi-
ately.

These statements are the key to the order of merging. Con-
sider what this means during a regular program cycle. When
an output file card is punched, it is stacked. This could be
either at total time or detail time. However, the input card
read at the beginning of the cycle is not stacked until the
next card is read. This results in the output card being
stacked in front of the input card. Most often, however,
you would want the merged cards ordered so that input
cards precede output cards.

Reversal of the normal stacking order can be accomplished
by specifying look ahead fields or dual input areas for the
input file. When either of these is specified, input cards are
stacked before output cards.

Stacker selection cannot be specified for input files with
dual input areas. Therefore, if you wish to merge cards
from the input and output file, you must merge the cards
into the default stacker for the input file {(defined pre-
viously — see Stacker Selection).
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Review 4

Punching and Printing on Cards

1.

2.

Why is it important to print on a card the same information punched in a card?

Using the following information, write the output-format specifications to punch
and print the following fields on output cards:

Field End Position

CUSTNO 5

NAME 26

AMT 32

INVNO 38

DATE 44

2 {constant) 96 (use 64 for MFCM)

The information should be printed in the same relative positions as it was punched.
Do not use *PRINT for this. For the MFCM (Model 15 only), use print head 1 for
all fields.

Do problem 2 using *PRINT.

Using One File For Both Input and Output

4.

When should a file be specified as combined?

If all master cards in a file are to be separated from item cards in the same file, the
file type should be specified as

True or False? Both printer files and card files can be combined files.
An electric company wishes to find the amount each customer owes for the electricity
he used during the past month. The input file consists of three types of records for
each customer:
& READ1 which contains the meter reading at the beginning of the month.
® READ?2 which contains the meter reading at the end of the month, This card

will be used as next month’s READ1 card. It now contains a blank in the last

column, and must therefore be punched with a 1 in the last column.

® AMOUNT DUE which contains a blank field (AMTDUE) which will be punched
with the amount each customer owes.

For each account these three cards must be present and in the order indicated.

Review 4
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The program must:

® Find the number of kilowatt hours (KWH) of electricity used during the month. The

Amount Due Card

reading has two decimal places.

Punch the amount due on the appropriate card.

Separate all three card types into different stackers.

Multiply the number of kilowatt hours used by rate per kilowatt hour to find amount
due. (AMTDUE has 2 decimal places.) . Rate is $.05 per KWH for the first 50 KWH,
then $.02 per KWH for all over the first 50 KWH.

Make the necessary entries on the File Description, Input, Calculation, and Output-Format
sheets.
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Stacker Selection

8. If stacker selection is specified on the Qutput-Format sheet during detail output
for card 3, which card will be selected? Which card will be selected if stacker selec-
tion is specified during total time output after control group A?

B
B
A
- 4
/ -
- 3
- 2
— 1
9. At each stop they make, drivers working for a fuel oil company record beginning

and ending meter readings and the number of gallons of oil delivered to the customer.
Later the account number, meter readings, and galions delivered are punched into
cards.

All regular customers are charged 15¢ per gallon. However hospital and government
agencies receive a 2% discount. The code to show which customers receive a dis-
count is in the account field. If the last digit is 0, no discount is given; but if the
last digit is 5, the discount is given.

Write the calculation and output-format specifications to:

a. Check the driver’s calculations in determining gallons delivered to each account
by subtracting beginning meter reading from ending meter reading.

b. Calculate the amount charged to each account (AMOUNT).

¢. Find total number of gallons sold for the day (TOTALG) and total amount
charged (TOTALA).

d. Print a report listing daily transactions and totals. If there is an error in driver’s
calculations, print the account number, code, and a message, ‘CALCULATION
ERROR’.

e. Stacker select cards for customers receiving discounts into stacker 2. All others
go into stacker 3.
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Answers to Review 4

1. Printing the same information that is punched on a card:
a. Enables you to easily see what is on the card. You don‘t have to analyze each
punch combination.
b. Makes it easier to recreate a card that is damaged to the extent that it cannot be

processed.
i "
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Since cards in this file are to be both read and punched the file must be defined as
a combined file (C in column 15 ot the File Description sheet). The card type
identified by a 1 requires no punching, and therefore can be stacker selected on the
Input sheet. A 1 was entered in column 42 of the Input sheet to indicate the stacker.
Leaving this column blank would also indicate that the card type goes into stacker 1
because cards entered in primary hopper of the MFCU are automatically stacked in
stacker 1. Output operations are performed on card types 02 and 03. Stacker selec-
tion is, therefore, specified for each on the Qutput Specifications Sheet in column 16.
8. a. Card 3 — the card that is being processed.
b. Card 3 — the card which caused the control break.
9.
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4-28

‘1 ‘:“), !‘ E‘Tiﬂ 1’ ! l l 7{1 o i ‘ } ! ; "u""'v““' 1 ?
I J e P d
Resiit Faole —“
: £ Operaton Factar 2 < "“‘SIM“‘“! 2 Comment
‘ e rith HE z‘[‘w’ Mz[w 2
SERGREN N Cope . kome P's ]  PRIGIVE. DISCOUNT?.
il oL _ENDING | SUB  BEGIN . . CORREC|. il .| CHECK DRIVERS
Ul oL | CORRECH. . COMP GALLON | o . ILg . CALCULATIONS
S L B BALLON . MULT L L5 AMOUNT| . 7]2JH| © | I T
S| L8 B2 BLAMOUNT . MULT. .32 DISC | . 5aH .| | . |[FIND DISCOUNT. ..
Pl ] LB 02 BLAMOUNT. . |SUB. LISC. .. |AMOUNT| L .
o7, e LB Dl IADD  TOTALA . TOTALA Ld2 ACCUMULATE TOT.
KRR S AT, S, T R |ADD. . TOTALG . . . [TOTALG| 1@ . P
o |C | ' . .
Vol b o N
naennE AR L DR R R N I N I tiebe by ;
S . DRSO |
AN R “ | | :
RIS | L 1 i H i




RPG OUTPUT SPECIFICATIONS e Pl

e [P I it 12 75 76 77 78 79 80
Program I Fonching Graphic J Are et Program
- ; + 1 Page of )
Programmer Date I nstruction Bunch \ | ___ ldentification .
— RSSO G S 1 SRR
O _ % Space|  Skip Output indicators it U IS ’2}75%\;:;% [ N;: blgn cr | - I = Aemove
wlg A | toPomt | Plus Sign
e Field Name { e Yes } B ATa Y= D:m
g <ls] | ves No [ B | K Freld Edit
Line Filename 2l 8|8l End No Yes ) 3 C | L 2= Zero
§|318|< And  And x| Positon No No | 4 D im Suppress
§ s L 4 - ) T E § n o -
T aioo] 2} 2 |3 3 3| | Slg| Outeut {3 Constant or Edit Word
£ 5 a1 |2 Z 2 *AUTO 22| Record |&
uw "y w & o
3 4 5 78 9 10 11 12 13}1a15116{17|18J19 20}21 22§23 |24[25[26127(28]/20]30i31]32 33 34 35 36 37|38 |39 [40 41 42 43[44]4n 46 47 48 49 50 5i 52 52 54 55 66 57 58 59 60 61 62 63 64 65 66 67 68 69 70[71 72 73 74
T T ’
T 17 i T T ]
o[] loplRir IniT l N niRiEEREEERRRREEER RERERREERR
ol2 ' ! S ! i
| cirnb B b e L) l
0|3 ]
Ll ODE D I ‘ | ‘ |
0l4 ) ' . [
- . b E@GILIN: i 8l 1 i } [ i | |
045 | ! | ' ' ; |
1] : . DL NG -} 2711 | T L i
ole : i :
i o leALLONL] L )] A ek T
o7 | o Co
. AMOUNTL| | . 58] SRBEREEY R
b i T I
°® 4 d.L NJ. i . ' % 4y . ; i . . 4 i S
ols : i | i
i N CCTNO | 17 bt | ! | 190 T
‘ i i | : : i
100 i 1 k ODE.: I (T A O A N AR T I O Ll
) i v i
: [} ! ! i
T T NI O O R O : i s 27| \'[CALCULATION ERROR il

=g
Q.
_’
1)
=
—~
N

S
clo o|cJolojo|o[oclo;oJ]olo 0 0[/0/0 0 000 0[0|O]=

i i . .

o i ]
| ! Lid il !
ZL \L OL 69 89 49 99 S8 ¥3 £9 29 19 09 65 8BS LS5 95 G5 ¥S €5 ZS 1S 0G 6v 8¥ LV Ov Gt vy £F ZV iP Ob 6€ 8€ (T 9F S€ vE€ CE ZC LE OF BZ BZ {7 92 5C ¥T £Z ZZ 12 OZ 6L 8L LLOLSLPLELZL LLOL 6 B £ 9 & ¥ E T

You must be certain to check ta see if the code is 5 or 0. The resulting indicator showing the
result of the compare is then used on the Output-Format sheet to show into which stacker
cards should fall. Stacker selection must be specified as a detail operation so that the correct
card will be selected. Any report formatting you choose is acceptable.
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Chapter 5. Controlling Operations In An RPG Il Program

CHAPTER 5 DESCRIBES:

Additional uses of indicators to control calculations and output.

Controlling operations on the basis of the next record in a file.

Manipulating data by moving it from one field to another.

Saving storage space and coding in calculations by using branching and subroutines.
Special uses of control level indicators.

Binary field operations.

Increasing the speed of RPG |l operations.

BEFORE READING THIS CHAPTER YOU SHOULD BE ABLE TO DESCRIBE:

General usage of the following indicators: 01-99, MR, L1-L9, LR, 1P, OA-OG, OV.
The concept of matching records.
Coding of arithmetic operations in calculations.

RPG Il object program cycle.

AFTER READING THIS CHAPTER YOU SHOULD BE ABLE TO:
Control calculations and output using H1-H9, U1-U8, and Resulting Indicators.
Condition calculations using OA-OG and OV indicators.
Use the RPG Il look ahead feature.
Code specifications to move data from one field to another.
Branch in calculations using GOTO aﬁd TAG.
Employ subroutines in calculations using BEGSR, ENDSR, and EXSR.
Cause an artificial control break and total operations using LO.
Use control level indicators to perform group printing.
Control calculations using binary switches.
State advantages of dual input/output areas and correctly code for them.
Note: You can use the review questions contained in Review 5 at the end of this
chapter to test your comprehension of each topic in the chapter. Questions are

grouped according to the topic to which they apply. Answers follow the review
questions.
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INTRODUCTION

There are many ways that you can controf the performance
of RPG Il operations. You have already learned the basic
elements of controlling calculations and output, especially
the concept of the RPG Il object program cycle and the use
of indicators to condition specifications, This chapter sup-
plements those basic concepts by presenting topics that will
help you improve the performance of your RPG |1 programs
and do more complex jobs.

ADDITIONAL USES OF INDICATORS TO CONTROL
CALCULATIONS AND OUTPUT

On the Calculation and Output-Format sheets, you describe
all the calculations and output to be done in your program.
Sometimes, all the calculation and output operations must
be performed on every program cycle. More often, however,
YOu want operations done only under certain conditions,
For example, YOu may want to perform a calculation or do
some output only when a control break occurs, do an opera-
tion only when g3 certain record type is read, or do certajn
operations only on certain program runs,

In columns 7-17 (Indicators) of the Calculations sheet and
columns 23-31 (Output Indicators) on the Output-Format
sheet, you can specify when certain calculation and output
operations are tc be done. Some of the indicators that can
be used, and the conditions they signal, are:

Indicator Condition

01-99 Operation is done only when a specific
record type has been read, or when the
resuit of a calculation or the contents
of a field are as desired.

MR Operation is done only when records
match.

L1-L9 Operation is done only when a control
break occurs.

LR Operation is done after all records have
been read and processed.

1P Output record prints only on the first
page.

0A-0G; oV Output record prints only when over-

flow occurs.

5-2

You are probably somewhat familiar with the use of these
indicators from previous education, reading, or other topics
in this book. However, there are other kinds and uses of
indicators with which you may not be so familiar. This
section discusses:

1. Halt indicators used to tell what operations shouid
be done on an error condition.

2. External indicators used to tell what operations should
be done for a specific program run.

3. Overflow indicators used to tell what calculations
should be done when overfiow occurs.

In addition to these new uses of indicators, this section also
describes conditioning of operations based on the results of
certain calculations.

Preventing Operations From Being Done When an Error
Occurs

Halt indicators are used to test for an error condition in
your data. According to RPG | program logic, a halt does
not occur as soon as the error condition is found (as soon as
the halt indicator is turned on). Instead, the program

cycle is completed before the halt occurs. This means that
additional operations may be performed in error unless you
specify otherwise.

Preventing Calculations When an Error Occurs

Specifications shown in Figure 5-1 illustrate the use of H1
to prevent calculations. Tests are made to determine if the
INSTOK, TOTAL, or ORDER fields on record types 01, 02,
or 03, respectively, are negative. A negative value in any of
these fields is an error condition. When an error is found,
H1 turns on. Since calculations [normally] are done when
02 and 03 record types are read, conditioning these calcula-
tions by NH1 prevents them from being done when data is
erroneous,

Halt indicators can also be specified on the Calculation
sheet to test for an error. For example, in Figure 5-2, H1
is set on if the result of operation in line 01 is negative. |If
quantity in stock (INSTOK) is negative after quantity
shipped (QTYSH) has been subtracted, an error has occur-
red. H1 turns on and the system will halt after the current
cycle.
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Preventing an Entire Record From Being Written

Figure 5-3, line 07, shows an output operation conditioned
50 that the record specified will be written only when the
halt indicator is not on {(NH1). When the halt indicator is
on (H1), it will be bypassed.

Preventing Fields From Being Written

Suppose, however, that you do not want to bypass the
writing of the entire record, but want some fields written
even when a halt condition occurs, For this case you
should use the halt indicator to condition certain fields
within the record instead of conditioning the entire record.
This way, when an error occurs, some fields will be written
and some will not.

Figure 5-4 shows the specifications which will bypass the
writing of all fields except DEPT and ITEMNO when an
error occurs.

Doing Output Only When an Error Occurs

It is also possible to condition records or fields so that they
are written only when an error condition occurs, Figure
5-5 shows the specifications which do this.

Using the halt indicator will cause the computer to stop
after all operations are completed for the record causing the
error. You may restart processing immediately, however, by
pressing the start button on the processing unit.

OUTPUT

Figure 5-3, Preventing a Record from Printing
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Using Indicators Cither Than H1-H9 to Bypass Error
Conditions

If you are not interested in halting when an error condition
occurs but still wish to bypass the processing of erroneous

data, you may use indicators 01- 99 instead. They, like halt
indicators, may be assigned to check for error conditions in

data on the Input sheet and are then later used to condition
calculations and output operations (see Figure 5-6). They
do not cause a halt.

When you do not wish to halt the program for an error
condition, you may select cards into a special stacker so that
they will not be mixed with vatid data cards. Stacker selec-

tion may be done based on the use of the indicator for an
error condition.

RPG
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Figure 5-6. Using Indicators 01-99 to Prevent Output
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Controlling Which Operations are Done For a Specific Conditioning Input Files and Related Calculations
Program Run
Consider for example, calculations done for a sales analysis

The chapter entitled Describing and Using Input describes program. For each item in stock, monthly total sold (SOLD)
how to condition the use of an input file with an external is calculated and then added to last month's year-to-date
indicator so that a program can use different input files in total (BALFOR) to find the current year-to-date total
different program runs. That chapter also describes how to (BALNCE). In the first month of a new year, monthly totals
assign external indicators U1-U8 on the File Description should not be added to prior year-to-date totals because
sheet and how to set the indicators. totals are not carried over from year to year. This last
statement, the year-to-date addition statement, therefore,
This section describes how external indicators are used on is not done for all program runs. By conditioning the
the Calculation and Qutput-Format sheets to condition statement with an external indicator, you can control when
which operations should be done for a specific program run. the statement is done. In Figure 5-7, the monthly total is

added to prior year-to-date only when U1 ison.

When one program is written to do two similar, yet unique,
applications, some calculations may be used for both appli-
cations, some for only one. Again you may use external
indicators to control which calculation specifications are
used for each application.

Printed i US.A

. RPG CALCULATION SPECIFICATIONS o e 20
IBM International Businass Machine Corporation

12 75 76 77 78 79 80
P 78
‘ rogram Punching Graphic Card Erectro Number | e program .
| Programmer LDW Instruction unch el | of _ identification |__ J X J

) Resul
R Indicators Result Field esulting
G Indicators
& .
Sg ‘ gl Arithmetic
3 g And And Factor 1 Qperation Factor 2 2|T| s [l zero Comments
§ 33 n é % Compare
. ‘
wee |23 ﬁ Name Lengtl b ;: ’>211 (211 >
EEl] 5 - 5! E12 [LookupiFactor 2)is
2135 1 3 2 &2 Righ [ Low [Equal
3 4 5[617 [8 s fg s [ra]vs]16]17]v8 19 20 29 22 23 24 25 26 27 28 29 30 3 3233 34 35 36 37 38 39 40 41 42]43 44 a5 ag 47 48149 50 51152153154 56 86 57(58 59[60 B1 62 63 B4 65 56 67 68 B9 70 71 72 13 74
" - T T T - T
T b T Ron oD L1 BALace] | 7 || ENARNRSER
e | l Lr-“ R lD\ B ,un ﬂ,\ | #ﬁ TLH‘F an 'T*“J - ‘*“*H
L ! } ! | [ i
i ! ! ! | ]
L Ll b N bl

Figure 5-7. Conditioning a Calculation by an External Indicator
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Conditioning Input Files and Related Output Operations

Consider again the example discussed in the section of Chap-
ter 2 entitled Conditioning Use of Input Files. Two reports
were required: sales analysis and inventory (Figure 5-8).
Since the results are so similar {one report merely includes
more information than the other), the jobs are coded in one
program.

Two files are available: a MASTER file which shows the
balance forward for each item, and a TRANSACTION file
which contains daily records of the number of items sold.
The sales analysis iob requires one file since it just creates

a list of transactions. The inventory job requires two files
since, for each item, it subtracts the number soid from the
batance forward to find the new balance forward. An exter-
nal indicator was assigned on the File Description sheet (see
Figure 5-9). Its setting indicates to the program which files
are to be used.
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Because the resuits differ slightly for each job, different
output operations are required. When two jobs are coded
together, you indicate which operations are to be done for
each through the use of an external indicator by setting the
indicator to signal which files are to be used. You can speci-
fy which output operations should be done in the same
way—by conditioning them by the same external indicator.

The Output-Format sheet shown in Figure 5-10 shows speci-
fications for both jobs. Appropriate heading and detail lines
are given for each. The total record is only for the balance
forward job. Unless told otherwise, the computer will try
to perform all specifications (provided conditions set by

indicators in columns 23-31 are satisfied) in each cycle. You,

therefore, have to tell the computer which operations to do
for each job.

The file description specifications (Figure 5-9) show that
when U1 is on, the MASTER file is used. This means that
the inventory job is being done. Thus when U1 is on, only
the output specifications to print records for the balance
inventory are needed. Condition those output records on
U1 (Figure 5-10, lines 01, 05, 10, 12, 15, 22). Condition
those for the sales analysis job on NU1 (when U1 is not on
the MASTER file is not used).

Conditioning Output Files and Related Output Operations

The program just discussed involves the use of a variable
number of input files. One program may also require the
use of a variable number of output files. In that case, the
output file must be assigned an external indicator. When
the indicator is on, the file is used. When it is off, the file
is not used.
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Figure 5-10. Conditioning Output Operations by an External Indicator
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For example, consider a sales analysis job which does the

following:

1. Calculates and records the quantity of each item sold
during the month.

2. Updates the year-to-date total of the number of each
item sold.
3. Creates a new year-to-date record.

The input file, organized in ascending order by item num-
ber, consists of two record types: (1) item cards, and (2)
summary YTD cards. Each item card represents an item
transaction. During the job, item cards are counted; and,
when a control break occurs, amount sold i is added to the
year-to-date total found on the summary card. The num-
ber sold and current year-to-date totals are recorded on the
sales analysis report, and a new summary card containing

| File Description Specification

the current-year-to-date total is punched. Notice that the
new year-to-date summary card is stacker-selected into
stacker 1, the default stacker for the primary MFCU hopper
{(Figure 5-11, line 11 of the Output sheet}. Assume that
the old summary card is selected into a different stacker by
means of an entry in column 42 of the input specifications.
Thus, the new summary card is automatically placed into
the item file in preparation for the next run of the program,
while the old summary card can be easily discarded.

At the end of the year, new year-to-date summary cards
should not be punched because the year-to-date total is

not carried over into the next year. In this case, the punch-
ing operations should not be done. You can tell the pro-
gram whether or not to punch by conditioning the output
operations and the output file by the same external indica-
tor. Figure 5-11 shows some of the specifications for the
job.
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Figure 5-11. Controlling Use of a File
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Always be sure to control which calcutation and output
operations shouid be done for the job being run by con-
ditioning the operations with the same external indicators
that were assigned to the file. When you condition input
files by external indicators, you /may condition output
ooverations if you desire. However when you condition out-
put files, you must use the same external indicator used for
conditioning the output operations. if you forget to con-
dition the records for an output file conditioned by an ex-
ternal indicator, an error will occur.

Conditioning Cutput Operations Only

So far, you have learned that external indicators condition
files and operations related to the use of that file. External
indicators need not always condition a file; they can condi-
tion output operations only. This means that every time
the program is run, the same files wili be used, but different
output operations are done depending upon the setting of
the externai indicators.

For example, just one specification conditioned by an ex-
ternal indicator can change a group-printed report to a
group-indicated report or vice versa. Figure b-12, part A,
shows that a detail line will print for every card. By adding
an external indicator, you can control whether or not the
detail line will print (Figure 5-12, part B). When U1 is on,
the line prints; when U1 is not on, it will not print.

Controlling Calculations When Overflow Occurs

You normally think of using an overflow indicator to con-
dition total or heading records that must be printed on
every page of a report. But you may also use the overflow
indicator to condition calculation operations. Any calcula-
tion operation so conditioned will be performed only when
overflow occurs,
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Figure 5-12. Using U1 to Condition Output Operations
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Assume, for example, that you are preparing an accounts
receivable report as shown in Figure 5-13. On each page of
the report, you wish to have a total showing the amount of
all accounts receivable on that page. You also wish to find
the total amount of all accounts receivable on all pages.
Thus at the beginning of each page, you must start accumu-
lating totals for that page. When overflow occurs you want
to add the amount of the accounts received (page total) to
final total, print the page total and then reset the page total
to zero so that you can start accumulating totals for the
next page. Only the calculations which are to be done when
overflow occurs are conditioned by the overflow indicator.
See Figure 5-14 for the calculation specifications.

Performing Calculations on the Basis of the Results of
Other Calculations

The value of the contents of a field rather than the occur-
rence of a certain condition can be used to determine
whether or not an operation will be performed. You have
worked with such situations already. For example, you
have used a field on an input record to determine if
processing should be done. |f the field was positive, you
wanted to do all calculations: if it was negative, you did no
calculations. (See Preventing Calculations When an Error
Occurs. )

For the situation just stated the contents of an input field
determined what calculations (jf any) were done. In this
section, however, emphasis will be placed upon how results
obtained in a calculation operation can be used to deter-
mine whether or not other calculations are performed.

DATE 06/30/0 ACCOUNTS RECEIVABLE REGISTER PAGE 1
CUST NO ACCOUNT NAME INV DATE ACCOUNTS RECEIVABLE
MO/DY/YR

11886 AABY, SHELLEY 4/18/0 86.40

12093 ACKER, ALVIN 4/18/0 403.10

12128 ADAMS, CINDY 4/18/0 345.05

12206 ADSON, MARION 4/18/0 700.60

12720 ANTON, MONICA 4/18/0 1,2563.40

12803 AXFORD, JOE 4/18/0 48.52

12815 BAILEY, MARLYS 4/18/0 107.05

12900 BALZUM, GERALD 4/18/0 345.10

13260 BATTEY, ADA 4/18/0 1656.35

13265 BEABOUT, ART 4/18/0 316.05

12390 BERGERSON, M. 4/18/0 43.60

14619 BILSTAD, DON 4/18/0 1,129.02

4,943.24 PAGE TOTAL

Figure 5-13. Report with Page Totals
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Figure 5-14. Conditioning a Calculation by an Overflow Indicator
Using the Results of Arithmetic Operations How can you cause a test to be made on the data? Remem-

ber in Figure 5-1 how you tested for a minus quantity. By

Consider how the result of a calculation can be used to de- entering an indicator {01-99, H1-H9) in columns 54-59, you
termine the need for further calculations in a billing pro- can test for plus, minus, or zero depending upon where you
gram. For each account, it is necessary to first determine place the indicator.
the amount owed by adding charges and payments (pay-
ments are recorded as negative numbers) to the balance due For this program, indicator 99 is placed in columns 54-55
at the beginning of the month. For any customer owing to test for a plus condition (see Figure 5-15). When a control
money at the end of the month, a service charge of 1-1/2 break occurs (all transactions for one account are processed)
percent is added to the amount due. If he has credit coming, and when 99 is on, the 1-1/2 percent service charge is found
he must be sent a credit memo instead of a bill. Thus a test and added to amount due {AMTDUE) to find total amount
must be made on the amount due field to determine if it is due.
plus or minus. If it is plus, the customer owes money and
the service charge must be figured before the bill is printed. If indicator 99 is off {(no amount due) when the control

If it is minus, he has a credit and must be sent a credit memo. break occurs, these last two operations are not performed.
The card for the customer with a minus balance is stacked
into a special hopper. It is later used in a credit memo run.
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@ Figure5-15. Conditioning Calculations by an Indicator Set as a Result of an Arithmetic Operation

Controlling Operations In An RPG |l Program  5-13



The result of any arithmetic operation (ADD, SUB, MULT,
DIV, Z-ADD, Z-SUB, MVR) can be tested by specifying re-
sulting indicators in columns 54-59. The resulting indica-
tors which are set as a result of the test can condition those
operations which are to be perfarmed on the basis of the re-
sult of that test.

Using the Results of Compare Operations

In a compare operation (COMP), fields or literals of the
same type (alphameric or numeric) are compared to each
other to determine their relationship to each other. Indica-
tors entered in columns 54-59 are used to indicate whether
the field or literal in Factor 1 is higher than, lower than, or
equal to the field or literal in Factor 2.

The results of a compare can also control which calculations
should be done next. For example, when doing an inventory
and reorder application, the compare operation {COMP)

is used to determine if any item needs to be reordered. In
the example shown in Figure 5-16, the field called MIN
(minimum) contains the critical recrder point. The field
ONHAND is compared to MIN. If the amount on hand is
less than or equal to MIN, indicator 99 is on., The reorder
quantity is calculated by subtracting amount on hand from
the number in the field called MAX which contains the
maximum number which should be in stock. |If amount on
hand is greater than MIN, no reordering need be done and
this calculation is not done.

Using the Results of the Test Zone (TESTZ) Operation

Another operation code, TESTZ, is available to test data
during calculations so that you can determine which cal-
culation to do next. TESTZ tests only the zone portion of
the leftmost character of an alphameric field, TESTZ does
not test specifically for plus, minus, or zero; high, low, or
equal. Rather, it tells you into which group of zones the
zone tested falls:

® The zones of the character & {ampersand), A-1 cause
the Plus indicator entered in columns 54-55 to be turned
on.

® The zones of the characters } (bracket), - {(minus), and
J-R cause the Minus indicator entered in columns 56-57
to be turned on.

® The zones of all other characters cause the indicator
entered in columns 58-59 to be turned on.

The test zone operation could prove very useful in a large
billing application. Consider the case of a company which

has so many accounts that billing must be divided, Customers
whose last names are in the first part of the alphabet are
billed on the 15th of the month; all others are billed at the
last of the month. The master file used in billing is organized
in ascending order according to account number.,

The records in this file could be sorted by name so that you
could divide the file for billing. However, this file is used
so often for other purposes that it is a waste of time to
repeatedly sort it according to name and then sort it again
according to account number.
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Figure 5-16. Conditioning Calculations by an Indicator Set as a Result of a Compare Operation



A better way to do the billing is to test the name field in Naturally at the end of the month you will want to bill the
each record to see in which part of the alphabet the name fails.  rest of the customers. But you don’t want to write another

During the first of the month, if the last name begins with program for end of the month biiling. So you write one
letters A-l, you wish to find amount due. TESTZ will test program to do both jobs and use external indicators to con-
the first letter in the field and tell you in what part of the dition the specifications for each job (see Figure 5-18).

alphabet it is. Figure 5-17 shows the calculation specifica-
tions necessary to bill customers whose last names fill into
category A-l.
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Figure 5-17. Conditioning a Calculation by an Indicator Set as a Result of the TESTZ Operation
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Figure 5-18. Using TESTZ and External Indicators
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Yuu can use TESTZ to test for any special code you set up
by using the zone of a character. This is most often done
when you have no space on your records for any other kind
of identifying information. For example, when establishing
a code for the percentage of commission received by each
salesman, you could use the & to indicate 6 percent and
the minus (-) sign to indicate 15 percent. You would, of
course, have to punch this code in the leftmost position of
a numeric field because this is the position tested by the

SALESMAN -

Whose number is 17657778

TESTZ operation. Figure 5-19 shows how the code is
placed in the field containing salesman number. However,
you must define the field as atphameric since the TESTZ
operation can only be performed on an alphameric field.

Figure 5-20 shows the TESTZ used on the SALSNO (sales-
man number) field, which contains the commission code,
in order to find rate of commission. The resuits of the test
determines what other calculations will be done.

Who earns 15% commission )
T2 3 45 67 8 910011 1213 4 1S 96 17 18 9 20 2} 22 23 24 2% 26 27 28 29 30 3 32
Has 17667778 punched
in SA LSNO field 33 34 35 38 37 38 39 40 4 42 43 44 45 46 47 48 49 50 51 $2 53 s4 55 56 57 S8 59 60 61 62 63 64
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Figure 5-19, Punching a Code
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Figure 5-20. Testing a Field to Determine a Code
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CONTROLLING OPERATIONS ON THE BASIS OF THE
NEXT RECORD IN A FILE

Sometimes, calculations to be performed may depend upon
information in the next record or on the type of the next
record to be processed. For example, in a certain kind of
program, you might want to bypass calculations for the cur-
rent record if you know the next record in the file is identical.

The RPG 1l language has a special feature called /ook ahead,
which extends the basic RPG |l logic. It will allow the com-
puter to look at information in the next record to be
processed while it is processing the current record. This
means that information in record B can be used while record
A is being processed. By using this feature, you can

write a program that uses information from the next record
available for processing.

L.ook ahead can be used with card, tape, or disk input files.
This section discusses look ahead with card (MFCU) and
disk files. For MFCM, tape, and other files, the concept

is similar.

Stackers

Processing Card or Disk Files

MFCU Files: (Refer to the representation of the MFCU

card path in Figure 5-21 during this discussion.} As Card

A is read, data recorded on it is transferred to the input

area. The card then moves on to the wait station. Accord-
ing to the RPG |l program cycle, information is transferred
from the input area to the processing area right before de-
tail time. At detail time, then, calculations can be done on
data from the card path which is in the wait station (Card A).

However, when look ahead is specified, another card (Card
B) is read before detail time operations are performed in
the current cycle. Card A is stacked and information from
Card A is moved to the processing area. Then information
on Card B just read is transferred to the input area and is
available for use while processing Card A, now in the
stacker.

Print

/ Station

Punch
Station

Secondary
Hopper

Read
Station

Primary
Hopper

Figure 5-21. The Look Ahead Function with a Card File

Card A is stacked and data from card A
is moved to the processing area.

~V
Primary
Wait Station

Secondary
Wait Station

Before card A is processed, data from
card B is read into the input area,
where it is available while processing
card A.
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Disk Files: Figure 5-22 shows processing of three of the

records from two disk input files, one primary and one

secondary. The records available for look ahead during the

processing of these records are:

PRIMARY FILE

Record Processed

P1

P2

S1

SECONDARY FILE

N\ J

N

Records Available
P2 and S1
P3 and S1

P3 and §2

®

Read first record

(P4)

(P5)

(S2)] (s3)| (s4)

(S5)

from primary file (P1).°

Read first record

from secondary file (S1).

—— T ——— —_———— — _ fr————

r |
|
I 1 B Match Field — 1 | Area into which records
: (P1} Value (s1) | are read (read area).
[ I
e - -
| !
: } Area into which records
| | are selected for
| | processing (process area).
| 1
e J
Ny J N J
2 3 1 2 2 3
C Read second P (s2)| (s3)| (sa) (ss)

record from (P3] (P4)] (PS

primary file,

Select first record
from primary file
for processing.

Figure 5-22 (Part 1 of 2). Records Available for Look Ahead: Two Input Files
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in general, when the record being processed is from an in-
put file, the next record in the input file is available as are
the records which were read but not processed from the

other files.
\v
® T
Read third
record from (P4) (P5) (S2)] (S3)| (s4) (85)
primary file.
r ————— MW e —— i — — — A
| |
| 2 1 i
| Read Area
| (P3) {s1) I
| |
e -
I I
| [
I 1 |
| (P2) | Process Area
| |
l v‘ !
. S J
@Select second record r==-1
from primary file for !1 | Processed Records
processing. I (P1)!
Lo}
A
AN J X, ,
2 3 2 2 3
(P4)l (P5) (83)] (S4)} (S5)
________________ & @Read second record
Ir | from secondary file.
| 2 1 :
I Read Area
| (P3) (s2) | el
| |
e B L
| |
| |
| 1 | Process Area
I 1
[ (S” |
| . !
I J
:'1"_ - @Select first record from
: : secondary file for processing.
p
L. (P2 Processed Records
oo
11 |
\ ]
L AP1)

Figure 5-22 (Part 2 of 2). Records Available for Look Ahead: Two Input Files
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Checking for Duplicates

Duplicate records or records with duplicate fields are some-
times considered erroneous. Only one of the duplicates
should be used for the job.

Consider, for example, the case of a company which has a
farge turnover in inventory items. Quite frequently new
items are added and others deleted from the inventory. A
number for a deleted part is to be assigned to a new part.
Some mistakes have occurred, however, and one part num-
ber has been assigned to two different items. As a result of
this error, inventory balances for these items have not been
updatea ~orrectly, and errors have been made on customer
invoices. If this situation is possible, a regular check should
be made for duplicate part numbers.

Each month, a report is created showing the complete in-
ventory. All part numbers are listed on the report. You
could look through the report to check for duplicate part
numbers, but it would be easier and more accurate if you
could add a few specifications that would check for dup-
licates and indicate on the report which item numbers are
duplicate.

e

By using the look ahead feature you have access to informa-
tion that is coming up. You can then use this information
to determine what operations to do. If you are processing
a record with part number 64322, and you know that the
next record also has part number 64322, you can print a
message indicating duplicate part numbers, then halt. But,
if you are processing the record with part number 64322
and you do not know that the next record also has part
number 64322, you can do nothing special because you are
not aware that you are processing a record which contains
a duplicate entry.

Writing Specifications for Look Ahead

Any field which you want to look at in the next record to
be processed must be defined as a look ahead field. If that
field is also used in normal processing (other than as a look
ahead field), it must be defined in the normal way also.
Thus, most look ahead fields will be specified twice.

Figure 5-23, lines 01-05, shows specifications needed to
describe the input file used in preparing an inventory listing.
When checking for duplicates, PARTNO is the field you
want to use when looking ahead at the next record: there-
fore, PARTNO must be defined as a look ahead field. The
specifications in Figure 5-23, lines 06-07, do this.

Figure 5-23. Look Ahead Specifications
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All look ahead fields must be defined as being in a record
type different from the others defined. This is done by
using a unique alphabetic sequence entry in columns 15-16.
No record identifying indicator {01-99) can be used. A
double asterisk (**) is placed in columns 19-20 to specify
that the fields described in the following lines are look
ahead fields. Field location is also specified for look ahead
fields.

Computer

Every look ahead field must be named, but the name given
must be different than when it was described as a normal
input field. The same field is given two names so that you
can distinguish between the field on the record being
processed and that same field (the look ahead field) on the
record that is to be processed next (Figure 5-24).

12644 l

(NEXTNO)

NEXTNO refers to
positions 1-5 in the
record to be processed next.

INPUT AREA

l 12643 I

(PARTNO)

PARTNO refers to positons
1-5 in the record currently
processed.

PROCESSING AREA

Figure 6-24. Look Ahead Field: A Field with Two Names
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Using Look Ahead Information

Now that you have specified the look ahead field, you can
use it as you would any other field. The only exceptions
are that you cannot use it as a result field in calculations,
nor can it be blanked after for output.

In the listing program, you have to make a comparison
between part numbers from two records. 1f PARTNO on
the record being processing is the same as NEXTNO on the
next record to be processed, you wish to print a message
indicating duplicate entries. If the PARTNO and NEXTNO
fields do not match, there are no duplicates for that part
number, and the item is merely listed.

Figure 5-25 shows specifications for the program. The opera-
tion in line 01 of the Calculation sheet compares the part
number on the record being processed (PARTNO) to the
part number on the record coming next (NEXTNO).

they are equal, indicator 07 is turned on. Notice on the
Output-Format sheet that when 07 is on, the word dup-
licate is printed.

The SETON and SETOF operations in lines 02-04 of the
Calc:tlation sheet are used so that the computer will in-
dic..e a duplicate when the second record having the dup-
licate part number is processed.

Consider, for example, records A1, A2, and B. The first
two records are duplicates; the third is not. When A1 is
processed, the program looks ahead to A2 and, by com-
paring, knows that A2 is the same as A1. When A2 is
processed, the program looks ahead to B. The compare will
say that A2 is not a duplicate since it does not match B1.
But A2 really is a duplicate because it is the same as A1.
Thus, when processing A1, you have to set an indicator
which will be on when A2 is processed and which will in-
dicate that A2 is a duplicate since it matches the previous
record.
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When PARTNO equals NEXTNO, 07 turns on. This, in
turn, causes indicator 51, which is used to indicate that a
duplicate record is processed, to turn on. During the next
program cycle, the compare does not indicate duplicates;
therefore 07 is not on. But 51 /s on, meaning that the rec-
ord being processed is a duplicate since the part number on
it matched the part number on the previous record. There-
fore, 07 is set on. Remember 07 conditions those output
operations which are to be done for duplicates.

12455 DOOR KNOB 48 DUPLICATE

/\_______\/

Turn off
record identifying
indicator 01

[
Perform detail
output
[ J
[ ]
Perform detail calculations:
Compare PARTNO fields:
12455 to 12455
They are equal so turn 07 on.
PY 07 is on so SETON 51.

Move data from record
selected into processing
area. If Look Ahead is
used, read another record.
If cards, the first is stacked.

Figure 5-26 {Part 1 of 3). Logic for Look Ahead

Indicator 52 is set on in line 03 to indicate that the last
duplicate record is being processed. Indicator 52 then con-
ditions line 04 so that indicator 51 wil! be set of! and not
indicate duplicates in the foliowing cycle. Figure 5-26
shows the program logic for this job.

. /,I’I
:/
Read a ~*" Note: This record is read only if
Record @ the Look Ahead feature is used.
N It is read after data from the
LS first record is moved into
——————— - ¥
" 12455 ) L the processing area.
1 |
1
12455 |
:
! Turnon ®
record identifying
indicator 01
®
[
[ J
[ J
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12455 DOOR KNOB 48 DUPLICATE

12455 HINGE, 6" 90 DUPLICATE

@
Turn off
record identifying
indicator 01

Perform detail
output

Perform detail calculations:

Compare PARTNO fields:
12455 to 12456

Not equal so turn 07 off
SETON 07 and 52 using 51 from
previous cycle, SETOF 51 and 52

Move data from record selected

PY into processing area. If Look
Ahead is used, read another
record. If cards, the first card
is stacked.

Figure 5-26 (Part 2 of 3). Logic for Look Ahead

1(12457

12456

°
®
///’
‘,
12486
12455

T

Turn on
record identifying L4
indicator 01




12457
12455 DOOR KNOB 48 DUPLICATE

12455 HINGE, 6" 90 DUPLICATE
A
12456 HINGE, 8” 75 ® /7,
Py ® /
// / °
l,/
h
‘ <
Turn off oo - —
record identifying /12457 !
indicator 01 12456 |
° ]
) Turn on ®
Perform detail record identifying
output operations indicator 01
o
[ J

Perform detail calculations:
Compare PARTNO fields:
12456 to 12457 i
® Unequal so turn 07 off.

o Move data from record selected
into processing area. If Look

Ahead is specified, read another

® record. I cards, the first card

is stacked.

Figure 5-26 (Part 3 of 3). Logic for Look Ahead
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Doing Special Operations When There is Only One Record
in a Group

It is often important to know if and when YOu are process-
ing the only record in a group. The program described in the
following paragraphs is such a case.

A report is prepared showing charges made by customers
during the month (Figure 5-27). The input file is organ-
ized in ascending order by customer number. During the
month some customers will have made one charge; others
several.

When only one charge is made per customer, the total line
is nearly a duplicate of the only detail line. In this case,
you do not need to print both the detail and total line be-
cause the total line will do.

But how will you know during any one program cycle
whether the current record is the only one in a group?

You can find out by looking at information on the next
record. Remember, any time information from the next
record is necessary to determine how to process the cur-
rent record, you must use the look ahead feature. Account
number is established as a look ahead field in this program.

Any look ahead field specified applies to all record types. Thus

each record read contains information that will be looked at
before the record itself is processed. By looking ahead into
this field you will know whether or not the next record

to be processed is part of a new group.

MONTHLY CHARGES
ACCTNO NAME CHARGE
47653 JILL ARNDT 4,97
5.99 }Dmil lines
23.87
47653 JILL ARNDT 34.83 * Total
49832 NANCY BENNET 87.93 * Total
59821 JOAN BOND 7.42  Detail

Figure 5-27. Format of Monthly Charges Report

Whenever a record is read, the current ACCTNO field is
compared to the one coming up. If the fields are equal, you
know you are processing a record that is not the only one
in a group. Therefore, a detail line should be printed. If
the ACCTNO fields are not equal and this is the first time
the present account number has been encountered, the cur-
rent record is the only one in the group, and the detail line
should not print. Figure 5-28 shows the specifications for
the program.
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Figure 5-28 (Part 1 of 2). Using Look Ahead to Determine When There is Only One Record in a Group
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Figure 5-28 (Part 2 of 2). Using Look Ahead to Determine When There is Only One Record in a Group
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Doing Special Operations for the Last Record in a Group

In some programs, it may be necessary to do special opera-
tions on the last record of a control group. This is because,
unless the last record in the control group is of a different
type {have different record identification), it is impossible
to know when you are processing the last record in the
group. When all records are of the same type, you have to
know what is on the next record before you know whether
or not you are processing the last record in the group. To
look at information in the next record, you must use the
look ahead feature.

Figure 5-29 shows four records which are to be processed.
The first three belong to one control group; the fourth is
the beginning of the next group. The last record of the
group (the third record in this case) requires special
processing. In order to know when the last record in the
group is to be processed, you must look at the account
number in the next record. When it is different, you know
that the last record in the group is being precessed.

Additional Points to Consider About Look Ahead

You must consider the following things when you are
planning to use look ahead:

® When look ahead is used with a combined or update
file, and that file is the only input file in the program,
the field looked at is not on the next record, but on
the record currently being processed. Therefore, there
is little use for look ahead with update or combined
files in a single file program. In a program with multiple
input-type files, look ahead fields can be useful in update
and combined files. For example, if two files with look
ahead fields are being processed — an input file and a
combined file (or update file) — look ahead fields in the
combined file are available as the input file is being
processed (see Figure 5-22).

® [ ook ahead is never used with chained, demand, or out-
put files.

® Only one look ahead record type specification may be
used for a file. There may be several fields listed under
that one record type specification however,

® Any look ahead fields specified apply to all types of rec-

ords in the file, Therefore, all records read from the file
will be treated as if they have look ahead fields.

5-28

/78321
Z
/ 47654
-
/ 47654
Z
/ 47654
(Account field

specified also as —
a look ahead field)

In the processing of
this record, the Look
Ahead feature shows
that the next account
number is different.
Therefore, this is the
last record of a group
and as such requires
special operations.

Figure 5-29. Using Look Ahead to Find Last Record in a Group

MOVING DATA

You can instruct the program to manipulate data in many
different ways. You can cause data to be added, subtracted,
multiplied, compared, tested or divided. You can also cause
data to be moved. When data is moved, a copy of the data
in one field is transferred to another field. In the process

of transfer, it may or may not be changed depenaing upon
your specifications.

You may wish to move data for many reasons, including:

1. To save information from a field.

2. To separate one field into 2 or more parts.

3. To change a numeric field into an alphameric field or
vice versa.

The preceding topics will be discussed later in this section.
First, however, you must learn how to use the move opera-
tion codes.



Specifications for Moving Data

Two operation codes can be used to move data: MOVE or
MOVEL. For both operations Factor 2 and the Result
Field are always used. Factor 2 may be either a field or
constant. Any conditioning indicators may be used. How-

ever, Factor 1 and resulting indicators may not be specified.

The MOVE operation code moves a copy of characters
starting from the rightmost position of Factor 2 into the
rightmost positions of the Result Field. As a result of the
move, the contents of the Result Field are changed, but the
contents of Factor 2 remain the same. Figure 5-30 illus-
trates the MOVE operation.

The MOVE operation code
moves a copy of characters
starting with the rightmost
position of Factor 2 into the
rightmost positions of the
Result Field.

Factor 2

TTTTTT
1234567
Lilii

When Factor 2 and the

Result Field are the same length
all characters in Factor 2

can be moved. Movement starts

S .
TTT TR with rightmost character of
1234567 Factor 2
g I O
Result Field
Factor 2 When Factor 2 is longer than the
TTTT 1T Result Field, only the exact num-
1234567 ber of characters needed to fill
e the Result Field are moved from
SUR S the rightmost positions of Factor 2
41516'7 into the Result Field
Result Field
Factor 2 When Factor 2 is shorter than

the Result Field, all characters in
Factor 2 are moved into the
rightmost positions of the

Result Field. All characters in the
Result Field to the left of those
moved in from Factor 2 remain
the same as they were

before the move.

TTTT 11
1234567
[
PPA——

[RTTTTTR
91234567
[

Result Field

If the Result Field is the same length as Factor 2, all char-
acters in Factor 2 are transferred. However, if the Result
Field is shorter than Factor 2, only the number of charac-
ters needed to fill the Result Field are transferred. On the
other hand, if the Result Field is longer than Factor 2, all
characters in Factor 2 are moved to the rightmost positions
of the Result Field. The excess leftmost characters of the
Result Field remain unchanged.

The MOVEL operation is just the reverse of the MOVE
operation; it moves a copy of the characters starting from
the /eftmost position of Factor 2 into the leftmost posi-
tions of the Result Field. Figure 5-31 illustrates the MOVEL
operation.

The MOVEL operation code
moves a copy of characters starting
with the leftmost position of
Factor 2 into the leftmost
positions of the Result Field.
Factor 2 When Factor 2 and the
T Result Field are the same length
ABCDE all characters in Factor 2
S ———— can be moved. Movement starts
VA I—'_" with the rightmost character of
ABCDE Factor 2.
111t
Result Field
Factor 2 When Factor 2 is longer than the
RS B Result Field, only the exact num-
ABCDE ber of characters needed to fill
L1 the Result Field are moved from
/ —/ the leftmost positi
+f positions of Factor 2
ABC into the Result Field.
1t
Result Field
Factor 2 When Factor 2 is shorter thgn
T the Result Field, all characters in
ABCDE Factor 2 are moved into the
111 leftmost positions of the
m—’ Result Field. All characters in the
ABCDEP Result Field to the right of those
moved in from Factor 2 remain
Result Field the same as they were before
the move.

Figure 5-30. MOVE Operation Code

Figure 5-31. MOVEL Operation Code
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@ Account Field
AN

Read a Record

16233
16232

Move data into processing area

INPUT INPUT
AREA AREA
16231 16231
ACCT ACCT
PROCESSING PROCESSING
AREA AREA
16231
ACCT
@ 16233

© 16233
16232

Read a Record

1:16232 ]

INPUT
AREA

ACCT
PROCESSING
AREA
16231
ACCT

Figure 5-32. Data in Storage

Move data into processing area :

INPUT
AREA
16232
ACCT
PROCESSING
AREA
16232
ACCT



Saving Information From a Field by Move Operations

Any information in fields specified as input fields is nor-
mally only available for one program cycle. Each time a
record is read, information from the fields on the new rec-
ord replaces that which was there from the previous record
(see Figure 5-32).

There are times, however, when you wish to save informa-
tion from a record so that you can have it available in the
next program cycle. For instance, you may want to check
the contents of a field in order to determine if a file is in
proper sequence or if it has duplicate entries. In order to
do this, you must have the data from two fields, the field
from the record just read and the field from the record
read in the previous cycle.

Consider the problem of checking the sequence of, and
finding duplicate entries for, the file shown in Figure 5-33.
Sequence is to be based on ACCT (account number) and
must be ascending. Any duplicate or out-of-sequence rec-
ords are to be flagged.

The program must compare the ACCT fields from two
records: the record currently being processed and the pre-
vious record. The current account field should always be
higher than the previous account field. Would the specifi-
cations in Figure 5-34 do the job? They would not, be-
cause in one program cycle the field named ACCT always
has the same information in it. This information is taken
from the record just read. Just because you use the name
twice, you won't get two different ACCT fields.

Record out of sequence

Duplicate \ /16239 I
Records 16234 i

// 16232

e

/ 16238 ‘I

/16232

/ 16231 ““

Account Field

Figure 5-33. Input Field Sequence
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@ Account field

16232
16232
INPUT INPUT
AREA AREA
16231 16231
ACCT ACCT
PROCESSING PROCESSING
AREA AREA
16231 16231
—~
ACCT move SAVE
@ 16232 @ 16232 |
16232
INPUT INPUT
AREA AREA
16232 16232
ACCT ACCT
PROCESSING PROCESSING
AREA AREA
16231 16231 16232 16231
ACCT SAVE ACCT SAVE

Figure 5-35. Moving Data to Save It
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Therefore, each time a record is read, you must save the in-
formation from the ACCT field so that it is not destroyed
when another record is read. This you can do by moving
ACCT into another field. (Figure 5-35 illustrates this con-
cept.)

Figure 5-36 shows the specifications needed to do the job.
Assume that you move ACCT into a field called SAVE.
The first step is to compare ACCT with SAVE {which con-
tains the previous ACCT data). The second step is to move
ACCT into SAVE. In the first program cycle, SAVE will
contain all zeros since all numeric fields are set up with
zeros before the first record is read. In the next cycle,

and all cycles thereafter, SAVE will contain the ACCT field
from the previous record.

Maybe you are wondering why you would ever want to se-
quence check by calcuiations instead of using the RPG |1
automatic sequence checking function which is done merely
by specifying a match field. The answer is that, with RPG
il automatic sequence checking, any out-of-sequence card
will cause a halt. 1t you do not wish to halt, but merely
wish to indicate out-of-sequence or duplicate cards, then
you must do your own sequence checking. You could also
use the look ahead feature, since both look ahead and the

use of moves in calculations give essentially the same results.

Separating One Field into Two Parts

A company has designed its part numbers to contain two
different kinds of information. The basic part number is
contained in the first three characters. The remaining five
characters contain the price. For example, in the part num-
ber 65300498, the basic part number is 65J and the price is
$4.98. When preparing invoices, it is necessary to multiply
unit price times quantity to find the total price. You don't

want to multiply the whole part number field times quan-
tity just because the part of the field contains unit price.
Somehow, you must separate price from the rest of the
field.

To do this you again use a move operation. You cannot
move the whole field into another field as was done in the
previous example. This merely creates a second field iden-
tical to the first. You want only the last five characters.
Therefore, you must move the field into a b-position field,
This will limit the move to five characters (see Figure 5-37).
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Figure 5-37. Separating the Price from the Part Number

{Using MOVE)
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In this case, the MOVE operation was used. Why wouldn't
the MOVEL operation work as well? Couldn’t you move
left into a 3-character field to separate the price from the
rest of the part number? Remember that a rove leaves the
original field as it was before the move. MOVEL does not
remove the first three characters from the original PARTNO
field. 1t merely copies them. You still would not have the
unit cost by itself. But you would have the part number by
itself (see Figure 5-38).

RPG CALCULATION SPECIFICATIONS

anchang Graphic L L]
wructon Punch i l [ [ !
J— S R
Resuit Fie'd
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Name Length |
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I
|

NPT |1 PR

65,J,00498
6.5,J

Figure 5-38. Separating the Part from the Part Number (Using MOVEL)
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Changing Field Type (Alphameric or Numeric)

The pars number tield contains both numenio end alpha
betic characters (see Figure 5-38). i1 you want the pro-
gram to work with the zone portion of a civaracter {3
must to get the fetter 1), you have to dehine the field
aiphameric (blank in column 57 of the inout s

ever, you cannot use an aiphameric tieid i avithimne :
culations. To find total cost, you st muliinly ung prine
by quantity. This is an arithmetic operation; tius the nial
must be numeric.

What do you do if you need ore field to e defi

e e

atphameric and numeric? You could
once as numeric and once s alphameric, OF course, you

would have 1o use two names for the same Tigld sings wve;
tield defined for cne type of ¢
narme,

ord miast have g unigue

You may also use a move operaticn to change a nums:ic
field into an alphameric field or vice versa. You can cluange
fields by:

1. Moving an alphameric fizid named in Factor 2 into a
numeric Result Field.

2. Moving a numeric field named in Factor £ into an
alphameric Result Field.

Figures 5-39 and 5-40 aive the rules ot and cxampies of
the various types of moves you can make ta change a fizld
type. Figure 5-39 illustrates the MOV E eperation and Fig-
ure 5-40 the MOVEL operation. !f you do not understand
results obtained in the low order positions, see the chapter
entitled Working With Data Structures,
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Figure 5.39. MOVE Operations Involving Fields of Various

Lengths and Types

Figure 5-406. MOVEL Operations involving Fields of Various
Lengths and Types
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In order for the letter in the part number ever to be read,
compared, or printed, the fieid ..iust be defined as alpha-
meric. When it is time to multiply price times quantity, the
price portion of the field must be numeric. Therefore, when
using the MOVE operation to separate the unit cost from
the rest of the part number, you should, at the same time,
change the alphameric unjt price into a numeric unit price
by moving it into a numeric field. To define a numeric
field, you must specify decimal position along with fieid
length {see Figure 5-41).

If the 5-character unit cost had preceded the part number
(for example, 0049865.), you would then use the MOVEL
operation to get the unit cost alone. Remember, however,
that the zone of the rightmost character is used for the sign
of the field (see Figure 5-40). The zone of the character J
is @ minus sign. The price will appear as negative. This you
would not want.

.
] "Cara Flvctro Numbevﬁ ¢ 2
- Page ‘

Field Location

The part number field
is defined as alphameric
since no entry has been
made in column 52.

Field Name
From To

Decimal Positions
Contrei Leva! {1.1.19)

44 45 46 47)ag 49 50 5| 52[53 54 55 56 57 58|59 BO

HHIH
T TL*% **@ﬂ

I
T

ﬁ“ The price section
of the part number

;W Graphic ii Card Electro Numbe Ti€1d is changed to
wetion [ pe — ﬁ‘ﬂ a numeric field by
o ~ moving it into a
numeric field. Two
decimal places were
specified to show
the cents portion

of the field.

iPG  CALCULATION SPECIFICATIONS
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Operation Factor 2
Name Length
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e Py T Tp

Figure 5-41. Changing a Field by the MOVE Operation
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When using move operations to change an alphameric to a
numeric field, keep in mind the kind of sign {plus or minus)
each character will give you: a - {minus sign), or J through
R gives a minus sign; the rest give a positive sign. f you are
aware of this, you will not get unexpected results. Since no
sign is invoived in an alphameric field, you don’t need to
worry about the sign when changing a numeric to an alpha-
meric field.

BRANCHING IN CALCULATIONS

The detail and total operations written on the Calcuiation
sheet are normally executed ir the same order as they are
written. For each record selected for processing, the detail
operations are performed sequentiaily from beginning to
end. If the record selected for processing causes a control
break, the total operations are performed, in the order
specified, before detail operations.

There are many times, however, when it is necessary that
operations not be performed sequentially. For example, in
one cycle you may wish to skip some caiculations or to do
others several times. In this section you will learn to alter
the sequential processing of calculations using the most
efficient coding.

Bypassing Caiculations

So far you have been bypassing operations by the use of
indicators. For each calculation conditioned by indicators,
a check is made to see if the condition set by the indicators
is satisifed. (When several sequential operations are condi-
tioned by the same indicator(s), the test is only made on the
first operation.) if the condition is satisfied, the operation
is performed. Calculations are bypassed or omitted when
conditions are not satisfied. When bypassing calculations
in this way, the program has to check the conditions set for
the operations to determine whether or not to do them,
This requires time and storage space inside the computer,

Another way to bypass calculations is to branch around
them. With the latter method, the indicator setting for
each operation is not checked. When the branch is taken
around operations, the operations are just skipped (see
Figure 5-42, insert A).

Two operation codes are used for branching: GOTO and
TAG. GOTO is the code which causes a branch to another
spot in the calculations. The TAG operation gives the name
and location of the spot to which the GOTO operation
branches. GOTO causes a branch; the TAG code does
nothing but act as a nametag.



Figure 5-42, insert B, shows how GOTO and TAG are speci-
fied. GOTO signals a branch to the spot named in Factor 2.
This name must also appear in the TAG statement, where

it is entered in Factor 1. The rules for forming a name for
GOTO and TAG are the same as those for forming any field
name.

A GOTO statement can be conditioned by an indicator, but
a TAG cannot. When a GOTO is not conditioned, a branch
occurs in every program cycle,

in the example shown in Figure 5-42, the GOTO operation
is done only when 01 is on. |f the condition is satisfied, a
branch is taken to that point in the program where the same

NEXT is found. NEXT is the name of the TAG statement.
Any operations between the GOTO statement and the TAG
statement (those specified in lines 03-05) are skipped. TAG
does nothing, so the next operation performed is the SUB
instruction in line 07.

If branching were not done, the three operations skipped
by the branch would have to be conditioned by NO1 so
that they would not be done when 01 turned on. And, of
course, a check would have to be made in each program
cycle to determine if the operations should be done or not.

There are many situations in which branching will help you
write more efficient and effective programs. The following
sections will explain more fully the use of GOTO and TAG.

01
Skip these
operations if
01 ison.
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Figure 5-42. Bypassing Calculations by Branching Around Them
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Branching When Different Record Types Require Different
Operations

When doing different operations for different record types,
you use the record identifying indicators to show what opera-
tions should be done for each record type read (see Figure
5-43). When you have several record types and each type
requires several operations, you can see that many condition-
ing indicators are necessary.

For situations like this, you can branch directly to the set

of calculations which should be done for the record type
just read. When those calculations are done, you can then
branch to the end of all calculations, This eliminates check-
ing operations to see if a set of calculations should be done
for the record type being processed. In fact, record identify-
ing indicators do not need to be specified for the individual
operations. Figure 5-44 shows the recommended branching
structure used for different record types which require dif-
ferent operations. Using this structure not only makes your
programs more efficient but also makes them easjer to under-
stand and document.

Consider the use of such a branching structure in a sales
analysis program. Each day the manager of a retail store
wishes to know total cash sales, total charge sales, and total
refunds. The input file, arranged in ascending order by ac-
count number, contains four different record types:

1. Charge records record total charges and refunds (if
any) for a particular account.

2. Payment records record any payments received. They
are included in the file, but are not needed in this job.

3. Refund records record any refunds made for an ac-
count. No cash and charge sales were made by this
customer.

4, Cash sales records record total cash sales and cash re-

funds (if any) for a particular account.

Figure 5-43. Operations Performed for Different Record Types
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Figure 5-45. Sales Analysis Job
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Figure 5-45, insert A, shows the input specifications for all
record types. Notice the record identifying indicators as-
signed to each record type.

in the calculations, all charges, cash sales, and refunds are
totaled. If a refund is given along with the cash or charge
sales for an account, the amount of the refund is subtracted
from the amount of the cash or charge before the cash or
charge is added to the total. Figure 5-45, insert B, shows
the calculation specifications for the job. As you see, the
recommended branching structure was used. |f a charge
record (type 01) is read, a branch is taken to ROUTO01. Cal-
culations specified in lines 06-08 are performed. Then a
branch is taken to END, for there are no more operations to
do for that record. Branching for record types 03 and 04 is
handled in the same way as for record 01. However, when a
payment record is read {02 turns on) no calculations are per-
formed because this job is not concerned with payments.
Therefore, a branch is taken to END. In this way all calcuia-
tions are bypassed. They are not even checked to see if con-
ditions established by indicators are satisfied.

Branching in a Matching Records Job

Suppose that you are doing a matching record job which re-
quires that all calculations be done when records match.

All specifications can be conditioned by MR (see Figure
B-46), or GOTO and TAG can be used to branch around all
calculations when records do not match (see rigure 5-47).
In this example, GOTO is conditioned by NMR. When rec-
ords do not match, all caiculations are skipped and a branch
to END occurs.
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Figure 5-47. Branching in a Matching Records Job

Branching When An Error Condition Occurs

Branching is an easy way to bypass all calculations which
should not be performed when an error occurs. Figure 5-48
shows an example of this.
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Figure 5-46. Conditioning all Specifications by MR

Figure 5-48. Branching When an Error Occurs
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Branching at Different Points in the Program

Within one program you may use any number of GOTQ

and TAG operation codes. One or more GOTO statements
may have the same name (Figure 5-45, insert B, lines 02, 09,
and 12). However, each TAG must have a different name.
If two TAGs had the same name, your program would not
know where to branch.

Branching at Detail and Total Time

You may branch from one detail calculation to another de-
tail calculation or from one total calculation to another
total calculation. However, you cannot branch from a de-
tail to a total calculation or vice versa,

Branching Backward

So far, you have learned only about branching forward in
order to skip statements that you do not wish to perform.
The GOTO statement can also branch backward. In this
way you can go back to statements that were already done
in order to do them again.

Doing the same statements over and over again in one pro-
gram cycle is called /ooping. The statements done several
times in one cycle, plus the branching statement, make up
the Joop. Figure 5-49 shows the basic structure of a loop.

When would you want to branch backward? Suppose you
want to print out several mailing labels for each customer
by using the EXCPT operation code (see Repetitive Output
(EXCPT Operation) in the chapter, Programmed Control of
Input and Output for an explanation of the EXCPT opera-
tion). EXCPT is used to write several output records in one
program cycle. If you want to put out 25 mailting labels for
Joe Aaron, you would have to write the EXCPT operation
25 times — one time for each record. However, instead of
writing EXCPT 25 times, you could use a loop. One EXCPT
code is specified. It is performed and then a backward
branch is taken so that EXCPT will be done again,

LOOP

- —— e —,

01

Figure 5-49. Structure of a Loop
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Look at Figure 5-50. The loop just described is coded here.
But look at what will happen: An EXCPT record will be
printed; a backward branch will cause the EXCPT to be done
again; then another branch, and another EXCPT. When
would execution of the statements in the loop end? As
coded here, execution of these statements would go on in-
definitely.

You want to stop printing mailing labels for Joe Aaron after
25 have been made. Therefore, you have to keep track of
the number printed. This is done through the use of a spe-
cial count field which is constantly updated to reflect the
number of times looping has occurred. Figure 5-51 shows
the way this is done. At the beginning of each cycle,
COUNT, the field used to keep track of the number of rec-
ords printed, must be zero. Each time a record is put out,

1 is added to COUNT. COUNT is then compared to 25, the
number of mailing labels desired. When COUNT equals 25,
calculations will be complete for that program cycle, and
looping will stop. When COUNT is less than 25 (indicator
10 is on}, a branch is taken back to the beginning of the cal-
culations so that they can be done again.

In this example, 25 mailing labels are created each cycle (for
each record read). |f a different number of records are re-
quired to be printed or punched for each cycle, you have to
comnare the COUNT field to another field which contains
the number of records to be put out in that cycle (see Figure
5.52).
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You can have as many loops in your program as you need.
You can even have one loop within another loop {see Fig-
ure 5-53, insert A).

Keep in mind, however, that an uncontrolled loop is an end-

less loop. Each loop you create must be controlled so that

it will be performed only a limited number of times. Always

set up a condition which when satisfied will cause looping
to stop (see Figure 5-53, insert B).

USING SUBROUTINES IN CALCULATIONS

A routine is something done over and over again. The cal-
culations in your program can be called a routine because
the operations are done again ard again (on each program

cycle). A subroutine is a routine that is part of another
routine. That is, a subroutine is a group of operations that
can be used by the main routine several times in the same
program cycle. A subroutine can also be a sequence of
operations that is coded once and included in several dif-
ferent programs.

Subroutines can be used to:

® Eliminate duplicate coding by performing the same cal-
culations several times in the same program cycleorin
several different programs.

® Reduce the storage requirements of RPG |1 programs

(see Controlling Overlay by Using Subroutines in this
chapter}.

Loop

Loop

Figure 5-53. A Loop Within a Loop
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Using Subroutines to do the Same Calculations Several
Times in One Cycle

In many of your programs, the same operation(s) may be
required several times in one cycle: When coding the job,
you can specify the operations as many times as needed.
This often involves large amounts of coding, however. |If
the same operations are to be done several times in succes-
ston, you can often use looping to reduce the amount of

The area in which all salesmen work is divided into three
districts: A, B, and C. Some salesmen work in only one
district. Others may work in parts of two or more districts.

For each salesman, the input file contains a record format-
ted as shown in Figure 5-55. The amounts in the district
fields show total weekly sales made by that salesman in
each district. If the salesman did not work a district or
made no sales in that district, the field contains a zero.

coding. This was explained in the previous section.

The report must contain the commission earned in each dis-
trict by each salesman. In addition, total commission must
be accumulated for each salesman and for each district. The
percentage of commission is:

What if the same operations are not done several times in

succession, but are performed, instead, at many different

points in your program? Creating a loop couldn’t work in
this case. As an example, consider the job which creates a
weekly sales commission report. The report desired (Fig-

ure 5-54) shows two things:

® 3 percent of the gross sales .01 to 1000.00 dollars.

® Plus 2 percent of the gross sales 1000.01 to 5000.00

1. Total commission earned by each salesman. dollars.

2. Total commissions paid in each district. ® Pius 1 percent of the gross over 5000.00 dollars.

COMMISSION REPORT

Salesman Dist A Dist B Dist C Total

Joe Arness 41.93 23.16 9.43 74.52 «@
Bob Brown 113.16 24.93 138.09
Charles Butler 26.98 449.16 100.38 585.52

-—-————"’/——_/\7
/

S

1,998.02 * 986.43 *

1,043.97 * <—@

Figure 5-54. Sales Commission Report

DIST DIST DIST
SALESMAN A B C

120345 6 78 91011212 1516 17 1@ 19 20 21 2223 24 25|25 27 28 29 30 31 32[3% 34 35 26 37 38 K49 41 o7 43 44 45 4527 48 4350 51 57 53 54 55 56 57 53 59 60

Figure 5-565. Input Record for Sales Commission Report
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Figure 5-56 shows the calculations needed 1o fiad the infor-
mation required for the report. You first compare e con-
tents of each district field to zero to find out if the sales-
man sold anything in that district. If it is not zero, you cal-
culate the commission (COMM) earned. You then add com-
mission earned to total commission for the salesman
(MANTOT) and to total commission paid in each district
{TOTALA, TOTALB, or TOTALC).

The calculations needed to find commission earned are the
same for each district (Figure 5-56, inserts A, B, C,lines
3-16). Why code these calculations three times? Why not
code them once and branch to them each time they are
needed? (See Figure 5-57.)

lJsing the branching you have learned about so far, the
branching that uses GOTO and TAG, you could easily
branch 1o the calculations needed to find commission. But
since you could branch to them from three different places,
it would be difficuit to determine to which point in the
caiculations you should return. You could return to the
point where totals are accumulated for district A, the point
they are accumulated for district B, or the point they are
accumuiated for district C. Imagine the number of indica-
tors and SETON and SETOF operations necessary to do
this. Wouldn't it be nice if the program would automatically
go back to the point from which it branched?

RPG Il can do this through the use of a subroutine. Your
entire program is the main routine. The operations to be
performed several times in the program cycle make up a
subroutine. In this case, the main program uses the sub-
routine to find commission earned.

Figure 556 (Part 1 of 2). Calculations for Sales Commission Program

5-46

RPG CALCULATION SPECIFICATIONS S o
IBM Internauonal Business Machine Corporanan
Progiam T :";‘;{TMTT’L T 1 T Card Blecten Mumber P2 Program o 16 17 18 79 80
Programmer o ! Date T dswweuen r punch VI*‘} 7T .T,,,,.,,,‘[,,w “‘ Page LD o identification
S S| [ SR S H i S S
o - - N Resulting
C |o | traemes | Resut Fietd Fesitng
Sz l Arithmetic
39 and And Factor 1 Cperation Factor 2 Z [ Plus [Minus] zero Commerts
gls2 ‘ %l Compare
Line |> s e MName Length b 37 1>2[1<ZI‘*7
HEE « & 1 L U ookuplFactor 21is
218 5|2 2| 2 S] 2 [ Figh | Low |Equal
3455'iB9|U!||213'455\617‘819202\27232425261‘778?0103\32333435163?38394041424364454647484950515753545525758596061SZE__G_G_SSSG(V%GQ707‘7?7374
+ T T H T I T
olv) ¢ _*.4_1‘- I‘I TA qo P (ZL,,, ‘I | i ﬁ‘ ,]L qq
°J2) i 99 EEEEEEENEEECce e NN B i
i 1
o | 1] LISTA | comel Lo, ,
o] Jc 2 LSTA | L MUulT @3 L1 eoMMA | T
R J L eomo roTaLa ||| | ;
o] fe 1 ISTA COMP. 5Aad. dd | | | B ! |
of7f jc T UR 70 1 L OVE [ _| Calculations
o8l VIER | LT e O required to find
0L e | 3124 JdL DD _| COMMA ~ OIMIM { commission earned.
A A il GOT MOTAL ‘
1] e LST uB | lslags vER |||
i
2] e 2 OVER | |« | | MuLr gyl ||| QMM H
MR 2 oD | lcoMMA COMM )
e le TQTAL TAG L1,
Ml ) Li . ADD | MANTOT Ll TOT| |6
1] Jef T il COMM ADD | TOTAIL TIOT|ALAL 7
17 [ r
c :




RPG CALCULATION SPECIFICATIONS porm N

Printed in U.S.A

1.1 S ——

T e - —-y 102 75 76 77 78 79 80
Program . [ | H Cavd Electro Numober i r Program
wstoction | LA i Page | W—] of Identification
Programmer Date mstruction | H I | J LT entificatio -
i de L .
; Indicators Result Field Resulting
g Indicators
S = . Arithmetic
=45 515 [Pius [Minus] 2
3 Q And And Factor 1 Gperation Factor 2 = s 0] 220 Comments
53 N Lenath £ Compars
" Name engtl 25 - —
Line sc q 521»2‘[1«2[172
cols 5 5 £12 [Lookup(Factor 2)is
RN 5 5 8iz
12 z < S 2| High | Low | Equal
3 4 5 7 g 9ho|nip2f1apaf1siiefi7]1a 19 20 21 22 22 24 25 26 27|28 29 30 31 32[33 34 35 36 37 3B 30 40 41 42[43 44 45 46 47 4849 50 5145263154 55[56 57|58 59'152 61 62 63 64 65 66 67 68 69 70 71 72 73 74

5 T8 compel @ || [ | 29
oT

-]
—
i)
(o
o
=3

SR -0
=]
-

Calculations
LT VIV > required to find
commission earned.

CCc D
&3]
<

w0 o
m
S R ale)
N
D
9]
2]

o
=5
@)
=
T

ol =]
=
m
fo ™
—‘
S e
= M
2
a3

o
o
-—‘
 nd
e LR
—'
o
85
=)
)
=

i
l—'
o
-q'

=)
~
oclololojlolojlojaoloioioio [ 00!l O [0 |0 |2 FomType

Aelod b - -

\ ! i

RPG CALCULATION SPECIFICATIONS o X 2

Printed in US.A

2

IBM tnternational Business Machine Corparation
l 12 75 76 77 78 79 80

Program Graphic Card Electro Number

Punching Program 7
4 ! Page of Identification
Programmer ] Date nstruchion Punch I - —_— i

C . Indicators Result Field Res.ulnng
Indicators

Arithmetic
Plus [Minus| Zero
Compare
1>21<2]1=2
LookuplFactor 2)is|
High ] Low [Equal
54 55|56 57158 ‘52‘@‘”51 62 63 64 65 66 67 68 69 70 71 72 73 74

l T T

A

And And Factor 1 Operation Factor 2 Comments

Line Name Length

~ Control Level {LO-L9
» LR, SR, AN/OR}

© Not
Not

& Not

18 Hait Adjust (H)

161718 19 20 21 22 23 24 25 26 2728 28 30 31 32{33 34 35 36 37 38 3 40 41 42143 44 45 46 47 48149 50 51
DILS|TIC p

29 TIOl E
IIST]

5 Decimal Positions

=
)
| al
4
0D

-1
1o 8ml
_l
Q
..q

o] 12U L
Calculations

L OVE R Tl .02 y C > required to find
K.}

C commission earned.
L

-—’
oo
-l
C Q0
SUSE
Y
@]
<
m

)
coo
=
o]
-ﬂ
o)
=

al

—‘
OO0 kFE<H
*1

s
S

clololojolololalojolofo]jo 0010 0| O{® FormType
=

T
pLC TOTALC| 7
|
|
I
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Not this:
District A

calculate
cornmission

Accumulate totals
District B

calculate
commission

Accumulate totals
District C

calculate
commission

Accumulate totals

But this:
District A

Accumulate totals

\x
District B Calculate

et — Commission
Accumulate totals

District C /

Accumulate totals

Figure 5-57. Branching to Similar Calculations

Specifications for Coding a Subroutine

Subroutines are specified on the Calculation sheet after al|
detail and total operations. Every statement in the sub-
routine must be identified as part of the subroutine by the
letters SR in columns 7-8. (See Figure 5-58.) In addition,
two operation codes, BEGSR and ENDSR, are needed to
establish the beginning and end of the subroutine.

Every subroutine used in the program must have a unique
name. The rules for forming a subroutine name are the
sarne as those for forming a field name. The name must
appear in Factor 1 on the same line as the BEGSR opera-
tion code.

548
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Figure 5-58. Structure of a Subroutine

Calling the Subroutine

When using GOTO and TAG, you use a GOTO operation
code to branch to the next operation to be performed.
When you do the operations in a subroutine, you do not
branch to the subroutine; you ca// it.

When you call a subroutine, you use the execute subroutine
(EXSRY) operation code. This aperation code can be placed
anywhere in the calculation operations. Whenever the
EXSR operation code is encountered, all operations in the
subroutine will be performed. After the subroutine Fas
been executed, RPG 11 branches back to the main program
and continues execution with the next statement after the
EXSR statement (Figure 5-59).

Factor 2 must contain the name of the subroutine to be
executed. This same name must appear on a BEGSR
instruction.
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Main Program Subroutine Fields Used in a Subroutine

The same fields can be used by both the subroutine and the

main routine. You may define the field in either routine.

However, the name and characteristics of the field must be
P the same in both routines.

= The fields you define in a subroutine should be general so
X that they apply to all situations for which a subroutine is
EXSR - \ used. For example, if DISTA is used as the field name in a
subroutine to calculate district sales, you a/ways take in-

formation from the DISTA field when calculating commis-
sion. However, you want the routine also to handle infor-
mation from the fields DISTB and DISTC. Using specific
fields limits the correct use of a subroutine to one situation.

Figure 5-59. EXSR (Order in Which Calculatio Perf d R . .
9 ‘ons are Performed) Instead, if you use a general field name such as SALES, this

one subroutine can be used to calculate commission in all
three districts {(Figure 5-60, insert C}. However, because
there is no input field called SALES, you should use the
Z-ADD operation code to place information in this field
(Figure 5-60, insert B). The information in the appropri-
ate district field (DISTA, DISTB, or DISTC) is moved into
the field called SALES before the subroutine is executed.
When finding commission earned in district A, DISTA is
moved irto SALES; when finding commission earned for
district B, DISTB is moved into SALES, etc. In this way,
you ensure that the subroutine uses the correct information
each time it is called.
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Figure 5-60 (Part 2 of 4). Sales Commission Program (Using a Subroutine)
Using Subroutines in the Sales Commission Report Example 3. The subroutine is called by the EXSR operation code.
Now that you have learned how subroutines are used, de- 4, The commission is calculated by operations specified
fined, and executed, see how they are used in the sales com- in the subroutine.
mission report program. All specifications are shown in Figure
5-60. 5. The subroutine is finished when ENDSR statement is
executed. The instruction foltowing EXSR is exe-
First a record is read. Now commission earned in each dis- cuted. The commission found by the subroutine is
trict must be calculated. added to the total commission earned by the sales-
man (MANTOT) and to the total commission paid in
1. DISTA is compared to zero to see if the salesman solid the district (TOTALA).
anything in that district. If the field is greater than
zero, commission must be calculated. If the field is 6. Now DISTB is compared to zero to see if commission
zero, a branch is taken to B, where another compari- earned should be calculated. |f so, information from
son is made, the field DISTB is moved to SALES, and the sub-
routine is called. The next steps are basically the sam=
2. Before the subroutine can be called, it must be sup- as those already described. Follow the rest of the pro-
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plied with the correct amount of sales. Thus, the con-
tents of DISTA are moved into SALES.

gram.
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5-60 {Part 4 of 4). Sales Commission Program (Using a Subroutine)

Valid Subroutine Operations 3. You may not branch to a statement outside of the
subroutine (Figure 5-61, insert B).

Any operation code that can be used in calculations can be

used in a subroutine except BEGSR and ENDSR. This 4. You cannot branch to a TAG within the subroutine
means that you can use all arithmerti Ic, compare and testing, from a GOTO outside of the subroutine {Figure 5-61,
move look-up, EXSR, and branching operations. insert C).
There ere limitations on some of the operations: b. You cannot have a subroutine coded within another
subroutine. However, one subroutine can call another
1. You may only branch to another statement /n the sub- subroutine. This means that within one subroutine
routine when using the GOTO statement (Figure 5-61, you may have an EXSR statement (Figure 5-62). A
insert A). subroutine, however, cannot call itself and cannot call
the subroutine which called it.
2. You may branch to the ENDSR statement if you put
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a name in Factor 1 of the ENDSR statement.
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Conditioning Subroutine Statements

Any indicator which is valid in columns 9-17 can be used
to condition an operation within the subroutine., That
operation will then be performed only when the conditions
established by the indicators are satisfied. The BEGSR and
ENDSR operation code, however, cannot be conditioned
by any indicators.

The EXSR statement can also be conditioned by indicators.
In this case, the entire subroutine will be performed only
when conditions for the EXSR statement are met. For ex-
ample, in Figure 5-63, insert A, the subroutine will be per-
formed only if MR is on.

Control level indicators cannot be used to condition state-
ments within a subroutine since SR must appear in columns
7-8. The indicators used on the EXSR statement determine
whether the entire subroutine is performed at detail time
or at total time (Figure 5-63, insert B).

RPG Il LINKAGE EDITOR

The output of the RPG Il compiler becomes input to the
linkage editor, which builds the load (object) module for
later execution. The module can be cataloged into the
library, punched into cards, or written to diskette.

The linkage editor combines the translated RPG 1] source
code with the system tibrary modules necessary to complete
the program. The map of the linkage editor’s output is
printed following the compiler diagnostic messages (if
present}). The map also indicates the amount of internal
storage used by portions of a program.

The RPG Il compiler used on Models 4, 6, 8, 10, or 12
includes its own linkage editor, called the RPG 1l Linkage
Editor. On Model 15, the RPG Il compiler uses the overlay
linkage editor that is part of the SCP. The following refers
to the RPG |1 Linkage Editor, although conceptually, it is
identical to the overlay linkage editor.
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Figure 5-63. Conditioning Calculations Within a Subroutine

Linkage Editor Map

Figure 5-63.1 illustrates the information available on the
RPG 1l Linkage Editor map.

The Start Addr column gives the physical location in
storage of each module. Figure 5-83.1 shows the modules
in ascending sequence by address (which may not always be
the case). The root section indicates the beginning of the
program just after the system supervisor (QEQO, in this
case). The root section is 1,000 hexadecimal bytes long
(see Code Length column); therefore, the next available
location is 1EQ0. Note that the next higher address in the
example is TEQQ for the input mainline section.

Start

Name if Code Name Title
Addr Overlay Length
0EQO 1000 RGROOT Root
1E00 0100 RGMAIN tnput Mainline
1F00 0100 RGSUBS Record 1D
2000 0050 RGSUBS Input ctrl rtn
2050 0010 RGSUBS Subseg
2060 0020 $$CSIP 5444 consec input
2080 0080 RGMAIN Input fields
2100 0050 RGMAIN Detail calcs
2150 0100 $$PGLC Lokup routine
2250 0200 RGMAIN Detail output
2450 0B0OO RGSUBS Constants

Figure 5-83.1. Linkage Editor Map

The Code Length column gives the storage requirements
in hexadecimal. The Name column gives the name of
system (and user) modules and designates the compiler-
created segments (which begin with RG). The functions
of modules are described, where practical, in the title
column.

The root section contains 1/0 buffers, constants, and
variables required to run RPG Il programs. Subsegis a
section that has functions that are riot easily describable
by the compiler. For example, a calculation subroutine
is called a subseg.

The RGMAIN sections are the basic RPG {1 functions,
such as input, detail calculations, total output, and so on.
RGSUBS designates functions within the RGMAIN
functions. The modules are listed in functional sequence:
the subsections follow the main function. In Figure 5-63.1
the lokup routine follows the detail calcs section because
a table look-up was performed in detail calculations.
Similarly, the constants section, because it follows the
detail output section, was defined on the output

.

specifications for detail (or heading) lines.
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Simple Overlays

An overlay structure begins if the load (cbject) module
built by the linkage editor is larger than the available main
storage in & machine (the size is specified on the H-card or
is assuimed to be that of the machine used for compilation).
The linkage editor begins with low-usage modules such as
execution time table dump and load routines, file open
and close, LR calculations and output, and so on. It
allocates an overlay fetch area large enough to hold the
largest of the selected routines {or groups of routines) and
calls for an overlay fetch routine, which will load into that
overlay area the selected routines as they are needed. The
overlay fetch routine checks to see if a requested overlay is
already in the overlay area before going to the disk library
to load it. This action saves time by avoiding unnecessary
loads from disk.

With overlays, the root section occupies the lowest position
in storage as before. It is followed by the overlay fetch
routine. The overlay fetch area comes next, followed by
the secondary root routine, or root 2. Root 2 is made up
of those routines that do not have to be overlaid.,

f
All the overlaid routines are given names in the Name /f
Overlay column. The names are $##nnn| where nnn is
a three-digit overlay number.

Figure 5-63.2 shows a storage map of a program and

Figure 5-63.3 shows a library map of the same program.
Figure 5-63.4 is a diagram that illustrates the maps shown
in Figures 5-63.1 and 5-63.2. The library map indicates the
overlay size in the # Text Sectors column. You can see in
Figure 5-63.3 that overlay #2 ($##002) is the largest,
occupying seven sectors; this is equivalent to 0700 bytes in
hexadecimal (all storage requirements will be stated in four
hexadecimal digits). The storage map shows the overlay
fetch area of 0700 bytes. |t also indicates that overlay

#2 contains the total calculations and is actually only

0630 bytes long (0600 for total calcs, 0020 for constants,
and 0010 for exception output). Therefore, overlay #2
occupies seven sectors: six are full and the seventh has only
0030 bytes of code in it. If the user wants to reduce the
size of the program’s overlay area, he would first try to
reduce the size of total calculations.

5-56

Figure 5-63.3. Library Map

Start Name if Code
Addr Overlay Length
0E00 1000
1E00 0100
1F00 0700
2600 0100
2700 0100
1F00  $#+#001 0200
2100 $#001 00A0
1FO0  $#H/002 0600
2500  $##002 0020
2520 $#002 0010
Figure 5-63.2. Storage Map
Qverlay Relative

| Name Start C/T/S
SHH001 00 00 16
$##002 00 01 02
$#4003 00 01 0A
$HH004 00 01 1
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Name Title
RGROOT Root
RGSUBS Overlay fetch
routine
RGSUBS Overlay fetch
area
RGMAIN Input mainline
RGMAIN Input fields
RGMAIN Detail calcs
RGSUBS Constants
RGMAIN Total calcs
RGSUBS Constants
RGSUBS Exception
HText Start
Sectors Address
03 1F00
07 1F00
06 1F00
04 1F00

S o
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$##001 $=5002

Overlay

Fetch —
Area

Overlay Fetch Routine

Root

$#=003 $##004

Root 2

Figure 5-63.4. Diagram of Linkage Editor Map and Storage Map

The Relative Start C/T/S column gives relative library
focations in cylinder, track, and sector for the overlays.
This information does not pertain to this discussion.

Special Open

Sometimes a storage map wili not list an overlay #1 but will
have other overlays starting with $##002. This indicates
that the special open has been impiemented. The user
cannot directly cause this to happen. The linkage editor
provides this feature when it reduces a program’s storage
requirements. Special open does not affect throughput.

When the open/close overlay is the largest one, special
open is implemented, rather than having that code increase
the storage required for the rest of the program. Special
open causes some of the unoverlaid code in root 2 to
overlay the open routine after the files have been opened;
it overlays some of root 2 with close at end-of-job.

Overlay Starting Addresses

As the maps in Figure 5-63.5 show, there are two starting
addresses for overlays. The main starting address for the
illustration is TF00. The starting address for the suboverlay
is always higher; in this case, it is 2300.

Storage Map

Start Name if Code Name Title
Addr Overlay Length

1F00 $#H002 0200 RGMAIN  Detail calcs

2100 $#H002 0100 RGSUBS Transfer vector

2200 $#H002 0002 RGSUBS Contants

2300 $#4003 0100 $$PGRI Reset Resulting
indr

2400 $#4003 0100 RGSUBS  Subseg

2300 $##004 0300 RGSUBS  Exception

Library Map

Overlay Reiative HText Start

Name Start C/T/S Sectors Addrass

$HH001 07 1F00

$##002 04 1F00

$#003 02 2300

$#H004 03 2300

$#H005 03 1F00

$#4006 04 2300

$HH007 02 2300

Figure 5-63.5. Storage and Library Maps
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$##002 is a main overlay with suboverlays. There are two
indications of this: first, it includes a module RGSUBS
{(which is titled transfer vector}, and second, it is followed
on the maps by overlays with higher starting addresses.

The size of the overlay fetch area is the larger of (1) the
largest overlay with suboverlays plus the iargest suboveriay,
or {2) the largest overlay without suboverlays. In Figure
5-63.5, the size of the overlay fetch area is equal to the sum
of the sizes of $##002 and $##006. This is not obvious
from the maps, but the block diagram (Figure 5-63.8)
drawn from the maps makes this clear. Overfay 2 is the
largest main overlay with suboverlays, so it determines the
starting address for all suboverlays. Overlay 6 is the largest
suboverlay. Together, overlays 2 and 6 require 8 sectors or
0800 bytes, which is greater than the 7 sectors {or 0700
bytes) for overiay 1.

If a user wants to reduce the size of the overlay fetch area,
he could reduce the size of either $##002 or $##006.
One sector, however, is all the user can expect to save
because $##001 is just one sector smaller than the overiay
fetch area.
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Overlay Fetch Routine

$#4#001 $##002 $##005
Dverlay
Fetch
Area
$##003 $4#004 $##006 $#4007
Root 2

Figure 5-63.6. Diagram of Storage and Library Maps
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Fitting Available Storage

The linkage editor removes modules from root 2, placing
them into the overlay structure until the program fits into
available storage (or until there are no more modules to
overlay, which means the program is too large to fit).
After a fit is obtained, there may be unused space in
storage. If there is, an attempt is made to find small
modules that can be removed from the overlay structure
and placed back into that free space.

This process of moving overlaid modules back into main
storage might give you a missing overlay, that is, a
suboverlay without a main overlay. In the storage map,
you can sometimes notice unoverlaid modules among

the overlays. This is a result of moving modules from main
storage to an overlay and back again.

The linkage editor moves code rather than allowing
available storage go unused. Having code moved back to
main storage can improve speed of execution, but is not
under the control of the user. The linkage editor moves the
code when it can.

RPG 11 Logic and Function Shifting

The basic functional areas of RPG Il logic are summarized
in the following sequence:

1. Detail Output—Detail and heading output (except for
overflow lines) are performed.

2. Physical Input—Records are read from primary and
secondary files, as necessary, and the ID indicator
iIs set.

3. Total Calculations--All calculations with L and a

number in columns 7 and 8 are performed. This
includes all exception output specifications if EXCPT
is performed, or all required input specifications

for READs or CHAIINs performed, or any user
subroutines called with EXSR.

4, Total Output—Total output {except for overflow
lines) is performed. You should note that total
calculations and output are attempted on every
cycle.

5. Overflow Output—All output lines with overflow
indicators conditioning them are performed.

6. Logical Input—Data read in Step 2 is moved to the
fields named on the input sheet, and the
corresponding field indicators are set.

7. Detail Calculations—All calculations without L and
a number in columns 7 and 8 are performed. See
Step 3 for more information.

These functional areas can be identified by the titles of
routines in the storage map. A user can reduce the size
of any of these areas by one of three methods:

® Removing function from the program

® Using more efficient coding

® Shifting function from one general area to another

The removal of function from a program often results in

a second program being written to perform those functions.
Some system designs include luxuries that are not essential
to the job. These functions may be removed from the
program.

Functions that cannot be removed can often be moved to

another area. Some total calculations can be moved easily
to detail calculations.
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The following rultiply statement could be moved to detail
caiculations by conditioning it with the 01 indicator, just
like the add, and deleting the L1 indicator on the MULT
statement. The results will be identical. Similarly, some
calculations can be moved from detail to total; however,

a new record 1D indicator will be on so the user may have
to use an extra indicator.

C 01 AMT ADD
CL1 TOTAL MULT

TOTAL
RATE

TOTAL

Primary and secondary input are done at input time.
READ and CHAIN are performed during calculations. |f
calculations are too big, a file processed with the CHAIN
operation code might be first sorted and then matched as
a secondary file against the primary. If input is too big, a
secondary file could be made a demand file and processed
with the READ operation code during calculations.

Output, like calculations, can be shifted between detail and
total calculations. Even overflow output can be moved

to the following detail or total calculations by using a
numeric indicator, which is SETON conditioned by the
overtlow indicator. EXCPT is output performed durirg
calculations. Some output functions may be moved from
output to calculations (either detail or total).

Any calculation overlay or suboverlay that does an EXCPT
will contain all E output specifications. If a suboverlay has
EXCPT in it and is too large, that operation can usually be
moved to another subroutine. If the subroutines are large,
they can usually be divided into several smaller subroutines.

Calculation sections cannot be divided by the linkage editor
to be separate overlays; subroutines can. They will become
suboverlays to the main detaii or total calculations overlay.
If one subroutine calls another subroutine, both will appear
in the same suboverlay. To divide them up, the first
subroutine must return to regular calculations from which
the second subroutine can be called.

Using shared 1/0 for disk files can save a great deal of space
in some programs. With the resulting smaller overlay
structure, performance may be improved. Alternatively,
larger disk file buffers and double buffering could be
specified. These two techniques use extra storage

(resulting in more overlays) but may still perform faster
because of the speed improvement in disk operations they
provide. Selection between larger disk 1/0 buffers or shared
buffers must be made by trial for each program.

Information about the overlay linkage editor can be found
in the /1BM System/3 Qverlay Linkage Editor Reference
Manuval, GC21-7561.

5-56.4

DISCNT

SPECIAL USES OF CONTROL LEVEL INDICATORS

At this time, you should be famitiar with the normal use of
control fevel indicators, L1-L9. You know that by assign-
ing them on the Input sheet and using them on the Calcula-
tion and Output Specifications sheets you can do total
operations.

In this section, you will learn to work with a special interna!
control level indicator LO. You will also learn to use L1-L.9
indicators to condition calculations and to perform group
printing.

Internal Control Level Indicator LO

LO is a unique control level indicator which is always on.
You cannot assign it to a field, as you do L1-L9, by enter-
ing it in columns 59-60 of the Input sheet. But, you can
use it to condition a calculation or output operation. The
operation so conditioned will be done at total time for
every program cycle, since LO is always on.

The main purpose of the LO indicator is to allow vou to
specify total operations when indicators L1-L9 are not
available or when they cannot accomplish the job.



Suppose you want to print the report shown in Figure 5-64.
The report is a listing of items a company has soid in each
of its two districts. The report includes total sales for each
district (DISTOT) and a grand totai of sales in both districts
{GDTGT). The input records are grouped by district with
District i records preceding District 2. Each record con-
tains an item number field (ITEM), an item description
{DESCRY), and an item cost fieid {COST), as shown in Figure
5-65

A record identification code in position 1 indicates in which
district the item was sold. Mormaily, the field containing
the record identification code couid be used as a control
field in the printing of district totals. However, each dis-
trict has more than one record identification code. District

1 uses either a 1 or an M as an identifier and District 2 uses
either a 2 or an N. Since the contents of the record identifi
cation field can change without actually having a change in
district, this field cannot be used as a control field. Neither,
of course, can the ITEM, DESCR, or COST fields be used as
control fields.

Artificial Control Breaks

When it is necessary to do total operations but no control
fields are available to cause a contro!l break, you can use LO
to cause an artificial control break. Figure 5-66, insert B,
shows the use of L0 to permit total calculation operations.

344261 PORTABLE COMPRESSOR 623.21
46F 419 PORTABLE GENERATOR, 30KW 1,459.95
21P006 HYDRAULIC JACK 260.00
—ee——d—— Additional
items
DISTRICT TOTAL 87,347.16~
344261 PORTABLE COMPRESSOR 623.21
16A300 PORTABLE SPRAYER 930.00
80D610 PORTABLE GENERATOR, 50KW 3,016.50
g —— - Additional
items
DISTRICT TOTAL 131,219.04*
GRAND TOTAL 218,566.20%
_’/’4
J -
Figure 5-64. Format of District Sales Listing
Record
1.D. Code
' |
ITEM DESCR COST |
|
PRV N6 5 I, s 13 47138 39 a0

SIS IR TP IR

Figure 5-65. Format of Sales Record
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Figure 5-66 (Part 1 of 2). Calculations Using an Artificial Control Break (LO Indicator)
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Figure 5-66 (Part 2 of 2). Calculations Using an Artificial Control Break (L0 Indicator)
Assume that the following five records are read:
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The operations performed on these five records are as fol-

lows:
Record Indicators On Operations Performed

01 turns on.

No total operations are per-

formed because conditions

in lines 5-6 {Calculations

sheet) are not met.

(Remember that operations

conditioned by control level

indicators in columns 7-8 are

performed first, but are by-

passed on the first RPG ||

cycle.)

COST is added to DISTOT.

21 isset on.

ITEM, DESCR, and COST

are printed out.

01 is turned off.

21 remains on,

{n LO

(2) L0, 21 01 is turned on.

No total operations are per-
formed.

COST is added to DISTOT.
ITEM, DESCR, and COST
are printed out,

01 is turned off,

21 remains on.

(3) LO, 21 02 turns on.

DISTOT is added to GDTOT.
{Conditions for the total
operation in line b have been
met.)

DISTOT is printed out.
COST is added to DISTOT.
21 is set off.

ITEM, DESCR, and COST
are printed out.

02 is turned off.

(4) LO 02 is turned on.

No total operations are per-
formed.

COST added to DISTOT.
ITEM, DESCR, and COST
are printed out.

02 is turned off.

(5) LR DISTOT added to GDTOT
(LR indicator is on).
DISTOT and GDTOT printed
out.

Using Control Level Indicators as Calculation Conditioning
Indicators

Control level indicators are normally entered in columns 7-8
of the Calculation sheet where they specify which calcula-
tions are to be done at total time. They may, however, be
used in columns 9-17 also where they indicate which detail
operations are to be done on the first record of a control
group.

Control level indicators are turned on near the beginning of
the program cycle if the contents of the control field on the
record just read are different from the contents of the pre-
vious control field. Since the indicator is not turned off un-
til the end of the cycle, it is on during total and detail time.
Thus, it is available to use as a conditioning indicator during
detail time as well as total time.

When an operation is not conditioned by control level indi-
cators specified in columns 7-8 of the Calculation sheet, the
operation is done at detail time. |f the operation is condi-
tioned by a control level indicator specified in columns 9-17,
and not in 7-8 the operation is still done at detail time, but
only when the control level indicator is on. And when is
the control level indicator on? Only during the processing
of the first record in a control group as only the first record
in a new group causes a control break.

Group Printing

In group printing, data from groups of input records is
summarized and printed as totals on a report. Sometimes,
a field on each record in an input file is accumulated and
only the final total is printed. At other times, subtotals are
created by adding the contents of a field from a certain
group of records and printing the result.

Printing Only the Final Totals

it is possible to add the contents of a field from all data
records, and print only the total accumulated. You may
want to do this when you are not interested in any of the
detail information, but you do need a summation of that
information.

Figure 5-67 shows the coding for a program that finds the
totals for two fields of information and prints only those
totals. Notice, when printing only totals, the Input sheet
need only contain those fields that will be used in the calcu-
{ations or in the printing. The Output-Format sheet shows
only a total line (T in column 15). That line is not printed
unti! the last record has been processed (LR in columns
24-25). Then, one line is printed, containing the total
quantity, total cost, and a constant (see insert on Output-
Format sheet).
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® Figure 5-67. Group Printing — Printing Only the Final Totals
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Group Printing of Subtotals

Figure 5-68 shows group printing of subtotals. The input
records for the program contain item, quantity, and cost
fields; they were previously sorted by like items.

Figure 5-69 shows the coding to produce the report. Since
a subtotal is to be calculated for each different type of item,
the field ITEM is designated as a control field on Input
specifications. The calculations show that, as each input
record is read, the values in the QTY and COST are
accumulated into subtotal fields. At each control break,
the subtotal fields, SUBQTY and SUBCQOS, are accumulated
into final total fields.

The Qutput-Format sheet in Figure 5-69 shows coding for
three different types of printed lines:

® A detail line, which is printed for each input record read.
Note the use of a control level indicator on the ITEM
field. This causes the field to be printed only for the
first record of each control group (see Figure 5-68),
making the report less cluttered and easier to read. This
is known as group indication (see index entry}).

® A total line, conditioned by L1, which is printed only
after each complete group of like items was read, that
is, after each control break.

® A final total line, conditioned by LR, which is printed
only once, after all records were processed.

If you want the subtotals to be the sums of only the
quantities and cost in one section (for instance, only those
quantities and costs under item ABCD), it is necessary to
set those fields back to zero after they have been printed
and added into the final totals. This process is indicated

in column 39. The B entries indicate that the totals, SUB
QTY and SUBCOS, are to be blanked out, or zeroed out,
after they are printed, when the control field (I TEM) chang-
es. They are set back to zero so that they can correctly
accumulate the quantities and costs for the next item.

Controlling Operations in An RPG |l Program
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ABCD 25 25.00
60 60.00
65 65.00

i
|
0!
|
|
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l
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@)
|
| xvzz 40 80.00
O 49 98.00
|
I
o)
|
]

89 178.00 SUBTOTALS

2479 372.80 FINAL TOTALS

® Figure 5-68. Group Printing — Report Showing Subtotals
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Group Printing with Two Control Level Indicators

Certain programs require two or more control levels. Nine
levels (L1-L9) are possible. This program uses two of these,
L1 and L2, to produce the report shown in Figure 5-70.

Each record in the input file contains the part number of

an item, the quantity of iterns sold, and a number to identi-
fy the salesman who sold those items. The file has been
previously arranged by salesman number. That is, all records
for salesman number 12 are together, all records for sales-
man number 13 are together, and so forth. Records are

also grouped by item number within each salesman group.

On the printed report, the salesman number is to be printed
once; part numbers are in the next column with the sums
of quantities for each part number in the rightmost column.
Subtotals are printed for each salesman and a final total

is printed at the end of the report.

Figure 5-71 shows the coding to produce the report. Since
the PARTNO field changes most frequently (there are
several part numbers for each salesman) that field is the
lowest level control field and is assigned indicator L1 on the

5-64

Input sheet. The next higher level control field, which does
not change as frequently, is SLSNUM; therefore, SLSNUM
is assigned indicator L2, The calculation on the first line
{01 indicator specified) occurs for every record that is read.
QTY is added to a total, QTYSUM. Line 2 occurs only
when the control field, PARTNO, changes, because L1
(columns 7 and 8) controls this calculation. So, when L1
ison, QTYSUM is added to another total, SUBTOT. The
third line describes the calculation of a final total, FINOT.
This calculation occurs when L2 is on (when the control
field, SLSNUM, changes).

When the higher level control level indicator (L2) is on, the
lower level indicator (L1) is also on. As shown on the Out-
put-Format sheet, when L1 is on, PARTNO and QTYSUM
are printed (lines 03 and 04). However, the field SLSNUM
is conditioned by L2, so it is printed only for the first record
of each L2 contro! group. When L2 is on, SUBTOT and

the constant SUBTOTAL are printed {lines 05-07). When
LR ison, FINTOT and the constant FINAL are printed.

The two subtotals, QTYSUM and SUBTOT, are zeroed
after printing by entering a B in column 39 (lines 04 and
06). Detail lines need never be blanked after, nor does a
final total (regulated by the LR indicator).
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BINARY FIELD OPERATIONS (CONTROLLING
SWITCHES)

Note: This topic is intended for IBM System/3 Model 6,
Model 10, Model 12, and Model 15 programmers.

RPG Il provides certain operation codes which set and test
individual bits in storage. These individual bits can be set
and tested to allow you further control over processing.
When this is done, the bits are called switches and their
functions are similar to that of RPG Il indicators. The
operation codes which set and test the bits are known as
binary field operations. A binary field is a one-byte field
containing 8 bits identified left to right by the digits 0-7.
The bits can be set on, set off, and tested. Since each bit
can be utilized, there are eight indicators in every byte.

When using binary field operations, remember how data
fields are initialized by the system:

® Alphameric fields are initialized to Hexadecimal ‘40’.
® Numeric fields are initialized to Hexadecimal ‘FQ’.
You should initialize the binary field containing the bits to

be set and tested to binary zero (Hexadecimai ‘00’) at the
beginning of the program.
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BITON Operation Code

Figure 5-72 shows a Calculation sheet containing the BITON
operation code. This operation code causes specified bits in
Factor 2 to turn on (set to 1) in the field named in the Re-
sult Field. The field named in the Result Field must be a
one-position alphameric field. Since it is one position in
fength, a 1 must be entered in column 51 of Field Length.
One or more of the eight bits can be turned on. To turn on
the first bit in a field, enter 0 in Factor 2. These bit num-
bers must be enclosed by apostrophes.

You can condition the operation with indicators in columns
7-17. You may also turn on a bit in an array element, but
that array element must be one position in length.

In Figure 5-72, bits 0, 1, and 7 are set to 1 in the binary
field labeled CODE.

BITOF Operation Code

Figure 5-73 is a sample Calculation sheet containing the
BITOF operation code. This operation code causes speci-
fied bits identified in Factor 2 to turn off (set to 0) in a
field named in the Result Fieid. In Figure 5-73, bits 0, 3,
and 4 are turned off (set to 0} in the binary field labeled
CODE.

All other specifications are the same as those specified under
BITON Operation Code.
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TESTB Operation Code

Figure 5-74 is a sample Calculation sheet with the TESTB
operation code. This operation code causes specified bits
identified in Factor 2 to be tested for an off or on condi-
tion. Resulting indicators in columns 54-59 are set depend-
ing upon the conditions. At least one resulting indicator
must be used with the TESTRB operation, and as many as
three can be named for one operation. Two indicators may
be the same for one TESTB operation, but not three. Re-
sulting indicators in these columns have the following mean-
ings:

® Columns 54-55: An indicator in these columns is turned
cn if all the bits in Factor 2 are off (set to 0).

Columns 56-57: An indicator in these columns is turned
on if two or more bits were tested and found to be of
mixed status, some bits on and other bits off,

Columns 58-59: An indicator in these columns is turned
on if all the bits in Factor 2 are on (set to 1).

In Figure 5-74, bits 4, 5, and 6 in the binary field named
CODE are tested. Resulting indicator 66 is turned on if
bits 4, 5, and 6 are off. If some are on and others off, re-
sulting indicator 77 is turned on. |f they are all on, result-
ing indicator 88 is turned on.

All other specifications are the same as those specified
under B/TON Operation Code. However, you need not
define the Result Field as one position in length, since this
is done when the field is used in a BITON or BITOF opera-
tion code.

Figure 5-73. The BITOF Operation Code
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Example

Fields are sometimes present in customer master files to in-
dicate particular types of customers. When such a master
file is created, each of the conditions indicating a particular
customer type is represented in a record by a one-position
field. Since each position occupies one byte of storage, four
positions indicating customer types will be stored in four
bytes of storage. You can use binary field operations to
convert each one-byte record position to one bit of informa-
tion on disk. Therefore, four bytes of information can be
reduced to four bits of information on disk.

For example, assume you have a customer master file on
cards. You have four columns containing the following in-
formation:

® Whether the customer is a wholesaler or retailer.

® |f the customer is entitled to a discount.

® |f orders should be checked by the credit department.

® |f due to a bad payment history, the shipment should be
sent cash on delivery.

Now you want to place the card file on disk, and the in-
formation from the four columns in four bits in a binary
field labeled CHECK. The four columns will be labeled
WHLSE, DSCT, CREDIT, and COD respectively. The fol-
owing operations should be performed:

1. If WHLSE is equal to 1, turn on bit 0 in CHECK.
2. If DSCT is equal to 1, turn on bit 1 in CHECK.

3. If CREDIT is equal to 1, turn on bit 2 in CHECK.
4. If COD is equal to 1, turn on bit 3 in CHECK.
Figure 5-75 shows correct coding for this problem. Re-
member that before setting up data in a binary field, the

binary field should be set to binary zero. This can be done
by the BITOF instruction (Line 1, Figure 5-75).

INCREASING THE SPEED OF OPERATIONS (DUAL
I/0 AREAS)

During the normal RPG 1l cycle, a record is read, calcula-
tions are performed, and output is produced. The cycle is
repeated for each record.

The speed at which the cycle is done depends upon the
speed at which records are read and output produced. Cal-
culations take less time than reading, printing, writing to
disk, or punching. The speed of doing output can be in-
creased by using dual input/output areas.

Dual Input Areas

When dual input areas are used, the program cycle is
changed. First a record is read. At the same time, calcula-
tions are being performed on this record, another record is
being read. Thus, the contents of two records are in the
computer at the same time. Figure 5-76 shows how the
records are processed when two input areas are used.

Dual input areas can be specified for sequential disk files or
direct disk files processed sequentially, for card files desig-
nated as input files, or for tape input files. No stacker
selection can be specified for card files. Dual input areas
cannot be specified for combined or update files, table, or
demand files. When shared input/output is specified in the
header card, all devices which can use shared input/output
are automatically excluded from use of dual input areas.
(Note to Model 6 Programmers: Dual input areas can be
used for data recorder input files. Dual input areas cannot
oe assigned to disk, data recorder, or ledger card device files
using a shared input/output area, specified in column 48
of the Control sheet.)
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Note: The shaded areas represent records being processed.

Records A and B are
initially read into
storage.

After Record A is
processed, Record C
is read while Record
B is processed.

After Record B is
processed, Record D
is read while Record
C is processed.

Figure 5-76. Dual Input Areas
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Dual input areas require more computer storage space than
one input area, because two records are in storage during
each cycle. !f you have a large program, you might not

have enough storage space to accommodate two input areas.
The effect of dual input areas can be determined only if you
have knowledge of a program’s processing requirements and
experience in RPG Il programming. In some cases, you can
only make a final determination by actual experimentation.
(Note to Disk Programmers: 1f your program plus two input
areas require more space than is available, certain RPG I
object cycle routines remain on disk during execution and
are called into storage as needed. [f too many routines re-
main on disk, the performance of your program may be de-
creased by the use of dual input areas rather than increased.)

Specifications

One entry on the File Description sheet is required to speci-
fy dual input areas: any digit (1-9) in column 32 assigns dual
input areas for the specified file. Figure 5-77 shows the file
MASTER has been assigned dual input areas.
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Figure 5-77. Specifying a Dual Input Area

Dual Output Areas

When dual output areas are used, the program cycle is
changed. A record is written or punched out at the same
time calculation and output operations are being done in-
ternally to produce the next record. (Calculation opera-
tions are not done at the same time as writing or punching
when only one output area is used.) Figure 5-78 shows
how output records are produced using dual output areas.

Dual output areas, like dual input areas, require more com-
puter storage. Consequently, the same space considerations
that apply to dual input areas also apply to dual output
areas. Dual output areas can be used for sequential and
direct disk output files, Model 10 printer files (5203 printer),
tape files, and card output files. Dual output areas cannot
be specified for combined or update files. Also, dual out-
put areas cannot be assigned to Model 6 data recorder, disk
or ledger card device files and Model 10 or Model 15 disk
files that use a shared input/output area.

Specifications
One entry is required on the File Description sheet to speci-
fy dual output areas: any digit (1-9) can be entered in col-

umn 32 for an output file. Figure 5-79 shows the file
PRINT has been assigned dual output areas.
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Record A is in output area 1.
While record A is being written
or punched calculations are
performed on record B, and it
is moved to output area 2.

When record A is finished, record
B is ready to be written or punched.
While record B is being written or
punched from area 2, record C is
calculated and moved into area 1.

Record D is calculated and
moved into area 2, while
record C is being written or
punched.

Note: the shaded blocks represent records being written,
punched, or printed.

Figure 5-78. Dual Output Areas
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Figure 5-79. Specifying Dual Output Areas
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Review 5

Additional Uses of Indicators

1. What effect do halt indicators have on System/3 operations? How can you use halt
indicators to handle error situations?

2. Describe a method to eliminate an output file for one program run without havingito
rewrite specifications and recompile the program.

3. When conditioning a calculation specification with an indicator, what happens when
the indicator is on? What happens when it is off?

4. Describe what the TESTZ operation does.

5.
Result Field Resutng
Arithmetic
Factor 1 Operation Factor 2 £ [ Plus [Winusf zero
&5 [_Compare
Name Length_m%1>2|1<2h:2
£ 1< [Cookup(Factor 21
& |2 [Aigh | Low [Equal
18 19 20 2} 22 23 24 25 26 27|28 29 30 31 3233 34 35 36 37 38 39 40 41 42|43 44 46 46 47 4849 50 51]62]53154 55|56 57|58 59
TEST TIEISIT Q319495
Using this TESTZ specification, tell what the status of indicators 93, 94, and 95 will be
when the field TEST contains:
a. ABC
*
b. &/
c. JOH
d. 789
6.
Result Field Rosaters.
e Arithmetic
Factor 1 Operation Factor 2 é T|Pus [Minus] zero
8 g Compare
Name Length et 2[1=2
£ 1< [Cookup(Factor 2)is
SYE MAigh | Low [Equal
1B 19 20 21 22 23 24 25 26 27128 29 3C 31 32§33 34 35 36 37 38 39 40 41 42]43 44 45 46 47 4849 50 51]52]53|54 55257 58 59
RIST P ON|D 969719,
1 [
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Using this COMP specification, tell what the status of indicators 96, 97, and 98 will
be when the fields FIRST and SECOND contain:

First

16942
. 16000
19645
18921

Qo oo

Second
17942
15000
19645
18931

Controlling Operations on the Basis of the Next Record in a File

7.

Basically, what does the look ahead facility allow you to do? What limitations apply

to its use?

To the input specifications given add those which will allow you to look ahead in
order to read the next part number (PARTNO) and next code in column 96.

RPG INPUT SPECIFICATIONS

GX21-9094 U/M 050"
Printed in U.S.A

5-74

Moving Data

9.

10.

11.

12.

— 12 75 76 77 78 79 BO
Card Electro Numbe
Program - bunchimg | Graphc ! ard Blectro Number Pmmo' Program
P 1
Programmer jl Dute Instruction [ oo | __ Identification
3 Record tdentification Codes Field
3 Field Location 8
3 Indicators
El 1 2 3 = 5
. S “ Ils |8
] N P ] 2 lgs| 2
Line Filename 5 iz R g | Fietd Name T 2|
g 3 =131 8 _ N Az N & g jei| g Zero
= S LIElR Position | &| Position |t [Z| position |=! |E[?|z| From To = 2|22 & |Pus [Minus|or
€ HEI Zlols Zla|g Z2iol5(2|5 € EREE S Blank
5 BT HRIE s|N| 3 HINEEIE o NI
& ofr| |2|ofa& 2|55 2|s|6 2|515|3| s & S |86] &
Aln]o
24 567 8 3 w1 r i ahwhslirjighe zolo oo 2424020126 27(28 29 30 31(32(33]34 135 36 37 38[39[40|41]a2|a3 {44 45 a5 a7 48 49 50 51157153 54 55 56 57 58159 60|61 62|63 6466 66|67 68|69 70(71 72 73 74
. - T T T T [ [ | T
o |1 ) i [ [ !
o SINPUTL L AALL L 9%, ca ; |
| i i ¢ i i
MRS ek W L *AT ) : | b RTNO
013 i ' i i
o SRR Lol A 3] Ibrls
0.4, |I . : | i
- il e et L 33| | 37EQTYO ,
015 |1 [ ! | l
Sna I s AT I N SR S j } i : +

With MOVE, which position of Factor 2 is moved first and where is it positioned in

the Result Fie

What happens
What happens

Id?

in a MOVE operation if Factor 2 is larger than the Result Field?
if it is smaller?

With MOVEL, which position of Factor 2 is moved first and where is it positioned
in the Result Field?

What sign does a numeric Result Field have after a MOVEL operation?




Page of GC21-7567-2
Issued 21 December 1979
By TNL: GN21.5709

13. FIELD1, a 4-position positive numeric field, contains 3456; FIELD2, an 8-position
negative numeric field, contains 87654321. What will the contents of the Result Field
be after each of the following instructions is executed, if FIELD1 and FIELD?2 contain
the above values before each instruction is executed?

IEM.....

Program

| Programmer

RPG CALCULATION SPECIFICATIONS

usiness Machine Corporation

o q P | Graome | ]

+ £
Instruction Punch L l

- 1
Card Flectro Number 2
Page of

Form GX21-9093
Printed in US.A

75 76 77 78 79 BO

Program
Identitication .

Branching in Calculations

14,  What is the purpose of branching?

15.  How is branching specified in RPG I1?

16. By using branching, how can you structure a program, which has several record

N Indicators Result Field Resulting
@ o Indicators
g = 2 Arithmetic
39 And Factar 1 Onperation Factor 2 gl Plus [Minus] Zero Comments
g2 3|5 [ _compare
[RAI e e Name Length ~12h Sal1<z[1=32
e o £ 12 [Cookup(Factor 2115
Vil At P A |2 High | Low |Equal
3 4 Sl [7 8 131af15l16[1708 19 20 21 22 23 24 75 26 2728 29 30 31 32(33 34 35 36 37 38 39 40 41 42|43 24 45 46 a7 48149 50 515218354 55[56 572]58 59 )60 61 62 63 64 65 66 67 6B £9 0 71 72 73 74
T T T T X
o] fe| | | d..L
o fe] | Bl ] L MOlvE] [FZERTRL] T HEE ﬁ
ai2] ic :
D I Rl S S PN A O N O O O -
a3 c ‘
P le] L MolEEr L 1E | | ]
0ia] {c !
014 el REENN INNRENEE . Ll
olsi |c |
A b el QVIE| FILELD ELD 11 4]
ofs
1. R I A B A B O O O A A ]
0|7 c
: 4o d . OVELIFTEL EiL 1
ols| ic i
I Y O Ll Sl il 4| I
olal 1r f j

types each of which requires different calculation operations, so that it is easy to

write and efficient to run?

17.  What must you always include in a program that has a loop? What will happen if

you do not include this?

Using Subroutines in Calculations

18. When should a subroutine be used?

19.  What are the operations used to define and execute a subroutine? What entry must

be made in each calculation line of a subroutine that is different from all other

calculations?

20. What limitations in the use of GOTO and TAG apply to subroutines?

21.  Where must subroutines be coded?

Review b
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Special Uses of Control Level indicators
22.  When would you use the LO indicator?
23.  How can you specify calculations to be performed only on the first card of a group?
24.  When should you specify blank after (B in column 39 of the Output-Format sheet)
for an output field?
Binary Field Operations
25.  What are bit switches used for?
26. Code the calculation specification to:
a. Set on bits 4 and 7 in a field called TESTER.
b. Set off bits 1, 2, and 3 in TESTER.
c. Test to see whether bits 1, 2, and 3 in TESTER are all on or all off. Set on indi-
cator 01 if they are all on and set on indicator 02 if they are all off.

Dual Input/Qutput Areas

27. For which device and file types can you specify dual input/output areas on your
system?
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Answers To Review 5

Halt indicators may be turned on as record identifying indicators, as a result of a
test on a field, or as a result of calculations. When they are on, they cause the
system to halt after all calculations and output operations have been performed for
that program cycle.

Because a program cycle is completed before the system halts, operations may be
performed on erroneous data. Halt indicators, when used as conditioning indicators,
allow you to bypass calculations and output operations which would usually be done.
They also allow you to print error messages and stacker select any cards with errone-
ous information.

Use an external indicator (U1-U8) to condition the output file and operations speci-
fied for that file. When the indicator is on the file is used; when it is off, the file is

not used. The file is conditioned by an external indicator specified in columns 71-72
of the File Description sheet. The output specifications should be conditioned by that
same external indicator entered in columns 23-31 of the Qutput Specifications Sheet.

If the indicator is on, the step will be executed. If the indicator is off, the step will
not be executed.,

TESTZ examines the zone portion of the leftmost character in an alphameric field.
It that position contains & or A-l, the pius indicator will turn on. [f that position
contains -, ¢ , or J-R, the minus indicator turns on. For all other characters, the
zero indicator turns on.

93 94 95
a. on off off
b. on off off
c. off on off
d. off off on

96 97 98
a. off on off
b. on off off
c. off off on
d. off on off

Look ahead allows you to use data on the next record to be processed. Normally
only the data on the record currently being processed is available to the RPG |l pro-
gram. Look ahead is most often used with input files. If it is used with combined
or update files, information in the look ahead field while the combined or update
file is being processed will be from the record currently being processed, not from
the next record in the file.

** must be specified in columns 19-20 to indicate that the fields listed are to be
looked at in the next card available for processing. Look ahead fields must be given
different field names than those used when describing the file. Any alphabetic .
characters may be used in columns 15-16.

Answers To Review5  5-77



RPG INPUT SPECIFICATIONS
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The righthand, low-order position of Factor 2 is moved first, to the righthand, fove-
order position of the Result Field.

¥ Factor 2 is larger, the number of positions moved will be equal to the size of the
Result Field. 1f Factor 2 is smailer, the whole field will be moved and the lefthand
positions of the Result Field will be unchanged.

With MOVEL, the leftmost position of Factor 2 is moved first to the leftmost pos:
tion of the Result Field.

The sign of the Result Field atter a MOVEL operation is performed will be the same
as that of the jow-order character of Factor 2 unless Factor 2 is smaller than the Re-
sult Field in which case the sign is unchanged.

a. 87653456
b. 8765
c. 4321
d. 34564321

Branching alters the sequence in which calculations are executed. {t allows vou to:
a. Skip calculation operations.

b. Execute operations in an order other than the normal sequential order.

c. Perform the same calculations several times in one cycle.

Branching in RPG Il is specified by the operations GOTO and TAG. GOTO telis the
computer to branch to a location indicated in Factor 2 of the instruction. The TAG
statement is placed at the point in your program to which you want to branch. The
name in Factor 1 of the TAG statement is the same as the name in Factor 2 of the
appropriate GOTO. Every GOTO requires a TAG or the program will not know
where to branch to. Several GOTO statements may branch to the same TAG, but the
name on each TAG statement must be unique.




16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Condition several GOTO statements with the various record type indicators. Write
the set of specifications for each record type separately and include them in the pro-
gram. The set of specifications for each record type will begin with a TAG statement
and end with a GOTO statement which branches to the end of all calculations. The
program will test the record type and branch to the correct set of specifications. At
the end of the set of specifications, it will branch around all other specifications to
the end of the calculation section.,

If a program has a loop, there must be some way to stop the looping. The branch
back instruction must be conditioned so that when certain conditions have been met,
the statement will not be executed. |If this condition is not specified or cannot be
met, the program will go into an endless toop.

A subroutine can be used whenever the same calculations must be executed at several
different places in a program.

The first line of a subroutine must have the BEGSR operation code in columns 28-32
with the subroutine name in Factor 1. The last line in a subroutine must have
ENDSR operation code in columns 28-32. This line can have a name in Factor 1, and
this name can then be referenced by a GOTO statement. Every subroutine line must
have SR in columns 7-8.

No branches can be made from a GOTO statement within a subroutine to a TAG
statement outside that subroutine. No branches can be made from outside the sub-
routine to a TAG statement within the subroutine.

All subroutines must appear on the Calculation sheet after all detail and total
calculations.

LO would be used if you need to perform some calculation steps at total calculation
time and there is no normal control level indicator (L1-L9} available. A common use
of this is to set on the other contro! level indicators when control fields are not
available,

Detail calculations are distinguished from total calculations by the fact that columns
7-8 of the Calculation sheet are left blank for detail calculations. Since the control
level indicator stays on through detail calcuiations it can be used like any other indi-
cator in columns 9-17 to contro! detail calculations. The control level indicator will
be on for only the first card of a new control group.

Blank after should be used to reset a field to zero that is used to accumulate and
print a total for each control group. This allows the field to start with a zero
value for the new control group.

Bit switches are used to code and test for specified situations. With System/3 Model
10 Disk System and Model 6, they are stored in one-byte alphameric fields in storage
and on disk. One example is credit information in an accounts receivable file, The
first bit might mean a COD only; the second, payment due in 30 days; the third,
credit limit $1000; etc. When these conditions are coded as bit switches they take
up less disk space than single character codes that might be used in the same way.

See coding sheet.

Answers To Review 5
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RPG CALCULATION SPECIFICATIONS
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27.

5-80

Model 10 Card System:

MFCU input files {no stacker select; no table or demand files)
MFCU output files (no stacker select)

PRINTER output files

PRINTR2 output files

TAPE input file

TAPE output file

Model 10 Disk System and Model 12:

MFCU or 1442 input files (no stacker select: no table or demand files)
MFCU or 1442 output files (no stacker select)

PRINTER output files

PRINTR2 output files

DISK input files (sequential and direct only)

DISK output files (sequential and direct only)

TAPE input files

TAPE output files
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Model 6:

® DISK input files (sequential and direct only; no shared 1/Q)

® DISK output files (sequential and direct only: no shared 1/0)
® DATA9G6 input files

Model 15: Same as Model 10 Disk System, pius:

® 2501 input files

& MFCM input files (no stacker select; no table or demand files)

& MFCM output files (no stacker select)

Answers To Review 5
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Chapter 6. Match Fields and Multifile Processing

CHAPTER 6 DESCRIBES:
How to assign match fields to one or more files.
Use of match fields to sequence check records in a file,

Using matching records to control the processing of multiple input files.

BEFORE READING THIS CHAPTER YOU SHOULD BE ABLE TO DESCRIBE:
How to identify input record types on the Input sheet.
How to use field-record relation.
How to specify stacker selection on the MFCU.

RPG Il object program cycle.

AFTER READING THIS CHAPTER YOU SHOULD BE ABLE TO DESCRIBE:
Checking the sequence of records within a file using match fields.
Using match fields with field-record relation for more than one record type in a file.
Matching records when there is only one record type in a file.
RPG Ii logic for processing files by matching records.
Matching records when there are more than one record type in a file.
Matching records when ai: of the records in one of the files have been processed.
Using match fields and control fields in the same file.
How to determine whether a file should be primary or secondary.
Note: You can use the review questions contained in Review 6 at the end of this

chapter to test your comprehension of the topics in the chapter. Answers follow
the review questions.

Match Fields And Multifile Processing  6-1



INTRODUCTION

Match fields are data fields on separate records that are
compared to establish relationship between the records,
Match fields have two fu nctions, depending on whether the
related records are the same input type file or in separate
input type files. (An input type file can be an input, update,
or combined file.)

Within a file, match fields are used to check the sequence
of records on which they appear. The sequence checking is
accomplished by comparing match fields in one record with
the match fields in the next record of the same filfe. When
two or more input type files are used by a program, the se-
quence of each file can be checked just as sequernice was
checked for a singie file. All files that are sequence checked
by match fields must be in the same sequence, either as-
cending or descending.

In addition to sequence checking records within a file, match
fields can also be used 1o establish a relationship between
records that are in separate files. That is, match fields can
be used to match records from two or more input type files
to determine which record is to be processed on the current
cycle. if two files are used in the same job and you do not
specify the order of processing, the primary file is complete-
ly processed first. Only then are records from secondary
files processed, By specifying that the order of processing
is to be determined by comparing the contents of match
fields, however, you can cause records from secondary files
that are related to a record in the primary file to be proc-
essed before the next primary record.

The processing of more than one input type file, with or
without match fields, is termed mu/tifile processing. Selec-
tion of records from more than one file based on the con-
tents of match fields is known as multifile processing by
matching records.

Muttifile processing is commonly used in applications where
data files are set up to contain only a certain type of infor-
mation. For example, a master payroll file might contain
data which does not change often, such as an employee’s
pay rate. Another payroll file, which would consist of new
records every week, might contain data such as the number
of hours an employee worked in the week. To produce a
paycheck or other report, information from both files

must be used. Furthermore, the records from the two files
must be processed in a particular order. Matching records
can be used both to determine which record to process on
each program cycle and to sequence check the records with-
in each file.

6-2

Note to Disk Programmers: For ease of depicting input rec-
ords and files, card-like records are shown in illustrations
throughout this chapter. This does not imply that the proc-
essing rmust be done using card files. The files can be read
from any System/3 device that can be used as an input de-
vice. Aiso, throughout the chapter, two input-type files

are used in examples to illustrate RPG il logic for matching
records. RPG Il logic and the rules for record selection do
not change when more than two files are used. See the
RPG Il reference manual for your system for examples
using more than two files.

CHECKING SEQUENCE OF RECORDS WiTHIN A FILE

File Containing Only One Record Type

As you know, an A or D entry made in column 18 of a file
description specification indicates that the records in the
fite described are to be in sequence. If you specify that the
file EMPLOYEE is to be in ascending (A) sequence, which
employee records in Figure 6-1 are in the correct order?
Actually all three arrangements show the file in ascending
order: the first is sequenced by department number, the
second by name, and the third group by employee number.

As you can see then, before the program can check the se-
quence of records in a file, you must specify the field or
fields which are to determine the order. The fields on which
the sequence is to be checked (called match fields) are iden-
tified on the Input sheet by coding one of the entries M1-
M9 in columns 61-62 (see Figure 6-2).

Records within a file may be sequenced on the basis of one
or more data fields. Up to nine fields may be used by assign-
ing one of the entries M1-M9 to each match field. Entering
M1 on the same line as you describe the DEPT field (Figure
6-2) causes the records to be sequence checked according to
department number. Thus, this file should be in ascending
order as shown in the first group of Figure 6-1.

When you specify more than one match field to check se-
quence, the program considers all the match fields to be one
continuous field, even though the fields may not be adjacent
in a record. For this reason, all match fields assigned to a
particular record type are considered to have the same type
of data (alphameric or numeric). The individual fields are
checked in order according to the level of the match field
entry assigned to the field. M1 is the lowest level; MO is
considered the most important.
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Figure 6-2. Assigning a Match Field for Sequence Checking

The input specifications shown in Figure 6-3 show that
three fields on an EMPLOYEE record are to be used for
sequence checking. Since all records in a particular region
are to be together, the REGION field js assigned the high-
est (M3) match field entry and, thus, is checked first,
DSTRCT is the next match field (M2), and DEPT is the
last (M1),
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Figure 6-4 shows three records from the EMPLOYEE file.
The three match fields shown would be considered one
field. If the file is specified to be in ascending order (on
the File Description sheet), the records are in order since
03037372 is lower than 03051218, which is lower than
05029425, However, if the file is to be in descending se-
Quence, record 1 and record 3 must be switched.
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Figure 6-3, Assigning More than One Match Field for Sequence Checking
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Figure 6-4. Match Fields Checked According to Level Assigned

Processing halts when the first record out of sequence is
read. You can then correct the order of the records to con-
tinue processing. Note, however, that only an error in the
direction of the sequence is detected. When sequence check-
ing a file with match fields, RPG 11 does not cause the proc-
essing to stop when a duplicate match field is read. This

can be accomplished, however, by coding the sequence check
using calculation specifications.

In the last example, all records in the EMPLOYEE file were
the same record type; that is, they contained the same type
of information in the same location on each record. There-
fore, a particular match field could always be found in cer-
tain positions for every record in the file.
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File Containing More than One Record Type

When some or all of the fields on a record are in different
positions than the fields on other records in the same file,
you have different record types. Suppose your EMPLOYEE
file is made up of two different record types, one type for
salesmen and one type for all other employees, An S in
position 96 identifies records of salesmen; an O identifies

RPG INPUT SPECIFICATIONS Gx2t 0% umosor
IBM {nternanonal Business Machine Corporation
T - o 12 75 76 77 78 79 80
Graphic

the other employee records. Two different record types
are necessary because salesmen recejve a percent commis-
sion on sales, while other employees receive a set weekly
salary. Although commission and salary fields appear on
only certain records, all EMPLOYEE records contain an
employee number, department, and district, as shown in
Figure 6-5. However, these common fields appear in dif-
ferent locations on different record types.
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Figure 6-5, File Containing Two Record Types
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For this particular program, you want a list of all employ- Since there are two different record types, a particular

ees, in ascending sequence according to district. Further- match field may not always be in the same record positions.
more, the records within a district are to be in sequence For instance, DSTRCT is in positions 15-16 on salesmen
according to department and employee numbers. To ensure records, and in positions 20-21 on records for other em-

the sequence of the file, three fields on each record must be ployees. You must tell the program where to locate the
checked, as shown in Figure 6-6. DISTRCT is the most im- match fields for each record type (Figure 6-7). Once the
portant category and, therefore, is assigned the highest program determines the record type by checking the code
match field entry. in position 96, it then looks at the appropriate match field

positions for that record type.
M3 M2 M1

DSTRCT | DEPT | EMPNUM

Record Type 0" for Other Employee

e AN

\ \
293 387 07564 04 vl
m3 M2 M1

DSTRCT | DEPT | EMPNUM

>l Record Type ““S"’ for Salesman
JAN \

= X N
135 15 425 07

12 3 4 % 5 7 8B 5 10 11 12 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 N 32 52 83 84 93 96 D7 88 BS 90 91 §2 93 24 95 96 97 9

Figure 6-6. Match Fields in Different Locations on Two Records
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Figure 6-7. Assigning Match Fields to Different Record Types
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Fields from different record types which have been assigned
the same match value may have the same name. As shown
in Figure 6-7, M2 has been assigned both to the DEPT field
on salesman records and to the DEPT field on other em-
ployee records.

If match fields are assigned to more than one record type in

a program, ali of the records (with match fields) must be
assigned the same number of match fields, Furthermore, all
match fields (on different record types) which are given the
same value {(M1-M9) must be the same length. Thus, all M1
fields must be the same length, ail M2 fields must be the same
length, and so on. This, of course, means that the total
length of the match fields must be the same for each of the
records.

In this example, the EMPLOYEE file contains only two
types of records and both are assigned match field entries.
However, match fields need not be specified for all record
types in a file. Record types which do not contain match
fields are processed in the order they are read. The sequence
check, then applies only to the record types to which

match field entries have been assigned.

USING MATCH FIELDS WITH FIELD-RECORD
RELATION FOR MORE THAN ONE RECORD TYPE
IN A FILE

In the last example, each of the record types in the EM-
PLOYEE file is described with a separate set of input speci-
fications. Since all of the fields to be used for matching are
in different columns on the different record types, the same
match field entries are assigned once for each record ty pe.

Match Fields the Same for All Record Types

Often, however, you may find that although there are dif-
ferent record types in a file, many of the fields are the same
on all record types. That is, many fields have the same
name, contain the same type of data, and are always found
in particular positions of any record type in the file. For
example, salesmen records and other employee records
might be organized as shown in Figure 6-8. For both rec-
ord types, ail fields are the same except the COMM and
SALARY fields and tie record identifying code in position
96.

When only a few fields differ, record types can be described
on the Input sheet in an OR relationship. Instead of using
separate sets of input specifications, common fields need

to be described only once. As shown in Figure 6-9, entries
under Field Record Relation (columns 63-64) can then
identify the fields which are unique to a particular record
type. Notice that fields which are the same for all record
types are described first, All fields related to a particular
record type are then described before specifying the fields
related to one of the other record types.

DSTRCT, DEPT, and EMPNUM are the three match fields
to be used in sequence checking the EMPLOYEE file.

Since they are described only once on the Input sheet with-
out any field record relation entries, the match field entries
aiso need be assigned only once (Figure 6-9). When record
types are described in an OR relationship and a match field
entry is assigned to a fieid without any field record relation
entry, the match fietd will be used for all record types.

DEPT DSTRCT COMM EMPNUM
(1-3) (8—9) (14-15) (25—27) Salesman Record
v v '
425 07 15 135
DEPT DSTRCT SALARY EMPNUM
(1-3)  (8-9) (13—17) (26—27)

Other Employee Record

' ' ' 1
293 04 07584 387

4% E 7 B9 101 2 13 4 1S 06 17 18 19 20 21 22 23 24 2% 26 27 28 29 30 3 a2

82 B3 34 83 36 A7 BB 85 G 3 32 93 24 3% 96 9 %8

Figure 6-8. Same Match Fieids for Both Record Types
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Figure 6-9. Assigning Match Fields Once for Two Record Types

Match Fields Differ Between Record Types

In the last example, although some fields differed between
record types, all the fields to be used in matching were the
same (same name, format, and record positions). Suppose,
however, that one of the match fields, DEPT, is in different
record positions for each record type. The two record types
‘n the EMPLOYEE file are shown in Figure 6-10.

EMPNUM DEPT
1-3) (10-12) SALESMAN RECORD
CoOMM DSTRCT {Record tdentifying Indicator 01
(6-7) (20-21) turns on when this record type is read.)
A\ 1 A
[135 15 425 o7 i& 5 !
EMPNUM SALARY -
i EMPLLOYEE RECORD
(1-3) (10-14) OTHER EM
DEPT DSTRCT (Record ldentifying Indicator 02
(5-7) (20-21) turns on when this record type is read.)
387 293 07584 04 ;L o 7

Figure 6-10. Match Fieids Differ Between Record Types
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According to what you have learned so far, you might as-
sign match field entries as shown in Figure 6-11.

However, the specifications shown in Figure 6-11 will not
work. There is an additional rule to remember in assigning
match field entries when field-record refation is used and
the match fields differ between record types. If one (or
more) of the match fields in either file is assigned without
a field-record relation, the rest of the match fields must be
assigned in the same way, without entries in columns 63-64,
Of course, the specifications which assign some of these
match fields with fietd-record relation are still necessary.
Notice in Figure 6-11 that two of the match fields (M1 and
M3) are associated with all record types (without field-
record relation entries). Therefore, an additional entry
(dummy entry) should be made (see line 05 of Figure 6-12)

to assign the M2 match field (DEPT) to all record types also.

Actually the M2 match field isn’t the same for all record
types, since the location of the field varies. Therefore, how
do you know which entries to make in the Field Location
columns of this dummy match field entry? You know that
any one match field is always the same length, regardiess of
record type or location in the record. In this case, DEPT is
three positions long. Any numbers which give the correct
length of the match field can be specified as Field Location.

As shown in Figure 6-12, positions 12-14 are specified for
the dummy match field. When this specification line is per-
formed, the program looks at the three positions of data

{positions 12-14) on whichever record type was read. Of
course, the M2 match field is not in positions 12-14 on
either record type so you don’t want this incorrect data to
be used in sequence checking. 1t won't be, because afl of
the match field entries are checked before the sequence
checking is performed. If the record read is record type 01,
line 07 is performed. This entry tells the program that the
data in positions 10-12 should be used for the M2 field. On
the other hand, if record type 02 is read, line 08 is per-
formed and the data in positions 5-7 is used instead of that
in positions 12-14. Actually, then, when either of the spec-
ifications in lines 07 or 08 is performed (depending on rec-
ord type), the data used as the match field is changed, as if
the dummy entry had never been specified.

Although the specifications in Figure 6-12 will cause the
EMPLOYEE file to be sequence checked correctly, there is
a way to reduce the number of specifications required. As
mentioned, for a dummy entry you can specify any record
positions which give the correct length for the match field.
However, if you specify the actual positions associated with
that match field on one of the record types, there is no
need for the specification which relates those positions to
the match field for that recérd type (Figure 6-13). Thus,
by entering 10 to 12 (line 05, Figure 6-13) as the positions
for the M2 field, you can eliminate the match field entry
{line 07) in which the M2 field is described for record type
01.
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After performing the dummy entry (line 05), the program
knows the M2 match field is to be found in positions 10-12.
If record type 01 is read, the M2 field actually is in posi-
tions 10-12. Thus, line 07 doesn’t have to be performed,
since it does not change anything. Of course, if record type
02 is read, the specification in line 08 is performed. This
says, for record type 02, use positions 5-7 for the M2 fieid
instead of positions 10-12.

The field name specified for the dummy entry can be any
name, since field names are ignored in selecting match
fields. In this case, DEPT was specified since it happens
that the M2 fields on both record types have the same
name. If the names to be used differ, itis still a good prac-
tice to use a name given to the match field on one of the
record types.

MATCHING RECORDS: ONE RECORD TYPE IN EACH
FILE

One of the most common forms of muttifile processing in-
volves using one file to obtain data from another file. Fig-
ure 6-14 shows a weekly sales report to be printed which is
used to determine which items are setling best at which
location. A SALES file contains records of individual items
sold, giving the quantity and location. The description of
2ach item, however, must be obtained from an ITEM mas-
ter file. The ITEM master file consists of one ITEM record
for each item in stock.

For this program, let’s assume that each file contains only
one record type. All ITEM records are in one format and are
identified by the character | in position 1. All records in

the SALES fiie are identified by an S in position 1 and are
also in one format {certain type of information in same
location on every record). The SALES records for a partic-
ular item can be associated with the related ITEM master
record by a common match field containing the item num-
ber {see Figure 6-14),

Processing Order: More Than One Matching Record in a
Secondary File

In the ITEM master file, there is only one record for each
item, but in a program run there may be several SALES rec-
ords for that particular item. Let us suppose there is always
at least one SALES record for each | TEM record. There-
fore, there shouid be no records in ejther file which do not
have a matching record in the other file. Both files are speci-
fied with match fields in ascending sequence.

To produce the report in Figure 6-14, in what order should
records from the two files be processed? Firstan ITEM
master record should be processed: that is, the item number
and description printed. Then, all the SALES records which
are for the same item {match fields the same) should be
processed. The quantity and location of each sale should

be printed under description, Thus, after every ITEM rec-
ord processed, one or more SALES records must be proc-
essed before the next record from the | TEM master file is
processed.

How does RPG || know when to stop printing SALES rec-
ords and to process the next ITEM? As we said, the SALES
records for a particular item are read one at a time and
printed. When the match field on a SALES record is for a
different item, that SALES record is not processed immedi-
ately. Instead, the next ITEM master record is processed to
print the description for the new item. Then the SALES
records for that item are printed. As you can see, to deter-
mine the correct order of processing, both files must be in
the same sequence according to the match field; in this case,
in ascending sequence by item number,
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How RPG |/ Logic Determines From Which File to Process
a Record

Using the same example, let's see how the RPG 11 logic de-
termines from which file g record is to be processed. The
ITEM master records are the primary file and the SALES
records are the secondary file. When two input files are
used in a program, the program cycle is slightly different for
the first record read. You can follow the logic flow shown in
Figure 6-15 as we discuss the first Program cycle and sub-
sequent cycles for this job. Pay special attention to when
the record identifying indicator is on, identifying the rec-
ord to be processed, and when the MR indicator is turned
on and off,

At the beginning of the first program cycle (Figure 6-15,
part A), a record is read from each file. The first step is to
determine which record to process. The program deter-
mines if match fields are specified for both record types.
In this case, both the ITEM record and the SALES record
contain an M1 field. The match fields from each file are
then compared to see which is lower in sequence. {If the
file had been in descending sequence, the program would
check for the highest match field.) In this case, neither
field is lower as the match fields on the primary and sec-
ondary records are both 101. When match fields from the
two files are the same, the record from the primary file is
always selected for processing.

Now the appropriate record identifying indicator is turned
on to identify the type of record selected for processing.
Thus, 01 would be turned on for the ITEM record from the
primary file.

Once a record is selected for processing and the record
identifying indicator is turned on, the program determines
whether the MR indicator should be on during processing
of the record. Since the match fields are equal (both 101)
a matching record condition exists. The MR indicator s
not turned on yet, however, because the selected record is
not ready to be processed yet.

.

First, the program checks to see if any total operations are
to be performed for previously processed records. Total
calculations and total output are performed only if control
fields change or if the last record in the file has already been
processed (LR on). Since there are no control fields in
either file, control {eve| indicators will never be turned on

during this program. Furthermore, this is not the last record.

Neither condition has occurred; therefore, total-time opera-
tions are bypassed.
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At this point, the MR indicator is turned on to indicate that
the matching record conditon exists. Now the program is
ready to perform the detail operations for the record which
was sefected for processing. Thus, the item number and
description from the primary file record are printed. The
program knows which operations are to be performed be-
cause the operations are either conditioned to be performed
only when record identifying indicator 01 and the MR in-
dicator are on or they are not conditioned by indicators,

Once the processing of this record s completed, the record
identifying indicator is turned off (01 off). This completes
the first program cycle; that is, one record has been proc-
essed.

For the processing of all subsequent records, look at the
program cycle in Figure 6-15, part B. The entire cycle will
be repeated for each record processed.

At the beginning of the first cycle, a record was read from
both the primary file and the secondary file. However,
since only one record is selected for processing at a time,
one record {in this case, a SALES record) still remains in
the input read area. Therefore, a record from only one file
is read at the beginning of the second cycle and for all fol-
lowing program cycles. The record read will be from the
same file as the last record processed. Thus, for the second
cycle, the second record from the ITEM file would be read
into the primary file read area.

Now that a record from each file is in the read area again,
the second record can be selected for processing. Once
again the first step in the logic is to determine if match
fields are specified for the records from both files. In this
program, there is only one record type per file and both are
assigned match fields. Therefore, the answer to this ques-
tion is yes for EVery program cycle of this program,

The match fields from both records are then compared. In
this case, the secondary file SALES record is for the first
item number (101). Since the ITEM record for the first
item {(101) has already been processed, the primary file rec-
ord in the read area is for the second item number (117).
The match field on the SALES record is lower in sequence
than the match field on the ITEM record; therefore, the
SALES record is selected to be processed. Once again, a
record identifying indicator (02 for a SALES record) is
turned on to identify the type of record selected,

At this point, the MR indicator is still on because the pre-
vious comparison (item 101) did give a match. The setting
of MR has nothing to do with the record which was just
selected for processing. The indicator will not be set to re-
flect the current condition until just before the record
selected for processing (SALES record for item 101} is
processed.
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Since the next record to be processed has been selected, the
RPG il program now determines how the MR indicator is
to be set for processing this card. Is there a matching rec-
ord condition? You are probably thinking that there is not,
because the match fields are not the same {secondary file,
101; primary file, 117). However, when the match fields
are not equal and a secondary file record has been selected,
the match field on the secondary file record (SALES) is then
compared with the match field of the tast primary file rec-
ord processed. The last I TEM record processed has a match
field of 101, the same as the match field of the SALES rec-
ord to be processed. Therefore, there is another matching
record condition,

The MR indicator is not set again and the record selected
{SALES 101) is not processed (detail operations not per-
formed) until after any total operations to be done for pre-
vious records are completed. Since there are no control
fields and this is not the last record in the file, total opera-
tions can be skipped in this program cycle.

At this point, immediately before processing the selected
record, the MR indicator is set. Although MR is already on
for the previous record processed, it is set on again for the
processing of this record {SALES record for item 101). All
detail operations conditioned for record type 02 {or for both
02 and MR indicators on) are then performed. Thus, the
quantity and location fields on the SALES record are printed.

After printing the SALES record, processing for this record
is complete and record identifying indicator 02 is turned off.
In the next program cycle, another SALES record is read
from the secondary file to replace the SALES record just
processed.

For the rest of the SALES records related to the first item
number (101}, the comparison of match fields would indi-
cate that the secondary file records are lower in sequence
than the item number (117) on the ITEM record of the pri-
mary file. Thus, all sales records for item 101 are processed.
Furthermore, the MR indicator will be on during processing
of all the records, since the match fields {101) will always
be the same as the match field on the last primary record
processed.

At the beginning of the next program cycle, a SALES rec-
ord for the next item number {117) would be read. On
comparing the SALES record match field with the match
field on the ITEM record in the read area, there is a match
again. The ITEM for item 117 would then be processed be-
fore the SALES records for that same item.

Specifications for a Matching Records Program

Figure 6-16 shows the three specification sheets — File De-
scription, Input, and Output — to be used for this program.
Since the data from the two input files is only to be printed,
calculation specifications are not necessary.

The File Description sheet defines the two input files to be
used in matching, as well as the printer file, on which the
report is to be printed. Notice that the two input files must
both be specified as being in the same sequence (A in col-
umn 18). The P and S entries in column 16 indicate to the
system whether an input type file is to be considered as a
primary or secondary file.
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File description specifications also associate each input file
with a particular device, On the MFCU, the primary file is
usually entered through the primary hopper {device entry
MFCU1); the secondary file is usually read from the sec-
ondary hopper (device entry MFCU2). However, in multi-
file processing using the MFCU, either file may be associ-
ated with either of the two hoppers.

The contents of the two input files are described on the
input sheet, with a separate set of specifications for each

file. Entries in columns 19-27 identify the two record types.

Record identifying indicator 01 will turn on if an ITEM rec-
ord is selected for processing; indicator 02 will turn on if a
SALES record is selected. The single match field in each
file is specified by assigning the M1 entry in columns 61-62,
as you learned previously.

Lines 01-04 of the Output sheet specify that headings are
to be printed at the top of every page of the report.

As you recall in the discussion of matching record logic, the
01 record identifying indicator is on whenever an ITEM rec-
ord is being processed. Furthermore, I TEM records are
processed only if a matching record condition exists (MR
on). Therefore, conditioning the printing of the item num-
ber and description by MR and 01 ensures that the informa-
tion is coming from the ITEM record.

The quantity and location are to be printed only when a
SALES record is being processed. Because the MR indica-
tor is on during the processing of both {TEM records and
SALES records, it isn’t sufficient to condition this output
line only on the basis of MR. Therefore, the printing of
quantity and location is conditioned by both the MR in-
dicator and the 02 record identifying indicator.

in this case, calculation specifications are not required.
However, if calculations are required and are to be per-
formed only if a matching (or not matching) record con-
dition exists, calculations must also be conditioned by the
MR (or NMR) indicator.
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Processing Order: More Than One Matching Record in the
Primary File

For the example just presented, there was more than one
record in the secondary file with the same match field.
That is, a single ITEM record was related to a number of
SALES records. In such a case, the order of processing was
the first primary file record, followed by its related sec-
ondary file records, then the next primary file record, fol-
lowed by its related secondary file records, and so on,

Let’s take a look at another set of files, in which each rec-
ord has a matching record in the other file. Figure 6-17,
part A, shows that there may be more than one primary file
record which matches the same secondary records. In what
order do you think these records would be processed? The
first primary file record processed would not necessarily be
followed by its related secondary file records, Instead, all
primary file records with the same match field AA would
be processed: then all secondary file records for AA (see
Figure 6-17, part B).

Actually, the RPG || logic used to determine the order in
which such files are processed is the same as that discussed
previously. Remember that whenever the match fields on
the two records in the read area are the same, the primary
file record is always selected for processing. Thus, during
the first program cycle, the first primary file record (AA)
is compared to the first secondary file record (AA). The
match fields are the same, so the first primary file record is
processed. Then the second primary file record (again AA)

is read and compared to the tirst secondary file record (AA),

still in the read area. Since there is a match again, this sec-
ond primary file record is processed.,

For both of the last two examples presented, every record
in the secondary file had at least one or more related rec-
ords in the primary file. Since a matching record condition
always exists, the MR indicator was on during the process-
ing of every record in both files.
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Matching Records: Records Which Have No Match in the
Other File

In the multifile programs presented, there was at least one
SALES record for every ITEM master record. Therefore, all
records had a related record in the other file, Of course, in
multifile processing, it is possible to have primary file rec-
ords with no related records in the secondary file, as well as
secondary file records with no related primary file records,
In either case, the record with no related record in the other
file is called an unmatched record. For instance, if only
certain items are sold, there would be an ITEM master rec-
ord for every item and SALES records for only some of
those items. The ITEM records for which no sales were
made would be unmatched records.

Unmatched records can be in either or both files, but they
are usually found in the primary file. In this example, it is
quite probable that for any one item, no sales have taken
place. However, it is not as likely that sales have occurred
for an item for which there is no record in the ITEM master
file.
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Processing Order: Unmatched Records

Let’s assume that the two files for this program consisted of
the records shown in Figure 6-18, part A, with the primary
file containing two unmatched records. The RPG || logic re-
lated to matching records would determine the order in
which to process the records (Figure 6-18, part B). Asex-
plained earlier, first the ITEM master record for item 101 js
processed, followed by all SALES records for jtem 101. Re-
member, if a record js selected for processing during a pro-
gram cycle, the next record from that same file is read at
the beginning of the nextcycle. Therefore, when the first
SALES record for item 11 7 is read, another matching rec-
ord condition exjsts. Thus, the primary file record (ITEM
record for item 117) is processed first, The next primary
file record for item 124 is then read to replace the ITEM
record processed. Since SALES records with match fields
of 117 are lower in sequence than 124, the two SALES
records for item 117 are processed. Furthermore, although
the match fields (11 7) on the SALES records are not the same
as that of the ITEM record in the read area (124), they are
the same as the match field of the last ITEM record proc-
essed. Therefore, the MR indicator is on when each SALES
record for 117 is processed.

When the next SALES record (item 239) is read, there stjl|
isn't a match with the ITEM record for 124. The match
field on the ITEM record is lower than that on the SALES
record; therefore, the primary file record for item 124, an
unmatched record, is processed first (Figure 6-18, part B).
Since the files are in ascending sequence, this means that
there is no record in the secondary file with a match field
of 124. Therefore, MR will be turned off just before the
ITEM record for 124 is processed.
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This program cycle shows that even if there is no matching
record condition, the primary file may be selected for proc-
essing. This is because RPG || logic looks for the record
with the lowest match field, regardless of whether the
record is from the primary file or the secondary fiie.

Now the next primary file ITEM record (239) is read. Since
it matches the SALES record in the read area, the primary
file record is automatically selected for processing. Although
a matching record condition exists for the ITEM record
selected, at this point the MR indicator is still off because of
the last record processed (unmatched ITEM record for 124).
The status of MR is not changed until right before detail
operations for the selected record are performed,

Following the ITEM record for 239, the SALES record for
item 239 is processed. Then, as before, the unmatched
ITEM record for jtem 286 is processed, since it is lower in
sequence than item 321 on the next SALES record. To
complete the processing, the primary file ITEM record for
item 321 is processed, followed by the two sales records for
item 321.

In summary, then, RPG 1| sets the MR indicator to off im-
mediately before processing any unmatched records. MR is
turned on before processing a record that has a matching
record in the other file. After arecord has been processed,
the indicator remains as it was until it is set again immedi-
ately before the next record js processed.

Regardless of the records in a file, there is an easy way to
determine if a matching record condition exists and if the
MR indicator will be turned on:

1. When a primary file record is selected for processing,
MR will be turned on if there is a secondary file rec-
ord in the read area with the same match field,

2. When a secondary file record is selected for process-
ing, MR will be turned on if the tast primary file rec-
ord processed had the same match field,
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I Stacker Selection of Unmatched Card Records

When records from two files are assigned match fields, a
record from one file may be processed, then a record from
the other file, and then a record from the first file again.
However, regardless of the order in which the records are
processed, all cards which enter through the primary hop-
per of the MFCU or MFCM are automatically stacked in
stacker 1. All cards entering through the secondary hopper
end up in stacker 4 (stacker 5 on the MFCM Model A1).

If there are unmatched records in either file, you can sep-
arate such cards from the others in that file by stacker
selecting the unmatched cards into a different stacker, As
you learned in the chapter Card Output Operations, cards
from an input file can be selected into a different stacker
by entering the number of the stacker on the Input sheet,
However, this can be done only when input cards are to be
stacker selected on the basis of record type.

Stacker selection of a card because it has no matching rec-
ord in the related file must be specified in column 16 of the
Output sheet (Figure 6-19, part A). However, an input fife
cannot be specified on the Output sheet. Therefore, the
input file containing the card to be stacker selected (the
card with no related record) must be defined as a combined
file on the File Descriptior sheet (Figure 6-19, part B). The
combined file name can then be used on the Output sheet
for stacker selection.

Notice on the Output sheet that stacker selection s speci-
tied for the combined file ITEM (line 11}, since only the
I'TEM file contains unmatched records. The filename indi-
cates from which file the cards will be output. Since a

matching record condition cannot possibly exist for any un-

matched records, MR must be off. Therefore, the stacker
selection of records s conditioned by NMR (off).
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Any record, conditioned for stacker selection by the MR
indicator, should be specified as a detail-time record (see
Figure 6-19, part A, column 15), Otherwise, the next rec-
ord to be processed would be stacker selected instead of the
record you want. This js because the detail-time processing
of a card is done within one program cycle and the proc-
essed record automatically passes into the normal output
stacker, if not stacker selected. The total-time operations
for that same record are not performed until the next pro-
gram cycle, after another record has been selected for proc-
essing. During total-time operations, although the status of
the MR indicator is still set for the previously processed rec-
ord, the only record available to be stacker selected is the
card just selected for processing.

Whenever yvou wish to have a certain type of output based
on a matching or not matching record condition, it can be
important that a record identifying indicator be used with
MR or NMR to condition the output. The record identify-
ing indicator determines from which record type the infor-
mation will be punched, stacker selected, or printed. For
the printer output file, output can come from either the
SALES file or the ITEM file {Figure 6-19, part A). There-
fore, record identifying indicator 01 or 02 is specified to
indicate which record type is to be printed {lines 05 and
08). Record identifying indicator 01 is entered on line 11
in addition to NMR so that stacker selection will occur for
the ITEM file only when an ITEM record has been processed.
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Figure 6-19. Stacker Selection of Unmatched Records
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MATCHING RECORDS: MORE THAN ONE RECORD
TYPE IN A FILE
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4

Match Fields in Different Locations in the Same Filev

Let’s consider again the specifica