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INTRODUCTION

This self study book was written to accommodate two audiences.
First, for the person who has no programming experience.
Second, for the experienced programmer who has not programmed
in the RPG II language.

The book is comprised of an optional topic, "Fundamentals of
Programming"” and nine chapters that teach you to use the IBM
System/32 RPG II ]anguage to solve data processing problems.

The total time needed to study this course is about 75 hours
on the average excluding the optional topic. If you need more
time, that's all right. If you take less time and understand
what you are studying, that's fine too. You should set aside
periods of about 1 to 2 hours for study each time and should
try to study in a location that is relatively quiet.

Study at your own rate. Take time to re-read information and
look carefully at each illustration as you progress. Do not
expect to remember everything you read. You may refer to
‘books for information when you are on the job, and it should
be the same when you study. There is one exception. Some
chapters include Self Test questions which you may be asked
to try to answer from memory after completing them.

A self study course presents information, shows examples and
asks you to do things. You will get the most from this course
when you actively participate. To do so you will need a pencil,
some scratch paper, a copy of the IBM System/32 RPG II Language
Reference Manual, some blank RPG II coding forms, and some

blank print charts. Here's a list for reference.

Form Number Name

SC21-7595 System/32 RPG II Language

GX21-9092 Control and File Description Specifications
GX21-9091 Extension and Line Counter Specifications
GX21-9094 Input Specifications

GX21-9093 Calculation Specifications

GX21-9090 OQutput Specifications

GX20-1816 Print Chart

To prepare for attendance in the IBM System/32 RPG II Workshop class,
you are expected to complete chapters 1-6 of this text. Chapters 7-9
contain information about additional facilities of the RPG II language.

At this time, take the "Pre-test" to determine what you need to learn

about programming fundamentals before studying about System/32 RPG II
programming.






SYSTEM/32 RPG II PROGRAMMING

PRE-TEST: Write your answers to these 18 questions on scratch

10.
11.

12.
13.
14.
15.
16.
17.
18.

paper. When you finish, check your answers against
those shown on the following pages.
What is a compiler program?

What is the difference between a source program and an
object program?

Which devices on the System/32 may be used as...
a. 1input devices?
b. output devices?

How can disk data on the System/32 be saved for future
reference?

Disk file records on the System/32 may be organized in three
different ways. What are they?

What is meant by "relative record number" when dealing with
disk files?

What is a "key field" in a disk file record?

Describe each of the three disk file organization methods
in general terms.

Disk file records on the System/32 may be Qrdcessed in three
major ways. What are they?

Explain the difference between matching records and chaining.

Describe each of the three major dlSk file processing methods
in general terms

What is meant by the expression, "define the problem"?
Describe a "branch point" as it would appear on a flowchart.
What is a control group?

What is a control field?

What is meant by‘"test:daté"?

How is "test data" used by programmers?

" What is the difference between an input file and an update

file?






SYSTEM/32 RPG II PROGRAMMING, PRE-TEST: ANSWERS

A.

If all of your answers are correct, bypass the optional
topic and begin your study of System/32 RPG II Programming,
Chapter 1.

If you had a few errors, you may wish to read portions of the
optional topic that deal with those points. Page numbers are
shown in parentheses in front of each answer so that you can
quickly reference the study areas.

( 4 ) A compiler program is one that is used to analyze
and translate source language program statements into an
object program. Compiler programs are made available to
users of coding languages.

( 4 ) A source program is the set of instructions written
by a programmer using a coding language. Source programs
cannot be run by the computer until they are translated by
the compiler program for that language. An object program is
usable directly by the computer to run a job.

( 6)
System/32 Device May be used as...

Console Keyboard Input

Disk Input or Output
Printer Output

Display Screen Output

Diskette ...not used directly...

( 14 ) Disk data may be saved for future reference by copy-
ing it onto diskettes at designated points in time. The saved
data can be reloaded from diskette as needed to establish a
"restart" status. This copying and reloading is done by an
operator using special System/32 commands, not with RPG II
programs. ‘

( 17 ) Three types of disk file organization are
sequential, indexed and direct.



6.

10.

( 25 ) A relative record number refers to the location of
a disk record according to its position relative to the first
record in the file.  Relative record numbers apply to disk
files organized as either sequential or direct.

(.19 ) A key field in a disk record is the field that
contains data used to sequence records when the file is
created, and to search for specific records when the file is
being processed. On System/32 the term "key f1e1d" applies
only to indexed files.

( 23 ) The sequential method is used to store records in
the order that they are entered in adjacent positions on
the disk.

( 24 ) The indexed method is used to store records in the
order entered in adjacent positions on the disk also. In
addition, an index is automatically created for the file,
recording the record's location in the file, and placed
just in front of the record set. The index is always
arranged in ascending sequence by key field value.

(20,25) The direct method is used to store records in
positions calculated from a specified formula. The sequence
of input records has nothing to do with their placement
within the space reserved for the file. Individual records
may be retrieved directly through the use of the same
formula that calculated their placement positions during

the loading process.

( 28 ) Three major ways of processing disk files are
consecutive, sequential and random.

(42-44) Matching records involves the sequentia] processing
of records in at least two files. One file is designated as
primary while all others are called secondary. All files
must be in the same sequence.

(38-41) Chaining involves the searching of a file for a
particular record. Two files are involved: one that is
the: searching file and another that is the chained file.
Records: in these files do not need to be in the same
sequence.

vi



11.

12.

13.

14.

15.

16.

( 28 ) The consecutive processing method may be used

to process records in files organized as either sequential
or direct files. Records are processed one after the other
in the order they appear within the file.

( 28 ) The sequential processing method is used to process
records in files organized as indexed disk files. Processing
may be done for either all records in the file or for some

records in the file. 1In each instance, records are processed

in ascending key sequence (the index is in ascending record
key sequence).

( 28 ) The random processing method is used to process
individual records in any System/32 disk file...

To randomly process records in an indexed file,
reference is made to key field data and the index.

To randomly process records in either a sequential
or direct file, reference is made to relative
record number.

In each case of random processing, the "chaining"
method is used to locate individual records.

( 46 ) "Define the problem" means that you must identify
what is desired as output, what is available as input, and
what processing is needed in addition to available input to
produce the required output. ‘

(48,50) A branch point on a flowchart is a place where a
decision needs to be made so that one of two alternative
paths may be followed.

( 34 ) A control group is a set of input data records
that have identical data in certain fields used for group
identification.

( 34 ) A control field is the field in which identical
data, for the purpose of grouping records, is recorded.

( 51 ) Test data is a set of made-up or available
records that can be used to test a flowchart or a program
to determine its accuracy.



17.

18.

( 51 ) Test data is used by programmers in two ways.

First, to assure that the procedure or flowchart designed
to solve a particular problem is accurate.

Second.yto_asSure~that the compiled object program derived
from that procedure or flowchart runs correctly.

(15,58) An input file only provides data for processing.
An update file functions as both an input and an output
file, in that it provides data for processing and then
accepts and stores processed or new data in place of the
old.

viii



OPTIONAL TOPIC: Fundamentals of Programming

This topic is divided into four sections. The first presents
information about the IBM System/32 computer. The second
presents information about the various types of files that may
be stored on the System/32 and how they may be organized. The
third deals with the methods used in processing files of records
that are stored on the system. The fourth provides information
about programming as a way of handling data processing problems
on the computer.

4 PROGRAMMING

3 FILE PROCESSING

2 FILE ORGANIZATION

1 SYSTEM/32







The IBM System/32 Computer

The IBM System/32 computer is an operator-controlled data
processing system featuring keyboard data entry and disk
processing. Familiarize yourself with its components.

DISPLAY SCREEN . PRINTER

PROCESSING UNIT

DISKETTE KEYBOARD

Keyboard: used by operator to initiate job activity, enter
data, respond to messages and halt activity

Printer: produces printed reports and messages

Display Screen: ‘"prompts" operator when action is required,
may also be used to display information

Disk: stores instructions (called programs) and files of data

Processing Unit: directs and controls all processing after
operator initiates activity; also contains
arithmetic circuitry, logic circuitry and
processor storage

Diskette: provides for recording data from the disk as
"backup" to protect against loss of programs and
data due to accident.



When a job is to be run on the System/32, the operator does
these steps:

1. readies the system by turning on the power, placing
paper in the printer, entering the data through the
keyboard and looking at the display screen for messages,

2. enters the information needed to locate and store in

the processing unit (load) the proper program on the
disk and identifies any data files on the disk that
will be needed to do the job,

. enters keyed data if required during the job,

responds to messages as they are displayed,

terminates the job when necessary,

removes printed reports and/or printed messages, and

~ (<] (3] L) w
Ll L] L] L]

records "backup" information on a diskette if
required, and turns off the system.

Naturally, power is not turned off at the end of one job if
another is ready to be started. To insure accuracy in operator
activity, a "run sheet" is prepared for each job in advance in
order to describe exactly what programs, files and responses

to predictable messages (record out of sequence, for example)
must be used. ’

The IBM System/32 may be used to do a variety of data processing
jobs.

1. produce business reports
2. create files of disk data and store them

3. sort records in a data file prior to using them in
a job

4., create programs and store them on disk

The kinds of jobs shown in steps 1, 2 and 3 are done by the
operator as described earlier. The job in step 4, "create
programs and store them on disk", involves a process known

as "compilation". In this kind of a job, the program to be
located on the disk is the RPG II compiler, and the data to be
processed is called the source program. Your job as programmer
involves the coding of source program statements on special

RPG II language specification sheets. After compilation, the
source program has been translated into a machine-readable
program called an object program. This object program is
stored on the disk for use as needed to run a job in the future.



RUNNING A JOB

locate the program for the job, and

o use data from disk files and/or
//* keyed data, and

3
o O

KEYBOARD

i

produce new information on

DISPLAY
SCREEN

PRINTER
or or the

e

COMPILING AN RPG II SOURCE PROGRAM

@ @ locate the program for the job; this
- program is the RPG II compiler;
< DISK_> use the source program already
@ stored on the disk as data;

x//—<::> produce a list of the source
program statements, and

PRINTER

store the compiled object
program on the disk for

future use.



As you can see, running a job that compiles a program is no
different to the operator than running any other job. We will

be studying more about compiling programs from the programmer's
point of view during this course.

Any computing system processes input data in order to create
output data. The System/32 devices are used in this manner.

Input data from ... Qutput data to ...
PRINTER
KEVBOATD \ /
SYSTEM/32 \

DISPLAY
SCREEN

An input data file provides information to the computer for
processing. The information is "read" by the computer one
record at a time. This record is temporarily stored in the
processing unit while all required calculations and checking
of codes or re-arrangement of its fields takes place.

Processing is done on fields of data.

: "
FILE RECORD RECORD RECORD RECORD RECORD A?[
- —= = 7/
_-/" \\\
— -~
’// \\\
g/ ‘\\
CUST # NAME DISCOUNT BALANCE DUE
RECORD FIELD FIELD FIELD FIELD /d;/




Some fields have numeric information while others contain
what is known as alphameric information. Numeric fields
contain digits in each position. A sign (+ or -) is included
in the rightmost position of each numeric field. Zeros are
used to fill all unused spaces in a numeric field.

EXAMPLES
NUMERIC FIELD + _ o+
00006
+
, 76543
DIGITS ONLY A DIGIT AND ASIGN

Alphameric fields may contain any kind of character, including

letters, numbers, special characters and blanks. Each character

uses one space.

ALPHAMERIC FIELD S E P T E M B E R

Examples
SEPTEMBTEHR

PLUG, 3/ 8
32 MAIN ST

In certain applications it is useful to have an alphameric
field that is completely blank, that is, filled with blanks
in every position. Also, an alphameric field might be filled
with numbers in every position.

The size of a field may range from 1 position to 15 positions
for numeric fields and from 1 to 256 positions for alphameric
fields when using RPG II.



As we said earlier, the operator enters information needed to

locate and store the selected program in the computer so that

a job can be started. '
COMPUTER STORAGE
(Central Processing Unit)

DISK
' PR O G R A M

Next, the program reads one input record into an Input Record
Area of computer storage.

COMPUTER STORAGE

P R 0 G R A M

| I I i I 1 1 | I |

Input Record Area -~
| I D NN A O A N

:

\
\




After a record is read into the computer's storage area,
instructions for processing one or more fields of its data
are activated by the program.

COMPUTER STORAGE

P R 0 G R A M

Input Record Area \

LR

- Processing Area —

N O I I O I O

T

After all fields have been processed, an output record is "built".
Instructions in the program direct the putting together of the
output record.

|

COMPUTER STORAGE

P R 0O G R A M

S~

~—~—— Input Record Area

Processing Area

FrT 11717 T T TTTT]
L Output Record Area

z
I N N I N I N A I O A




At this point in time, the computer contains a program, one

input record, a set of processed fields and one output record.
What should the program do next?

The next step is to "write" one record onto an output file.

Just as input files are processed one record at a time, output
files are created one record at a time. The process is repeated
for each input file record until all have been processed and
their related output file records have been created.

COMPUTER STORAGE

P R 0 G R A M

l

Input Record Area

/ Processing Area

Output Record Area

. )
¢ N

N A

s Y

|

\

\

As you might have deduced, as a new input record is read into
the Input Record area, the old record is completely replaced
by the new one. However, the contents in the processing area
and output record area are not changed as yet.

10



when processing takes place, individual fields of processed
data replace the old ones. Likewise, when the new output
record is built, the old one in computer storage is lost.

What about the Qutput File record that was written out
previously? Is it replaced by the next one being written?

No, each new output record is recorded in the next available
space in the output file. Keep in mind that an entire file is
being created by the process just described.

Earlier we said that an input record is temporarily stored
in the computer so that processing of its fields may take

place and then an output record can be built prior to its

being written as an output file record.

The techn1que of using computer storage as temporary storage
permits the processing of large files of 1nput data in a
relatively small space.

The System/32 is not limited to processing records from one
input file in order to create one output file. The next
illustration shows the use of two input files as another
possibility.

11



COMPUTER STORAGE

R A M

Input Record Area 1

(7 <,
. g
(N -~
™ \
-
~ \
~ )
- )

- /)

And that's not the limit either.

Input Record Area 2

Processing Area

/

Output Record Area

Sl

Look at this.

COMPUTER STORAGE

G R A

Input Record Area 1

Input Record Area 2

\

\_, Processing Area

Output Record Area 2

~

/

Output Record Area 1

\

=

\

12



To be honest, we need to point out that a program that can
direct and control the processing of records from two input
files probably takes more space than a program that directs
and controls processing records from one file. Also, we
probably need more processing area in order to handle more

fields of data. Here's a more reasonable illustration of that
last example.

COMPUTER STORAGE

P R 0 G R A M

\» Input Record Area 1 \
. rreyTrvrirnrTrd
— Input Record Area 2 :

-
-
[T T T i
- -
4——\ \_‘ - Processing Area -
L -
- -
' AR R NN
\ Output Record Area 2 4-/

D— Output Record Area 1

L T A ONGSED T S

13



When you code solutions in the RPG II language, you need to
know which devices on the System/32 can read input file records
and which devices can create (wr1te) output file records

INPUT OUTPUT
DEVICES 'DEVICES

. PRINTER
KEYBOARD /

\
S 17—

SYSTEM/32

DISPLAY
SCREEN

Even though a diskette may be used to copy information from a
disk for backup protection, the diskette is not used as either
an input nor an output device for System/32 RPG II programs.

The display screen holds up to 6 lines of 40 characters as a
temporary display. It is used to display messages as needed
to direct the operator. These messages are like a very small
output file.

14



The disk is a device that may be used as either an input or

an output device. In fact, there are many applications in
which it serves both functions during the same job. When

used in this manner, a disk file is called an "update" file.
After an update file record is processed the new output record
replaces the original disk record. Here's an example.

"Update the cost figures in the item file on disk.
The new cost figures are keyed in from the console
keyboard".

COMPUTER STORAGE

P R 0 G R A M

T
KEYBOARD : Input Record Area 2

{New Costs)

/ Input Area — Update Record

of ,”r

DR 2 | \

\ - N Processing Area
~ \\

- ) ,/

- - / ) )Kﬂ
L Output Area — Update Record

\
N

An update file is really used both as an input and an output file.



We have looked at the IBM System/32 as a computing system
that is capable of processing records from one or more input

files, in order to produce or update records in one or more
output files.

Computer storage is temporary storage. It is used to store

a program, provide space for input records, provide space for
processing fields within those records, and provide space for
building output records. The amount of computer storage needed
to do these things depends upon the number of files to be
processed, the length of their records and the complexity of
the processing steps used in the program.

After all input file records for one job have been processed, the
program terminates. A message is displayed for the operator
indicating that the job ended, at which time information may be
removed from the printer.

A look at the run sheet or run book directs the operator to load
the next program. When this is done, the first program is replaced
by a new program.

COMPUTER STORAGE

< DISK >
- N E W P R O G R A M

[QY

D)

The first record is read by the new program and the entire cycle
begins again.

As you can see, the operator readies the system, loads the
program and keys in information as needed. Your job as programmer
requires you to write programs that do each job accurately.

16



File Organization

File organization is the arrangement of records in a file.
Three types of file organization are used on the System/32
and each may be described in the RPG II language. When a
file is created it must be organized as either:

1. a sequential file,

2. an indexed file, or

3. a direct file.

1. A sequential file is one in which the records are stored
in the order they are read. Here are two examples.

20

80

. 70

60
EXAMPLE 1 50
40

30}

25

20}

15

10

I___J: 90
EXAMPLE 2 20

40
30]
10

17



2. An indexed file is a disk file in which the location of
records is stored in a separate portion of the file
known as the index.

Here are two examples.

INDEX DATA AREA
- & e 7~
EXAMPLE 1 10| 201 30 [ 40| 50 | 60 I1o 20{ 30| 40| 50 | 60
INDEX DATA AREA
s "~ N~ "
EXAMPLE2 10| 20| 30 | 40 50 | 60 I4o 20| 10| 50 30 | 60

In the second example, the records were loaded "unordered"
after which the index values were automatically sorted by the
system and stored in ascending sequence.

Index entries are always placed into ascending sequence (either

numeric or alphabetic) by the system after the indexed file
data records have all been recorded on disk.

18



Look at a more complete example of indexed file organization.
The index actually contains both the record key and the disk
location of every record in the indexed file. A record key is
a field of data that identifies a particular record, such as
customer number in a customer record.

4 6th
3 5th
1 4th
2 3rd
5 2nd
Record Key ___a@
yd 1! 1st Record
~ |
e
- |
e
e
- l
7
< |
7
o {
y 4
R | ! | [
6/D1|5/D2]2/D3 |1/D4 | 3/D5 | 4/D6 6l 51 2nd {24 3rd 1] 4th 31 s5th 4| 6th
' Record I | i | |
.
R D1) « Disk Location
\ J
v v

Data

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

After the last entry is made in the index, the index entries
are sorted into ascending record key sequence.

I ] ) | I !
1st
1/p4| 2/pD3| 3/D5 | 4/D6 | 5/D2 | 6/D1 6l Rs 51 2ng 21 3rd 11 4th 3! 5th 4! 61h
1 ecord 1 i |

D1 D2 D3 D4 D5 Dé
\\ ) \

Index Data

Notice that the order of the data records is not changed,
only the index entries are sorted.

19



3. A direct file is a disk file in which records are assigned
specific record positions within the area reserved for
storing the file. Relative record numbers identify the
relative position of each record within the file.

12///4567/8

Regardless of the order in which these records are arranged
prior to being put into the file, they always occupy their
assigned (relative record number) positions within the file.

[ a2

[246\
\\
|

: 2

In these two examples, spaces are reserved for two records
(relative record numbers 3 and 7) that may be added to
the file at a later date.

20



Indexed files and direct files are always stored on disk.
Sequential files may be stored on disk or some other storage
medium. On the System/32 we have two examples of sequential
files that are stored on a medium other than disk.

Printed Reports! Each printed line is a record
in the file. The entire report is the file.

ACCOUNTS RECEIVABLE REGISTER 9
CUSTOMER CUSTOMER NAME ’STA'IE CITY INVOICE INVOICE INVOICE <
NUMBER NUMBER DATE AMOUNT <—RECORDS
1281 AMERICAN STEEL CO 36 49 11666 11/23/67 640.31 <
1281 AMERiCAN STEEL CO 36 49 12336 12/30/67 909.04 ]
2179 APALACHIN LUMBER CO 4 227 9852 9/15/67 469.20 |
2283 B J E SERVICE CORP 22 37 12332 12/29/67 1,474.78 “
11905 CHALLIS ALMERS 47 77 10901 10/18/67 27.63 “
29031 DENNIS MFG CO 6 63 11615 11/14/67 440.12 o
| 17,524.23 * (__[

As we stated earlier, "a sequential file is one in which the
records are stored in the order they are read". The report
title, "Accounts Receivable Register", is the first record

in this sequential file. The second record in the file is
the line that contains the top word for each columnar heading
(from left to right), "Customer Customer Name State City
Invoice Invoice Invoice". What is the third record? What
is the last record?

The third record is the line that contains the bottom word
for each columnar heading. In this example, the third record
contains, "Number Number Date Amount". The very last
record in this sequential file is the total amount printed

at the bottom of the page 17,524.23 *,

21



The other medium that can store a sequential file is the
display screen. Each displayed line represents a record.

#%%% TNITIAL PROGRAM LOAD COMPLETE **%% )
DATE 08/16/75 ;
LINES/PAGE 66 RECORDS
ENTER COMMAND ‘
<-READY
Y,

Here's a chart that relates System/32 output devices to types
of file organization.

ORGANIZATION OF FILE(S)

OUTPUT DEVICE SEQUENTIAL INDEXED DIRECT

DISK X

PRINTER I X zzzi;:;j;;i::Ezgi;:i;:i;:

22




Disk file organization is planned prior to the coding of

RPG II programs that create the files. As a programmer you
need to know that there are three types of disk file organi-
zation. You will be taught to describe (code) disk files
later on in the course. The characteristics of each

organization method follows.

SEQUENTIAL ORGANIZATION

1. Records are stored in the order they are loaded.

2. Normally, they are sorted for convenience in process1ng,
but sorting is not required.

3. No spaces appear between records, but space may be left
at the tail end of the file so that new records may be

added at some later time.

©
)
[
>
SEQUENTIAL 2
ORGANIZATION A
® A—"'—_\ ol
~ KEYBOARD
~ ~
! ~ L
~
[ S~ o
| ~<
| N -
| ~ .
~
| ~Na
| T~
] <
[ ~S. o
| s
V) akS
1st 2nd 3rd 4th 5th 6th 7th
Record
7/

23



INDEXED ORGANIZATION

. Data records are stored in the order they are loaded.

Index entries are stored in ascending key sequence. Automatic
sorting of index entries follows an unordered load.

No spaces appear between data records or between index entries.
Space may follow the index and the data records so that new
records and their index entries may be stored at a later time.

o w N —
L] . L

Example A: Ordered Record Keys

%
B
5
orsk >
= \
I TS~ KEYBOARD —
I TT~s
I \\\\ ' '
! ~~o_
I ~<_
/ S~
/ ~—_
/ ~~ _
~—
/ | NDE X " DATA T~a
Yyl . / A -~
KEYS 1 2 3 4 5
, 1/D1|2/D2| 3/D3| 4/D4 |5/D5
DISK |
LOCATION 1, -

Example B: Unordered Record Keys
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DIRECT ORGANIZATION

1. Records are stored in the relative position that is
pre-assigned. '

2. Unused record positions are reserved. During future
processing a new record can be placed into its reserved

space.
)
1
()
>
DIRECT LN
ORGANIZATION.
A RELATIVE
< DISK > V% RECORD
~ ‘—“’——\ NUMBERS
(Pre-Assigned)
; S ~a KEYBOARD
| S~
| S~
! T~ o
| S~o.
| S~
| S~
| T~
| Tt
] T~
| S~ o
|
RELATIVE } 1 2 4 5 7
RECORD (reserved) (reserved) (reserved)
NUMBER [ETRR NI [IENNINT! (ITEUEET]

L . 1 2 3 4 5 6 7 8

Selecting the best file organization method when creating
disk file records depends upon how the records are to be
processed in the future.
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DOCUMENTATION

Planning computer and file uéage includes the arrangement of
data fields within records. There are special forms for this
activity called Record Layout forms and Print Charts.

This is an example of a record layout for a disk file that
has 28-character records broken down into 6 fields of data.
The title information on the form includes the fact that this
file is organized sequentially (ORG. SEQ.).

PROPORTIONAL RECORD LAYOUT FORM

RECORD NAME AND REMARKS

INVENTORY TRANSACTION
RECORD LENGTH 28 ORG. SEQ.

1 5]6 iof11 15]16 20] 21 25126 30} 31 35136 40141 45146 50
C

0 ITEM REF. UNIT /

D| NUMBER NUMBER DATE QTy CoST :

Elg sl d bt b |11 1]t 11 1111] 111y

The six data fields are:
Code in position 1,
Item Number in positions 2-7,
Reference Number in positions 8-13,
‘Date in positions 14-19,
Quantity in positions 20-23, and
Unit Cost in positions 24-28.
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Here's an example of a part of a print chart as used to plan.
for the printing of an "Inactive Item List". The numbers at
the top are print positions. Fields of data and headings are
filled in for reference during RPG II coding. You will be
taught to use print charts later on in the course.

PRINT CHART
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H = Heading line
Detail line
Total line
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Similarly, you can design display screen layouts on a form
1ike this. For the System/32 you use up to 6 1ines of 40
characters.

International Business Machines Corporation Display Layout

POSITION
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1-10 T 71,20 1 21-30
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File ProcesSing

In this’section we will be studying three methods used to
process disk file records.

1. consecutive - process each record in a file
starting with the first and continue until all
have been processed.

2. sequential - process each record in an indexed
file in the order of the record keys in the
index.

3. random - process selected records. Selection

is either by relative record number or by key
field. ‘

We will want to refer to this chart a number of times as we
consider the processing of records for any kind of file.

PROCESSING ORGANIZED FILES

FILE ORGANIZATION

HOW FILE .

IS PROCESSED SEQUENTIAL DIRECT INDEXED

CONSECUTIVELY YES YES

EQUENTIALLY

SEQ NO NO YES

RANDOMLY YES YES YES
BY RELATIVE BY RELATIVE BY KEY
RECORD NUMBER | RECORD NUMBER

First, let's consider this example.

"Print a 1ist of every record in a disk file
that is organized sequentially".

From the chart, which processing method should be used?
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Since we are processing all of the records in a sequentially
organized file, the method used would be consecutive. That
is, we will locate the first record in the disk file and
print it; locate the next record in the disk file and print
it and so on until all records have been printed.

Which processing method would you use for each of these
examples?
1. Print a list of every record in a direct file.

2. Print a list of every record in an indexed file
in key sequence.

3. Process a sequential file in order to create an
indexed file that has the same records in it.

4. Inquire into a direct file in order to find the
account balance for records 2, 5, 12 and 7.

The answers to the questions should be:

1. consecutive

sequential

consecutively process the sequential file records

S w N

random

As we've used the term "process" when dealing with disk files
it refers to doing something with records in an existing file.
Which of the following file types can be processed?
1. an input file
2. an output file

3. an update file

Processing applies only to input (1) and update (3) files.
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The word "processing" is a general term rather than a description
of a specific kind of activity. I've listed some commonly used
words and phrases that you will need to know about in order to
code solutions in the RPG II language.

FILE MAINTENANCE

File Maintenance is performing functions to keep a file current
for daily processing needs such as adding a new customer or
updating an account balance.

ADDING RECORDS

1. Adding records to a file - the file maintenance
function used to add new records to those in an
- existing file.

a. To a Sequential File: new records are placed
behind the existing records. :

EXISTING RECORDS NEW
RECORDS

b. To an Indexed File: new records are placed
behind the existing records and new index
“entries are merged into ascending sequence.

- NEW
RECORDS

i
INDEX EXISTING RECORDS

c. To a Direct File: new records are assigned
relative record numbers of unused (reserved)
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UPDATING RECORDS

2. Updating records - the file maintenance function in
which the contents of one or more fields of data in
a record are to be changed.

Example:

"T have just moved. Please change my address to
12 THIRD ST. NEWTOWN, OK 37115. My customer
number is 4041",

BEFORE

A | 4041 ME BOX 75 WESTOP, AK 67811
AFTER

A 4041 ME 12 THIRD ST. NEWTOWN, OK 37115

TAGGING/FLAGGING FOR DELETION

3. Tagging records for deletion - the file maintenance
function used to identify those records in a file
that shall no longer be active.

Flagging records for deletion - same as "tagging"
records for deletion.

In every case, the record to be tagged for deletion
is "updated" by changing the contents of a code field.
For example, active records might contain the letter
"A" in this code field while records tagged for
deletion might contain the letter "D" in the same
field after the updating takes place.
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Example:

"Tag record 17 for deletion".

BEFORE

17 A
AFTER

17 D

REORGANIZING FILES

Reorganizing a file - the file maintenance function
during which records identified for deletion at some
earlier time are removed from the file.

a.

A sequential file containing one or more records
tagged for deletion is reorganized by copying all
active records into an unused area on the disk,
that is, by creating a new file. The file would
be processed consecutively.

NOTE: 1If records have been added to the original
file, and the new file is to have its records in
sequence, it should be sorted.

An indexed file containing one or more records
tagged for deletion is reorganized by copying
the active records in record key sequence. The
file would be processed sequentially in record
key sequence.

NOTE: Since record keys in the index are already
in ascending key sequence, no sorting is necessary.
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c. A direct file is not reorganized in the same sense
as the other files, because the space used by a
record flagged for deletion is available for use.
The relative record number assigned to a "deleted"
record can be re-assigned to a new record, and
the new record replaces the old.

Each of the file maintenance functions may be programmed in

the RPG II lTanguage. In fact, it is possible to do more than
one of these maintenance functions in a single program. Some
of these functions are included in exercises in a later chapter
of this RPG II programming course.

Any file maintenance function must be carefully planned and
tested before being used with active files because:

1. there may be no record of original data,

2. updated records must be verified as to their accuracy,

3. after reorganization, deleted records may be lost forever.

33



Record Grouping

In the first part of this topic we talked about processing

one record at a time in order to produce output records.

Let's

extend your knowledge by including information about record

grouping.

1. Control group - a set of records all containing the
same identifying information in one or more fields.

2. Control field - one of the fields within a record
that identifies the record's relationship to other
records, such as customer number.

3. Control break - the occurrence of a change in
control field data from one record to the next.

Example: Find the total value of data fields for each control
group. /////’//,,——————~‘\\\\‘\
N
139 | 8000 )
Data
Field
139
6200 H
QUANTITY
139 6000 G
Control 125 700 F
Break /\\
125 900 E
:fi) 100 5
Control
Field \ 123 1700 c
' 123 2000
CUSTOMER # B
Control
A Group
How many records are found in each control group? How many

control groups in this example?
value for each group in this example?

What is the total data field
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Control group 123 has 3 records (A, B and C). Control group
125 has 2 records (D and E). Control group 139 has 3 records
(F, G and H).

Since a control break occurs whenever there is a change in
control field value from one record to the next, there are 2
control breaks in this example. One break occurs between
records C and D, and a second break occurs between records

E and F.

The total data field values are:

3,800 (2000+1700+100)

group 1 =
group 2 = 1,600 (900+700)
group 3 = 20,200 (6000+6200+8000)

Keep one thing in mind when working with control groups. Each
record in a group contributes data value to the group. In
some problems, the identifying information and the data field
values are shown for each record and for each group. A report
of this kind is known as a "detail-printed report", or simply,
a "listing".

Detail-Printed Report

RECORD CUSTOMER # QUANTITY
1 123 2,000
2 123 1,700
3 123 100
4 125 : 900
5 125 700
6 139 6,000
7 139 6,200
8 139 8,000
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A different kind of report is used to summarize values for each
group of records. It is referred to as a "group-printed report".
Here's a summary of the data records shown in the previous
example. Can you identify the control field?

Group-Printed Report

CUSTOMER # QUANTITY
123 3,800
125 1,600
139 20,200

25,600%

Here, the control field is "CUSTOMER #".

One more example. For convenience, control field information
is only printed for the first record of a group in some detail-
printed reports. These reports are said to be, "detail-
printed reports with group indication".

Group-Indicated Report

MONTHLY COMMISSION REPORT
SALESMAN SALESMAN INVOICE INVOICE CUSTOMER INVOICE COMMISSION
NUMBER NAME NUMBER DATE NAME AMOUNT AMOUNT
4701 GEORGE WILLIAMS 10542 11/19/68 SPARE PARTS INC 764.32 30.22
8052 11/19/68 HARRIS ENGINEERING INC 34.56 1.73
18232 11/23/68 OVERSEAS CONTRACTS INC 947.62 47.38
15305 11/27/68 FIX-ALL COMPANY 1,284.38 64.22
143.65*
5710 MICHAEL GIBBS 13348 11/12/68 JACOBS AUTOS 1,033.80 51.69
12844 11/15/68 MORRIS ENTERPRISES 532.76 26.64
15280 11/24/68 ATKINSON SALES INC 22,005.40 1,100.27
1,178.60*
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By comparison, a group printed report for the same set of
records would look like this.

Group-Printed Report ~

MONTHLY COMMISSION REPORT
SALESMAN SALESMAN COMMISSION
NUMBER NAME TOTAL
4701 GEORGE WILLIAMS 143.55
5710 MICHAEL GIBBS 1,178.60

Let's next reconsider the three processing methods presented
earlier: consecutive, sequential and random. Review the
chart briefly, then continue.

PROCESSING ORGANIZED FILES

FILE ORGANIZATION

HOW FILE :

IS PROCESSED SEQUENTIAL DIRECT INDEXED

CONSECUTIVELY YES YES

TIALLY

SEQUEN NO NO YES

RANDOMLY YES YES YES
BY RELATIVE BY RELATIVE BY KEY
RECORD NUMBER [ RECORD NUMBER

Consecutive processing means that every record in a file will
be processed in the order read. Sequential processing means.
that_every record in an indexed file will be processed in
"record key" sequence. Random process1ng, on the other hand,
means that selective processing is to be done on individual
records without regard for the order in wh1ch they are placed
in the file.
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A good example in which random processing is required is this.

"Update records in the customer stock purchase
account file as transactions occur".

In order that such a transaction can initiate an update
activity, a special, record-identifying value must be entered.
The process of finding the correct record in order that the
updating can take place is known as "chaining".

The process of “chaining" is done by searching a file for a
particular record. This process involves the use of 2 files:

1. the "searching" file, and’

2. the "chained" file.
First we will consider an example in which we want to inquire
into a sequential file to find an account balance. In order

to randomly process records in a sequential file we must enter
the relative record number of the desired record.

What's the balance in account number 29615?"

*)

6
ACCT  REL REC
# #

29615 6 _-""" 6th RECORD ®

BAL
29615 $100

[

=3 “Thanks”’

é ,_./

“It's $100"

Y
2
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What you have just seen is true when you randomly process
records in either:

1. a sequential file, or

2. a direct file.
The relative record number is used to locate the desired
record in the chained file.
Randomly processing records in an indexed file is essentially
the same. The one difference is that a "key field" value is

used to search the index, which in turn locates the desired
data record.

“What's the balance in account number 29615?"

*)

296156

“Thanks"’

“It's $100” BAL

/ 29615 $100
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To summarize this brief presentation on the use of chaining
to randomly process records in any disk file, read through

these examples.

1.

RELATIVE
RECORD
NUMBERS

When using either sequential or direct file organi-
zation, searching is accomplished by using a ‘
"Relative Record Number". In this approach, the
location of a particular record is known by its
position relative to the first record in that file.
The first position is referred to as relative
record number 1. The second as relative record
number two. The third as relative record number

three, and so on.

SEQUENTIAL

DIRECT

\ Reserved Reserved Reserved Reserved

I need the 6th record
for processing.”

—~

6th RECORD
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2. When using indexed file organization, searching
is accomplished by using a "Key Field". In this
approach, the actual identifying information is
contained in the index of the indexed file.
Searching is done by comparing key field
information against the information in the index,
and then the desired record is retrieved and
processed.

"How much does Mr. X owe us? His
__~ account number is 3032.”

0 3032

¢~ N INDEX DATA
3030 3032 3038
D5 D1 D2 D3 D4 Db
) 77
\\ —————————————————————————————————————————— /’ "
I,/
e
D5 CUST # PURCHASES PAID BAL DUE
3032 $200 $75 $125
= “Thanks.”
é _/

u$1 25.11

/
>
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Another kind of file processing that can be described in the
RPG II language is known as "multifile processing". As the
name implies, two or more input (or update) files provide data
to be processed by the program. A basic rule you need to
remember is that one and only one of these files is designated
as "primary"; all other files for the same job are designated
as "secondary". The programmer makes this designation when

a solution to a multifile problem is coded.

RPG II can process multiple files using either of the following
approaches:

I. No special identification.
A. First process all records in the primary file.

B. Next process all records in the secondary file that
is named next.

C. Process all records in each of the remaining secondary
files in the order that the files are named.

Example: Process the records in files ABC, DEF and GHI. The
primary file is ABC.

O @ @

Processed Processed Processed
First Second Third

IT. Matching fields identification.

A. A particular field of information is identified
in records in each file.

B. When a "match" occurs, the primary record with the
match is processed ahead of the secondary record
- that also matched. If "no match" occurs, process
- the next record in sequence.
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Example: Process the records in these two files using the
matching fields approach. The sequence in both files is
ascending order.

Primary File Secondary File
Match Field Match Field

Record Value v Record Value

P1 27 S1 35

P2 35 S2 36

P3 42 S3 43

P4 49 S4 48

P5 56

Here is the order in which the records will be processed. Do
you agree?

P1, P2, S1, S2, P3, S3, S4, P4, PS5
In order for this approach to work properly, you can see that
each file must have records in the same sequence. The sequence
may be either ascending or descending and the fields for matching
may be numeric or alphameric.

The approach works the same way for three files.

Primary First Secondary Second Secondary
Match Match Match

Field Field Field

Record Value Record Value Record Value
P1 20 FS1 20 SS1 20
P2 30 FS2 30 XY 40
P3 40 FS3 55 SS3 50
P4 50 sS4 60
SS5 70

Records in the three files will be processed in this order.

P1, FS1, Sssi, P2, FS2, P3, SS2, P4, SS3, FS3, SS4, S§S5
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As you work with multiple files and the “match1ng records"
approach you must know:

1.

Which file is to be designated as primary?

Each application must be examined before File
Designation entries are specified. When information
from one record in one file is needed in order to
process two or more records from a second file, the
first file should be designated as "primary".

In what order are secondary files to be named?

Since records from secondary files are processed

in the order in which the files are named, be sure
to specify secondary files in the desired order for
your particular job. .

Which field of data shall be used as the basis for
determining whether or not records match?

Normally this field is the one that was used to
determine the order of records when the file was
first created. If the file had been sorted prior
to doing a job, the match field will probably be
the one on which sorting was based.

In what sequence are records in these files,
ascending or descending?

Either you would know this or someone would have
to tell you the sequence of the records.
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Programming

Programming is data processing problem solving. It starts with
the question, "What's the problem?", and ends with a tested
solution to that problem. In this course you will be taught

to code solutions to data processing problems in a programm1ng
language known as RPG II. 1In this section we will be examining
the kinds of activities that an RPG II programmer does except
for coding which is covered in the remainder of the book.

There are a number of activities that may be referred to as
"fundamentals of programming". We will present information
about the following seven "fundamentals" in this section.

1. The need to define the problem to be solved,

2, the use of orderly procedures to solve the problenm,

3. the creation and use of test data,

4, the technique of desk checking, |

5. basic know]edge about the programming language to
be used in coding a computer solution,

6. a knowledge of available reference information, and

7. the handling of either single or mu1t1p1e files
of data. .
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Fundamental: Define the problem to be solved.

Persons who are good problem so]vers generally tend to ask
these three quest1ons

1. What kind of answer is wanted?

2. What kind of information already exists about this
item?

3. Which methods should I use to get the answer
wanted from the information already known?

In programming, we say we have defined the problem when we know
the answers to these three questions.
RULE: To define a problem in data processing,

1. determine what you want to have as output, and

2. gather all that you know about the available input,
and then

3. select one or more methods to process the available
input to get the desired output.

Example:

You have been elected treasurer of your neighborhood
social club. At the first meeting of the new year you
will be expected to present a treasurer's report. How
will you solve the problem?

As you play the role of the club treasurer, I am sure you will
start thinking about what is expected of you. Let's consider
the upcoming first meeting and raise three questions.
1. What is wanted as output?
2. What is available as input?
3. What method should be used to prepare and present
this report?

Obviously, the desired output is some sort of report. How should
it look? What will it contain? Will it be a verbal or written
report? Should copies be made for everyone?
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Now for the input. I would start by asking, "Who was the
treasurer last year?" Then I would find out from that person
how much money is in the treasury now; on what kinds of items
has money been spent; where does the money come from, and so on.

One more step, the processing needed. "What method should I
use to get the report ready using the information available
to me?" I have got to know that a treasurer's report must
balance. That is, last month's balance plus income for this
month minus expenses paid this month must equal the amount
of money left in the treasury - or we have got a bigger data
p;ggessing problem than I thought when I was elected to the
office.

As you can see, a programmer is a person who must ask many
detailed questions in order to do the job of solving problems.
It is important that as much information be gathered as possible
so that no points are overlooked in arriving at a solution.

We did not mention it, but keep in mind that the output produced
is normally needed by someone who did not have a hand in its :
preparation. The treasurer's report is read (or listened to)

by everyone at the meeting. The information must be useful

to the users, not just to the preparer.

Fundamental: Use orderly procedures to solve problems.

Computers work at very high rates of speed, but they do only
those things they are directed to do. It is very important
that you, the programmer, prepare detailed instructions to
control the computer to solve your problems as you want them
solved.

One way to prepare an orderly procedure is to list all of the
steps to be done in the order in which they are to be done.

This method is convenient when there are few steps and they
occur in a set order. It can also be used when there are just

a few "branch points" in the sequence. A branch point is a step
where a choice of two or more sequences of steps must be made.

Example: Write a set of procedure steps to solve this problem.

Compute the amount of pay a person is supposed to receive
for one week. To compute it, multiply the hours worked
by the rate per hour. If the total exceeds $200, print

a note along with the answer so it can be checked by a
supervisor.
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Procedure Steps

1. Compute pay amount by multiplying hours worked by
rate of pay.

2. If the amount is over $200, print a note next to it.
Another method used to document orderly procedures is known as
flowcharting. Specially shaped symbols and connecting lines are
used to draw a chart of the procedure steps, and arrows may be
included to indicate the flow from step to step.

Here is a flowchart showing the procedure used to solve the
same problem we just documented by the step listing method.

N START )

COMPUTE
PAY =
HOURS X RATE

PRINT
TOTAL &
MESSAGE

Were you able to trace through this flowchart? Notice that we
used oval-shaped symbols for "start" and "end" points. We used
rectangles when showing calculations, and we used a diamond to
designate a branch point.
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Now let's look at another flowchart. What new symbols are used
in it?

Gr—

READ
RECORD

LOOK AT
FIRST
POSITION

PRINT
RECORD

NO

LOOK AT
NEXT
POSITION

This example uses three new symbols.

1. The parallelogram Zi::::)]
2. The hexagon <C:::::>

3. The circle (:)
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The parallelogram is used to show that the computer is to read
in a record (input) or produce a new record (output) and so it
is commonly known as an input/output symbol.

The hexagon is used to indicate some kind of change or modifi-
cation is to occur and is known as a modification symbol.

The circle is used to indicate connecting points. That is,
points on the chart to which the reader shall be directed next.
Circles are called "on-page" connectors because they direct

the reader to mentally connect points on the same page that is
being examined.

Look at the chart to see another way of connecting points on a
flowchart on the same page. What is it? (3 stars below mean
"answer the question, then continue".)

* * *

A simple way of connecting points on the same page is to use
flow lines with arrowheads to indicate the direction of flow.
You may draw charts using either system.

RULE: Keep the flowchart simple.

If too many connecting lines are drawn they may make it difficult
for the reader. Use on-page connectors to eliminate confusion,
but try to use flow lines as they are easy to trace.

As you read the flowchart, what problem solution do you think
is being described?

* * *

4

If you think something 1ike this you are correct.

Read all input records one at a time. Examine each
position in the record for the digit 7. If a 7 is

found, print the record for reference. If no 7 is

- found in any position in the record, read the next

record and start searching in its first position.

Look at the flowchart again. What special entry is made at each
branch point? The words YES and NO are shown to make certain
that the person who reads the branch point question will follow
the proper path.. When you draw flowcharts include the words

YES and NO for clarity.
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In my example, YES directed you to the right. There is no
special rule for this, so you can do it any way at all. The
key is to label them correctly for the reader.

RULE: Include flow line arrows and words like YES and NO to
help readers trace the flow properly.

Since many people draw flowcharts in a similar manner, there
are acceptable conventions to simplify their use. For example:

Convention: When flow lines direct you to the right or down
on the page, no arrowheads are needed.

We have illustrated the use of two methods to document orderly
procedures. The flowchart is commonly used for computer appli-
cations. To get more information about flowcharting, read the
booklet, "IBM Data Processing Techniques - Flowcharting Techniques"
which has the form number GC20-8152.

Flowcharts may be sketched on any sheet of paper or a chalkboard,

but to standardize size of drawings and symbols, some programmers

make use of flowcharting worksheets and flowcharting templates.

These items are illustrated in the flowcharting techniques booklet.
1. GX20-8020 IBM Flowcharting Template

2. GX20-8021 IBM Flowcharting Worksheet

Fundamentdl: Create and use test data.

After an orderly procedure for solving a data processing problem
has been written down or flowcharted, it should be tested for
accuracy. Here is how a programmer does it.

First, write down a set of values for every field of data in each
type of record for every input file type that will be used in the
program. Second, try out each record by going through the pro-
cedure or flowchart steps and recording field values and computed
values on scratch paper as you go.- After all records have been
tested and their values recorded, verify that the results are as
they should be in order to satisfy the requirements of the problem
being solved. The second activity is known as desk checking.
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RULE:

RULE:

Create enough test data to test every stated problem
condition.

When acceptable input test data does not follow an
acceptable path for calculations or desired output,
re-do the procedure and test again.

Now look back at the last flowchart. How much input test data
would you need in order to test every condition in the problem?

1.

Record

1

W N

One of

ok * *

I need at least 2 records. One must include a
digit 7 and the other cannot include a digit 7.

I might want a few more records. I want a record
with 7 in the first position; one with a 7 in the
Tast position, and one with a seven somewhere in
the middle. Also, a record without a 7. That
means I should create 4 test records.

Data (assume records have 12 characters of information)

720694332408 (7 in first position)
111111666697 (7 in last position)
123456789101 (7 near the middle)
246810121416 (no 7)

the most common errors made by beginning programmers is

to fail to create thorough test data. Remember what we said
earlier - computers do only those things they are directed to
do. If your procedure is wrong or your test data does not
test every condition in the problem, errors may go undetected.

52



Fundamental: Desk checking

L]

As a programmer you are a data processing problem solver. First,
you solve problems on paper and then you convert the paper solu-
tions to coded computer solutions. Desk checking is an activity
that occurs after you have solved the problem on paper and before
you run the solution on the computer. It is that activity used
to verify the accuracy of your paper solution. As we just
discussed, here is what is involved in desk checking.

1. The problem solution is written or flowcharted.

2. A set of test data is created by you. Test data
must include all combinations of values, fields,
records and files described in the problem itself.

3. Records are traced through the procedure step-by-
step to verify the procedure's accuracy.

4., A list of all input records, calculated results
and output produced as a result of following
the procedure during desk checking are retained
for reference.

The more complex the problem, the more complex the task of desk
checking. Detailed procedures are more desirable than general-
ized procedures because they provide for more accurate checking
of each step. If errors exist, they can be pinpointed and
corrected more easily in a detailed procedure.

Fundamental: Basic knqwledge about a programming language

A programming language such as RPG Il is a specialized set of
codes to be used to translate your paper procedures into
computer usable procedures called programs. To gain a working
knowledge of a language, you will need to study it in a course
such as this and become familiar with its use by trying to code
problem solutions. You are expected to refer to other sources
including books and experienced programmers whenever you are
assigned the task of writing complex programs. The more you
know about a particular programming language the easier it is
to use. You should become familiar with the facilities of a
language as well as its limitations. In some instances, you
can "program around" a difficult set of steps for which no
direct solution is apparent. The greatest aid in this area is
experience with as many of the programming language's facilities
as you can master,
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Fundamental: Knowledge of available reference information

More than likely, your department will have a reference library
containing up-to-date books for your use. You should always
check on the changes to these books that are made when facili-
ties are added to a language.

IBM provides updates to its publications by way of Technical
Newsletters. These booklets contain replacement pages and new
pages for existing manuals. A list of changes is included so
that it can be filed in the updated manual, thereby giving

you a source of the changes you should review from time to time.
Find out where your programming reference library is located

and how it is maintained.

Fundamental: Handling single or multiple files of data

A computer program controls the reading of input data, the
processing of that data, and the production of corresponding
output data. Some programs use data from one input file to
produce output in another. More complex programs involve the
reading of input data from two or more input files in order
to produce output in a number of output files.

For each program that you write, you must know how many input
files are to be used and you must know how many output files are
to be produced. In addition to "how many files" there are, you
must know what kinds of records are contained in each file,

what kinds of data groups (called fields) are contained in each
type of record, and how the files are organized.

Example:

A file of student records has been created in a school
system. A1l records are similar. Each contains a name
field, a student identification field, a class rank
field, and two entrance test score fields. Print a
1ist of all of the student records.

How many input files exist? How many output files will be
created? How many different types of input records are to be
processed in this job?

* % *
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There is one input file of student records. One output file is
to be created (the printed list of student records is the output
file). Since all input records contain the same kinds of data
in the same fields, there is only 1 input record type to be
processed.

A form of flowchart, sometimes referred to as a system flowchart,
is a convenience in picturing what files are involved in the
problem to be solved. The system flowchart below describes the
problem.

DISK >

SYSTEM/32

T

PRINTER
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Here is another example:

A certain bank keeps a file of customer master records
for each savings account. Each of these records con-
tains an account number, the name of the person, the
balance in the account, and the date when this record
was created. As business goes on each day, it is
necessary to create a second file of data. There

are four types of records in this second file: new
account, closed account, deposits to an existing account
and withdrawals from an existing account. A program is
to be written so that an up-to-date file of savings
accounts customers can be created at the end of each
week. A1l records in the second file include an
account number and an investor name for reference.

Now that you have read the example, make an analysis of the
desired program. How many input data files are used? How many
output data files will be created? How many different input
record types are used in this example. Sketch a system flowchart
if you wish.

* * *

There are two input data files. One is the file of customer
master records, while the other is a file of transactions for
a week. One new master file is to be created as output. Five
different input record types are used in this example: one
type in the master file and four in the transaction file.

MASTER TRANSACTIONS

MASTER

sk > oisk >
— | - UP-TO-DATE

SYSTEM/32
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There are some very important rules of thumb involved in
programming. Here is one you will want to remember.

RULE: Input field data is never changed during a program.

Now let us consider the processing aspects of the two examples.
In the first, we were to create a file which was a printed

list of students. In the second, we were to create an up-to-
date file of savings accounts.

No specific processing was requested for the first example.
Simply stated, the problem involved: read a record, print
that record, repeat until all records were read and printed.

The second example involves a variety of processing. Consider
the transaction file record types.

Record Type Processing

1. New Account None

2. Closed Account Balance should be zero

3. Deposit Add amount to old balance

4., Withdrawal Subtract amount from old balance; see
if new balance is less than zero (over-
draw)

Not only do we need to know exactly what processing is to be
done for each type of record, but we must also know something
about the way in which each file is organized. Assuming that
the master file is in order by savings account number, we would
want the transactions file to be in order by savings account
number also, so we can match them against the masters. Unfor-
tunately, banking isn't done in account number order by customers.
They do banking when they need to. Even though the problem
said nothing about this condition, the transactions would
probably be put into account number sequence (sorted) before
the job in example two was run. More than likely, all of the
records for the same account in the transaction file should be
grouped in this manner for convenience. First, a new account;
second, all deposits; third, all withdrawals; fourth, a closed
account record.

The reason I mention this is that, though unlikely, it is
possible that a person could open a new account on Monday,
make a number of deposits or withdrawals during the week
and close it out on Friday.
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Key Point: Someone must determine the manner in which files:
are to be organized and determine the method
of processing to be used before a program is
written to solve the job. That "someone" is
usually an officer in the company.

In example two, we stated that a program was to be written in
which an up-to-date file could be created. Rather than creating
a new file of up-to-date records each week, we might have

solved this problem by "updating" the master file records.

MASTER m TRANSACTIONS

SYSTEM/32

Definition: An update file is one in which data may be changed
as a result of processing.

An update file is both an input and an output file.
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If we solve example two using the master file as an update file,
the transactions directly affect only those accounts for which
activity took place during the week. Here is how it would work
if the master file was .on disk and transactions are grouped by
account number. A1l new accounts are placed last in this
transaction file.

1. Read a transaction record.

2. Process that record and store the results in the
central processing unit as a temporary record.

3. Read the next transaction record.

4, If it is for the same account, update the data
stored in the temporary record and read another
record. ' : :

5. If it is for a different account,

a. find the master record that corresponds to
the temporary record,

b. wupdate the master record data on disk,

c. set the temporary record space in the central
processing unit to blanks.

6. Go back to step 2.

7. When all transactions have been processed, create
all new account records on disk and then end the
job.

One final point regarding the handling of single 'or multiple
files of data. The more specific information you have about

a problem the better you can solve it. Before writing a
program, find out all you need to know about the files, records,
fields and special codes in them in order to produce the desired
output. When in doubt, ask questions of the person who gave

you the assignment.
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Nhen:coding solutions in the RPG Il Tanguage you will need to
know about "counting and accumulating".

COUNTING AND ACCUMULATING

Definition: Accumulating is the addition of values from one
or more data fields into a counter.

Definition: Counting is accumulating by adding 1 to a counter.
The 1 is known as a literal or constant.

Definition: A counter is a temporary storage area, used for
: accumulating values from data fields or literals.

Problem: Read and process all of the input records in the
billing file. Print a 1ist of these records. Count
each data record when you read it and print the total
number of records counted when you reach the end of
the job. Do not count the special-purpose last
record.

NOTE: The last record does not contain data, it
is an extra, special-purpose record found at the
end of each input file. Its purpose is simg]y to
identify the end of the file so that a program can
end a job when it is read.

In order to use a counter properly, we must be sure of these
things. Start by setting the counter to zero. Add the literal
(1) to the counter each time a data record is read.

Okay, try your hahd at solving this problem. You may either
use a list of steps or draw a flowchart to represent your
solution.
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When I solved this problem, I considered these points as being
significant; did you?

1.

2.

I must set the counter to zero before counting
begins.

I must count only data records.

These are the steps I would write. I also included a flowchart
for your reference if you used that approach.

1.

L) w N
. . .

Set the counter to zero.

Read a record.

Is it the "last record"?

If it is not,

a. count it by adding 1 to the counter,

b. process the record,

c. print the record,

d. repeat the activity by going back to step 2.
If it is the last record,

a. print the total number of records counted,

b. end the job.
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Flowchart

‘ START ’

SET
COUNTER
TO ZERO

®_‘

READ
RECORD |

LAST
RECORD

COUNT PROCESS PRINT
RECORD RECORD | RECORD

Now examine my flowchart again and answer these questions.
1. Why is the last record not counted?
2. Must we count a record before it is processed?

3. Must we count a record before it is printed?

* * *
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The last record does not contain data, it is an extra, special-
purpose record at the end of each input file. 1In this example,
we may count a data record before it is processed and printed,

or after it is processed and before it is printed, or after it

is printed.

Solutions in flowchart form are known as program flowcharts
because they show the flow of program steps used in a problem
solution. A system flowchart shows a flow of file information
into and from the system that is to do the processing.

Many data processing problem solutions depend upon the use of
tables of data. A table is simply a list of similar items
sometimes called table elements. Here are 3 tables. Can you
think of others?

TABLE 1 TABLE 2 TABLE 3

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
0CT
NOV
DEC

coNOYOIT R WN —
OTMMOO W >

When tables are used we normally go through a process known
as “"table Tookup".
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Example: What's Ace's phone number?

The tables I use to solve this problem are found in a phone,book}
Yes, it really contains 2 tables! One is the alphabetical list
of names, and the second is the list of corresponding phone
numbers.

NAME NUMBER

ABC , 204-1451
ABX 256-1192
ACE 232-7783

The process of doing a table search is the same as you or I
would use. :
1. Someone asks, "What is Ace's number?"
2. You lTook down the name table until you find ACE.

3. You look across the page to the corresponding
entry in the number table. ‘

4. You say, "Ace's number is 232-7783."

As you can suspect, when a data processing problem solution
requires the use of tables, the table data must be included
as test data so that the problem solution can be verified.
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What does a programmer do?

A programmer is a person who defines problems in such a way that
a computer can be used to get answers each time that kind of job
needs to be run. The programmer creates a procedure for doing
the problem after it is solved. By that, I mean that the
computer is used to repeatedly perform the same sequence of
steps (called a program) for each record contained in a file.

Ah ha! The key to programming lies in writing one sequence of
steps that can be stored in the computer and be used over and
over at high rates of speed for many records! The computer is
capable of doing what it is instructed, but the programmer
must create the program.

To write a program, a programmer does these things, usually in
this order.

1. Define the problem to be solved in terms of what
is wanted and what data will be used.

2. Create an orderly procedure that will solve
that problem.

3. Test the procedure using appropriate test data
to verify the correctness of the procedure.

4, Convert the orderly procedure into a computer
program using coded statements in a language
such as RPG II.

5. Test the computer program by using exactly the
same test data as was used to test the procedure
in order to verify the correctness of the coded
statements.

6. Document the program test run for future reference
in case of a need for modification to the program.

RULE: If the program produces errors in the test run, recode
the incorrect portion of the program.

RULE: If the procedure steps produce errors during desk
checking, rewrite the procedure steps.
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What does a programmer do? He is really a data processing
problem solver who is capable of translating a "paper solution"
into an error free computer program.

What tools does the programmer use?

A tool that is used by programmers is the flowchart. Other
tools include worksheets, coding sheets and lists of test data
that already exist in a given computer installation.

What sources of information are available?

A programmer uses knowledge of applications that will be done on
the computer. Reference books on particular applications are a
good source of information. Another source is experience in
solving the same kinds of data processing problems before a
computer was available.

A programmer uses knowledge of the particular coding language
to be used when converting paper procedures into computer
programs. A source of information is the programming language
reference manual.

How long does it take to become a "good" programmer?

Well, I asked the impossible question. Let's see how much of

an answer I can give you. I will describe a "good" programmer's
activity and then suggest some period of time it may take you

to be able to do the same activities. '

A good programmer:
1. thoroughly analyzes each problem to be solved,
asking questions for clarity whenever a doubt

arises.

2. is familiar enough with the program coding language
to be used so that efficient programs are coded.

3. tests every program condition and verifies the
results before releasing the program for general
use.

4. documents the solution to every program.

5. recognizes mistakes and makes corrections as
needed.
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How Tong does it take to become a good programmer? Steps 1
and 2 require experience. You may need from 6 months to a
~number of years to gain this kind of experience on the job.
Steps 3 and 4 require self-discipline. If you already are a
stickler for detail you will do them from the start of your
training. If not, it may take months to force yourself to
change. The last step is one that involves attitude. If you
realize that the computer works at extremely high rates of
speed but does exactly what it is instructed to do and nothing
more, you will be more likely to follow through on this step.

If you recognize that you are the translator for this "foreign
language machine", you will accept the need to re-translate
programs a number of times during test runs in order to make
the computer do its job as well as you do yours. This may take
some time but probably is only a few months.

That completes your study of some fundamentals of programming.
Do not hesitate to re-read any part or all of this topic before
you begin your study of RPG II programming language.

Good Tuck to you in your wdrk as a programmer!
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Chapter 1: Introduction fo RPG II (Study time is 1 to 2 hours)

The inteqt of this chapter is to familiarize you with RPG II as a
programming language. When you have completed the chapter, you
should know what RPG II is and in general, how it is used.
The content of this chapter is presented as a series of questions
and answers including two completely coded programs for your
review. You will be asked to examine these programs in order to
identify entries that are common to more than one sheet.
Every time that you code a solution using the RPG II language you
do the steps listed below. In this self study course you will be
directed to perform the first three steps only. Steps four
through seven require the use of an IBM System/32.
1. Analyze a data processing problem.

a. What is wanted as output?

b. What is available as input?

c. What processing needs to be done?

2. Code an RPG II solution.
a. Describe the files (input and output).
b. Describe the records and fields in those files.
c. Describe the calculations needed to protess the input
file data.
3.} "Desk check" the coded solution.
a. Any obvious coding errors?
b. Any omissions?
c. A1l processing steps included and in the right order?
d. Does test data "flow" through the coded solution

correctly?

4, Compile the solution. This translates the RPG Il statements
into machine-readable statements that the System/32 can use
to run the job.
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Test the compiled program.

a. Use the test data created for desk checking.

b. Know in advance what the output must look like.

c. Verify the output of the test run.

Re-code a solution if the test run is in error. This is
normal activity of all programmers and known as "debugging"
a program. ’
a. Re-compile the new solution.

b. Test the re-compiled program.

c. Be ready to make additional corrections and repeat

the process until it is a proper solution to the
question, "What is the problem?"

Document the solution. Save all printed test results and
related input data records for reference.

What is RPG II?

RPG II is really two different things:

1.
2.

It is a descriptive, programming language, and

It is a generative program product.

RPG II, when thought of as the generative program product, works
this way:

1.

A problem solution that has been coded in the RPG II
language is prepared for compilation. The coded solution
is known as a source program.

During compilation, syntax-checking (looking for coding
errors) is done for each statement. If unacceptable
errors are found, reprogramming is required. If no
unacceptable errors are found, an object program is
generated. The generated object program is then used
to run the job after it has been tested with simulated
job data and found to be acceptable.

How does a programmer use RPG II?

The programmer analyzes the entire problem to determine what output
is desired, what input is available, and what calculations are
needed to modify the available input in order to produce the
desired output.
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The order in which he codes a solution is not critical, but prior
to compilation, he will arrange his coded statements in the order
required by RPG II for the compilation process.

Each coded statement is a description of a part of his solution.
For example, he will code a description of each input and output
file, making an entry for each on a File Description sheet. He
will describe every type of input record found in each input file
by coding entries on an Input sheet. This coding will include
one statement about each input record type and one or more state-
ments about fields of input data found in the various record types.
He will describe every output record type to be produced for every
output file by coding entries on an OQutput sheet. This coding
will include one statement about each output record type and one
or more statements about fields of output data or the constants
that are to be a part of the various output record types. For
each calculation that is required to produce the output records,
he will code one or more statements on a Calculation sheet.

Are reference materials available to the programmer?

There are special rules for making coded entries on the RPG II
sheets just as there are rules in any language. If all coded
entries are made according to the rules, there will be no syntax
errors during the source program compilation process. The set
of rules for using the RPG II language is found in the book,
"System/32 RPG II Reference Manual", form number SC21-7595.

When you have completed this RPG II programming course, you will
be familiar with the use of this reference manual. You are not
expected to remember every coding rule, so get acquainted with
the book as you do practice problems in this course.

What System/32 features can be described using RPG II?

The System/32 has a number of devices that may create and/or store
files of data. Input files may come from the keyboard or from the
disk. Output files may be found on the disk, on printed reports
or temporarily on the display screen. Although information and
programs may be stored on the diskette, that information cannot be
processed until a separate program stores it on the System/32 disk.
RPG II cannot directly process diskette data, nor can it be used
to directly create an output file on a diskette.

What other items are related to the use of RPG II?

There is a System/32 program product known as SEU, the Source
Entry Utility program. Its purpose is to allow the keying of an
RPG II source program onto the System/32 disk after which that
program may be compiled by RPG II. SEU includes the capability
of performing some RPG II syntax checking which reduces the
burden and total time of compilation. SEU also allows modifica-
tion and addition to, or deletion of, RPG II statements for
convenience in program testing.
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Another System/32 program product known as DFU, the Data File
Utility program, has the facility to use certain RPG II statements
about input file records to do utility-type functions such as
listing records.

Any more information about coding sheets?

There are other RPG II specification sheets which will be discussed
during the course. Like the ones mentioned earlier, each serves a
particular function related to describing files, records and
fields. The entry in column 6 on each sheet is a code to remind
you of its purpose.

H is the Header (control) statement

F is the File Description sheet

E is the Extension sheet

L is the Line Counter sheet

I is the Input sheet

C is the Calculation sheet

0 is the Qutput sheet

What does a completely coded solution look like?

The following example has been coded in RPG II using File Descrip-
tion, Input, Calculation and Qutput specification sheets. This
program was named EXMPO1, and its purpose is to print a listing

of 45-character records found on the System/32 disk. We will
discuss this solution shortly, but at this time you should take

a few moments to scan each entry on each sheet. Note in particu-
lar those items that are spelled alike on different specification
sheets.
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Here's a flowchart showing what the programmer was trying to
describe as a solution:

( START >

—

READ
RECORD

COUNT
RECORD

LIST
ITS
CONTENT

LAST

RECORD
?

Since the flowchart does not include specific coding information,
let's examine each entry and relate it to the problem to be solved.

File Description

The input file was given the name SEQDSK by the programmer. He
may choose any convenient name, but it must start with a letter
and be no longer than 8 characters. The remaining characters may
be either letters or numbers. The entry "I" in column 15 identi-
fies this file as an Input file. The entry "P" in column 16
designates this file as the primary input file for the job. The
remaining two entries for Record Length and Device satisfy the
problem statement, "...of 45-character records found on the
System/32 disk".
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How would you describe, in your own words, the second file des-
cription statement?

You should be thinking something like this:

The file was named SDLIST by the programmer.
Co]u$q115 contains an 0 to identify this file as an output
ile. :
The output is to be printed on a device that can print
records of up to 132 positions in length.

The other entry, OF in columns 33-34, is a selection by the pro-
grammer from a set of acceptable overflow indicator codes. Over-
flow as used here refers to the overflowing of heading information
on printed reports. More about page overflow later.

Notice that the programmer enters only that coding needed to des-
cribe his job; he does not make entries in every position.

Input

Next, examine the Input sheet entries. The first statement des-
cribes the type of record found in the input file while the remain-
ing entries describe the fields in each record of that type.

RULE: The input filename must be identical on the File Description
sheet and on the Input sheet.

To complete a description of this first statement, the programmer
coded "NS" in colunns 15-16 and "@1" in columns 19-20. If letters
are used in columns 15-16, it means that sequence of record types
is not significant to the solution of this problem. When only one

record type is identified, specify any two letters in these columns.

The "Record Identification Indicator" (@1) is a choice made by the
programmer. RPG II provides a set of 99 numeric indicator codes
from which the programmer may select as many as needed to solve
his problem. 1In this case, he specified 1 to represent the
identification of this particular type of record.

Suggestion: Draw a slash through zeros on your coding sheets to
prevent the error of thinking it is the letter 0.

Now examine the field descriptions on lines two through six. All
have a specified "Field Location" and "Field Name". Three of them
include an entry under "Decimal Positions" while two of them do
not. Any idea why this is so?

If you are thinking, "Decimal positions are only used in fields of
numeric data", you have the right idea. An entry of @ in column

52 means that the numeric field has whole number data, for example,
an item number. The other fields are called alphameric and may
contain letters, numbers, special characters or blanks.
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RULE: Field names can be from 1 to 6 characters long and must
start with a letter. The remaining characters may be
either letters or numbers.

Suggestion: Make up names that refer to the kind of field data
contained in each record.

Here, ITEMNO is the item number field while UPRICE is the unit
price.

Now look at the Field Location entries once more. How long is the
field that is located from 35 to 41? The correct answer is 7
places. How long is the field named WHSE? How about DESC? WHSE
is 4 positions long, while DESC is 25.

RULES: Numeric fields may be from 1 to 15 positions long with
zero or up to 9 decimal positions.

Alphameric fields may be from 1 to 256 positions long.

In review, the programmer describes every input record type and
every input field he will use to solve his problem. The first
input statement describes the record type while the following
entries on the Input sheet describe each field in that record type.
Filenames and field names are made up by the programmer. He also
selects the record identifying indicator.

In order to specify the fields in these disk records, someone
must have provided a 1ist of them to the programmer because they
were not mentioned in the problem statement.

Next, examine the Calculation statement. In this case, the pro-
grammer included a comment for reference only, see columns 60-74.
This is optional. Let's talk about counting records. The opera-
tion is ADD and that seems reasonable since counting is usually
associated with adding 1 to a prior number and repeating it until
you've counted as high as you need. The 1 to be added in this
example is shown in column 33. The result of the addition will
be stored in a new field called COUNT which is 5 positions long
with no decimal positions. The entry in columns 10-11 tells the
computer to count every 01 record type in the file. That takes
care of every entry except COUNT in columns 18-22.

Here's how the programmer was thinking when he coded this calcula-
tion statement:

I'm going to count a lot of records, one at a time. 1I'11
define a numeric result field of 5 positions so I can count
as high as 99999 which should be adequate for this job.

The counting shall take place when indicator 01 is turned
ON to indicate that the computer read another record for
processing. In order to count correctly, I must add a 1

to what's in my counter from the last time I added 1. So,
when 01 occurs, I want to take what's already in COUNT,

add 1 to it, and store the result as before.
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RULE: To do counting, specify the indicator that controls "when"
counting shall take place, then add 1 to a counter you've
defined. Use the counter's name in two places. Be sure
the counter is large enough to hold the largest number
you expect to reach in the job.

Note: The generated object program automatically sets this counter
to zero before the job starts to run.

Qutput

As you expected, the filename is identica] to the output filename
found on the file description sheet.

Examine the various entries made in column 15. How many different
types of output records will be printed? The code "H" refers to
heading information. The code "D" refers to detail information
contained in the disk input records. The code "T" refers to a
record containing totals. Even though there are only three
different code letters in this example, there are actually four
different types of output records described on this sheet. The
first heading record is a report title. The second heading record
provides column headings. Both of these heading records are to be
printed whenever indicator 1P is turned ON or when OF is turned ON.
Indicator 1P means "first page" while overfTow (OF) refers to all
pages that follow the first one.

Look at the first line. The entry in columns 19-20 direct the
printer to skip to line 6 on the page before printing the report
title, while the entry in column 18 directs it to space 2 after
printing occurs.

What do you think will happen regarding skipping and spacing for
the second heading record? No skipping will occur, but the printer
is directed to space three after printing the column headings,
either on the first page or the overflow pages.

RULE: When no space or skip entries are coded on an OR statement,
the space and skip entries in the statement above it will
automatically be used for the OR statement also.

Next, examine all of the entries related to the detail record
information. When is a detail record to be printed? What spacing
or skipping is to be used? Are field names the same as those
found on the Input sheet? How many fields have an entry in

column 38?

A detail record is to be printed when indicator 01 is ON. The
printer is to space two after printing the information found in

the five fields. The field names are identical to those found on
the Input sheet, and the three fields that have entries in column
38 (Edit Codes) are the three numeric data fields. Edit codes
provide for suppression of leading zeros and the insertion of
commas and decimal points where needed. A chart at the top of the
OQutput sheet provides a brief reminder of the purpose of each code.
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Using that chart as a reference, what is to be done with the
numerical data when it prints?

The item number (ITEMNO) will be printed without leading zeros
because code Z does only zero suppression. Both other fields
(QTYOH and UPRICE) will be printed with a comma inserted between
hundreds and thousands place as needed.

Note: The code 1 also provides for placement of a decimal
point except for fields that have only whole numbers.
It also provides for zero suppression except, as the
chart states, it will print a zero when the entire
field's value is zero.

The last type of record to be printed is the total record line.

It shall be printed when indicator LR is turned ON. The indicator
LR refers to the end of the job; that is, after the last record

in the input file has been read and processed. To make this
record 1line on the printed output stand out from the detail lines
of information, the programmer coded space 2 before and included
the constant, RECORDS IN FILE. What else is a part of this last
output record?

The result field COUNT will be printed with zero suppression and
a comma if needed as a part of this Tline.

Now that we've examined every entry on every sheet of this example,
here are some more rules that you will be using as you do RPG II
coding:

1. Filenames and field names are always entered starting
at the left.

2. Record Length (on the File Description sheet), Field
Location (on the Input sheet), Result Field Length (on
the Calculation sheet), and End Position in Output
Record (on the Output sheet) are right-justified
without leading zeros.

3. On output, when two or more records of the same type
are to be produced as output when the same OQutput
Indicators are turned ON, they will be produced in
the same order as they are coded from top to bottom
on the sheet.’

You have already been exposed to a lot of things about the RPG II
language simply by looking at that first example. At this point
in the course, we want to talk about two features of RPG II that
were not used in the first example. They are the Interactive
Data Entry feature, and the Auto Report feature. :

78



Interactive Data Entry

This feature allows an operator to enter input file records from
the keyboard while the object program is running. As each field
of data is entered, it is displayed on the display screen for
operator reference. When an entire record has been keyed in, the
program may use it for processing. An independent storage area
called a buffer holds the record until it is requested for pro-
cessing by the object program.

Some general rules for using these files are:
1. File Description sheet - The device name is CONSOLE.

2. File Description sheet - Only 1 CONSOLE file is
permitted in a program.

3. Input sheet - In addition to assigning a record
identifying indicator, a record identification
code must be specified.

4, Input sheet - Fields must be specified as being
contiguous, that is, each field is next to the
previous field. Example: Field LOC is in positions
2-6 and field DEP is in 7-9.

When you name input fields, select those names that are as meaning-
ful as possible, because the object program displays this name on
the screen as a prompt to the operator when the program is run.

We will Took at a sample program in which a CONSOLE file is used
in a few minutes.

Auto Report

This feature accepts special, simplified RPG II specifications
along with other standard RPG II specifications in order to solve.
a data processing problem. Auto Report includes three separate
functions that can be used in any combination. They are:

1. *AUTO, to simplify the specification of report page
headings, column headings, positioning of data fields
from left to right, and certain calculations for the
accumulation of totals.

2. /COPY, to permit the use of specifications defined
for one program and already cataloged for reference
to be copied intact into another program without
re-coding.

3. U specifications, to permit modification to an RPG II

source program that is produced by Auto Report as an
intermediate step during a pre-RPG II compilation run.
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In the next sample program we will see the use of an Interactive
Data Entry file and the use of the first Auto Report function,
*AUTO.

Look at the sample program named EXMP02. You should examine it
in two ways before continuing with your reading of this topic.
First, as a review of those points discussed as a part of EXMPO1.
Try to identify all of the entries that are similar to those you
saw before. Second, look for ways in which EXMP02 is different.
As you look over this sample program, here's the problem that the
programmer was describing:

Print a report that shows the contents of a file of records
entered from the keyboard. Accumulate totals for gross pay,
federal income tax paid, social security tax paid, and net

pay.
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EXMPO2 File Description Specification
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What new entries do you find on the File Description sheet?
Naturally, you might expect to find different file names, which
you did. The description of the input file includes a Block
Length entry as well as a new Device entry, CONSOLE.

RULES: If CONSOLE is specified, the file is an Interactive Data
Entry file. Records will be keyed in from the keyboard.

The Block Length entry for this file must be at least

Zggsmore than the Record Length entry and cannot exceed

What new entry do you find on the Input sheet? There are entries
under Record Identification Codes in columns 21-34. They describe
the record in this way:

The input file named INRECS contains one type of record to
which record identifying indicator 01 is assigned. This
record type is further described as having the character E
in position 1 and the character 2 in position 2.

RULE: If a CONSOLE file is described, it must contain a record
identification code in position 1. It may also include
a second record identification code in position 2.

Next, examine the data fields. How many contain numeric data?
How many contain alphameric data? There are 5 numeric fields and
4 alphameric fields.
RULE: Fields in console files must be contiguously defined.
Do the field descriptions satisfy the rule? It seems so, but look
at the field named FINIT. How big is a field that extends from
position 17 to position 17? The rule is satisfied. Both FINIT
and SINIT are 1-position fields for first initial and second
initial respectively.
Now look at two related entries:
1. The Record Length on the File Description sheet, and
2. the largest entry in Input for Field Location.
Though you would expect them to be the same, they do not agree.
This is because fields in console files are treated in a special
manner by RPG II.
RULE: The Record Length entry for a console file is calculated
by adding the entry for the highest Field Location and
the number of input fields and 1.

In this program, Record Length = 60 + 9 + 1, which is a total of 70.
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In review, a console file is specified on the File Description
sheet and the Input sheet. When such entries are made, the
operator will be prompted to key in data for each specified field
as the program runs. The Record Length for such a file is a
computed value that includes the number of input fields to be
keyed as well as the highest location, plus 1. A Block Length
entry is also required. Its value must be at least 2 more than
the Record Length entry.

In this example, we've used the *AUTO function of Auto Report to
simplify and reduce the amount of coding required to solve the
problem. Look at the Output sheet. The "H" entry in column 15
and the *AUTO entry on columns 32-36 designate this output record
type to be an Auto Report heading. Using only the entries on
lines 1 and 2 of this sheet, Auto Report will generate a program
that includes the printing of a report title, PAY RECORDS REPORT,
on the first page and overflow pages. This title will be cen-
tered on the report page. Also, a report date will be printed to
its left and a page number to its right. Spacing and skipping
will be included automatically.

When *AUTO is used for detail type records, a "D" in column 15
and *AUTO in columns 32-36, the fields named from top to bottom
on the coding sheet will be printed in order from left to right
on the report, with 2 spaces between them. Edit codes will be
assign?d to numeric fields as will the End Position in Output
Record:

The constants specified in columns 45-70 will become the actual
column headings for the corresponding fields. These headings,
like the report title, will be printed on all pages along with
appropriate spacing.

Examine the entries in column 39. The code "C" is used to
indicate that the constant in 45-70 is to be printed as a
continuation of the column heading specified on the previous
line. That means that the field contents for FINIT will be
printed under a column heading like this:

FIRST
INITIAL

How will the column headings for SINIT look? What about the
column headings for MAN? Each of these fields will be printed
under a two-line column heading similar to the one for FINIT.
What about the field called SOCSEC? This field will have a
single line column heading because no continuation code and
constant are specified for it.

The last four entries will be printed under their respective
single-line column headings. Since the code "A" was specified
for these fields, Auto Report will generate a series of calcu-
lations in order to accumulate totals for each.
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That's the way a programmer uses *AUTO entries to simplify his
coding and reduce the time needed to code a problem solution. In
this particular example, there are 27 coded entries. To code the
same solution in standard RPG II statements, the programmer would
need to code 53 statements.

Suggestion: Make use of the Auto Report feature whenever the
opportunity presents itself, as it will cut down
your programming coding time.

The purpose of this Introduction to RPG II chapter was to provide
you with information about RPG II as used on the IBM System/32.
You have:

1. examined two coded examples,

2. read about using the Interactive Data Entry feature,
and

3. read about using the Auto Report feature.

As you recall, RPG II is a descriptive programming language. Your
job as a programmer is to describe, as precisely as you can,
solutions to data processing problems. In the next chapter, you
will be asked to do some coding. You will need a pencil and a

pad of RPG II coding sheets of each of these types: File Descrip-
tion, Input, Calculation and Output.
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Chapter 1: Summary

You have been exposed to a number of RPG II rules that are impor-
tant when coding solutions to data processing problems. Here's
a list of those you should remember.

1.

6.
7.

Each input file and each output file in a problem
is described on a File Description sheet.

Each type of input file record and its fields is
further described on an Input sheet.

Each type of output file record to be created is
further described on an Output sheet. OQutput
descriptions include fields of data and/or constants.
Each calculation is described on a Calculation sheet.

Numeric fields may be from 1 to 15 positions long
with up to 9 decimal positions.

Alphameric fields may be from 1 to 256 positions long.

Filenames and Field names must start with a letter.

A number of definitions were also presented. You should remember

these.

1.

An alphameric field is a field that may contain
either letters, numbers, special characters or
blanks in any combination.

A numeric field is a field that may contain only

numbers.

Overflow pages are all printed pages that follow
the first page.
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Chapter 2: Creating Disk File Records (Study time is 3 to 5 hours)

To "create" disk file records, information from source documents
such as salesmen's order pads is stored onto the surface of the
magnetic disk in an area set aside for that information. The
usual procedure used to create disk file rgcords on a System/32
disk is to key these records in one at a time from the console

keyboard.

CHAPTER OBJECTIVES

When you have finished your study of this chapter you should
be able to code a solution to a problem in which disk file
records are to be created. You should also be able to code a

program that causes these newly created records to be printed
for reference.

Six problems will be presented in this chapter.

1. Create a file of disk records. The disk file is to
have sequential organization.

2. Print a list of the file of disk records created in
problem 1.

3. Create an indexed file of disk records.

4. Print a list of the file of disk records created in
problem 3.

5. Print a list of the file of disk records created in
problem 3, using the Auto Report feature of RPG II.

6. Create an indexed file of disk records and print a
report of the keyed records.

In addition to this text you will need about 6 sheets of each of
the following specification sheets.

GX21-9092 Control and File Description
GX21-9094 Input

GX21-9093 Calculation

GX21-9090 Qutput

A self test is included at the end of this chapter so that you
can measure your progress.
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Problem 1: Create a file of disk records. These disk file
records are to be organized sequentially. The
disk records shall each be 67 positions long
and contain the following fields.

Disk Positions Qutput Field
1 Code "M"
2- 17 Customer Number
8-27 \ Customer Name
28-47 ‘ Street Address

48-67 City/State Address

The information used to create these disk records is to be
keyed in from a handwritten 1list. The fields of input data
are identical in name but re-arranged as follows.

Keyed Positions Input Field
1 Code "M"

2-21 Customer Name
22-41  Street Address
42-61 City/State Address
62-67 Customer Number

In order to code a solution to this problem we need to review
some points. Look at a system flowchart to see the relationship
between the problem and the RPG II specification sheets we will
need to use in order to describe a solution.

88



Problem 1: Create a sequentially organized disk file.

KEYBOARD -
\\\\\\\\‘\‘-__‘_;? SYSTEM/32 \N‘_____—ﬂ"////27

INPUT OUTPUT

FILE DESCRIPTION FILE DESCRIPTION

Coding solutions in the RPG II language is done by describing
files, records and fields. First we will describe each input
and output file on a File Description specification sheet. This
figure highlights the kinds of entries we need to make.

File Description Specification

F File Type
File Designation
Filename Device
Line
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Here is a list of rules for coding entries in the highlighted
columns of the File Description Sheet.

1. Filename (7-14) - Make up a name of from 1 to 8 alphameric
characters.

a. The first character must be alphabetic.
b. The remaining characters may be any combination of
alphabetic characters and/or numbers.
c. In RPG II, alphabetic characters include the letters
A through Z, the # sign, the $ sign and the @ sign.
Examples:
X
T5
#628
INPUTFIL
MASTER
ART$S$6
@M

2. File Type (15) - Use code I for input files or code 0 for
output files.

3. File Designation (16) - Use code P for primary input files.

a.

b,

No entry is made for output files.

One and only one input file may be designated as
"primary".

NOTE: File designation entries are used to further
identify the use of input files.

4., Block Length (20-23) - Enter a number that:

describes the length of a block of disk records, or

describes a block of space to be used for temporarily
storing keyed data.

NOTE: Enter numbers without leading zeros.
NOTE: If no entry is made for a disk file, the block

length is assumed to be equal to the record
length entry.
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5. Record Length (24-27) - Enter a number (without leading
zeros) that: L

a. 1is the length of a disk record, or

b. 1is the computed length needed to store one
keyed record.

6.. Device (40-46) - Enter the code name that identifies the
input or output device that is associated with the
particular file being described.

a. Acceptable device names include:
1) DISK for disk files.
2) CONSOLE for keyed input files.
b. The device name always starts in position 40.

You may refer to that set of rules as we code entries for our
problem. Once again, the problem is:

"Create a file of disk records. The disk file records
are to be organized sequentially. The disk records
shall each be 67 characters long and contain ..."

The remaining problem information indicated by the three dots will
be used to describe records and fields later on.

0.K. Let's make entries for the input file. Take a blank File
Description Sheet and fill in entries for Filename, File Type,
File Designation and Device. Look at the rules again if you wish.

* * *
The three asterisks mean that you are to interrupt your reading
to do an activity such as coding. I did not ask you to fill in

block length or record length entries as yet because they depend
upon input sheet entries when input is keyed.
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Here are my entries. Yours should be like mine except for
filename which is your choice.

File Description Specification

F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or . = Extent Exit Number of Tracks
End of File of Record Address Field : o for DAM for Cylinder Overflow
of Fil w
Record Address Type . Z|  Name of Number of Extents
- Sequence : Symbolic & .
Filename Type of File o Device Device § Label Exit Tape
) File Format Organization 0| = Rewind
" © - Storage index
Line . ‘ r Additional Area | 8 Fite
s o Q o « |Overflow Indicator| © Condition
e a s
Sls Block R d ‘ = 2 u1-us
= ol 2l Length | Lemgth x5 Key Field | 7 Continuation Lines 2l
€ g S| olels 9 « =S Starting | & g
|2 SE wlfe 3 <= Location |4 K Option Entry 2 &
3 4 slel7 8 9 1011 12 13 14 |15)16[17]18]19§20 21 22 2324 25 26 27]28|29 30313233 34)35 36 37 3839140 41 42 43 44 45 46|47 48 49 50 51 52 |53 54 65 56 57 68 59 |60 61 62 63 64 65166|67]68 69/70|71 72|73 74]
—’ r—r—'*'——F"— !—‘—!—r—r—-—‘—r-
° FIREICIOIRD|S| |I|P CIONSOILIE : :
043 F

We will make entries for block length and record length later
on as I said. Now let's consider the output file. In any
program, each filename must be different. Now, refer to the
rules and the problem statement and then describe the output
file on the second coding line.

* * *
Check your entries with these questions.
1. Did you make up a different filename?
2. Is your file type 0 for output?
3. Did you include a record length entry?
4. 1Is your device name DISK?

Now check your entries against mine.
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File Description Specification

F File Type Mode of Processing . File Addition/Unordered
File Designation Length of Key Field or . s fE"‘g'“ Exit Number of Tracks
End of Fil of Record Address Field I% 'or DAM for Cylinder Overflow
ile
Record Address Type Symbolic g Name of ) Number of Extents
Filename Sequence Type of File o Device Device 3 Label Exit Tore
File Format Organization by = Storage Index -Rewind
Line or Additional Area ‘; File
a Overflow Indicator|© Condition
[=] o I3
H ol s N 1§ u1ug
= Sle| | [5| sox | oo M Key Field | 2 Continustion Lines 2|
£ 38| (]2 eng ength | =I5 Starting | £ 2 3
K NEAMEIS 3 = Location {9 Kl Option Entry e &
3 4 5/617 8 9 1011 1213 1415]16]17 18'920_2_1__223‘242523272829ﬁ 32| _3_4‘25_£27_33940ﬂd2434415(647434950,_-’!‘_5’4‘53yﬁi%%a%£8253uﬁ5666763697071 72|73 74
ol2| |rlRElclolklpls] It Clolns[olL[E 4
o3| [rmnlg|TlElR l6/7 D1 [SK
of4| |F
0|5 F

How's it going? If you have entries like these (except filename
which is your choice) you are doing fine. If not, why not
review the rules for describing files before we move along.

We'll add "Block Length" (20-23) and "Record Length" (24-27)
for the CONSOLE file later on.

* * *

Now we are ready to describe the records and fields in the input
file. Get a blank Input Sheet so that you will be ready to code
some entries. This form is used for two purposes: wuse positions
7-41 to describe the record, and use positions 43-70 to describe
the fields in the record. Position 42 is not used for System/32.

These two figures highlight the kinds of entries we need to make
on an Input Sheet.
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For Describing Input Records (Positions 7-41).

RPG INPUT SPECIFICATIONS

5 Record Identification Codes
g
z 1 2 . 3
ARES
Line Filename ] T8
2 g |=lel 2 . o .
15 S [5IS|2 | position || |B| position [_f |B] Posion |5| 1B
3 £ ZlolB H Zlofs
£ 2] 8 s|Nls sINI = 8(N{g
i o|R ofe 2|5|6 2[615 2|16
A[n]D

7 8 9 10 11 12 13J1a 15 [16 |17

3

19 20 [21 22 23 24{25|26{27]| 28 29 30 31[32|33|34|35 36 37 38|39|40

2

[42]43 |44 45 46 47]48 49 50 51|52|53 54 55 56 57 58|59 60|61 62|63 64|65 66|67 68[69 70|71 72 73 74

=)
e
HiH[H|H|H H|H[H|HR]|o

For Describing Input Fields (Positions 43-70)

RPG INPUT SPECIFICATIONS

I Field Location

Line Field Name

From To

Form Type
Decimal Positions

7 8 9 1011 12 13|14 |15 |16717]18 119 20 |21 22 23 24[25{26|27| 28 29 30 31[32|33|34|35 36 37 38)39|40|a1{42[43 |44 45 46 47{48 49 50 51[52[53 54 55 56 57 58]59 60|61 62|63 64]65 66|67 €869 70{71.72 73 74

&
HlH[H[HR[H|H[H[H[H]>
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Here are the rules for coding Input Sheet entries.

Rules:

1.

RECORD

Filename (7-14) - Copy the input filename from your
File Description Sheet.

Sequence (15-16) - If all records in the file have the
same kind of 1nformat1on, that is, there is really only
one type of record in the file, enter any two 1etters
in these positions.

Record Identifying Indicator (19-20) - Select any
unused indicator from 01-10 for this entry. An
indicator is a program activity controller and we
will go into more detail about indicators throughout
the course.

Record Identification Codes (21-41) - Enter one, two
or three specifications to describe record identifying
codes. In our problem one code (the letter M in
position 1) identifies every record in the file.

a. Position (21-24) - Enter a number without leading
zeros to designate the position of the code
character in the record.

b. C/Z/D (26) - If the identifying code is any
specific character, enter the letter C.

c. Character (27) - Enter the actual code character.

d. Make similar entries in the remaining positions
if needed.

At this time code entries to describe the records of the Input
File.

Use the first coding line.

* * *

95



RPG INPUT SPECIFICATIONS

Form Type

7 8 910

Line Filename

Record ldentification Codes . . Field
Field Location .
Indicators

1 2 3

Field Name

or

Zero
Plus |Minus|or
Blank

Sequence

Position Position Position From To

Record Identifying Indicator
Stacker Select

P/B/L/R

Decimal Positions

Control Level (L1-L9)
Matching Fields or
Chaining Fields

Field Record Relation

Not (N}
C/Z/D
Character
Not (N)
C/z/D
Character
Not (N}
C/Z/D
Character

3}44 a5 46 47]48 49 50 51[s2[53 54 55 56 57 58]59 60

5
@
S

28 29 30 31(32|33

2

35 36 37 38|39)40

2
=
<
>

N[D
11 12 13[14 |15 116 [17[18 119 20 [21 22 23 242

8
-3
5
B

REIC|0

S
=
|

RO VS| | @1 1

oleolo]o|w
NEPEEEEERL
HiHH|[H]e

Your entries should be similar to mine. Be sure that:

4.

Your filename exactly matches the one you specified
on the File Description Sheet.

Your sequence entry can be any two letters.

Your record identifying indicator can be any two-
digit number from 01-10 since we haven't spec1f1ed
any of them up to this point.

NOTE: We normally put a / through zeros on coding
sheets. That prevents a mix-up between zeros
and the letter 0.

Your record identification code entries must be
exactly as you see them here.

So far we've described the record, now let's describe the fields

in that
Rules:

1.

record.
FIELDS

Field Location (44-51) - Specify the leftmost (From)
and rightmost (To) positions of the field.

a. Leading zeros are not shown.

b. If a field is only one position long, enter
the same number in both places.

96

63 64(65 66[67 68|69 70|71 72 73 74




2. Decimal Positions (52) - Use only for a numeric field.
a. For whole number fields, enter zero.
b. For other numeric fields, enter the number of

decimal positions.

Example: For the number 2.657 enter a 3.

3. Field Name (53-58) - Invent a name having from 1 to 6
alphameric characters.
a. The first character must be alphabetic.

b. The remaining characters may be any combination
of alphabetic characters and/or numbers.

c. Alphabetic characters include A through Z, #,
& and @ in RPG II.

d. No special characters or embedded blanks may be
used.

e. Invent names that relate to the kind of data
that is stored in the field. For example, use
CUSNO for Customer Number.
4. Each field to be defined requires one coding line.

5. No field specifications may be entered on the
record specification line.

Starting on the second coding line of your Input Sheet make
entries for each of the following input fields.

Position Field
1 Record Code
2-21 Customer Name
22-41 Street Address
42-61 City/State
62-67 Customer Number
* | * *
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Your entries should have been made on lines 2 through 6.  The
field locations must be the same as the book solution entries,
but the names on your sheet are probably different and that's
expected. Did you remember (or even think about) making an
entry in position 52 for zero decimal positions in the Customer
Number field? '

RPG INPUT SPECIFICATIONS

5 Record Identification Codes . . Field
I s Field Location .
E B Py 3 - < {ndicators
£ 3 g
= 2 s
8 £ § Sligl 2
. el 12" = I 58
Line Filename s izl |£5 g %| FieldName | & sl ®
g 2 l<lsl & N mk K 5 Zero
s 2 et =] -t position || |&| Position {_| |Z] Position || |[B[?|el From To |3 2122l & |Pus [Minusfor
'E égg Z(ol8 Z(o| 8 Z{o(812(S £ 2 {5E]| - Blank,
£ 2 ARH ] ANHEE 5 2 (25| 3
& ol[r] 12|6] & 2[5)5 2[5|8 3[5(5|2|% & § (35| ¢
Afnio
3 4 5/6]7 8 9 1011 12 13|14 |15 |16 |17]18 119 20 [21 22 23 24|25|26|27| 28 29 30 31[32]33|34{35 36 37 38]39|4041|a2}a3 44 45 46 47]48 49 50 51]652|53 54 55 56 57 58|59 60|61 62|63 64165 66{67 68|69 70|71 72 73 74
°['] ITREICIORIDS| IM$] 1 1 IC
ol2] |1 1l IClolple
ofsf [z 4 | 21 IMAME
o4 T 22| | 41) ISTREET
os) |1 4 @/1| |ClI|TY|
o8] |T @2 | 6TPCUISNO
o7 |1
ofe| {1

,

Earlier I said that we would make entries on the File Description

Sheet for Block Length (20-23) and Record Length (24-27) for
CONSOLE files. Now we have enough information to do this. It
applies only to the Input File entry.

Record Length - File Description (CONSOLE files)

1. Look at the Input Sheet in positions 48 through 51 for the
highest number.

2. Add a 1 to that number for each field you specified, except
for a field that is the same as the record identifying code
field.

3. Add 1 more for its record identifying code.

What's your answer? I calculated 72.

67 + 4 (don't count CODE) + 1 = 72
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Block Length

1. Enter a number that is at least 2 more than the record
Tength. flat 15 at 'east c more than the record

What's your answer? I got 74.

Now, complete your File Description Sheet entries for this
console input file.

* * *

File Description Specification

F File Type Mode of Processing Fite Addition/Unordered
File Designation Length of Key Field or = Extent Exit Number of Tracks
End of Fil of Record Address Field ] for DAM for Cylinder Overflow
ite =
Record Address Type . Z|  Name of Number of Extents
) Sequence ” Symbolic [ | Exi
Filename Type of File 5 Device Device 3 Label Exit Tane
File Format Organization o s Rewind
Line K r Additional Area | 8 = Storage Index Fie
s o g o o Overflow Indicator| S Condition
S| Block 5 —18 u1-ug
= Sje S| Pocy | oo KM Key Field |2 Continuation Lines 2 T
E 218 |a N g ot N Starting | £ 5 5
S I E M P S J <= Location & K Option Entry b-g <
3 4 5l6l7 8 9 1011 1213 14]15)1e)i7]18]18|20 21 222114252627zan;g)_gzznussssams:ewuaus«wae 4 48 49 50 51 52 |53{ 54 55 56 67 56 69 }60 61 62 63 64 65 esl67]68 Golsol1 72]73 74
o|2| |riREleloRiDlS] |1]P 74 | 72 clolMs|olL]E
o3| FMAISITIEIR| | i€ 0|7 DISK | [ [ []]] |
ofaf [F 1 [
0i5 F
RPG INPUT SPECIFICATIONS
B Record Identification Codes . i
I 2 - - Field Location ::'z!d "
3 7 Py 3 = < ndicators
H . Il |2
. Zls | &
) 8| 154 . sl 2 lsg| &
Line Fitename N 3 £8 8 % 1. Field Name T |2=| D
g 3 = 5 £ N N % & g (wif]l & Zero
> o (=3 =} Position |—| 18! Posion |={ || Position || 18|?|x} From To | 2|22 & |Pus [Minusfor
't HAE Z|ol8 Zlol8 Zlo|8|3l3 H g |5e| 3 Blank
5 HE 5|8l2 5|8)2 HRHE g Sz 2
2 o{r| [Z|o]l& z | 2|5(6 Z|3|5|a|e o 8 |= @
aln]o] |
5 7 8 9 10 11 1213[14 |15 |16 [17|18 e 20 |21 22 23 24|25 27| 28 29 30 31)32|33[34 (35 36 37 38[39[40]41(42|43]44 45 46 47|48 43 50 515253 54 55 56 57 58|59 60|61 62|63 6465 66|67 68{69 70|71 72 73 74

[2YF]
k3

REICl0RDIS| WS 1 1

LRO

Qv [T [ b
= [ |[m[m[m
™

D
R
T
3

S [HF>
DN
[XIEIMNY
[23[x)

0
A
T
!

u

ojlojolo|lo]ofo|[o]o]e«
O lo|~w|®]lalslw]|ro] =]
H i H [N

We have described an input file, its records and fields. We
have also described an output file. You should have entries for
all of these items and be ready to describe the output records
and fields next.
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These next two figures highlight the two kinds of entries we
need to make on an OQutput Sheet in order to describe output
records and output fields.

For Describing Output Records (Positions 7-37)

RPG OUTPUT SPECIFICATIONS

O i[Space]  Skip Output Indicators
[
N |
al&
HNAR
Line Filename BHEHE
gllals And And
S
g =&
p Alo[o] 212 |5 5 5
§ 0olR o | < |z z z *AUTO
&
Aln|o
3456789|0|112131415‘6'718|9202|§L23242528272829303132333435363733”40414243«4546474849505‘525354555657585960618263646565676869707!727374
_‘_1__L 2
of1| (O
0)2( jO
03] O
oja| {0
oi{s| |O
ole| |o
ol7| lo
olg} 10

For Describing Output Fields (Positions 23-70)

RPG OUTPUT SPECIFICATIONS

Output Indicators
o P . Commas | 2670 Balances | o giqn | cr | - | X = Remove
to Print Plus Sign
Field Name g
- Yes Yes 1 A (J Y= Dae
| Yes No 2 s |k Field Edit
Line A A e No Yes 3 C|L |2Z= Zeo
nd nd | Positon No No 4 DM Suppress
g 2191 in
2 KIS 3 5
e 3 3 5 S|S| Ouwur |3 Constant or Edit Word
£ 2 Ed 4 Z|2| Record |&
o w |ed e
3 4 5|67 8 9 101112 13}14]15]16]17]18]19 20]21 22|23|24|26|26 |27]28|29}30{31 |32 33 34 35 36 37|38 140 41 42 43144145 46 47 48 49 50 51 52 53 54 65 56 57 58 58 60 61 62 63 64 65 66 67 68 69 70{71 72 73 74
0f1] |O
ojz2| lo
0i3f O
ofa o
015| jo
=
of6f{ {O
ol7]| |o
ols| (O

Here are the rules for coding Output sheet entries.
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Rules: RECORD

1. Filename (7-14) - Copy the output filename from your
File Description Sheet.

2. Type (15) - Specify the type of output record desired.
In our example, enter D for "detail" type because we
want to create an output record for every input record.

3. Output Indicators (23-31) - For detail output records
copy the number of the indicator assigned on the
Input Sheet. If additional conditions must be met
in order to create this output record, specify the
indicator(s).

4, When printing reports, make appropriate Space (17-18)

and/or Skip (19-22) entries. None are needed in this
particular example since no report is desired.

Specify your Qutput record description at this time.

s * *

RPG ouTPUT SPECIFICATIONS

0 |z Space}  Skip Output Indicators Commas | 2¢r0 Balances [ o T oo T Tx = Remove
wls f to Print Pius Sign
E(2 Field Name | -
N L Yes Yes ' A|J|Y=Dae
=] el E Yes No 2 B K Field Edit
Line |- Filename HMEINE - End No Yes 3 c L |Z= Zeo
HEEER And  And x| Positon No No 4 D |m Suppress
& = g|a] s
2 | 51s 2l o 3
AIDID] 5 | £ (8 8 5 8|5 Output 13 Constant or Edit Word
% olm s | |2 z z *AUTO =[] Record |&
w & |5 «
A[n[o
3 4 slef7 8 9 1011 12 13p1af1she]r7fre10 20|21 22)23(28|25)26 2728 ]29]30/31 32 33 34 35 36 37}an |9 J40 41 42 43)aalas 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70|71 72 73 ™4
o]t |oOMASTIE i
of2( (O
0|3} |0
ola| O

Again, your entries should be similar to mine. Be sure that
your filename and indicator are exactly like those you assigned

on the other sheets.

The final step in coding a solution to this problem is describing
the fields that make up the output record.

101




Rules:

FIELDS - Specify one field per coding line.

Field Name (32-37) - Copy the names of each field
needed for the output record from those you entered
on the Input Sheet. ’

a. Names start in position 32.

b. For convenience, specify the fields in the
order they are to appear in the output record.

End Position in Output Record (40-43) - Specify the
rightmost character's position for the field. For
example, if a field named AMZ is to be located in
positions 30-40 of the output record, specify 40

as the End Position. Omit leading zeros.

Here is the 1list of output field 1ocat1ons for our problem.
all of your entries at this time.

Your entries should be similar to those shown.
field names must be exactly like those you specified as input

fields.

Disk Positions Qutput Field
1 Code "M"
2- 7 Customer Number
8-27 Customer Name
28-47 , Street Address
48-67 City/State Address
* * *
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RPG OuUTPUT SPECIFICATIONS

o _|Zspacef  skip Output Indicators e Commas: | 2ro Balances | oo 1 op | I x = Remove
@ to Print Plus Si
213 Field Name |f | lus Sign
S[€ e | Yes Yes 1 A|4]Y=Dae
Fil = -.g N € Yes No ~ 2 8 I K 2 ;-eldEd-(
Line ilename M EHEE nd No Yes 3 c|L = Zero
gl¢la & And  And | Positon No No 4 o |m Suppress
é 13 e, £|%] «
Alo[ol €1 £ |8 5 5 S|5| Output |3 Constant or Edit Word
£ o[r I = z *AUTO £[2| Record [&
w w o a
Alnfo
3‘55789'0"1213|4|51S1718'9202'22232‘2526272829303133334353627_38@40“42‘3“45‘6l7‘54950&253545556575859605162638455666758&70"727374
of1] lomASTIER| | D P\
of2f lo 0DIE 1
o3| Jo CiuisiVio 7
of+| [0 - WAME 27,
ofs] Jo SiTRlelelr] | | 7
ols| o el Ty i
ol7| lo
oig| |O
ofs] |O

Now that we have coded all of the entries needed to describe

the files, records and fields, I want to show you the relation-
ships that these entries have to each other. Here's the problem
statement. The total solution is shown on the next page. Take
some time to note the relationships as shown by the connecting
lines.’

Create a file of disk records. These disk file records are to
be organized sequentially. The disk records shall each be 67
positions long and contain the following fields. Input records
contain this data in a different order, also shown.

Disk Output Fields Keyed Input Fields
1 Code "M" : 1 Code "M"
2- 7 Customer Number 2-21 Customer Name
8-27 Customer Name 22-41 Street Address
28-47 Street Address 42-61 City/State Address
48-67 City/State Addre;s 62-67 Customer Number
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Problem 1: Book Solution

. File Description Specification

File Type Mode of Processing File Addition/Unordered
F File Designation - Length of Key Field or = Extent Exit Number of Tracks
P of Record Address Field S for DAM for Cylinder Overflow
of File i
Record Address Type Symbolic g Name of Number of Extents
Filename Sequence Type of Fil Device . «!  Label Exit
OVP"_’ lle 2 Device = Tape
File Format rganization o = Rewind
. r Additional Area | 8 - Storage {ndex ;
Line — File
" a a ~ Overflow Indicator| § Condition
o 3 N H ET:)
3 SiE S| Biock Record MK Key Field | 3 Continuation Lines —
= SIS S| Length Length =+ y 8 Z
13 %Q ol3 « £(a Starting | & 2 2
S /_- [23 W >3 P I % =] Location & K Option Entry >4 3
3 s slelr s daoali2aaianislie]i7Nelio| 20 21 22 25126 25 26 27)28)20 sofatfszfas safos 36 37 38fsel40 41 42 43 44 45 46le7 48 49 50 51 52 Jsalsa 55 06 67 58 50 |60 6162 63 04 65 166{67(68 Galrolrs 22172 74
o[ [€RElclolepls! (e [W\[ [ [74] [ [7] Clovs[olL[e
o3 ITER! | 19, 7 D1 |8K!
o« |e7T] |
RPG INPUT SPECIFICATIONS
5 Record Identification Codes i
I 3 Field Location :‘le!d
2 1 2 3 5 s ndicators
= 2 2 ls |'s
g 3 H 2 lzg| 2
Line Filename s 12| {£5 8 2| FieldName | 3 |S3[ ©
8] s |lat & N 3 K g il g Zero
> 3 == Position |- 8| Position |=| |8} Position |- E|?|x| From To = — |22| & |Pius |Minuslor
L 3<% Z|ol8 Zlal8 HNHER H s |2E| =
E ElS| 8- M SIn|E FEHEHE < R EE Blank
& o[r] |2|S]& 2|0|6 2lo|s 2|o|5|a|= 3 ERELIRS
AIN]|D
3 4 slglz g 9 10t 1z abiatichietirfrs 21 22 23 24|25}26|27| 28 29 30 31 35 36 37 38 (30|40 |41]42|4344 45 46 47[48 40 50 51]52[53 54 55 56 57 58]50 60{61 62|63 6465 €6l67 68)60 70[71 72 73 74
o' [{|TIREEICIOR[DIS|) M 1 1] |C
N ) W,
ofz| Jr 1 1¥ Iclople
NARE 2| | [zla} Iviame
ola| [z %2 | 4|1} [STREET]
°ofs| |T 42| | 4] IChiTlY
I 62| | 6I7CIUSINO!
0|7 I
ols| |x
RPG OUTPUT SPECIFICATIONS
b _|Espace]  skip Output Indicators Zero Balances |\ oo | cr | - | X = Remove
@lg Field N to Print Plus Sign
NH ield Name Yos ] A |J |Y= Date
=[] 2] * No 2 B K Field Edit
Line Filename MEEE = End No Yes 3 c|L {z=2zero
. 13 E 3l< A A9 A | Positon No No 4 |o|m Suppress
S = 2l § 2] in «
alofo] § | 2 8 5 Sla| Ouout LA Constant or Edit Word
o|r @ | < |z = 2 “AUTO =1<| Record AT
ry W o
ilsé *&_ﬂ_‘ 1311416 116{17}18}19 2021 2223 26 (271282930 (31 |32 33 34 35 36 37|38 & 1‘24344454647484950&_5253545558575859805|6153646555575359707'727374
[ oW ASTER) L JRESNY
° ClODIE
ols] o cuisivo 1
°l4| |0 NA a7
bl 3T REET 47
sl lo ciry, 7
N
o{7] lo
08 (o]
09 [e]
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Problem 1: Summary

Coding solutions to data processing problems using the RPG II
language involves "describing" everything to be done.

1. Describe each file on the File Description Sheet.

2. Describe each input record type and its fields on
the Input Sheet.

3. Describe each output record type and its fields on
the Output Sheet.

4. Examine every entry on every sheet when you've
finished all of the descriptions to assure
yourself that all interrelated entries are
spelled alike (or for indicators, exactly alike).

We will be doing 5 more problems in this chapter. The rules you

have learned apply to each one. You will also learn new rules
when needed to describe new situations.
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Set aside your solution to problem 1 and get some blank forms so
we can code a solution to this one.

Problem 2: Print a listing of the records in the sequential
disk file created in problem 1.

< DISK >
]

PRINTER

SYSTEM/32

The disk file has 67-character records including a code "M" in
position 1, customer number in 2-7, customer name in 8-27, street
address in 28-47 and city/state address in 48-67.

The report that lists the records is to include headings as
shown here.

MASTER FILE LISTING

CUSTOMER ADDRESS

234567 THE RIBBON COMPANY 12 POST OFFICE DRIVE SHIPER, AX 10110
240011 OILEY BURD HIGHWAY 97 WALON, OJ 77774
252578 HOT SUMMER'S DAE 120 SHADEE LANE TUNDRA, KL 90903
378941 SELLFAS PIPE CLEANSO BOX 1012023035647883 LKJHGFDSA, CM 00001

A print chart showing the desired record and field layouts is
also included. Look at it briefly and then continue. We will
refer to it again when coding output sheet entries.
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150/10/6 PRINT CHART  PROG. ID PAGE

(SPACING: 150 POSITIONS AT 10 CHARACTERS PER INCH, 6 LINES PER VEATICAL INCH) pATE
PROGRAM TITLE .
PROGRAMMER OR DOCUMENTALIST:
CHART TITLE
CARRIAGE CONTROL [ ‘
—— TAPE CHAN. lllIllllI|222222222!33!3313333llllll}ll‘lls55555555668U666686671?1!7117130!3
N-OOBN_BUBIN— H2[3[4i5]6]T[8[9]0]12[3[4!5]6]T/8[8[0] 112|3[4}5617i88]0f1 2{314{5:6/7]89:001I2[3'4;5 6 1(8]9)0]1:2|3 4:5[6[7(8]9|0F1:2(3{4(5{6{7{8;910{I12|314(5(67{8(8(0]!}23:
] [ i SEE
2 2 N B
3 3 ; ! T
4 4 L Lt
5 5 Il |
d - N TER EILE] LISTI
7 7 T
0 s BRI RRENR
9 [RUE I~ T
10| 10 1 i E :
i D[ i X i smmaaE:
12 12 p L N 1 e gl L. /
13 13 nva \ Ty{asa i })ﬁ; < a5
14 14] T 1
15 i5 T
16 16 T 1
17 17 i
18 18 T 1777 I

At this time code all of the File Description entries and the
Input entries needed to describe the input disk file and its
records. Refer to the rules presented with the first problem

if necessary. Use MASTER as the input filename for this example.

* * *

The input file and its fields should be specified as shown here.
You may have different field names and a different record
identifying indicator and you may have assigned two different
letters for sequence, but all other entries must match mine.

RULE: Indicators 01-99 may be assigned to identify DISK file
input records.

RULE: Indicators 01-10 may be assigned to identify CONSOLE file
input records. el L
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File Description Specification

F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or = Extent Exit Number of Tracks
o of Fie of Record Address Field S for DAM for Cylinder Overflow
W
Record Address Type lic || Nemeof Number of Extents
) ¢ ic |3 .
Filename Sequence Type of File o Device gg"l:: w»l  Label Exit Tome
File Format Organization b ‘§ s ) Rewind
Line or Additional Avea | 8 torage Index i
8 o g a oo Overflow Indicator| Condition]
S| Block Record —13 - u1-us
= Sl Zl Lot | Leren 2(9 Key Field |8 Continuation Lines P
[ 2 HREE Sal P =5 Surting | £ S
2 2 (wlR]e 3 2[5 Location |W K Option Entry < =
3 4 5|617 8 9 101112 13 14]15}18]17]18]19 20&_2_2‘23*24 25 26_21_28‘29 30|3IF!*3334H3536’27_‘3839 40 41 42 43 44 45 45147 48 49 50152 53} 545_5562?&&&2&5‘ 66186167168 69]70]71 72173 74]
°i2) [FIMAISITIEIR] | (I[P 07 181K
o3| (F '
ola F

RPG INPUT SPECIFICATIONS

5 Record identification Codes X . Field
3 Field Location "
2 1 2 .3 = < indicators
£ 5 s
2. 2 = |5 s
g 2 S 2isgl
Line Filename g 1z| |E5 K 2| FieldName | 5 [33] =
& g = 5 . 3 o 8 |iLi| § Zero
z é [Tie]= position [~[ 1E| Position [=| [E| Position |=| [E[?|x| From To |3 2122 & |Pusmi
p HEE 2lo|8 2lold éa§§§ £ TlEE| & Blank,
£ FIE zI5) & N 5 £ (85|32
£ o|r] |2 E ﬁug 2|6 2(5(5(81= 3 855&:
aln]o
3 4 5(6]|7 8 9 1011 12 1314|1516 [17[18 19 20 j21 22 23 24|25{26|2728 29 30 31|32|33{34 (35 36 37 38(39|40|4a1]42]|43{44 45 46 47|48 49 50 51|52(53 54 55 56 57 58{59 60{61 62|63 6465 66167 68169 70)71 72 73 74
o['[ [-MAISITIER | [ala] | igal [T 1] iciw |
of2| [1 YA Cl#
o3| |1 27| CIVAME
o+ Iz 28 | 4
05| |t 4,8 v/RE]
016 I
o|7f (T
ofe| |1

Now we are ready to describe the output file. 1In order to
describe a printed report as an output file, follow these

rules. When you have read them, make the File Description
entries that describe the report file.
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Here's a figure highlighting the entries needed'to describe
the output print file.

File Description Specification

F File Type ]

Filename Device

Line
Overflow Indicator

[z voricio
-
g
L

o

7.8 9 10 1112 13 14

13

i

16]17]18]19] 20 65|66]67]68 69|70}71 72|73 74

1»
I8
B

27]28129 30]31]32]33 34{35 36 37 38139140 41 42 43 44 45 46147 48 49 50 51 52 |53} 54 55 56 57 68 59 |60 61 62 63
_.L.l’_.l_r_l_._._. woUE L o EEaay S L

~JoJeoJo]o|o]e]elo

olo|o|~w]aololalw ][]

g A [mim|n]|n [ n [ 7 |= Formiype

S N S S NS U -
Z2 1oL 65 B 15 95 55 ¥4 65 25 19 0G 67 8 LV 9v Sb b €9 Zv Lb Op 6T BC LG 9E GC VE CC Z€ IE OE 62 82 LZ 9 G2 VC EC CZ 1L 0Z 61 8L LL SI SI Vi EL ZL (1Ol 6 8 £ 8 6 b € £ |

Rules: Print Files

1. Filename (7-14) - Invent a name having from 1 to 8
alphameric characters.

2. File Type (15) - Enter 0 for output.

3. Record Length (24-27) - Enter 132. On System/32, print
files contain lines (records) of 132 positions.

4. Overflow Indicator (33-34) - Enter one of the following
codes: OA, 0B, 0C, OD, OE, OF, 0G or OV. It is used
to control printing when a page is full.

5. Device (40-46) - Enter PRINTER as the device name.

Now specify the print output file.

* * *
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I used LIST as a filename and selected the code OF for an over-

flow indicator.

Here are my entries.

File Description Specification

F File Type File Addition/Unordered
File Designation = Number of Tracks
af for Cylind 1l
End of File g or Cylinder Overflow
U £ Number of Extents
| Sequence . Symbolic &
Filename o Device Device ﬁ Tape
File Format ) K Rewind
Line 3 File
=) O Condition
= [=]
& S|E 5| sl <3 K] ut-us
- Slo S| Length =le § z
£ slal| [glz 3 sls H 3
04 2|5 w||x 3 U= i 3
3 4 5}6|7 8 9 1011 12 13 14|15)16]17]18[19}20 21 22 23] 31]32]33 34 39[40 41 42 43 44 45 4647 48 49 50 51 52 66167|68 69170171 72[73 74
of[ [rMalsER] [ [1]P ] 11K HEREN
o3| |FILIl|8T 0 (¢ Rl INT
ofa| [F
ofs| |F

Next we will examine the report to determine what "types" of

output records are shown.
1. Headings - Report title or column headings, and/or
2. Details - Lines of input record data, and/or

3. Totals - Lines that contain some totals from

information in detail records.

As you examine the sample report try to determine how many

A report may contain 3 types:

different types of output records are shown.



MASTER FILE LISTING

CUSTOMER ADDRESS

234567 THE RIBBON COMPANY 12 POST OFFICE DRIVE SHIPER, AX 10110
240011 OILEY BURD HIGHWAY 97 WALON, OJ 77774
252578 HOT SUMMER'S DAE 120 SHADEE LANE TUNDRA, KL 90903
378941 SELLFAS PIPE CLEANSO BOX 1012023035647883 LKJHGFDSA, CM 00001

I noted 2 heading record types and 1 detail record type. There
are no totals on this particular example. A print chart is
used to show both the type of line (record type) and the fields
or constants such as titles they contain.

150/10/6 PRINT CHART  PROG. 1D PAGE
(SPACING: 160 POSITIONS AT 10 CHARACTERS PER {NCH, 6 LINES PER VERTICAL INCH} DATL______—_.
PROGRAM TITLE
PROGRAMMER OR DOCUMENTALIST:
CHART TITLE
CARRIAGE CONTROL I
___  TAPE CHAN. i 2fel 22212 2|2 2] 213 )8 (313 {33 (3 {3 |33 |e] 44 (4 uuoslslsssssussussss,sssrnnnnu s
NESea~_ouamn— 1[2slalsls|lalsloile]sialss|r}s|slod 2| 3|a|s|si 7is|s|o 1|2l a]s 6|7 atalod ii2i3!s]sls!t}a|slofl2]3  als s |7 o s|of 1 2] 3, 45]s;7]8 o10] 1] 2|3 | a|s]s|7]sslo]1]2]3
1 ) t T
2 2 i i
3 3 T 1Bl
4 4 IR B
5 5 T [
6 H16 El 13l
2 > FiM LISTING
8 8 T
5 Hs o ;
10] 10
1 D i =
2 12 FT" N an. 3 R 3
13 13 v \ - ] WY
14 4 .
15 15
6 16 / i
7 77 T T
18 18 | T
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You noticed that we represent fields of data with an X at
either end connected by a straight line. Also, we show the
heading information exactly as it shall be printed.

We are ready to describe these record types, their fields and
their constants on an output sheet. Here are the rules you need
to refer to.

Rules: RECORD

1. Filename (7-14) - Copy the output filename from the File
Description sheet.

a. When two or more record types are described in
the same file, the filename is only required for
the first record type.

2. Type (15) - Specify code H for headings or code D for
details.

3. Space (17-18) - Specify the number of lines to be spaced
either before or after printing.

a. Acceptable entries are 0, 1, 2 and 3. A 1
produces single spacing; 2 produces double
spacing and 3 produces triple spacing. When
zero is specified, no spacing occurs.

b. An entry may be made in both positions 17 and 18.

4, Skip (19-22) - Specify the line number to which paper shall
be skipped either before or after printing occurs.

a. Acceptable entries are 01-84.

b. An entry may be made both for skipping "before"
printing and skipping "after" printing.

NOTE: If no entry is made in columns 17-18 or 19-22,
printing will automatically be single spaced.

NOTE: If entries are made in all four places for one
line, the action will occur in this order:

First - Skip Before
Second - Space Before
Third - Skip After
Fourth - Space After

5. OQutput Indicators (23-31) - Specify the indicator that

shall control "when" printing, spacing and/or skipping
shall take place.
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a. To print a heading on the first report page made
up of constants but no fields, specify indicator
1P (first page).

At this time code the entries needed to describe the first
heading record type for the report.

* * *

Here's my solution that provides for controlling the printing
of the H line.

RPG OUTPUT SPECIFICATIONS

iy i t Indicators
o _||space|  skip Output Indic ; Commas | 2er0 Batances [ e T T - Remove
wls ) f to Print Plus Sign
£l Field Name f} Yes Yes 1 A |4 |Y=Dae
B Yes No 2 8 | K Field Edit
Line Filename = § Sle End No Yes 3 c L |Z = Zero
. HEEE And  And | Positon No No 4 o M Suppress
S g 1 . £l n ©
’E alolol 21 2 iz 3 s S|a| Ouput |3 Constant or Edit Word
s o[R e <= = z *AUTO £|€| Recora [
w w jm a
Aln|o
3 4 5|16|7 8 9 1011 12 13[14{15|16]17]18{19 20§21 22{23(2425)26 1272812913031 |32 33 34 35 36 37|38 39 |40 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 69 70|71 72 73 74
o1} (oL |/|8[T H| | 3|¢6
oi2; |0
0|3} |o
0|4} |O
ois{ o

Where did I get the entries "3" for space after (18) and "@6"
for skip before? If you said, "From the print chart", that's
exactly right. The chart shows that the report line shall

print on 1ine 6 and the next line of printing is to be line 9.

The coding just shown provides for printing a title on the
first page only. To print the same title on all other pages,
I need to control it by using the overflow indicator assigned
in positions 33-34 on the File Description sheet. I use a
special RPG II output statement called an "OR" line. Here
are some rules you should know when coding such a statement.

Rules: OR output 1line

1. OR (14-15) - Specify the word OR in these positions on
the next coding line when an output record is to be
created if either of 2 conditions exists.
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2. Space and Skip (17-22) - When special spacing and/or
skipping is to be associated with the OR line, specify
it. If spacing and skipping is to be exactly the same
as already specified on the previous coding line, do
not make entries here.

3. Output Indicators (23-31) - Specify the indicator that
shall control the OR 1line.

At this time specify an "OR" line to be printed when your
overflow indicator is used.

* * *

Here's the coding that will print a title on the first page
(1P control) and on all additional pages (OF overflow control)
of the report. If you used a different overflow indicator it
must be the one you specified on the File Description sheet
earlier.

RPG OUTPUT SPECIFICATIONS

Space]  Skip Output Indicators 5 | Zero Batances

i - (X = Remove
1o Print No Sign | CR

Plus Sign

Field Name

Y = Date
Field Edit

= Zero
Suppress

Yes 1 A

l

And And

No 2 B
End No Yes 3 c
Positon No No 4 D
in

Line Filename

Trxe
N

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

O] Before
O]  After

i
Output
Record

Constant or Edit Word

Before
After
B/A/C/1-9/R

k]
z

3
8
= *AUTO 1
i
38

2 P/B/LR

45 46 47 48 49 60 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70|71 72 73 74

30
3

7 8 9 1011 12 13}14

LI/ IS[T]

|s|92021121‘2324 26 [27128]29 /30|31 |32 33 34 35 36 37 140 41 42 43

(3

S IEIEEIE]
b E]

Q [

O({0O/0O|O|» FormType

Well, we now have specified two lines of code to describe the
record type (H), the desired lines (skip before to #6, space

3 after), and when this line shall be printed (1P or OF).
What's next? Now we need to specify the actual report title.
This is done by describing a constant on the next coding line.
Here are the rules to follow.
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Rules: Qutput Constant

1. End Position in Output Record (40-43) - Specify the location

of the rightmost character in the constant.
a. Refer to a print chart.
b. Omit leading zeros.
2. Constant (45-70) - There are 5 points to remember.
a. Specify a single quote mark in position 45.
b. Specify the exact characters starting in position 46.

¢c. Specify a single quote mark in the position after
the last character of the constant.

d. Use one space for each character.
e. Any character may be part of a constant.
At this time specify the report title as a constant on your

third coding line. Refer to the print chart to determine the
End Position in Output Record entry.

* * *

Here's my solution. Is yours the same? If not, re-examine
the print chart before continuing.

RPG OuUTPUT SPECIFICATIONS

O TiSpace|  Skip Output Indicators > | Commas | 2¢70 Balances | \ oo | op | = | X = Remove
iy b} g to Print o> Plus Sign
IE- & Field Name Yes Yor 7 A4 |Y-Date
T el Yes No 2 8 | K Field Edit
Line Filename e E End No Yes 3 c|lL 2= Zero
HEEE And _ And | Positon No No 4+ |o|m Suppress
§ cle sl £12) in 3
T Afofo] £ £ |3 3 H 8lg| Outpur |3 Constant or Edit Word
5 olr @l <]z z = *AUTO £]2| Recora |@
w w | a
Alnfo
3 4 5|67 8 9 1011 1213(14]15]16{17]18]19 20|21 22|23|24 2528272829303112333435 36 3738 40 41 42 43144145 46 47 48 49 .50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70|71 72 73 74
°l] |oL|/18|7T] Id 1P
of2| Jo oiR oF
03 o 48| ['MASTIER| |FltiLiEl |LIIISITI/ M\
ol4| |O
ols| |o
ofsl lo
ol7| to
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Well, that satisfies our requirement to print the report title
on every page of the report. What's next?

MASTER FILE LISTING

CUSTOMER ADDRESS

234567 THE RIBBON COMPANY 12 POST OFFICE DRIVE SHIPER, AX 10110
240011 OILEY BURD HIGHWAY 97 WALON, OJ 77774
252578 HOT SUMMER'S DAE 120 SHADEE LANE TUNDRA, KL 90903
378941 SELLFAS PIPE CLEANSO BOX 1012023035647883 LKJHGFDSA, CM 00001

There are two constants (CUSTOMER and ADDRESS) to be printed as
a second heading record.

1. Print this type of record on every page also.

2. Double space after printing it.

3. Specify each constant as a part of this record.
4. Refer to a print chart to determine End Position.

Try to code all of the entries needed to describe this heading
line.
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150/10/6 PRINT CHART  PROG. 1D PAGE
{SPACING: 150 POSITIONS AT 10 CHARACTERS PER INCH, 6 LINES PERVERTICAL INCH] DATE

PROGRAM TITLE
PROGRAMMER OR DOCUMENTALIST:

CHART TITLE
CARRIAGE CONTROL T l i
— TAPE CHAN. llllllllll2ZZZZZ2?2253533333554“1[4&4]1“55555555556666556{66617111177710! 1)
N=CWB~N_oubwn— 112(3{4l516i7(8l910 12131415 6, Tj8l9{0F 112]3]4]5]6]7]8]9]001]2)314]5i6]7]8[9,0F1{2]3'4;5:6'7]8]9;0]1:2|3;4:5/6|7/8]9]0f1123145]6,7/8;9:0]12[314]5]6;7/8/9/0 3
] ] ! !
2 B - 1
3 3 i IRBE
4 4 | iR
5 5 ™7 1T
5 Hl6 Mas ALE LIS
7 7 o] ;
2 S ENEREN MERRERRE
10 10 | B B
i D N i mun anss X
2 2l 11 ' N AR ; B / 3
13 13 v UT{a4 ALY 1) N
14 4] ] T
15 15| {
16 [3 ! il
17 17 i r
18 18 { I
* * *

Check your entries against the book solution. Did you recall
that you don't need to specify the filename since it was
already specified for the first heading record?
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RPG OuUTPUT SPECIFICATIONS

o _ % [Space|  Skip Qutput Indicators Commas | Zero Balances | Sign | CR | - | X = Remove
w o Print y
= H Field Name Plus Sign
Sl Yes Yes 1 A 1y Y= Date

- 1= of o Yes No 2 B K Field Edit
Line Filename SlE 8 2 End . No Yes 3 c L {Z= Zewo
glglal< And . And | Positon No No a o |m Suppress

g G e R =

L Alp[o] 2 & |5 5 5 S1S] oueut |3 Constant or Edit Word

5 olR @< |2 = z *AUTO = 12| Record |3

[t R S

. a[nlD

3.4 si6f? 8 9 1041 12:13}14 )15 }16/17} 18] 1920121 22f23]24)25]26 |27 2820 |30]31 132 33 34 35 36 37138 Joo J40 41 42 4344}45 46 47 48 49 S0 51 52 50 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70|71 72 73 74
o[+ Jol]s]slr] H | 3lde] | | 11l
ol2| o} olR olF
23110 8l ['MaiSITIER [Fl1lLlE] |L1|s[T]sMe]”
el Jo bl |z 1P
ols| Jof " 0|R OIF
| : v
ols| o 112| USTIOMER "
ol7 N

o ADDRESS|’
08 (o]
o8} 10| -

In order to describe the remainder of this report we need to
examine both the print chart and the sample report page.

1. What type of record is to be described?
2. What spacing is required?

3. ‘How many f1e1ds or constants are a part of this
- record?

4. "When" shall it be printed?

From the pr1nt chart we see that the- type of record to be
described is detail (D on line 11). Awgetgjlvoutput”recqrg

is produced for every detail 1nputerM3“d

The report shows that deta11 lines are single spaced
The print chart shows 4 fields, no constants.

A detail line is to be printed for each input record _that
means control printing by using the record 1dent1fy1ng
indicator assigned on_the Input sheet as_your output indicato

on the Output sheet.

At this time code all of the entries you think are needed to
describe the detail line.

%* * ' *
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RPG OUTPUT SPECIFICATIONS
O @ %Space Skip Output Indicators > [ commas Zeyfo?:rl‘.an:ces Nosign | CR | - | X - sm;,:n
E 8 Field Name : Yes Yes 1 A | J Y= Date
sl5l, Yo No M 8 | Kk Field Edit
Line Filename = 58| 8 End No Yes 3 c L |z=2zero
HEEE And  And «| Positon No No 4 | oM Suppress
é’ il g . é 2f in x
= Alofo] S| 2 1% 3 5 3|5| Outpur |3 . Constant or Edit Word
5 o[r @ <[z = z *AUTO Z1<| Record |@
= Alnlo e h
3‘56789101112!31415|$|7|8|9202|222324252627§J293DS|13_2333435363738E4041424344454647484950515253545556575359605‘62636485656763597071727374
o1} {OIL|18]T 1P
ol2t 1o OR OF
—L P 48| |\ MAISTIER] |FlIILIE| L)1 18T M6l
04 o] H z 1 P
ofs] [o oR OF
ols| Jo 12| |ClUlSTIOMER”
e 43 | ESS|’
ols| |o 1 m H
olef lo C 14
el e CINAMIE 33
1)1t o ST 56 i
12y 10 S 79 |
113 o
.
1]a] {o |

Your entries should be similar to mine.
left position 18 (Space After) blank,
are no other entries for positions 17 22.

lines will automatically be single spaced.

For a review of problem 2,

problem statement.
the next page.

Problem 2:

file created in problem 1.

(

SYSTEM/32
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that s fine because “there

Therefore, the detail

[

here's a system flowchart and the
A completely coded solution is shown on
Note again the interrelated entries.

Print a listing of the records in the sequential

PRINTER



Problem 2: Book Solution

FiIe‘Description‘ Specification

F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or = Extent Exit Number of Tracks
Pp— of Record Address Field b for DAM for Cylinder Overflow
Record Address Type - 3 Name of Number of E:
i Symbolic  {d5 N mber of Extents
Filename Sequence Tyre of e B Device D‘:wice f Label Exit . Tare
File Format Organization o Rewind
e or Additional Area g 3 Storage Index e::;;
or Additional Area |
<} Overflow Indicator| Condition
& olel | (5 b 5 ;
> Sle | Slock Record ¥[8 Key Field |2 Gontinuation Lines L
31 g ength Length =1k " s 2|
13 Slal [elZ « &l Starting ¢ S
o S w|)E 3 s Location |4 K Option Entry 2 |
3 4 sledl B o 1114m§n|s|920’g'3§2 24'_212627__2£g3031stau:sr:ﬁ#aaaeroauzaaunsasnasasays_«szsa iq_gsﬁg_rsa_g_gg_siiz_glg_sssslmsagton127374
ol2] (rMASITIER | | q Pan 1Sk ]
ofs| FlLl1[sfT 0 4 LlolF PR} NTIER
olal |F N
(5 A | |
0 7, F
RPG INPUT SPECIFICATIONS
5 Record IdentificationfCodes i
I / H Field Location :;';‘f:awrs
2 1 2 3 = < i
: AN
gl | (5 £ S gl e :
Line Filename g 15| {E5 § 2| FieldName | 5 [3] =
8 z [Zl51 8 N s ° 3 |ti] 3 Zero
= 3 P 2 | position || 18] position || [E} position || [8[]x] From To |3 2 |22 & |rus [Minusor
[ 21818 Zle|s E|d %E@%d £ glsgl s Blank
3 4 EIN|® <IN N|I® c k3
g o[l |2151 & 258 5|5 2(5)61 18 H 5|28 &
AN
3 4 5 14 J15 |16 |17] 15 8™ N1 22 23 24 |25)26|27| 28 29 30 31{32{a3]p4a |35 36 37 38|30]40[a1[42]a3]as a5 46 47|48 49 50 5152|553 54 55 56 57 58|59 60|61 62{63 6465 66[67 68(69 70{71 72 73 74
'Y K
o[ T {MalsITIER)! Ial] [([@11))T [ 1] Clm jas
Ny
ol2] T él 7|¢|c Y
3
o[ 8| | 21 [CWAME
ol Iz 28 | 47 8T
ofs] |x [ 418 | 167N
ofs| |1 v
ol7| |1
ols| |1
RPG ] OUTPUT SPECIFICATIONS
O @ [space| {skip Output Indicators . el Zero Balances y N -
Q E ) s i > mmas 1o Print No Sign | CR X ;iv:g:r;n
g & Field Name Yor Vos 7 AJd|Y=-Date
3 S1=[el . Yes No 2 8 | K Field Edit
Filename MEHE] No Yes 3 c (L [Z= Zeo
HEHE And _ And | Positon No No 4+ |o|m Suppress
e alpolo]l £1| £ |5 g 5 S|S) Outewr (3 Constant or Edit Word
5 olR afl < (2 z 2 “AUTO 21| Record
AN W o
3 4 7 8 9 10 12 131415 ]16[17| 18|19 21 22123242526 8| 29430 {31 |32 33 34 35 36 37138 |30 J40 41 42 444145 46 47 48 43 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70}71 72 73 74
o\ (ole]1 ]8T Al | 13l
olz) |9 0|R! (Y F ) / /
ola| Jo VL NA /48| |"MAISITIER] [Fli[LIE] [L[1|8T]I MG\
olal lo H 2l ,Rf{ 1/
ofs{ o OIR OF ,//
TYY y
olol Jo \ 2| [ lolusiTiolMEelR)”
\ ’
of7] [o ~ 45 |*ADDIRE|SIS
EIR [] D 1 1 y o
b
o¢] Jo NA /| ™\ 110/
1o o CINAME ) 33
il o ST 56
12| [0 s | |/ 79
1(3{ (O ™
1{a| |O

120



Problem 3:

Problem number one involved the creation of a file of disk
records organized sequentially. For problem number two we
coded a solution that involved printing the contents of the
sequential disk file. Here's problem three.

"Create a file of indexed disk records. Input records
are to be keyed in from the console".

o =)
KEYBOARD '

INDEXED
SYSTEM/32

The input file contains two kinds of records. The very first
record is a file creation date record. After it has been keyed
in, all the regular transaction records are keyed. A "key
field" is found in the transaction records. It will be used

by RPG II to build the index when the disk file is created.

KEYED RECORDS - 2 types

1. first record 2. transactions
Position Field Position Field
1 Code letter "D" 1 - 2 Code characters "X6"
2 -7 Creation date 3- 6 Account # (key field)
| 7 - 25 Name
26 - 31 Beginning balance,
' two decimals
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DISK RECORDS

The output file records are to contain these fields.

Position Field or Constant
1 B Character "B"
2 - 5 Account number (key field)
6 - 11 Beginning balance
12 - 17 « Creation date

31 - 49 Name
Each output record is to be 75 positions long.

When an indexed file is described on the File Description, we
need to include information shown in the highlighted areas.

File Description Specification

F Length of Key Fieid or
of Record Address Field
Record Address Type
Type of File
Organization
Line r Additional Area
8 N -
> ¥|8 Key Field
E =la Starting
2 U= Location
4 516l7 8 10 11 12 13 14 J15)1 18)19§20 21 22 4 25 21 28 113233 34]35 36 37 38f39] 40 41 42 43 44 45 46|47 48 49 50 51 52 53|54 55 56 57 58 59 |60 61 62 63 64 6566}67|68 69]70|71 72|73 74
3 9 15 617_8{9 2 23] 24 25 26 27 nﬂ\g_‘_‘ ____l 21 52]53] 5 55 6 57 58 59 160 61 62 63 64 65| F_l
02 F
0i3] |F
0|4 F
05 F
0{6 F
07 F
0|8 F
ol9( (F
1j0 F
F
F
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Your first step is to describe the input file and the output
file on a File Description sheet.
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Here are some new rules for reference when descr1b1ng an 1ndexed
file.

Rules: INDEXED FILES

1. Length of Key Field (29-30) - Specify the length of the
field that is to be used as the key field.

a. Omit the leading zero.

b. The maximum length of a key field is 29 characters
if the data is alphameric.

c. The maximum length is 15 characters if it is a
numeric field.

2. Record Address Type (31) - Enter code "A". Tﬂis code is
used when processing or creating (loading) indexed files.

3. Type of File Organization (32) - Enter code "I" to desig-
nate Indexed file organization.

4. Key Field Starting Location (35-38) - Specify the starting
location of the key field in the disk record.

a. Starting location is the leftmost position.
b. Omit leading zeros.
Describe both the input and the output files at this time. For

the moment, ignore the block length and record length entries
for the keyed input records.

* * *

Your entries should be similar to the ones shown. If you had
an error in columns 29-32 or 35-38 re-read the cod1ng rules
and make corrections before continuing.
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File Description Specification

F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or = Extent Exit Number of Tracks
- of Record Address Field 5 for DAM for Cylinder Overflow
End of File > N ¢
Eil Sequence Record Address Type ) Symbolic %] Lag‘: gxit Nurmber of Extents
ilename — ;ype ‘.)f Fllle o Device Device i al Tape
ile Format rganization w © Rewind
Line r Additional Area |8 - Storage Index Fic
or Additignal Area § 5
a Overflow Indicator| Condition
g 1 N S| siock Record N — 5 B
= Qe S ¥|° Key Field |2 Continuation Lines .
3|s @ Length Length = . 8 z
£ Sle elz s sla Starting | £ S 5
L =T (wl | 3 2= Location {¥ K Option Entry b3 &
6 1
345 vasm||2|3|415|sn|sw20Aﬁ23|24_2572_5q4%@_mlmJzasmiasggﬂae 404142«344454547uﬂso’iszlsslsa'is_’i’glsigﬁg_sg_’g_u__s_sss7gis__7_q7172737~
ol2| [Flf 1P | CIONS
ols| |FMA[3T|AlCICITIO 75] | #lAll 4 DIl ISK
o] |F
ols| |F
ol6 F

In this particular problem, the very first keyed input record
is different from all remaining keyed records. The first keyed
record is the file creation date record. RPG II permits the
use of multiple record types in any input file.

Before we describe each of these input record types consider
this point. If the file creation date record is not keyed in
ahead of all transactions used to create the file, the output
records will not include this field.

RPG II can assist the programmer in making sure that the type
of record that must be keyed in ahead of all others is actually
keyed in. A numeric entry under "Sequence" in position 15-16
of the Input sheet takes care of that requirement. To further
describe the conditions we will be making entries in the high-
lighted positions shown.
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RPG INPUT SPECIFICATIONS

Line

l Sequence

3 Number (1-N)
Option (O)

»

7 8 9 10 11 1213J1afisfi6[17]18h9 2021 22 23 24)25]26]27{ 28 29 30 31{32|33]34|35 36 37 38|39|40[41}a2|43 |44 45 a6 47]a8 49 50 51{52|53 54 55 56 57 5859 60{61 62|63 64]65 66{67 68|69 70[71 72 73 74

(=3 (=] o o [=] o o o |w
[ ~ o o > w ~ - -
HlH [H[H H[R[H [ H]|o  FomType

Now for the rules. To identify two or more input record types
that must be keyed in (or read in from disk) in a particular
order, make these entries. ‘

1. Sequence (15-16) - Enter "@1" to identify the first record
type.

a. Enter P2 for the second record type. Enter @3
for the third record type, and so on.

b. Gaps in sequence numbers are allowed, but the
numbers used must be kept in ascending order.
The first number must be @1.
2. Number (17)

a. Enter a "1" if one, and only one record of this
type is to be keyed in or read in as input.

b. Enter the letter "N" if any number of records of
this type will be keyed in or read in as input.

c. When there may be one record or more than one
record of a particular type, use "N" as the entry.

3. Option (18) - Enter the letter 0 if this record type may
or may not be present.

a. If position 18 is left blank, at least one record

of the type being described must be keyed in or
read in as input.
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I've repeated information about the input records for problem 3
so that you can refer to it as you describe each type. Remember
to describe a record type on one line of the Input sheet and
then use the next line to describe a field. At this time code
all of the Input entries you feel are needed to complete the
description of the input file.

NOTE: Filename is only entered for the first record type in
the file.

Input Record Positions Field
First 1 Letter "D"
2 - 7 Creation date
A11 Others 1 - 2  Code characters "X6"
3 -6 Account # (key field)
7 - 25 Name
26 - 31 ~ Beginning balance,

2 decimals

* * *

Examine your entries.
1. The first line should describe the first record type.

2. The second line should describe the field in that
record.

3. The third line should describe the second record
type.

4., Lines 4, 5 and 6 should describe the fields in the
transaction records.

Now look at the book solution. If your answers are not the same
in positions 15-18, re-read the rules and correct your entries.
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RPG INPUT SPECIFICATIONS

5 Record Identification Codes . . Field
K] Field Location )
2 f 2 3 5 < Indicators
e - k- -
8 £: H R
. N € |~ 2 - 2 . =28l =«
Line | Filename LS RER g %| Field Name R R
g g 2lal 3 " N 5| poci 513 £ SIS 8 sl 27
2z 2| =12 | Position || |B| Position [| |E| position [ E{?|x| From To |3 2 122] & )Pus Minus
2512 Z1a|% Zlo|% B N g s leEl &
£ EE] g 5|3|8 PN FNEEE 5 £ |85l 3 Blenk
N N|Fisia K
& olr] 1218 ¢& 23|56 2lsi5 2islslals & 8186 &
Aln]D
3 4 5|6[7 8 9 1011 12 13|14 015 [16|17]18 119 20 |21 22 23 24|25(26{27]28 29 30 3132|3334 |35 36 37 38(39{40{41{42|43{44 45 46 4748 49 50 5145253 54 56 56 57 58|59 60|61 62|63 64|65 66|67 68|69 70|71 72 73 74
o[t Tl v C
02 ] |
1 THCRDATE
3
o) T BN B 1 iCX 2l 0|6
ol4] |X IACCT
ofs| |z 7 5| INAME
ole
I 1 26| | 31/2BEGBAL
07 I N
ols| {T

As coded here, the description of the input file's records means:

1. first, the operator must key in a creation date
record, and

2. next, the operator must key in at least one
transaction record.

If this is not done, the program will automatically stop to
prevent the creation of disk records without a real creation
date.

You should now finish the entries needed to describe the console
file - record length and block length. Do you recall the rules?
If so, good. If not, they are repeated for your convenience.

Rules: Console File

1. Record Length (24-27) - Take the value from the record type
with the highest end position specified on the Input sheet,
and add one. Add one for each field specified in that
record type except the record identification field (if it
is specified as a field).

2. Block Length (20-23) - Enter a number that is at least two
more than the calculated record length.

* * *
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Here is a File Description with all desired entries for your
reference.

File Description Specification

F File Type Mode of Processing File Addition/Unordered
’ File Designation Length of Key Fietd or = Extent Exit Number of Tracks
End of Fil of Record Address Field o for DAM for Cylinder Overflow
ne ile =
Record Address Type " Z| Nameof Number of Extents
' Sequence ; ; Symbolic Label Exit
Filename ;vpe of File 2 Device Device ﬁ Tape
File Format rganization o Rewind
Line or Additional Area -§ 4 Storage Index T Fie
[=] o |Overfiow indicatar ‘-=’ Condition |
g olg s = -l vi-ug
= g|g : E‘;.Cl:h E:w: N Key Field |2 Continuation Lines 2 —
3 28 lels o R e =15 Starting | &€ ’ 5
5 [SH A 3 s 3 2= Location | N K Option Entry < =
3 4 51617 8 9 10111213 14 f15116/17{18]19]20 21 22 23} 24 25 26 27)28 ooSlszasulss_gg‘g:swmuazaauﬁw47484950%525354_&5551.?;2_@3‘_2__&_3_&_3566678889107!727:;5
of2| |¢liIf 1P 1] 38 ONSlo|LE
o3| IFMASITIAICICITIO 75| | HAlL 4| [DI1SIK
Jola} IF
05 F
ole| |F

There are no new entries needed on the Qutput sheet in order to
describe the disk records. Here's a quick review just to
refresh your mind.

Rules: Qutput
1. Use the first line to describe an output record.
a. Specify filename, file type and output indicators.

2. Starting on 1ine 2, use one 1ine to describe each field or
constant that is a part of the output record.

In our problem you are to specify one type of output file record.
Each record shall contain:

1. Code "B" in position 1,
2. Account number in 2-5,
3. A beginning balance in 6-11,
4., The creation date in 12-17, and
5. The customer's name in 31-49.
Keep in mind one more item. A disk record is to be created

for every transaction as it is keyed in. Now, describe the
output record and its fields or constants.

* * *

Compare your coding to the book solution.
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RPG OUTPUT SPECIFICATIONS

Space]  Skip Output I ndicators Commas | Zere Balances | oo o | L I X = Remove

to Print Plus Sign

Field Name |

Y = Date
* Fietd Edit

Z = Zero
Suppress

Line Filename

. Yes Yes 1 A
4 Yes No 2 B
End No Yes 3 c

4

And  And Positon No No
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Output
Record

TR

After

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

O Before
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2
z

Not

o
Before
After
Not

*AUTO

>
FEE]

=l

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

17}18119 20§21 22]|23/24 25|26 |27{28{29(30 31 |32 33 34 35 36 37

o

7 8 9 101112 13}14
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1 Ay ’
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m > o [~
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TIE| 17
419

2 0=
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A key question is, "Why is the correct indicator #2"? The
answer is, "Because P2 is the indicator assigned to identify
transactions, and we are creating an output disk record for
every transaction record that is keyed". I assume that you
used a constant in order to specify that code "B" is to be in
position 1 of each output record. Remember to start and end
every constant with a single quote mark.

Problem 3: Summary
"Create a file of indexed disk records from transactions
keyed into the computer. A special record that contains
a creation date field must be the very first record

keyed in. The key field in the indexed file is account
~number in each transaction record".

Again, the interrelated entries are connected.
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Problem 3: Book Solution

File Description Specification

F Fite Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field o = Extent Exit Number of Tracks
rd of Fi of Record Address Field 2 for DAM for Cylinder Overflow
ile g
- Record Address Type Symbolic S| Nameof Number of Extents
Fitename quence ;vpe of File o Device Device § Label Exit Tope
File Format rganization | = Rewind
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RPG INPUT SPECIFICATIONS
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RPG OUTPUT SPECIFICATIONS
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Problem 4: "Print the contents of the indexed file created
in problem three. As a part of the report,
print the total amount of all the "beg1nn1ng :
balance" fields in the entire file".

Sample Report Pag_

REPORT OF MASTER ACCOUNTS
ACCOUNT BALANCE NAME
1002 100.00 MONEMATERS
2116 2,160.00 CASHINFLOW
2249 1,728.50 BANKCREDIT
2367 | 750.60 CASHIN
4,739.10

Sample Print Chart

150/10/6 PRINT CHART  PROG. 1D PAGE
(SPACING: 150 POSITIONS AT 10 CHARACTERS PER INCH, 6 LINES PER VERTICAL INCH) DATE -

PROGRAM TITLE
PROGRAMMER OR DOCUMENTALIST:

CHART TITLE
CARRIAGE CONTROL : r

___  TAPE CHAN, i e[| 2R 2fel2ie) 2 2te| 2 3f313]3]3]3 1313 313 |af ol | sl 4] ¢4 4 4|5 |s{5|5]5|5 5 5{5 5|6 6[s[6| 6{6]6:6(6]6]7{7| 77| 7(8]sfals

PEoem~_susun=- 12]3]4i5]6] 7{8}90]1]2]3)a|5|6)7)8|9j0 112} 3] 4[5|6] 7] a]elo |1 |2l3i4| 6|7 8[s|0| ]2[3]4|5]6 7|8 ]s|ofi2]3|4[s 6 7|alo]o] t}2]3]4ls]6  7]8; 8] i]2]3] 4 9i0]i]2)3
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Disk Input Records - Each is 75 positions long.

Position Field
1 Code "B"
2 - 5 Account Number (Key Field)
6 - 11 Beginning Balance, 2 decimals
31 - 49 Name

In addition to the information just provided, you need to know
how to code the calculation used to compute the total amount
of all the beginning balances. Refer to a blank Calculation
sheet as you read through these rules.

Rules: Computing a total from data in every record.

1.

2.

Indicators (9-17) - Copy the Record Identifying Indicator
assigned to the record on the Input sheet.

Factor 1 (18-27) - Invent a name to hold the total values
to be accumulated from the Input field. Start in position
18.

Operation (28-33) - Specify ADD in positions 28-30.

Factor 2 (33-42) - Copy the input field name whose values
are to be accumulated. Start in position 33.

Result Field Name (43-48) - Copy the name you entered as
Factor 1. Start in position 43.

Length (49-51) - Specify a length at least equal to the
length of the field named as Factor 2.

a. A better length may be one that is larger because
we will be adding to the total over and over.

b. Omit leading zeros.

Decimal Positions (52) - Specify the number of decimal
positions that shall be in the final total.
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The system flowchart is also provided for reference.

PRINTER
INDEXED _,,,/”//)7
SYSTEM/32

When you examined the printed report page and the print chart
you may have noticed that decimal points and commas appeared
in the amount fields. 1In RPG II we say that these numeric
fields are to be "edited". To do this we will need to include
an edit code in positions 38 on the same line as the numeric
field that is to be edited. A list of codes is shown on the
Output sheet for reference. When any edit codes except X, Y
or Z are used a decimal point will be included as needed. One
question, "When should the final total be printed?" After

the last record has been processed. Use the last record
indicator (LR) to control this printing.

I think you are ready to code the entire solution to this
problem since it is similar to problem 2. Review all infor-
mation about the problem before you start the coding. You
will need to describe the files, records, fields, constants
and calculations. Take your time and code carefully. When
you have finished, return to this point in the text.

* * *

Let's review all entries, one at a time. I assume that yours
are different from mine, so let's review by asking questions
about your coding.

File Description

1. What filenames did you choose, and does it matter?
. How long is a printed record?

Did you assign an overflow indicator?

L) w N
L]

. How did you describe the disk file records as having
indexed organization?
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If your solution is correct your answers to the 4 questions
should be:

1. It doesn't matter provided each name is unique.
2. On System/32 printers, records are 132 positions long.
3. Yes (and you should have one of the acceptable codes).
4, By describing:

a. a key field length,

b. a code "A" record address type,

c. an "I" (indexed) file organization, and

d. a key field starting location.

1. Did you copy the input filename?

2. Did you specify two letters for sequence?

3. Did you specify a record identifying indicator?
4

Did you specify the character B as the record
identifying code?

5. How many fields did you describe? How many were
numeric?
Your answers should be "Yes" for items 1-4 and these records

have 3 fields, one of which is numeric.

NOTE: If you specified the creation date field it's 0.K.,
but it is not needed for this report.

Calculation

I assume that you followed the coding rules since this sheet

is new. Look at your entry under "Result Field Length" (48-51).
If you specified "7" as your entry, fine. If not, did you
examine the print chart to see how many X's were planned for
this field? Also, since the beginning balance field on the
input records is from 6-11 which is 6 positions, it's a good
?ractice to specify the total field to be at least one position
arger.
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The report title and the three column headings are
to print on every page of the report. Will yours?

~The print chart shows headings on lines 6 and 9, a

detail line on 12 and a total line four lines below
that. Do your entries for spacing and skipping
provide for this correctly? 1If not, what will you
change? Also, the printed report shows that detail
lines are double spaced. How about yours?

The report title is 25 characters long. The longest
constant I can specify on one line of coding is 24
characters because I must start and end with a
single quote mark. How did you handle this problem?

Did you include an edit code for the balance field
and for the final total? If not, specify one now.

Did you remember to control the printing of the
total line by specifying the last record indicator,
LR? If not make an entry for this now.

The book solution is shown for reference. Your entries should
be simitar. If you disagree with these entries and you don't
know why they are correct, re-read the problem and look at

the samples. ‘
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Problem 4: Book Solution

File Description Specification

F File Type Mode of Processing File Addition/Unordered
Fife Designation Length of Key Field or = Extent Exit Number of Tracks
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Problem 5 sounds just 1ike problem four.

Problem 5: "Print the contents of the indexed file created in
problem three. As a part of the report, print the
total amount of all the "beginning balance" fields
in the entire file".

Sample Report Page

REPORT OF MASTER ACCOUNTS
ACCOUNT BALANCE ‘ NAME
1002 100.00 MONEMATERS
2116 2,160.00 CASHINFLOW
2249 1,728.50 BANKCREDIT
2367 750.60 CASHIN
4,739.10

Input Records

Position Field
1 Code "B"
2 - 5 ‘Account Number (key field)
6 - 11 Beginning Balance, 2 decimals
31 - 49 Name
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System Flow

PRINTER
|Noexé;\\\\\“*--e> SYSTEM/32 ——*””’////;7

Prob]em five is the same as problem four, but we are going
to make use of the Auto Report function of the RPG II language.
In particular, you will Tearn to use the *AUTO entry on the
Output specification sheet.

If you were to describe the files and input records and fields
for this problem you would make only one change: omit the
entry for "Overflow Indicator" on the File Description sheet.
The reason for this is that Auto Report will select and insert
an overflow indicator for you automatically.

In this particular example you are required to specify the
coding needed to accumulate a total of the balance in each
record. For problem four we did that by specifying the ADD
operation on the Calculation sheet. 1In problem five we will
not need to specify any calculations because, you guessed it,
Auto Report can provide for this kind of a calculation with
one extra entry on the Qutput sheet.

What else does Auto Report do for me? Let's investigate it
in more detail.

Using the *AUTO entry on the Output sheet provides for reports
by including:

1. automatic selection and insertion of an overflow
indicator to control the printing of overflow lines.

2. automatic assignment of indicator 1P to control the
printing of headings on the first page of reports.

NOTE: A report may include a date and page numbering.
*AUTO inserts a field called UDATE for the date and a
field called PAGE for the page number.

3. calculations for certain types of accumulations
with minimum coding.

4, edit codes for numeric data fields.
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5. automatically centered report page titles.

6. automatically positioned column headings for fields.

7. predetermined spacing and skipping between lines.

NOTE: Items 5, 6 and 7 eliminate the need to design
print charts.

Are you kidding? What's left for me, the programmer, to
describe?

As I said, you describe the files on the File Description
sheet, omitting the entry for Overflow Indicator. You also
describe the Input fields to be used. It may not be
necessary to describe any calculations. The Auto Report
feature *AUTO is specified on the Output sheet f0110w1ng
these rules.
1. Describe the report title heading line including:

a. filename (7-14)

b. type (15) - Enter an H

c. *AUTO (32-36)

2. On the next line or lines specify the actual report title
as one or more constants.

a. single quote to start
b. constant, up to 24 characters
c. single quote to end

3. Next, for our particular problem, describe:

o]
.

Type (15) - Enter a D for detail line.
b. Specify a spacing entry if you wish.
c. Specify the indicator assigned on Input.
d. Specify *AUTO in 32-36.

4. On the next line or lines specify a field name and a
constant. The constant will become your heading for
that field! Use one coding l1ine for each field and

its constant. A pr1nted field does not require a
column heading in order to make use of Auto Report.

139



5. If the value of any field is to be accumulated for
every record, include the code letter "A" in position
39 on that same line. This entry automatically
generates the necessary ca]culat1ons

When a problem lends itself to the use of Auto Report you should
try to use it to reduce your coding effort.
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Use the File Descriptions and Input Specifications shown and
then try to code a solution to problem five using the *AUTO
feature of Auto Report on a blank Output sheet. Re-read the
rules for its use as you work out your solution.

REPORT OF MASTER ACCOUNTS
ACCOUNT BALANCE NAME

1002 100.00 MONEMATERS
2116 2,160.00 CASHINFLOW
2249 1,728.50 BANKCREDIT
2367 750.60 CASHIN

4,739.10

File Description Specification

F . File Type Mode of Processing File Addition/Unordered

File Designation Length of Key Field or S| Extent Exit Number of Tracks

rd of Fil of Record Address Field S for DAM for Cylinder Overflow
of File =
Record Address Type s . Z|  Name of Number of Extents
. . ymbolic  |&| N
Filename Sequence Type of File B Device Device 3 Label Exit T
File Format R Organization | 5l Rewind
Line or Additionsl Ares | 8 - Storage Index —-;r—-‘
a a Overflow Indicator |9 Condition |
3 ole 3| erok S 8 utug
o Sle s s Record ¥|° Key Field |2 Continuation Lines - —
3| @] Length Length =& y 8| Z|
£ Slal lelz « £ |g| Starting | & 2 3
S NEIMEIS 3 Q= Location |4 K Option Entry < ! )
3 4 5l6]7 8 9 1011 12 13 1415]16[17] 18] 19| 20 21 22 23| 24 25 26 27]28)20 30]3132}33 34)35 36 37 38|30|40 a1 42 43 44 45 46|47 48 45 50 51 52 |s3) 54 55 56 57 58 59 |60 61 62 63 64 65[6s]67}es 607071 72|73 74f
= ’T’— S 66 56 57 58 59 160 61 62 63 64 65 2073
°12| |FMASITIRICICIT|I|P] 715! | 41A 2| DIl 8K
(o2 [FIREPIORIT| | (O 132 PRI N[TIEIR
ola} IF
05| |F
ole F
RPG INPUT SPECIFICATIONS
) Record tdentification Codes i
I 8 Field Location Field
5 1 2 3 . - Indicators
£ 5 §
3 I § 35,3
. e |- 2 . k] . = [8g] =
Line Filename s |2 £5 ] Z| Field Name 3 (23| ®
s g =I5l § N RE S & [Lic]. g Zero
> 22 position || 1B Position || |Ef Position || 1E[?lec] From To b=t L 2 | 22| @ |Pws Minus|or
p HHE HEH HNH SRHEE £ TIsElS Blank
£ 2l s z - MRS £ |5El 2
£ olr] 12|6]& 2|5}6 2|s|6 2|5l5|als 18 § |25 &

Alnfo
345ﬂy7S9|O|||2|31l'5‘517|319?021222324252627232930313233343536373339404‘42434445464748495051525354555557585950616253646566576889707'727374
o] [TMASTIAICICITIAAl | BI1 4 ¢
02 |T 5| |ACeT
o3l |1 @ | 111)2BALL
ol 1 | 49 INAME
ofs] |z
ols| |1
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Here's the total solution for problem 5 using the *AUTO feature
of Auto Report. How's yours?

File Description Specification

F File Type Mode of Processing : File Addition/Unordered
File Designation Length of Key Field or = Extent Exit Number of Tracks
PRy— of Record Address Field o for DAM for Cylinder Overflow
nd of File g
Record Address Type Symboli Z|  Name of Number of Extents
Filename Sequence Tvpe of Fil Device ymoolic 131 | abel Exit
OZW ot File o Device 2 Tape
File Format ganization o = Rewind
Line or Additional Area | & = Storage Index e
13 -
g a g o ok Record «|Overflow Indicator < 3:“3:‘0"
[ oc S —5 r
& Qi § Length L::::h ES : Key Field 5 Continuation Lines z —1
3 HERER x N Starting | 2 5 5
2 Qe lulz|E 3 2[= Location |W K Option Entry < &
7 13 14 41 7 1 52 67 70§71 72{73 74
a4 sjels 8 9 10111213 14 lrshishrrolsol20 21 22 2o} 24 25 26 27)20120 dolarfozkos aalss 26 37 geloolag 41 42 43 44 45 46le 4849505553542_5&%5‘;‘29_&%6263541_56 g‘esu 273
°l2| |FMA[S[T|Alcic|T]H|P 75| | 4iAlL 2 P3|k
o3| |FIREP|ORT] | |0 132! PRI N[TIEIR
ola| |F
o|s| |F

RPG INPUT SPECIFICATIONS

3 Record Identification Codes ) . Field
3 Field Location "
3 s 2 3 < Indicators
£ & S
@ A E
C» 2 - o 2
} gl | 3% . sl . 2 (sg| &
Line Filename g 1=z s 0 g 5] Field Name 3 |28 ®
g g 12is| & L N |z S 3 || 8 Zero
= a G122 Position || 18| position || |8 Positon |5| [E[?lel From To |z 2 |22] & |Pus [Minusfor
€ I BN Zloig Elolsl2|a £ £ 55| = Blank
15 gl e N N zIN|53]& g g |125§| 3
& o[r] 2|S| & 2|als 2|a|5 HEIEES & 8 {26| &
Al[NiD
3 4 s5]6l7 8 9 1011 121314115 16{17118119 20 )21 22 23 24)25(26§27)28 29 30 31|32|33|34 (35 36 37 38]39|40]41(42|43 |44 45 46 47|48 49 50 51|52|53 54 55 56 57 58|59 60|61 62|63 64|65 66|67 68|69 70{71 72 73 74
°ol'] [TiMAIsT AlCICTIAIA 1 i cB
of2| {1 2 5] JACICIT
o T () 1{2|BAL |
ofal {1 51 | 49| INAME
ols| |1
ole| [T

RPG OuTPUT SPECIFICATIONS

O i[Space}  Skip Output Indicators Commas | 2¢0 Balances | oo T ol | x = Remove
g% f to Print il Plus Sign
E < Field Name Yes Yes 1 A {J (Y= Dae
HNEE Yes No 2 B | K Field Edit
Line Filename [~ § ks ] . End No Yes 3 c i |2Z= Zero .
gl E181< And And | Positon No No 4 DM Suppress
& "% 1 - (3| in o«
' alolol 21 £ 3 3 3 3lg| Outeut |3 Constant or Edit Word
5 o[R @<z = z *AUTO £|<| Recora |&
w s w @ .
3 4 5|6]7 8 9 1011 12 13|14|15}16)17] 18§19 20|21 22|23]|24|25/26 [27]28! 31§32 33 34 35 36 37]38 [39 |40 41 42 43]44145 46 47 48 49 50 51 52 53 54 55 56 57 58 69 60 61 62 63 64 65 66 67 68 69 70f71 72 73 74
°1'j I19|RE|PORIT H AT
7
e * |REPlo|RIT| |0|F| MAISITIERR| |AlCiclouiNT
ols| |o Mg/
°i4l Jo D | 2 AU |0
oELle cier! *IACCloUNT
o154 10 [BAIL A " \BAILIANICIE
e NAME N NIAMIE|/
0|8 o
ols| |0
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Problem 6: Create an indexed file of personnel records. These
output records are 57 positions long. The key field
is the "name" field which is in positions 17-40 of
each disk record. The personnel records are keyed
in from the console. Here is a list of the input
and output record fields that you are to describe.

INPUT RECORDS QUTPUT RECORDS
Position Keyed Data Field Position Disk Data Field
1 Code P 1 Code X

2-10 Social Security Number 2-10 Social Security Number
11-16 Date of Hire 11-16 Date of Hire

17-40 Name ’ 17-40 Name

41-45 Man Number 41-45 Man Number

46-48 Location 46-48 Location

49-51 Department 49-51 Department

52-57 Record Creation Date

Use the special RPG II field called UDATE as an output field to
provide the Record Creation Date for the disk records. By
specifying UDATE, today's date as keyed into the system when

it is turned on will be stored in your records.

In order to keep track of the keyed records, include the coding

needed to print a 1ist of those records. Make use of Auto
Report to prepare the report.
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System Flowchart

KEYBOARD

SYSTEM/32

,
_
—

PRINTER
Keyed Records - Sample Data
RECORDS LIST

S S # HIRED NUMBER NAME LOC DEPT
410225619 6/27/39 12345 ADAMS, H L 123 16A
399650002 10/23/58 56562 BERWYNN, M M 705 95C
311114655 4/30/60 70711 DOMINIACE, T R T66 11A
158097433 7/31/66 89887 FISCHER, A L 6X8 448

Code a solution at this time.

* * *
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Problem 6: Book Solution

Notice the use of the edit code "Y" on the Output sheet, line
14 position 38. This code is used to edit date fields such
as date of hire (DOH).

File Description Specification

File Type Mode of Processing File Addition/Unordered
F File Designation Length of Key Field or = Extent Exit Number of Fracks
End of Fi of Record Address Field o for DAM for Cylinder Overflow
of File
Record Address Type Symbotic [m] Nemeof Number of Extents
Filename Sequence ;r’ype of File » Device Device 3 Label Exit Tone
File Format rganization o B Rewind
Line r Additional Area § - Storage Index o
Q Overflow Indicator| © Condition
ol o o € y
g SIE S| Block Record MK Key Field | Continuation Lines U
= Sls @[ Length Length == " 8 Z
€ HERE By « NS Starting | £ 5 S
&3 SR lulels 3 2| Location )40 K Option Entry 2 2
3 4 5|6§7 8 9 1011 1213 14115]16|17]18]19§20 21 22 23| 24_2_5_‘217_‘28 29 3031132133 34’35&23839 40 41 42 43 44 45 46 |47 48 49 50&52 53] 5‘2_52[51_58 5’;"_0_12’52_5’;65 666768 69|70171 72|73 74|
olo[ |riplelelsliIn | |1 518 ClOINIS[OILE
os| [FiPleiRIslolutT] lo 517 2i41A]) 17| D)t |s|k
ols| IFRIglCILIIISIT] O 152! PRI INITEIR! |
ofs F!
RPG INPUT SPECIFICATIONS
] Record Identification Codes . . Field
I 3 Field Location "
5 Indicators
2 1 2 3 & g
s E P s | 8
5° 5 Sleal @
Line Filename s izl 155 g Z| FieldName | 3 |53 ;
g g lclal & . . =z k4 3 || g Zero
ha e =2 position [~ | || Posiion || [E] Position |- |2{Cle| From To [ Z (22t @ [Pus M
€ 21813 HRH EHE EREEE £ $iEg| = Blank
E 2 N z M N HES £ |55 =2
& olr] |2]5]& 2(5|5 215(6 2|5|5|5|% & § (28| &
AlnTo
3 4 516|7 8 9 1011 12 13|14 |15 |16}17]18119 20 |21 22 23 24)25]26[27] 28 29 30 31{32|33{34 (35 36 37 38|39|40|41(42{43]44 45 46 4748 49 50 51|52(53 54 55 56 57 58|59 60|61 62(63 6465 66{67 68{69 70|71 72 73 74
°ol'| |T[PEIR|S|/IN Al | @ 1| (CIP
ol2| [x 2 | 1g 198
Sl G 11 @ DIoH
o4 T 17, | 4@ INAME
05| |t 4.1 5 0
o8| |t 4@ | 48| |Lioe
ofr| Iz 4o | 51 DEPIT
ols| |T (
RPG OUTPUT SPECIFICATIONS
o - £ Space|  Skip Output Indicators Commas Zer:)oﬁparll:rtlces NoSign | CR | - | X = semgve
NE . lus Sign
g & Field Name Yo Yo ] a1 J ]Y = Date
MEAN Yes No 2 8 | K Field Edit
Line Filename M EI B ES End No Yes 3 c L [z= zeo
s & HER And  And || Positon No No 4 D |m Suppress
> |3 ey £(2 n 3
e aloio} 5| 2 |3 H 3 S|o| Output |3 Constant or Edit Word
5 o[r a1 <= 2 z *AUTO £|<| Recora D
w - w & o
ARG
3 4 5)6|7 8 9 101112 13|14}15]16]17]18|19 20|21 22}23[24|25]26 |2728|29(3031 |32 33 34 35 36 37]38 [39 |40 41 42 43]44145 46 47 48 49 50 51 52 63 54 55 66 57 58 59 60 61 62 63 64 65 66 67 68 69 70|71 72 73 74
ofs] Jo PE R80T i
0|2 o N 1 N x ’
ol3| |o SIS
A D|OH
0)s| |O A M E‘ 4,
olsi [0 MIN.O 4|5
ol7| lo Lole 4|8
ofe] |o PT 5L
ols| |o UDAT 5|7
1ol oRElCiLI1SIT] |H GAluTT lo
e ‘REICIORPIS| LI ST/
12| Jo D | |2 HAUT O l
k] Jo lsls s “lsl o] ke
1] Jo Dlo| | { Iy ~ 1 |RE|pl
1(s| {o 0| rIN E|R|
e |o INIAMIE " IMAIME}
7 le Lol Liolc|’
T8 [e IDIEPT| * DIEP]
19} o JL
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Chapter 2: Summary

Disk files may be created by keying in data from the console

keyboard. In this kind of problem, the disk file being created
is an output file. You have seen examples in which the created
files were organized sequentially and indexed. '

At this point you should be able to code a solution that
requires the creation of disk file records. Also, you should
be able to make use of the Auto Report feature to print a
Tisting of disk file records. It is assumed that you would
refer to the System/32 RPG II Language manual as needed.

The RPG II coding entries covered in this chaptet are grouped
by specification sheet for your reference.

FILE DESCRIPTION

7 - 14 Filename
15 File Type (Input, Qutput)
16 File Designation (Primary input)
20 - 23 Block Length (Console file only)
24 - 27 Record Length
29 - 30 Length of Key Field (Indexed only)
31 Record Address Type (Indexed only)
32 Type of File Organization (Indexed only)
33 - 34 Overflow Indicator (Printer only)
35 - 38 Key Field Starting Location (Indexed only)
40 - 46 Device (CONSOLE, DISK, PRINTER)
INPUT
7 - 14 Filename
15 - 16 Sequence
17 Number (when 15-16 entry is numeric)
19 - 20 Record Identifying Indicator
21 - 41 Record Identification Codes
44 - 5] Field Location
52 Decimal Positions (numeric fields only)
53 - 58 Field Name
CALCULATION
9 - 17 Indicators
18 - 27 Factor 1
28 - 32 Operation (ADD)
33 - 42 Factor 2 ,
43 - 52 Result Field Name, Length and Decimal Positions
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Chapter 2:

QUTPUT
7 - 14
14 - 15
15
17 - 18
19 - 20
23 - 31
32 - 37
32 - 37
38
38

39

40 - 43
45 - 70

Summary, Cont'd

Filename

OR, for headings

Type (Heading, Detail, Total)

Space

Skip Before

Output Indicators (1P, OF, @1, @#2, LR)

Field Name, including special-purpose fields UDATE & PAGE
*AUTO (for Auto Report only)

Edit Codes (1, to include commas and zero balances)
Edit Codes (Y, for date fields)

A (to accumulate with Auto Report)

End Position in Qutput Record

Constants (on heading and detail lines)
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SELF TEST - Chapter 2

Try to answer these questions from memory. When you finish,
turn the page to check your answers. Use a piece of scratch
paper rather than writing in this book.

1. What is the longest allowable length for a key field in an
indexed disk file?

2. For what two kinds of descriptions is the Input specification
sheet used?

3. For what two kinds of descriptions is the Qutput specification
sheet used?

4. What special character is needed to describe a constant on
the Qutput sheet?

5. What special reserved RPG II field supplies the date keyed
into the system when needed on a report or output record?

6. True or False?
Each file must have a unique name in a program.

7. MWhat special entry is used to signify the use of Auto Report
output records?
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ANSWERS - Chapter 2 Self Test

Compare your answers to the ones below. If you missed more than
2, you might wish to re-read the chapter before continuing.

1. Longest key field is 29 positions.
2. Input sheet - first, to describe input record types and
second, to describe f1e1ds in each of those
~record types. A
3. Output sheet - first, to describe oUtput record types and
second, to describe fields or constants that
are part of those record types.

4. A single quote mark must be coded ahead of and another must
be coded following each constant.

5. The special date field is named UDATE.
6. True. Each file must have a unique name in a program.

7. The special entry, *AUTO, is used to signify the use of
Auto Report output records.

If you had 7 correct answers, congratulations! A score of 6 is

also very good. Don't forget, if you made a number of errors,
you should probably re-read this chapter.
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Chapter 3: Processing and Maintaining Disk Files (2 to 3.5 hours)

After a disk file has been created, that is, stored on the
disk, its records may be processed in a number of ways. The
file may be used as input as we used them in the previous
chapter when we listed the disk file records on the printer.

In this chapter we will be solving problems that involve what
is known as "file maintenance". What we can do in order to
maintain a file of disk records includes:

1. adding new records to it,

2. changing data in one or more existing records in
the file in order to "update" the file, and

3. identifying selected records to be deleted -from
the file at a later point in time.

CHAPTER OBJECTIVES

When you have finished studying this chapter, "Processing Disk
File Records", you should be able to code solutions to problems
in which any of these conditions (adding records, changing
data, and selecting records for future deletion) exist.

Again, a series of data pkocessing problems will be presented.
1. Add records to an existing sequential file.
2. Add records to an existing indexed file.

3. Use the chaining technique to inquire about selected
records in an indexed file.

4. \Use the chaining technique to update information in
certain records in an indexed file, and flag certa1n
»other records for deletion.

5. Use the matching records technique to update records
in a sequentially organized file.

NOTE: You may wish to refer to the optional topic in
the front of this book in order to review file
processing methods before you continue your
study of this chapter.
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In addition to this text you should have a number of each of
the following RPG II specification sheets.

GX21-9092 Control and File Description
GX21-9094 Input

GX21-9093 Calculation

GX21-9090 Output

A self test is included at the end of the chapter. Use it to
measure your understanding of the topics in this chapter.
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Problem 1: Add records to an existing sequential disk file.

KEYBOARD
SYSTEM/32 f"”““‘-\\\§
; - (SEQUENTIAL)
/" N
AN

(NEW RECORDS)

NEW

ORIGINAL RECORDS

When records are to be added to existing records in a sequential
These figures high-

file you need to specify two new entries.
light the new entries on the File Description and Output sheets.
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File Description Specification

F File Addition/Urordered
Line

8

>

-]

£ 2

2 <
3 4 5/617 8 9 1011 12 13 14 |15]16[17§18]19) 20 2 22 2 24%_5_7282930:u32333435233339401'4243«45454748‘9505!5253545556575%&_6_0‘2_245_4_656657686970|n 72)73 74
o(2| |F
03| [F
oia| |F
0}5 F

RPG OouUTPUT SPECIFICATIONS

Line

H

el D|D

€ A

S

&
3 4 516|7 8 9 10 11 12 13|14]1516[17]18]19 20|21 22]|23|24[25]26 [27|28]29|30 |31 323334353637‘38E940"424344454667434950_5_!_52535455565758595061626364656657&697071 72 73 74!
ol|1| |O
02 o
0l3j {0

The entries to be made are:
FILE DESCRIPTION

1. File Addition (66) - Enter code "A" to indicate that records
are to be added to the file.

QUTPUT

1. ADD (16-18) - Enter "ADD" when describing the type of record
to be added.

In this problem you are to code the entries needed to add records
to a sequential file named INTER. Records in this disk file are
80 characters long and have code I in position 1. The keyed
input records (new) contain these fields:
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Keyed Input Records

Position Input Field
1 Code N
2 - 7 Item. Number
8 - 28 Item Description
29 - 31 ~ Unit Code
32 - 36 Unit Cost, 2 decimals
37 - 40 Units in stock

The output records contain the same fields in different positions.
Also, today's date (UDATE) is to be included so we know the
creation date. This special field is provided for your use in
any RPG II program where today's date, as keyed into the System/
32 when the system is turned on, is needed.

Qutput Records

Position OQutput Field
1 Code I
2 - 7 Today's Date
8 - 13 Item Number
14 - 34 Item Description
35 - 37 Unit Code
38 - 42 Unit Cost
43 - 46 Units in Stock

One more point before you code a solution.

Rule: The disk file to which records shall be added is to be
described as an output file.

Code your solution now.

* * *
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Prpb]em 1: Book Solution

File Description Specification ' .

F File Type Mode of Processing . File Addition/Unordered
File Designation Length of Key Field or = Extent Exit Number of Tracks
End of FI of Record Address Field s for DAM for Cylinder Overflow
nd of File w
. Z f
Fil Sequence Record Address Type ) Symbolic | '::L‘l? gxi( Number of Extents
ilename ;voe of File o Device Device 3 Tape
File Format rganization o < Rewind
Line r Additional Area | - Storage Index T
ol Overflow indicator|© Condition|
=] o~ €
g ole e N 8 u1-ug
5 Sl S| Block Record x|5 Key Field |2, Continuation Lines —
S5 G| Length Length S|e §
£ Sls ols @ sla Starting [ S
K 2 |wlz|E 3 2= Location | K Option Entry 2
4 5]6{7 8 9 1011 1213 14115[16[17]18§19[20 21 22 2‘_3124 25 26 2728129 30{31[32/33 34|35 36 37 38{39]40 41 42 43 44 45 46 )47 48 49 50 51 52 |53| 54 S5 56 57 58 &_SQ_SLEE_E_‘_SG 87_6_6.89 72{73 74]
o] W S NRERARERAN BERRARER ae
IV [P 48| | e CoNsolLE
ofs IFhINTEER| | | 10 8 DlIS|K
ofa|l |F 1
ols| |F 1
ols| |F P
ol7] |F
RPG INPUT SPECIFICATIONS
K Record ldentification Codes 5 i Field
] Figd Location N
B Indicators
] 1 2 3 & s ;
H 3 s
@ @ - |8 s
. RN v £ 53,8
Line Filename g |z 5 3 %| Field Name T |2s) T
2] s 1Zls| & N N K g |iil s Zero
2 B 15I2| 2 | Pesition || |B) eosition || || Position | 2|e| From To |3 2 (22| & |Pus [Minus|or
€ g.é% Zlo|g Zla|8 332%2 £ SI5El o Blank
€ g Z (5| % Z|5| & MF(E R ] g5 2
£ ) 2|8l & 2|55 2ls|6 A5 |5|52 S S |26 &
A[N[D .
3 4 516(7 8 9 1011 12 131415 16 ($7(18 119 20 (21 22 23 24 (25(26(27(28 29 30 31(32(33{34(35 36 3§/38(39{40141142}43/44 45 46 47[48 49 50 61/52]53 54 55 56 57 58/59 60|61 62)63 6466 66|67 6869 7071 72 73 74
y
1
o[ Tx|NEw Al | lgla] [ 111 lcl l
0|2
I / 2 7| |1TE
of3| |1 p 8| | 2|8 DESIC,
o4] JT 29| | 3] luCioPE
°lE |z 32 | 3ol UlCloisT
o] |t / 37| | 416 USTOCK]
of7! |1 //
ols| |T 4
y
ofe| [x /
1o} [T /

RPG OUTPUT SPECIFICATIONS

i [Space| Sl Output Indicators Zero Balances | o cr | - [X = Remove
o5 . to Print il Plus Sign
ra— & Field Name e 1 NIFEAA
. HNAR No 2 B | K Field Edit
Line Filename M EIEE End No Yes 3 c L |Z= Zero
. gl2l8|< And And | Positon No No 4 DM Suppress
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Look again at my entry for "unit cost" on the Input sheet. Even
though it was stated that this field contains 2 decimal positions,
I did not specify it in position 52 for that field. My reason

for not specifying it is this.

‘Decimal positions are needed for calculations and for edited
(commas and decimal points) output. Unit cost is not used for
either calculations or edited output so I do not need to use
the entry. If you included a 2, your answer is also correct.

That was an example in which a file of sequential disk records
was increased in size by the addition of new records.

Our second problem requires the same kind of coding needed to
solve problem one. As you recall, in the second problem we
are to add records to an existing indexed file.

Problem 2: Add records to an existing indexed file.

KEYBOARD

(INDEXED)
(NEW RECORDS) SYSTEM/32 \9
/’//// // \\
/,/’ - /, \
—_— 4 \
= / \
— . 4 \
_,./// // \
- K4 \
/””— /’ \\
% o
// //
INDEX ORIG!NAL RECORDS

NEW INDEX ORIGINAL RECORDS NEW RECORDS
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This illustration looks far more complicated than the one

before it, but the actual coding for the addition of records
is the same! RPG II automatically arranges the index entries
after you describe the file as being indexed with key fields.

0K, code a solution for this problem.

Problem 2: Add records to an existing indexed file. The
existing records are 60 characters long with a
key field in positions 2-8. The code character
"$" is in position 1 of each disk record. The
keyed-in records are to contain:

Position
1
2 - 8
9 - 21
22 - 26
27 - 31

Input Field

Code "§"

Identification (key field)
Transaction Data
Start‘Va1ue

Last Value

Disk record data is to be arranged like this:

Position

1
2 -
28 -
33 -
48 -

32
37
60

Qutput Field
COde u$n

Identification (key field)
Start Value
Last Value

Transaction Data
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Problem 2: Book Solution

NOTE: I used a field named CODE in order to place a § in the
output record. You could have specified a constant if
you wished, as it is also correct.

File Description Specification

File Type Mode of Processing File Addition/Unordered
F File Designation Length of Key Field or = Extent Exit Number of Tracks
P of Record Address Field s for DAM for Cylinder Overflow
nd of File u
. Record Address Type symbolic  |5| Nameof Number of Extents
Filename Sequence T 3 Devi ym «| Label Exit
'ype of File ” evice Device 3 Tape
File Format Organization o &1 Rewind
5
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I s 5 8 u1-u8
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Problem 3: Use the chaining technique to inquire about
selected records in an indexed file. Print the
desired information when found.

< DISK >

(INQUIRIES)

SYSTEM/32

(INDEXED)

PRINTER

When the chaining technique is used to search a file, you need
These figures highlight
the new entries on the File Description and Calculation sheets.

to specify a number of

new entries.

File Description Specification

F Mode of Processing |
File Designation
Line
e
g IS
- S
g 2 =
L a -
3 4 5l6]7 8 9 1011 12 13 14115|16]17(18]19] 20 21 22 23)24 25 26 2728[29 30 313_2*333435363738[39[40614243444546 47 48 49 50 51 52 535-1&;'5_7‘1592g_2&s_4_55 666768 69]70|71 72|73 74
of2| |F
ol3| |F

RPG CALCULATION SPECIFICATIONS

Resulting
Indicators

Factor 1 Operation Factor 2

-
Line |2

£

S

- .
3 4 s|e|7 s]90]11)12)13]14]15}16]17]18 19 20 21 22 23 24 26 26 27[28 29 30 31 32|33 34 35 36 37 38 39 40 41 42|43 44 45 46 47 48}49 50 51|5253{54 5|56 57|58 5960 61 62 63 64 65 66 67 68 69 70 71 72 73 74
01 [
0|2 C
olaf| |c
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The entries to be made are:

FILE DESCRIPTION

1. File Designation (16) - Enter code "C" for the input disk
file to designate it as the chained file.

2. Mode of Processing (28) - Enter code "R" for the input disk
file to denote that its records are to be processed randomly.

CALCULATION

1. Factor 1 (18-27) - Enter the name of the field in the
console file that contains the search field.

2. Operation (28-32) - Enter CHAIN to do the search.
3. Factor 2 (33-42) - Enter the name of the chained file.
4. Resulting Indicators (54-55) - Assign an unused indicator.

a. If no corresponding record is found, this indicator
turns ON.

b. If a desired record is found, this indicator stays OFF.

QUTPUT

1. Output Indicators (23-31) - Include the letter N (for Not)
along with the Resulting Indicator assigned to the CHAIN
operation in 54-55 on the Calculation sheet, when the
search is successful.

In this problem you are to code the entries needed to search an
indexed file and print a reference list of that activity. The
indexed file records are 65 positions long. The input files
contain:

DISK FIELDS KEYED FIELDS

12-26 Customer Name 1 Code X
(Key Field)

43-49 Customer Balance, 2-16 Customer Name
2 decimals (Search Field)

The output list is to include a message, NAME NOT FOUND IN FILE,
if the search is not successful. Here's a sample of the desired
reference listing.
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NAME ‘ ACCOUNT BALANCE
SMITH 307.16
LAWRENCE 1,000.00

JONS NAME NOT FOUND IN FILE
MILLER " 500.00

ADDAMS 17,560.60

Refer to the print chart for end positions when coding output
sheet entries.

150/10/6 PRINT CHART  PROG. ID PAGE
(SPACING: 150 POSITIONS AT 10 CHARACTERS PER INCH, 6 LINES PER VERTICAL INCH) DATE .

PROGRAM TITLE
PROGRAMMER OR DOCUMENTALIST:

CHART TITLE
CARRIAGE CONTROL T SRR T T TP

___  TAPE CHAN. llll|||ll|zzzzzzzzzzssssuls333}444&4!44‘4445sssssssssse!aeisssesjsivrnn:rneo
R-OOBN_oupaN— 1234561090”5!5610!0I2345§TD!0I23‘56139;0|21341‘567030I254567l80|‘2545873‘930|23‘561880I
1 t i L
2 2 | ;
3 3 T [N
4 4 i SEENE N IRERERNRERE
5 S | N RN § | ]
: o —Je |
7 7 T BRE

RN IRERNE ]
8 ] T §
B 9 [ Ty . 1]
0 io NNEN At
0 N BRSNS
12 D [ ] IN Bl
13 13 | 1
14 14 I T i1 J[

1 :
O s A1 EEARNERENN D AREE AN
Code your solution at this time.
* %* *
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Problem 3: Book Solution

File Description Specification

F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or ' = Extent Exit Number of Tracks
End of File of Record Address Field S for DAM for Cylinder Overflow
po— Record Address Type Symbolic Z| Nameof ) Number of Extents
Filename °:'I - Bryne{yfF.lln o Device Device 3 Label Exit e
ile Format ganization i = Rewind
Line or Additional Area |8 - Storage Index [Fite |
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- Sls Length Length | - 4= e . H z
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oJs| (FIMAS|TINAMIEXKIC 6|FRM.5 Al 2| D|!ISK|
ofs| fFIREFILICISIT] O[T 132 ™N OF PIRI INTIEIR
ofs{/|F | T~ N
RPG INPUT SPECIFICATIONS
.
5 Record Identification Codes ) \ Field
I 3 Field Location TN Indicators
K] 1 2 3 5 s
£ . Ils |2
8 > L~ S ERErIn
Line Filename s 2| [£° g | FieldNgme | 3 35|
9 z 1l5] 8 N N = Q 3 |ti| g Zero
> S 15|22 | positon || |5 position || [B| posiion |5| |E[2fe| From To |3 2 |ge| & |Pus Minusfor
£ GHE HiSH <38 FEEES < £ |55 3 Blank
& olr] |218] & 23|56 2|c|5 2|sl5|3|= a S |26 &
a[n]D
3 4 51617 8 9 1011 12 13|14 15 |16 [17]18119 20 |21 22 23 24(25{26|27|28 29 30 37|32|33(34|35 36 37 3 ”wﬂél 43144 45 46 47148 A 52 (53 54 56 56 57 5854 60)61 62|63 64165 66|67 68|69 70|71 72 73 74
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oI T [ el REE| [ala] | lo[a] T 2 [clx 2
2 I | P 1@ ( N A E
4
3 JIMA 2
el )2 43 | aoi2BAlLANC
o\s| |I d
RPG CALCULATION SPECIFICATIONS
. o Resuly,
C\ a Indicators Result Field .@A‘n
S’ — e rithmetic
3z
\ 32 And And Factor 1 Operation Factor 2 | e =T [ Plus [Minus] zero Comments
aN <Z( 8 H Compare
Line |2 N Name Length |S | 2o <a1-2
E1EN] 5 s 5 £ 1< [Cookup(Factor 215
i K €3 2 2 i -/ &) 2 (High | Low [Equal
3 4 5|617 8 1011112 {13 [14]15[16]1 22 23 24 25 26 27 i 2 |32, Wl e A g0 41 42443 44 45 465 47 48149 50 5152153 56 57{58 50]60 61 62 63 64 65 66 67 68 69 70 71 72 73 74
N
o] Je 1 ([N[AIME CHAlINMAIS T INAME 35
—
ol2| |c ? P
o3| le N /| l 1
7
RPG ouTPUT SPECIFICATIONS
. A
O - z [Space|  Skip Qutput Indicators Zer;)oBPa(lianrlces NoSign | CR | - | X = Remove
=13 Field Name Plus Sign
af% Yes 1 A | J |Y = Dae
NN No 2 g |k Field Edit
Line Filename =ls|ele Yes 3 c | L |Z= Zero
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Problem 4: Use the chaining technique to update information
in certain records in an indexed file and "flag"
other selected records for deletion.

This problem is an example of file maintenance. A master indexed
file contains information about subscribers. The update activity
involves change of address notifications while flagging is to be

done for cancellations. Both types of change are found in a file
of sequentially organized disk records created during a prior run.

S /\

(SEQUENTIAL) (INDEXED)

SYSTEM/32
1. NEW ADDRESS
2. CANCELLATION

PRINTER /

There are two types of records in the master file. Active records
contain the code "M" in position 1. Records that were flagged for
deletion on a prior run contain the code "D" in position 1. The
reason for including printed output is to list any "not found"
records following the CHAIN operation. A sample report is shown
for your reference.

RECORDS NOT FOUND

SUBSCRIBER

235476 ADDRESS CHANGE

100114 ADDRESS CHANGE

767676 DELETION
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Also for your reference is this list of input fields from both
disk files.

-r
-de
—

an

ges Address Change 1

Deletion 1

Master 1

2-17
8-47
48-53

Record Type Field(s)

Code "A"

Subscriber Number

New Address

Code "D"

Subscriber Number

Code "M" or "D"

Subscriber Number (Key Field)
Address

Expiration Date

Before you code a solution let's consider some key points about
updating records and flagging for deletion.

UPDATE

1.
2.

The record to be updated must be found in the file.

The file to be updated acts as both an input and an output

file.

The file is described on a File Descr1pt1on, Input and

OQutput sheet.

Only the field or fields to be updated are described, not

the entire record.

If a field is to be replaced by substituting a new field
value or constant, the field does not need to be described

on the Input sheet.

For our problem you need to learn one new File Description entry.
To describe an update file, specify "U" as the File Type in
position 15.
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FLAGGING FOR DELETION

1. The record to be flagged must be found in the file.

2. A special deletion code replaces an existing code or blank
to mark the record for deletion.

At this time you should describe both disk files on a File
Description sheet and an Input sheet. Re-read the problem if
necessary. We will randomly process the master records using
the chaining technique.

* * *

My descriptions are shown for reference. Do you have similar
entries? If not, examine the entire problem again before
continuing.

File Description Specification

F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or = Extent Exit Number of Tracks
End of File of Record Address Field W for DAM for Cylinder Overflow
n i =
P Record Address Type Symbolic g| Nameof Number of Extents
N quence - i Py i
Filename ‘(l;ype ?f F.ule o Device Device 3 Label Exit Tore
File Format rganization o © Rewind
Line x Additional Area |3 = Storage index i
’ o Overflow Indicator| S Condition
o o P
g ole s N § ui-us
5 § & = Block Record ML Key Field | 2| Continuation Lines
Slo @] Length Length i< " 8 Z,
€ <is ols « &Sl Starting | % 3
i 2L |wlzjE 3 2= Location |% K Option Entry 2 &
s s slel7 8 9 10111213 1al1sf16]r7 wJ's 20 21 22 23|24 25 26 27]28|29 3031 |32|33 34|35 36 37 38|39140 41 42 43 44 45 46 |47 48 49 50 51 52 5auﬂsﬂ‘1g§2ﬁ_§;§_&s_s_ese7g‘wmn 7273ﬂ
o|2| |F|CHIAINIGIEIS] |I|P 4|7 5]
ofa| [FMASITIEIR | UIC 53R GIAl 2| D1 SK
ola|l |F
05 F
ofs F
RPG INPUT SPECIFICATIONS
5 Record Identification Codes . . Field
3 Field Location N
5 1 2 3 . < Indicators
£ ) S
2. 2 Zls | &
. g |2 s 2lggl @
Line Filename g |z z K Z| Field Name s |® 2o
g g |=lc| e . . s rd g |l g Zero
= e g2 Position 11 |&| Position |~| |E} Position || |217|c| From To = 2 |22] & |Pus [mi
€ HEI 2lo|t glol8 Zlal8|32 £ 2 15%] o Blank
£ 2| 8 et 5 = z S £ 183 3
g o[r] |2|5] & 2|ol5 EIBILS 2[5[6|5(& 3 8|28 &
aln|o
34567E910“|7'3|41516|718|9202|2223242525272825303|323334353637383940414243444546474849505152535455565758596061626364555657;68597071727374
o' ITICHANGIES| AA | |81 cla |
o|7| |z @l [ ] 17| |3uigisivo
ofs[ [z 47 NE WADIR
ol4f |T BB 2 4 |Cp
NORE { 2[ [ lsluBisiNb
ool ITMAISTIER | ICG! | 1@3] | | |1l ICM
of7| |x oR 4 1 ICD
cis| |1
0,9 I
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Next, consider the calculations. What operation(s), under what
conditions, need to be specified?

Since we will use the chaining technique, the operation will be

“chain". Do you remember how to describe it? Here are some
rules for reference.

CALCULATION - Chaining

1. Enter the field name used to search as Factor 1.
Enter CHAIN as the Operation.

. Enter the file name to be searched as Factor 2.

S w N

Assign an unused indicator in positions 54-55.

Since we have two types of input changes, we need to describe
two chaining operations. Include an Indicator assignment in
9-17 for each and use a unique Resulting Indicator in 54-55 for
each. Specify the chaining operations at this time.

* * *

I've included both my Input sheet and my Calculation sheet for your
reference so that you can see which indicators (in 9-17) control

each operation. Also, I inserted a comment on the Calculation sheet
(60-74) for convenience in remembering which indicator is assigned

to which record search. You may include comments on your sheet if

you wish. Comments may include letters, numbers or special characters.
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RPG INPUT SPECIFICATIONS

Record Identification Cod 4
I eCOr lentification Codes Field Location Flel'd
1 9 3 5 5 Indicators
g g 38,13
Line Filename g Iz 3 2| Fiedname | 3 |32] %
2 g | . B kK 3 Lt s Zero
= 3 T Position |—| |8} Positon [=f |Z| Position |=| |&|?|<| From To |3 S ige| 8 |rius {Minus|or
T H Z|o|8 Zlo|B 210|885 £ R Blank
3 £ s IN|E N[ E FEHEE b z |85 2 an
& o|r| |2 2|05 3lo|6 215|618 s & 3 186| i&
a[n[D
3 4 516|7 8 9 10 11 1213|1415 16 |17]18 21 22 23 24[25|26|27]28 29 30 3132|3334 (35 36 37 38|39(40(41/42{43 |44 45 46 47|48 49 50 51|52|53 54 55 56 57 58|59 60|61 62|63 64|65 66|67 68|69 70|71 72 73 74
°['] |xlclHialvsle's] [AA [(gla) [ [ 1] lcla |
ofef Jx I~ , 2l || |7 sqgsuo
noe ) . 8 | 4/7| NEWADR
ofe] |z @2) | | 11 ¢
lelel Iz )4 2| [ | |7] |9uBsiNO
ols| [tMASTER/| ICicl | ll3l} | | 4] |clM
07 I 0| c
ofs| |1 /
ole| [T

RPG CALCULATION SPECIFICATIONS

C X Indicators Result Field Resulting
3 Indicators
gz I l . Arithmetic
E Q And And Factor 1 Operation Factor 2 2 [ [Plus [Minus] Zero Comments
8|3 Z / h 8 g Compare
tne [2|3 2 Name Length |22 Soli<21-2
ElE 2|5 5 N4 £ 12 [Cookun(Factor 2V
2|8 5|2 2 ; AT [High | Low [Equal
3 4 5{6|7 8|8 12 [13 %15 16]17}18 19 20 21 22 23 24 25 26 27|28 290 30 31 32133 34 35 36 37 38 39 40 41 42|43 44 45 46 47 48|49 50 51|52]53f54 55|56 57|58 59]60 61 62 63 64 65 66 67 68 69 70 71 72 73 74
o] Je ) S uB[siNo CHIAlL IN|MA S TIE[R | 11 ADDIRESIS[ [C/HIA[M6[E
ol2] [c SIUBISINiO CHIAIINMAISTTER 2 DEILET|ION
ol3] |c p
ola| lc

Remember this about the Resulting Indicators assigned to a CHAIN
operation:

When a record is found, the indicator remains OFF. If
no record is found, the indicator turns ON.

To complete the actual updating and flagging activities we need
to describe the desired output. Here are the requirements of
this job.

1. For a change of address replace the old address with the
new one.

2. To flag a record for deletion, replace the code M with a
code D.

Code these requirements for maintenance of the master disk file
at this time, but ignore the printed output for the moment.

* * *
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If you described these output records correctly, the indexed
master file is properly updated - some addresses are changed

and particular subscriptions cancelled. Your entries for Qutput
indicators (23-31) must include an input indicator and a
calculation resulting indicator that is not on.

Rule: To describe some desired activity that is to be done
when an indicator is turned off, specify the letter N
ahead of that indicator.

Here's my solution up to this point. Notice the use of the “N"
with its indicator on the Qutput sheet.

RPG INPUT SPECIFICATIONS

8 Record Identification Codes i . Field
I 3 Field Location Indicat
E 1 2 3 § § ndicators
> . Sl | 8
8 £: g el 2
Line Filename s |z| |g5 3 Z| FieldName | 3 |3%) 3
2 g I<|al & N . = 4 3 || g Zero
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€ 215|2 2le|8 Zia|8 Elo|815|2 £ ERES Blank
E £le < T M 3 £ B
£ ola] |2/5] & 2(5|5 55|18 3|5/8|518 & & 25| &
a|N]D
3 4 5|67 8 9 1011 12 131415 (16 17|18 21 22 23 24|25(26(27 |28 29 30 31|32]33}34135 36 37 3839|4041|42}43]44 45 46 47|48 49 50 515253 54 55 56 57 58|59 60l61 62|63 64(65 66|67 68|68 70(71 72 73 74
o[ T [xlclulaivlelels| lala] [{lgl1]) [ [ T1] lcla L]
o2 Jr ~ 2 [ [ 7] svsisivO
ols| |1 8| | |4|7| INEWADRR
olal |1 88 2! 1] |ciD
ols| [z ] [ 2 T SWBSINO|
| [iasiTERACle] | 1ol [ 1] lch
ot /1 | 10IR 1 €D
0
EREVZ B [
/ RPG CALCULATION SPECIFICATIONS
C ; Indicators Result Field Resutting
& ndicators
; - ] P Arithmetic
=g 8| [Prus [Minus] 2
39 And  And Factor 1 Operation Factor 2 1 B 5| cero Comments
8‘3 i L h & g Compare
tire |23 o y Name ength = [3[i>21<2[1-2
€ ol , ~ g : Lookup(Factor 2)is
£l§ 5|2 2| |42 &2 [Wigh | Low [Equal
3 4 5|6 17\8]9 {Lﬁ'@ 15/16{17}18 19 20 21 22 23 24 25 26 27|28 29 30 31 32|33 34 35 36 37 38 39 40 41 42|43 44 45 46 47 48|49 50 51 f£‘53 56 57158 59]60 61 62 63 64 65 66 67 68 69 70 71 72 73 74
o[ i 1e| N slulBisivo ClHA 1 NMIASITIER B Al [REBS] TclHlalNGlE
o2 | N svlsivlo ClHIAlI MM Als TiER AT e DELIETIOM
ols| |c N » N
oja| |c \\ >
RPG OUTPUT SPECIFICATIONS
O ~ %Space SK Output Indicators o | Commas | 290 il NoSign | GR | - | X = Remove
ais g to Print Plus Sign
Sie eld Name [} Yes Yes 1 A4 |Y= Dae
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To complete this problem we need to 1ist any records that are
to be updated or flagged but could not be found. The list is to
look Tike this.

RECORDS NOT FOUND

SUBSCRIBER

235476 ADDRESS CHANGE

100114 ADDRESS CHANGE

767676 DELETION

When should we print these items? Since the list shows records
not found, we know that they are to be printed when chaining
failed to find them. Will the Resulting Indicators assigned to
the chain operations be on or off when a record is not found?
If a desired record is not found during a chain operation, the
resulting indicator is turned ON. Keep this in mind so that we
can describe the output report.
The desired listing lends itself to the use of Auto Report and
you should make use of it here. I've listed rules for you to
follow as you describe this output.
1. keport Title

a. Specify the output filename (7-14).

b. Specify H (heading) as the file type (15).

c. Specify *AUTO as the field name (32-36).

d. On the next coding line specify the actual title as
a constant (45-70?. :

1) Enter a single quote mark in 45,
2) Enter the title.

3) Enter a single quote mark behind the title.
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2. Column Heading, Data Fields and Constants
a. Specify D (detail) as the file type.

b. Specify "2" for space after (18) to provide double
spacing.

c. Specify one set of indicators in 23-31 (use an input
indicator and a resulting indicator).

d. Specify *AUTO as the field name (32-36).

e. Since we want to list 2 kinds of errors, use the next
coding Tine and

1) enter OR in 14-15

2) enter the second set of indicators in 23-31.
f. On the next coding line

1) secify the subscriber number field

2) specify the column heading as a constant
g. On the next coding line

1) specify the set of indicators (23-31) that
correspond to the desired message

2) specify the message as a constant.
h. Fina]ly, on the next coding line
1) specify thé other set of indicators
2) specify the second message as a constant.

At this time refer to these rules and your coding sheets in
order to complete your coding.

* * *

Do you know why no indicators need to be specified for printing
the subscriber number field? The reason is that both sets
a]ready describe the entire record and subscriber number is
found in every printed detail line.

The only time you need to specify indicators for specific fields
or constants within-a record is when they are to be included

for specific conditions that are different from the conditions
used to control the production of the entire record.

Now take a look at the entire solution. .
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Problem 4: Book Solution

File Description Specification
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Problem 5: Use the matching records teéhnique to update records
in a sequentially organized disk file.

This problem is another example of file maintenance. It is
different from problem four in that we will update values in a
field by adding values to it or subtracting values from it.
A]sE, t?e activity will be done with two sequentially organized
disk files.

(SEQUENTIAL)
SYSTEM/32

(SEQUENTIAL)

Because the matching records technique is applied, the following
coding relationships need to be remembered.

FILE DESCRIPTION

1. File Designation (16) - Specify one file as primary (P) and
the other file or files as secondary (S).

2. Sequence (18) - Specify the sequence of the records; use
either A for ascending sequence or D for descending sequence.

INPUT

1. Describe the field or fields that are to be assigned for
matching purposes. Do this for each file.

2. Matching Fields (61-62) - If one field is used to control
the matching of records, specify M1 for that field in each
file; if two or more fields are used, specify appropriate
entries (use M2-M9).
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RULE: The more significant field is assigned the larger number.

You need to know the following information about calculations
and output when the matching records technique is used to solve
a problem. First, RPG II programs process one record at a time
even though two records are read and compared for matching
purposes. Second, a primary record is processed before a
secondary record that matches it. Third, when a match does
occur, the matching: records indicator (MR) is turned ON so that
all processing and output controlled by it may be produced.

If at any time a record checked for matching is out of sequence,
the program stops running and the operator sees an error message
on the display screen.

CALCULATION

1. Indicators (9-17) - Calculations to be performed when a
match occurs should include the matching records indicator
(MR) along with the desired record identifying indicator.

Calculations may be desired when a match does not occur.
To describe this condition include the letter N (for Not)
front of MR.

_QUTPUT ‘

1. Output Indicators (23-31) - Include the matching records
indicator (MR) with the appropriate record identifying
indicator.

Again, if output is desired when a match does not occur,
include the letter N (for Not).

Refer to all of these coding rules in order to code a solution
to problem five.

Problem 5: Update customer records in a sequentially organized
disk file by calculating a new account balance for
each matched record. Transaction records are in a
sequentially organized disk file. Both files are
in ascending sequence by account number. To
calculate the new balance, add the deposit value
and subtract the withdrawal value.
RULE: To describe subtraction,
1. Specify SUB as the bperation. ;
2. Specify the value to be SUbtréCted as Factor 2.

3. Specify the field from which you are to subtract
as Factor 1.

4, Specify a Result Field.
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When you update a field by subtraction, specify the update field
as Factor 1 and as the Result Field.

Before you specify file description entries, you need to consider
the question, "Which file should be designated as the primary
file?" ,

Kéep in mind that records in the primary file are processed
before matching secondaries. For our probliem, designate the
transaction file as primary.

The records in each file contain the following fields of data.

Transaction File - Each record has 18 characters.
Position Field
1 Code T
2 - 6 Account Number
7 - 12 Deposit Amount, 2 decimé]s
13 - 18 Withdrawal Amount, 2 decimals

Customer Accounts File - Each record has 75 characters.

Position Field
1 Code A
2 - 6 Account Number
53 - 59 Account Balance, 2 decimals

At this time code all of the entries you think are needed to
describe a solution to the problem of updating a customer
accounts file using the matching records technique.

* * *
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Take some time to review your solution before looking at the
book solution. Here are some guidance questions to help you.

FILE DESCRIPTION

1. Which file is the input file and which one is the update?
2. Which file is primary and which is secondary?

3. What is the sequence of records in each file?

4 How large are the records in each file?

INPUT

1. Which field is the match field for each file?
CALCULATIOQNS

1. What combination of indicators is needed to control each
operation?

QUTPUT

1. What combination of indicators is needed to control the
production of output records?

2. How many output fields need to be described to update the
record?

OK. Now look at the book solution and verify your solution.
Your filenames, field names and record identifying indicators
will probably be different, but if they are used correctly
that's fine.
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File Description Specification
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I did not label that set of entries as a book solution because
I want to add two more entries on the file description sheet.

First, an entry (E) in column 17 for End of File. Second, an

entry for Block Length (20-23) for the update file.

In our program it is possible that the transaction file records
update relatively few (let's say 20%) customer accounts. Since
this is the case, we should specify an E for End of File for
the transactions and make no entry in that position for the
customer accounts file. Such an entry allows the program to
end when all transactions have been processed. Specify the
letter E for your transaction file.

* * *

Now consider entries for Block Length (20-23). Block length
specifies the amount of processing unit storage that is to be
used as an input or output area. When computer space is
available, such an entry speeds up the processing because

one read instruction will bring into storage two or more disk
records. The more records in a block the fewer times reading
(or writing) occurs which results in faster overall job
completion. Here are the rules for coding disk block length.

1. Block Length must be a multiple of record length.
2; The maximum entry is 4096.

3. You may enter the same number as record length, in which
case RPG II will assign an efficient block length.

For our problem assume that we will want to specify a block
length equal to 10 records for the customer account file. What
entry should be made to do this? Since records are 75 characters
long, the block length would be 750. Make this entry for your
update file. This completes the solution to problem five.

* * *
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Problem 5: Book Solution

File Description Specification
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Chapter 3: Summary

After a disk file has been created, it must be maintained in
order to reflect current status of every record it contains.
File maintenance involves the processing of files in three
ways: addition of new records, updating of information in
active records, and flagging for future deletion those records
no longer active. A desirable provision of disk file main-
tenance is the creation of an audit trail, usually a printed
report of the actual transactions that occur during a file
maintenance run.

By now you should be able to code all of the RPG II entries
needed to maintain disk files, which are organized either
sequentially or indexed, and include an audit trail of that
activity.

Here iS a list of the coding entries you learned to use in
this chapter.

FILE DESCRIPTION

15 File Type (Update)
16 File Designation (Secondary, Chained)
17 End of File (E)
18 Sequence (Ascending)
20 - 23 Block Length (Disk)
28 Mode of Processing (Random)
66 File Addition (A)
INPUT
61 - 62 Matching Fields (M1)
CALCULATION
9 - 17 Indicators (MR for matching records)
28 - 32 Operation (CHAIN, SUB)
54 - 55 Resulting Indicators (for chaining)
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QUTPUT

16 - 18 Add records to a file (ADD)
23 - 31 Output Indicators (MR for matching records)
23 - 31 Output Indicators (N, for Not)
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SELF TEST - Chapter 3

Use a piece of scratch paper to record your answers to these
questions. You should be able to answer them from memory. When
you are finished, check your answers against those found on the

next page.

1 What is meant when we say we are going to "update a file"?

2. True or False?

An indexed file may be updated by using random processing
and chaining.

3. True or False?

The same record identifying indicator must be assigned to
every input record type described for one job.

4. When should you specify an input field as being numeric?

5. What is the purpose of the CHAIN operation?

6. How should you specify that an operation is to be performed
when indicator 05 is ON and indicator 09 is OFF?

7. When you describe the addition of records to a file, what
special entry must be made on the File Description sheet?
What special entry must also be made on the Output sheet?

8. True or False?

When records are flagged for deletion using RPG II, they are
erased from the disk.
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ANSWERS - Chapter 3 Self Test

Compare your answers to the ones below. If you missed more than
three, re-study the chapter before continuing.

1. To update a file means that the contents of one or more
fields in a record are changed. Normally this is done by
either adding or subtracting values in numeric fields, or
by replacing alphameric field data.

2. True. An indexed file may be updated by using random
processing and chaining.

3. False. Each input record type must have a unique indicator
assignment.

4. There are two situations when you should specify an input
field as being numeric. One, if that field is to be used
in a calculation step. Two, if that field is to be edited
on output.

5. The CHAIN operation causes a search of an indexed file in
order to locate a record having the same key field data as
that contained in the searching field. The search relates
a record from one file to a record in another file.

(Your answer should be similar to this in order to be
correct.)

6. Use either 05N09 or NQ9 05 as a correct combination of
indicators.

7. File Description sheet - Specify an A in position 66.
Output sheet - Specify the word ADD in positions 16-18.

This may be hard to remember at this point in the course.
If you remembered, fine, If not, don't be upset.

8. False. When we speak of deleting records, we mean that
they are "flagged" for later deletion, they are not erased
from the disk at this time.

Rate Yourself:

8 = Super: 7 = Outstanding. 6 = Very Good 5 = Good
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Chapter 4: Using /COPY, Operdtfon Codes, Level 1 Control,
RPG II Generated Program Logic (1.5 to 2.5 hours)

This chapter contains information about a variety of RPG II
topics, all of which are useful to know about and you should be
able to use when coding problem solutions. Since you will be
coding a set of practice problems in the next chapter, these
topics are covered now in order to facilitate their use when
you need them.

The first topic, /COPY, is a function of the Auto Report feature.
It is used to copy and make a part of your program, sets of
coded RPG II specifications that are stored in a disk library.

The second topic, Operation Codes, presents rules and examples
of selected, commonly used operations. After you know of their
existence and have learned the rules for their use, you will be
expected to include them as needed in the practice exercises.

The third topic, Level 1 Control, provides a means for processing
groups of related records rather than processing individual
records only.

The last topic, RPG II Generated Program Logic, is presented
here to solidify your knowledge about describing files, records
and fields in such a way that a meaningful program can be
generated. Every RPG II generated program contains essentially
the same sequence of data processing steps:

READ
A
RECORD

PROCESS
IT

WRITE
A
RECORD
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By examining an expanded Qersion of %his flow you will be able
to trace what happens to fields of data as input, processing
and output steps take place.

CHAPTER OBJECTIVES

When you have finished studying this chapter you should be able
to:

1. wuse the /COPY function to reduce coding effort
and reduce potential coding errors,

2. select and use appropriate operation codes,

3. specify all entries needed to identify groups of
records, control their processing, and produce
their output, and

4. predict what happens in the computer as each
type of input record is read and processed, as
well as what kind of output can be produced.

Various examples are presented in which these items will appear.

/COPY

MULT

DIV

MVR

SQRT

Z-ADD

Z-SUB

MOVE

MOVEL

GOTO

TAG

COMP

Level 1 Control (L1)
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In addition to this text, you will need a few blank coding sheets
of each type (File Description, Input, Calculation and Output).

A self test is included for your review at the end of the
chapter. .
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The /COPY Function

The purpose of the copy function is to provide for the inclusion
of RPG II statements that have previously been described and
cataloged for reference. A copy statement is described in your
program wherever you wish to have the cataloged set of RPG II
statements included in your program. Let's look at an example..

Let's assume that some time in the past you described an input
record with 5 fields, and then had these six RPG II Input state-
ments cataloged (stored on the disk) with the name SALRY assigned
for future reference.

p4aLT)IN
RPG INPUT SPECIFICATIONS
5 Record Identification Codes i
I g Field Location r'e!"
3 1 2 3 5 < ndicators
E g 8
AN H 315, 2
Line Filename g |zl |58 g 2| Field Name | s °
g g = 5 N T Kd k] % Zero
> a I 2 Position || |8| Position || |E| Position |=| |8[P|e] From To = b & | Plus [mi
€ 21832 Zlo|8 Zlo| 8 EREHE & g = Blank
5 SZ| § 5|2 5|S| 2 5(N|2(5] ] £ 2
i o|r zlol & A1 2|55 Z|S|Elals a 8 i
aln[o .
3 4 516|7 8 9 1011 12131415 [16[17[18119 20 |21 22 23 24|25]26}27| 28 29 30 31{32|33|34 (35 36 37 38|39|40[41|42|43}44 45 46 47|48 49 50 51|52]53 54 55 56 57 58|59 60|61 62|63 64|65 66|67 68)69 70|71 72 73 74,
o] |zlpialy s 1 1| el |
o2 [z 2| | [1iglplss
o3| |1 2/912IRATIE
o] |z 36| | 50| valMEe
ofs] |z 5] | [5/4]giNuM
ole| |1 5 6 BASIE|
of7} |1
ols| |1
oj9| IT

Now you are required to code another problem solution that uses
the same record and fields as input. Since these RPG II state-
ments are cataloged, all you do is code one copy statement as
your Input specifications. When your entire program is coded
and ready for compilation, the copy statement will be analyzed
after which the cataloged input specifications will be located
and inserted for compilation. Look at this coding example.
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RPG INPUT SPECIFICATIONS

5 Record Identification Codes i
I g Field Location Field
Indicators

1 2 | 3

Line Filename Field Name

Field Record Relation
H

Decimal Positions

® Record Identifying Indicat
or**

/IClOPY| FIIL,18

o|lofo|e|w
stwint=la

z g
g 3 IZle ) " 5| pocir 5[3
> I Position [~ g Position || |E| Position || |E|TIe From To Plus |Mi

s Zlo|8 Zlol g ZlolBlE|3 Blank
§ i o z|8iE 5512 515)3/5|2
2 ol[r| |2|o z|o|6 z2|ci5 2{5|5|a|s
A[N|D
5|6|7 &8 9 10 11 12 1314 115 1617|1819 20 |21 )3 24|25(26|27128 29 30 31 35 36 37 38|39|40[41[42]43[44 45 46 4748 49 50 51|52|63 54 55 56 57 58|59 60|61 62|63 64|65 66|67 68|69 70(71 72 73 74.

I AlLIR)Y|
I
I
I

The copy statement as shown causes the six cataloged RPG II
statements (from the previous illustration) to become a part
of your source program when compilation begins.

Here are the coding rules for a copy statement.
1. Positions 7-11 must contain /COPY.
2. Position 12 must be blank.

3. Positions 13-15 must contain F1 (this code directs
RPG II to find the set of cata]oged statements on
the disk).

4, Position 15 must be a comma.

5. Positions 16-23 must contain the name of the cataloged
"set of RPG II statements to be copied. This name must
start in position 16 and may be from 1-8 characters
long.

6. If you wish, you may enter a descriptive comment in
positions 50-80.

This example illustrates the use of the /COPY function to copy
a previously described and cataloged input record and its fields.

You are permitted to copy any cataloged RPG II statements, not

just Input entries. For example, you may have cataloged a set

of calculations that are exactly what you need to use in a new
problem solution. How can you make those cataloged calculations

a part of the new program? What coding rules must be followed?
What is the benefit to you, the programmer, in using this approach?
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1. To use the cataloged calculations, code a /COPY
entry on a Calculation sheet.

2. The coding rules for /COPY'statements are the
same regardless of the type of sheet on which
they are made.
/COPY in positions 7-11
leave position 12 blank
F1 in positions 13-14
» in position 15
cseseess Use the name of the cataloged set in 16-23
3. One benefit is reduced coding time.
OK. How would you copy a set of eight Output specifications
cataloged under the name RETALOT? Assume that these eight

entries are what you need in your program. Use a blank OQutput
sheet and specify a copy statement to do the job.

* * *
Your entry%must include:
1. /COPY in 7-11
. a blank in 12
F1, in 13-15
RETALOT in 16-22

W N

You ﬁay have included a comment in positions 50-80, but it is
not required.

Here is a rather unusual, but possible, situation. Using blank
coding forms, specify entries that will copy a set of input
entries named INEX25, a set of calculations named C6, and a

set of output entries named OUTTEM.

* * *
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Remember, you are permitted to copy any cataloged RPG Il state-
ments. You may also specify standard RPG II statements in
addition to those you have copied. A benefit to you lies in
reduced coding effort. Assuming that cataloged items have
already been tested and are correct, another benefit is that
these copied program steps are pretested. Also, there are
fewer statements in your program that need to be keyed into

the system for compilation. This reduces the time needed to
enter programs and reduces the number of potential keying
errors prior to compilation.

One more point. When the source program is compiled, the RPG II
program will include each /COPY statement followed by the actual
statements that were copied from the library on the disk where
they are cataloged.

Your coded entries should be similar to the following. Check
your entries.

I/COPY F1,INEX25
C/COPY F1,C6
- 0/COPY F1,0UTTEM

There is additional information related to the use of /COPY in
the RPG II reference manual. I suggest that you look through
this section at your convenience. Keep in mind that we have
only begun the study of the RPG II language and some of the
examples in the reference manual contain specifications we have
not learned yet, for example, copied statements may be modified.

One last point on coding /COPY. The copy function is an aid to
the programmer and the person who keys in source programs for
compilation. There are restrictions to its use as it isn't the
“cure-all" for problem solving. If a set of cataloged entries
can be used as is or requires little modification, use /COPY.
If not, describe all entries in standard RPG II form.

Operation Codes

This part of the chapter deals with specification of selected
operation codes. We will present some information, show a few
examples, and direct you to read in detail about specific
operations. As you read, you should refer to these questions
mentally.

1. What is the operation?

2. MWhat does it do?

3. Are there any restrictions or considerations
regarding its use?

4. How do I specify its use?
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You will need a number of blank Calculation sheets and your
RPG II reference manual, form number SC21-7595.

* * *

As the name of this form implies, it is the place where you
describe calculations. We have already showed examples of
problem solutions in which the ADD, SUB and CHAIN operations
were used. At this point, we want to concentrate on arithmetic
operation codes. Before we conclude this section, you should
know how to describe the operations listed below:

1.

ADD Adds the values in 2 factors.
SUB Subtracts one factor's value from another.

MULT Multiplies the values in 2 factors.

DIV Divides one factor's value by another.

MVR Moves the remainder following a division
operation.

SQRT Computes the square root of a factor.

Z-ADD Sets a result field to zero and then adds
a factor to it.

Z-SUB Sets a result field to zero and then subtracts
a factor from it.

Here are some general rules to be remembered when using
arithmetic operations.

1.

Any factor to be used in an arithmetic operation
must be either a numeric field or a literal. A
literal is a specific number such as 1.732 or -275.

The result field holds the answer following an
arithmetic operation. The result field must
also be numeric and large enough to hold the
largest anticipated answer during a job.

The length of any numeric field cannot exceed
fifteen (15) positions. This field may have
from 0 to 9 decimal positions.

Data that was stored in a result field is
replaced by new data the next time that same
operation statement is performed.

The result always contains a signed number.
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6. The result may be "half adjusted" except for
a (DIV) operation that is immediately followed
by a move remainder (MVR) operation.

"Half adjusted" means the same as "rounded off".

At this time, you should turn to the section of the reference
manual that describes arithmetic operations and read about each
of the following: Add, Zero and Add, Subtract, Zero and Sub-
tract, Multiply, Divide, Move Remainder, and Square Root. This
information is found in the second section of the manual.

* * *

Now that you have completed the reading, look at the coded
examples on the next page and imagine that you are explaining
to another person what each statement means. If you cannot

explain it, re-read the reference manual section before
continuing.
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Operation Codes: Examples

RPG CALCULATION SPECIFICATIONS

ONONOROONONONORONOXKO)

C o Indicators Result Field :.e;iu:::s
§E l " ‘Arithmetic
sS And  And Factor 1 Operation Factor 2 :‘5:’ f P'“‘g::‘:}ezm Comments

Line ,!zi %: Name Length < ST ey

€ g ol . - E : Lookup(Factor 2}is|
2|8 5 § Z° § L - g £ High | Low { Equal|
3 a4 5l6 |7 8} 9[rol]12]1311a]15[16[17{18 19 20 21 22 23 24 25 26 27|28 29 30 31 3233 34 2&&33 39 40 41 42143 44 45 46 47 Q_BJ%&S‘ 52]53]54 ! %EJE‘FDQ sog'_‘_ﬁ_z_‘ﬂs‘ _5_5_32_‘&7_68 60 70 71 72 73 74
o] Ic x|yl App] [ Irvial s[7ls)s ) [ ] -
NEARE .
ool Te clolLlolr \pp| | [t colLolr
0|4 C |
5] i€ 1iS|T] SUB 7\712]:128 N ERR 474
ols| [c )
op7) e A DIl V] | |16 Fl2|7 41PH
ols| [c
ola| lc s viLIT| IS 52
1o} fe
1] {e] | Inlplg SQR|T| [Flogm Rlolo|T]
12| je
"3y le N|f ToT|VAAIL D1V RIEQ M| X 311
el e VIR L E|F|T! 2]
11| fc
el |c Z|-AlpP|512 WIK|S)
17| |C
18| | Z| -IS|VIB|- 1219 VAL
1(9] |C
2|0| |c 112] IS|v X 71X 2
c -
L
[
c
c |
i | LIl ]
£9 29 09

L1 | - - L)
ZL 4L OL 69 89 L9 99 99 ¥9 9 698G (995 95 PGS ESZS IS 05 6Y 8y LY OV SY vY SV Zv Ly OY 6€ B LE IE SE YE CE IC 1€ OE 62 BZ L2 9L SZ YT €2 2L VZ OZ 6L BL LE 9L SL PLELZL LLOL 8 B £ 9 S ¥ € Z
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1. What do you think would happen to the value in the result
field if you switched the entr1es for factors 1 and 2 in
both ADD statements?

2. If the value in MIST in statement #3 equals 700.00, what
sign will be in the result field after the operation?

3. Why is the H specified in column 53 on statement #4?
4, What kind of problem is being described in statement #5?

5. Why do you suppose that the entry NP8 is coded in positions
9-11 for statement #67?

6. Why is N1@ coded in positions 9-11 for statement #7?

7. Consider statements 7 and 8. Can the field named MIX be
half adjusted?

8. What value will be found in WKS after the Z-ADD operation
is completed?

9. What sign will be found in VAL after the Z-SUB operation
is completed?

10. If the value of X is 12, what value will be found in X
after subtraction takes p]ace for statement #117?

* * *
'

If your answers do not agree with mine, you may wish to re-read
the section on arithmetic operations before you continue.

1. No change. Exchanging entries for factors 1 and 2 in an
ADD operation does not change the value of the result.

2. The value of NOTER will be negative because 772.20 is
larger than 700.00. NOTER will have a minus sign.

3. The result field value is to be half adjusted after
division is performed.

4. The value in the field named S is being multiplied by
itself. This is the way you specify the squaring of a
number.

5. The square root operation can only be performed if the value
in factor 2 is positive. Evidently a test to determine this
condition results in indicator @8 being turned ON when FORML
has negative value, therefore, the ent1re operat1on shall
be done when indicator ¢8 is not on.
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6. Similarly, division cannot be done when factor 2 (FREQ) is
zero (indicator 19 is ON). So, statement #7 means if
factor 2 is not zero, divide TOTVAL by FREQ.

7. No. When MVR is specified, the result field of the divide
operation just ahead of it cannot be half adjusted.

8. 52, because WKS is set to zero and then 52 is added to it.

9. A plus sign because VAL is set to zero and then -29 is
subtracted from it. When a negative number is subtracted,
the rule is change its sign and then add it.

10; Zero

The next group of operations provides for the movement of data
within the central processing unit storage area.

Suppose the computer read an input record that included a 9-
position field for the name of the month in which the record

was created, but in your new problem you simply want the first 3
letters of each month's name. By moving the first three characters
of the month field to a new place in storage, you can now proceed
to solve your problem in which abbreviations are to be used.

B|EIR

(MONTH) S| E|P| (mo

-
S e o — ———— ————-———— ———————— ————— - ™

Here is another example. Let us say you are computing a value
to four decimal places and you need to use the rightmost two
decimal places for further calculations. You can use a move
operation to extract those two decimal places.

-
S e m o ————— -
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At this time, you are to concentrate on only two of the move .
data operation codes, MOVE (move right-to-left) and MOVEL (move
left-to-right). Here are some general rules about moving data.

1. Data in Factor 2 is moved to the Result Field. No
entry is specified for Factor 1. ‘

2. Specify as Factor 2 the name of the field from which
data is to be moved. Factor 2's value is not changed
by the operation.

3. The Result Field contains the characters that were
moved.

4, The shorter field controls the operation. That is,
if Factor 2 is shorter in length than the Result
Field, moving of data stops when all characters in
Factor 2 have been moved. If the Result Field is
shorter, moving of data stops when the Result Field
has been filled.

5. You may move numeric data to either a numeric or
alphameric result field.

6. You may move alphameric data to either a numeric or
alphameric result field.

7. MOVE is the operation code that causes data to be
moved from right to left from factor 2 to the
result field.
8. MOVEL is the operation code that causes data to be
moved from left to right from factor 2 to the result
field.
At this time, turn to the section of your RPG II reference manual
that explains the move data operations. Concentrate on the

examples that describe either MOVE or MOVEL. When you think
you understand their uses, return to this text.

* * *

Refer to the following information in order to answer these
questions.

Field A contains 2756
Field B contains MR
Field C contains X15Y29
Field D contains SYZYGY
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In each example, think about what is specified and then figure
out what would be stored in the result field after the operation
was completed.

RPG CALCULATION SPECIFICATIONS

. ) . Resulting
C = Indicators Resuit Field Indicators
§ . l I e Arithmetic
32 And  And Factor 1 Operation Factor 2 2| [Plus [Minus] Zero Comments
I E L h K g, Compare
tne |23 2 Name ength & gl>2hi<zfie2
€ .;, i - -~ § « |Lookup(Factor 2)is|
28 5|2 2 2 &% [Hiigh| Low |Equal
3 4 5|6 |7 8| 8|to[1112]13114}15[16[17]18 19 20 21 22 23 24 25 26 2728 29 30 31 32|33 34 35 36 37 38 39 40 41 42|43 44 45 46 47 4849 50 51§52 53‘54 55§66 57|58 5960 Q-S_ZEB_%EE‘E7 68 69 70 71 72 73 74
oi1] |e MOlVIE| 1A H8 2|2
ol2] ¢
ool le MolvE|LlA XM[1 3
ola| e
ofs| Jc MIO|VIEL|B C
ol6f |C
ol Je MIOIVIE| D RIT] B
o)8 [
os| [c MOIVEE L M 1
1lo] |c
11| |c
1|2} [c
* * *

After the move operations are completed, the result field values
are:

1. HB = 56 (with a plus sign)
2. XMI = 275

3. C = MR5Y29
4

. RT = 22SYZYGY The ?? positions would contain whatever
was there before the move was done.

5. M =S

A key point about the use of move data operations was made
earlier. These operations provide for the movement of data
within central processor storage. Moving data requires time and
space in the computer, so do not use these instructions if your
problem can be solved in a more efficient manner.

The third category of operations to be studied in this section
includes GOTO, TAG and COMP. The operation GOTO directs the
computer to either bypass one or more calculations, or to
repeat a previous set of calculations. The TAG statement
identifies the place on the calculation sheet where the next
set of instructions shall begin. The COMP (compare) operation
provides a test for a desirable condition.
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Let's look at a simple example. Suppose we are supposed to
repeat a 2-step calculation series seven times and then con-
tinue normal processing.

First, we could perform the desired 2-step calculation. Next,
we could add 1T to a counter in order to keep track of the number
of times we have done those steps. Third, we could test the
counter value to see if we have done the series seven times.

If not, we repeat the steps and add 1 to the counter. When we
have done it seven times, we reset the counter to zero and
continue normal processing. Look at the flowchart.

DO
STEP 1

DO
STEP 2
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Here are the calculation statements we would use to describe
this set of actions.

RPG CALCULATION SPECIFICATIONS

Resulting

c o {ndicators Result Field Indicators
3 - Arithmetic
=5 815 [[Plus [Minus] Zoro
9 And  And Factor 1 Operation Factor 2 e = Comments
i SER \ Name Length |£3 Compare
Line =3 & = §1>2l1<2|1=2
glzal ., _ E 12 [eookup(Factor 217
5182 2 2 S| [ High [ Low [Equal
3 4 5{6 17 8] 9101112 [1314)15/16{17{18 19 20 21 22 23 24 25 26 27'2_3 29 30 31 3233 34 35 36 37 38 39 40 41 41'43 44 45 46 47 48149 50 51)52153 5422‘ 57158 59160 _|_2._3.ﬁ§_62_6_7£ 69 70 71 72 73 74
of1] |c ISITEPIS TA|G]
oo | A MulLiT] X Ax 1/le|
ofs] |e X ADD| | lo A |
il I L ClOWNTR 1A DD 1 ClO|V|N|TIR 1l¢
ofs| Jc ClouMTIR clomP| |7 165
ool [l TIWe8 colrlo! ls|7lElPls
o{7| fe Z -A|DD\P COWWITR
ol e i |

In this example the GOTO Operation was used to make the computer
repeat a set of instructions. To compare a value in a field to
a number, just specify that number as a numeric literal. The 7
in Factor 2 of the COMP statement is a numeric literal.

Now examine the next set of calculations. 1In this problem

there are three situations. The field named CODE should con-
tain either the letter A, or the letter B or the letter C.
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CODE

A or B or C

RPG CALCULATION SPECIFICATIONS

N Indicators Result Field Res_ulung
c ] Indicators
Sz 2| Arithmetic
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This problem is more complex than the first one. Notice how
letters are used as literals in the COMP statements. They are
called alphameric literals.

RULE: When letters, or letters and numbers are used as
literals, they must be enclosed by single quote marks.

Did you try to trace each condition step-by-step? If not, try
it. Ask yourself these questions as you do the tracing.

1. If the field named CODE has a letter A in it,
which steps will be taken?

2. If CODE has a B, which steps will be taken?
3. If CODE has a C, which steps will be taken?

4, What will happen if a record is read with a
character in CODE that is neither an A, a B
or a C?

* * *

The GOTO operation was used here to bypass some calculation
steps. Now let's list some general rules for the use of GOTO
and TAG operations.

1. A GOTO operation may be conditioned by 1, 2
or 3 indicators in positions 9-17. :

2. The TAG operation cannot be conditioned by
indicators.

3. The name used as Factor 2 in a GOTO statement
must be the same as a name used as Factor 1
with a TAG statement somewhere in the same
program. The "name" is called a label.

4, Each TAG statement must include a unique label.

5. Any number of GOTO statements may direct the
computer to branch to the same TAG statement.

6. A TAG statement performs no activity. It simply
provides a label for reference by GOTO statements.

Here are some general rules for using the compare (COMP) opera-

tion. Refer to a blank Calculation form as you read these rules,.

1. A field in Factor 1 is compared against a field
or a literal in Factor 2.

A literal in Factor 1 is compared against a
field in Factor 2.
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2. At least 1 Resulting Indicator must be assigned
in columns 54-59 in order to determine the
results of the comparison.

3. If the value of Factor 1 is greater than the
value in Factor 2, the indicator assigned to
positions 54-55 will be turned ON.

4., If the value of Factor 1 is less than the value
in Factor 2, the indicator assigned to positions
56-57 will be turned ON.

5. If the value of Factor 1 exactly equals the value
of Factor 2, the indicator assigned to positions
58-59 will be turned ON.

6. Any indicator turned ON as a result of a COMP
operation remains ON until that same statement is
repeated, or the indicator is turned off (we'll
cover the turning off of indicators in a later
chapter).

7. No field values are changed in this operation.
8. No Result Field is specified.

9. Comparison is based upon algebraic rules for
signed number sequences for numeric fields and
upon collating sequences for alphameric fields.

At this point, read those sections of the RPG II reference
manual that deal with GOTO, TAG and COMP operations.

* * *

Use a blank Calculation sheet to code a solution to the follow-

ing problem. You are to include at least one GOTO, one TAG and

one COMP statement to solve the problem. You may refer to this

book or the RPG II reference manual if you wish. Sketch a flow-
chart if you wish before you code the solution.

Problem

Divide the field named EN by the field named XWON to compute
a result named T5. Add XWON to T5 to get a new value for the
same field named T5. Divide T5 by 2 and place the answer in
the field named XTU. If the value in XTU is not equal to the
value in XWON, replace the value in XWON with the value in
XTU and repeat all of these calculations. When the value in
XTU equals the value in XWON, the calculations are finished.

* * *
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A solution is provided for your review. Examine it carefully.
Also, examine your solution. To find out whether or not your
solution is correct, trace the values for each field on a
piece of scratch paper.
Test Data

Starting value of EN is 64.

Starting value of XWON is 4.

Assume that the field T5 has 1 decimal place.

RPG CALCULATION SPECIFICATIONS
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Here are key points in solving this problem.

1. If you expect to repeat a series of steps, allow
room for a TAG statement just ahead of the first
calculation in the series.

2. Each step must appear in the correct order, from
top to bottom on the Calculation sheet.

3. Any unused indicator may be assigned to test the
results of the comparison.

4., The label in Factor 1 of the TAG statement must
be the same as the label in Factor 2 of the GOTO
statement.

5. The value in the field named T5 was changed by

adding a value to it and storing the result in
T5. This is the method used to accumulate values.
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Well, how was your solution? Did you include all of the calcu-
lation steps in the correct order? Did your label in the GOTO
and TAG statements start with a letter? When you traced the
test data through either your solution or mine, what value did
you get for XWON when the calculations were finished?

If your solution (and mine) works properly, the value in XWON
should be 8 when all calculations are finished for the test
data shown.

Coding Level 1 Control Breaks

Each of the examples we have been working with up to this point
in the course dealt with the processing of individual records
in a file. At this time, we will study the processing of
groups of records.

Refer to this 1list of student records as we talk about them in
groups and consider the RPG II coding required to describe these
groups.

RECORD CLASS NAME AGE
1 7 BILL 1
2 7 ANN 11
3 8 SAM 13
4 8 JANE 15
5 9 SALLY 14

These students are already arranged in order by class number. Let
us say that we are to count and then print the number of students

in each class and a total of all students at the end of the report.
What information is needed to solve the problem?

First, we need to be able to describe one field of data as a
"control field", that is, the field that is to be examined as
each record is read by the computer in order to determine which
records belong to the same group. RPG II provides special Input
sheet entries to describe (or define) a field as a "control field".
Look at a blank Input sheet, positions 59-60. Acceptable entries
for these columns are L1-L9. When an entry such as L1 (level 1)
is made in these columns, it "defines" a field as a control

field of a designated level. Level 1 is the lowest level of
control in RPG II and level 9 is the highest level that can be
specified.
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RULE: To define a level 1 control field, specify L1 in
positions 59-60 on the Input sheet for the field
that controls the grouping of records for the job
being run. '

Now that the control level field has been defined on the Input
sheet, we may control both the processing and output of data by
specifying L1 as the controlling indicator. for particular
calculations and/or output statements. ‘

Here is how it works. First, the indicator L1 automatically
will turn ON when the contents of the control field in a record
are different from the contents of that same control field in
the record just before it. Second, the indicator L1 automatically
turns OFF when all processing and output specified under its
control have been produced. Once you define a field as being

a control field, the program compiled by RPG II examines that
field as each record is read, compares it to the previous record
(which it stores for comparison), turns the control level indi-
cator on if necessary, and later turns it off when its activity
is completed. Yes, the program does all of this if you enter

L1 (or L2-L9) in 59-60 on the Input sheet.

Now consider the desired output. Here is a copy of the kind
of report we expect to print. ‘

STUDENT TALLY
CLASS # OF STUDENTS
7 2
8 . 2
9 | 1
h*

When should totals be printed for each class?
final total be printed? ? When should the

* * *

Each record must be counted. A1l class 7 records are co

they are read. When the first record for class 8 is reathggGail
turns on indicator L1. Why? Next, RPG II will produce as output
g]] report fields, totals and constants you described as belong-
ing to class 7. The indicator L1 remains off until when? What
is done by RPG II when L1 goes on again? Then what happens?
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I have asked a 1ot of questions. See if you are on the right
track so far. The indicator L1 turns on when the first record
for the next class is read because the class number field is
different from the class number of the record just before it.
After the calculations and output are completed for class 7,
indicator L1 turns off and records for class 8 are counted.
When the first record for class 9 is read, indicator L1 will
turn on again. After calculations and output are done for
class 8, indicator L1 turns off and the records for class 9 are
counted.

By now you might think we have got a few situations to take care
of before this data processing problem is really solved. You
are right.

Situation #1: How does RPG Il handle the situation when
the very first record is read in for the
entire job? If it compares class 7 against
class "nothing", wouldn't L1 be turned ON?

Situation #2: Doesn't the count field have to be set to zero
after being printed for one class so we can
start counting properly for the next class?

Situation #3: How can we keep a running total of all records
counted?

Situation #4: How does RPG II produce output for the very last
class (class 9 in this example)? Doesn't L1 have
to be turned on for it?

Let's take these situations one at a time. RPG II automatically
bypasses both calculations and output statements controlled by
L1-L9 indicators when the very first record for the job is read
in. This is done so that no "false totals" will appear on
reports. No calculations or output statements conditioned by
control level indicators will be processed until at least 2
records have been read for a job.

After printing the count field record for one class, you must
specify an entry to reset that counter to zero. To do this, you
simply enter the code letter B in position 39 on the Output sheet
for the count field. This coding causes the count field to be
"blanked after producing output" so that counting can start at
zero for the next group of records.

A running total of all records is kept by specifying an addi-
tional operation that is controlled by indicator L1. This step
is needed so that the records counted for a class can be included
in a final total.

NOTE: Calculations for a control level always occur
before its related output is produced.
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We will look at the coding for this example shortly.

To complete a job, a special "end of file" record must be detected
by your program. In our example, the special record must follow
the last class 9 record. This special record causes all control
level indicators (L1-L9) and the last record indicator (LR) to

be turned ON when it is read.

NOTE: When the last data record has been keyed from
the console keyboard, the operator enters a
special "last record" from the keyboard to
let the program take care of the final group.

When the last data record from the disk file
is processed, one more special "last record"
is read in from the same disk file. When
disk files are created, the special "end of
file" record is automatically added for

this purpose.

Now to get back to the processing and output for class 9 records.
Since L1-L9 and LR indicators are all turned ON by the special
last record, all processing for all groups of records is com-
pleted and then all output for all groups is produced, followed
by the output of the final total on the report. When all output
has been produced, the computer ends this job.

Here are two definitions you need to remember when solving prob-
lems that involve groups of records.

1. Detail-time calculations are those which are
performed for each input record. They are
controlled by a record identifying indicator
in positions 9-17.

2. Total-time calculations are those which are
performed for each group of records. They
are controlled by a control level.indicator
in positions 7 and 8.

When one or more result fields contain totals for a group of
records, they must be set to zero before totals are calculated
for the next group. To reset such an output field, specify a
"B" in column 39 on the Output sheet following that field name.
The value in the field will be set to zero after the field value
is printed (or written out on disk).
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In order to relate the words to the problem we are doing, I will
restate the problem and show a coded solution. When you look at
the coding, notice how the L1 entries are made in order to:

1. define the control field on the Input sheet,

2. control the accumulation of a running total on
the Calculation sheet, and .

3. control the printing of class totals and a final
total on the Output sheet.

If you are unsure of any coding steps, I suggest that you re-read
this section called "Coding Level 1 Control Breaks".

Problem
Print a tally of the number of students in each class. Include

a final total of all student records. Input record fields
include CLASS, NAME and AGE.
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Solution

File Description Specification
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At this time read the section of your RPG II reference manual
that presents information about Control Level Indicators. When
you have finished, return to this text.

* * *

Try to answer these questions about control level indicators.
1. Where are control level indicators defined?

2. If indicator L3 is turned on because of a control break,
what happens to indicators L1 and L4?

3. Calculations controlled by a control level indicator in
positions 7-8 are called what kind of calculations?

* * ' *

1. Control level indicators are defined on the Input sheet
in positions 59-60. After a control level indicator is
defined, it may be used for total-time calculations or
for total-time output control.

2. When L3 is turned on because of a control break, L1
and L2 are also turned on automatically because they
are lesser levels of control. L4 is not affected by
a control break on level 3.

3. They are called "total-time" or "total" calculations.

Here is a coding rule you need to remember for making entries on
the Calculation sheet.

RULE: When detail-time ca]cu]étions and total-time calculations
are described in a program, all of the detail-time calcu-
lations must be placed ahead of the total-time calcula-
tions.

RPG Il Generated Program Logic

I have added this brief topic because it is related to the topic
of control levels. As you read through this section of the text,
you should find out "when" the following indicators are turned

ON and OFF.

1P First Page Indicator
¢1;99 When used as Record Identifying Indicators on the
Input sheet
L1-L9 Control Level Indicators
LR the Last Record Indicator
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A11 programs described in the RPG II language need to be compiled
in order to run data processing jobs. When RPG II source programs
are compiled, you find that they all have a basic logic that is
the same. We will examine this basic logic in three parts:

1. Initialization,
2. Main Program, and
3. Last Record.

Initialization steps are used to start a job. They include the
setting of all storage areas used as counters to zero, the turning
off of all record identifying indicators, the turning off of all
control level indicators, and the turning ON of the first page
indicator 1P. If any output is controlled by 1P, it is produced
at this time, and then indicator 1P is turned OFF and remains off
for the remainder of that job. Note that initialization does not
include the reading of any input records.

Here are the steps taken during initialization.
1. Load the desired object program.

Set all counters to zero.

Turn ON indicator 1P.

Turn OFF all other indicators.

Produce output controlled by indicator 1P.

A O W N

« Turn OFF indicator 1P.
The main program sequence deals with the reading of a record,
processing it either singly or as a part of a group, and
producing output for either a record or a group of records.
Here{are the steps taken during the main program.

1. Read a record.

2. Turn ON its associated Record Identifying Indicator.
3. Test for a control break.
4

. If a control break occurs:

a. Turn ON the associated control level indicator
and all lesser levels.

b. Perform all total-time calculations associated
with these indicators.
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c. Produce all output controlled by these indicators.
NOTE: For the very first record in a file, bypass steps 4b and 4c.

5. Perform detail-time calculations and produce associated
output.

a. Process the record.
b. Produce output for that record.

c. Turn OFF that Record Identifying Indicator
for that record type.

6. Turn OFF all control level indicators.

7. Repeat steps 1-6 for all records in the file (or files)
being processed.

The last record sequence terminates a job. Each input file
includes a special "last record" in addition to all of the data
records. When this special record is read during the main pro-
gram sequence (it is read just as any other record), the normal
main program steps are bypassed in order to do the following
steps:

1. Turn ON all control level indicators (L1-L9) and
turn ON the last record indicator (LR).

2. Perform all total-time calculations controlled by
L1-L9 and LR.

3. Produce all total-time output records controlled
by LT1-L9 and LR.

4. End the job.

Initialization, the main program and the last record section of
an object program have been described in general. Your RPG II
reference manual includes a very detailed RPG II logic flow-
chart that you will want to examine after completing this
course. '

The detailed chart includes quite a few items we have not yet
covered in this self-study course, and I suggest that you
examine the simplified flowchart included in this text rather
than the one in the reference manual.
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To summarize, calculations and the producing of output records
are controlled by indicators. RPG II controls the settings
(both ON and OFF) of: ‘ o

1. The first page indicator, 1P,

2. Record Identifying Indicators, @1- 99 as assigned
on the Input sheet,

3. 'Control level 1nd1cators, L1- L9 as def1ned on the
Input sheet, and

4. The Last Record Indicator, LR.
The object programs that are generated as a result of compiling

RPG II source programs all have a basic logic which is illus-
trated in the following chart for your reference.
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RPG II PROGRAM LOGIC

‘ START ’

LOAD
OBJECT
PROGRAM

SET
COUNTERS
TO ZERO

&

TURN
INDICATOR
1P ON

&

TURN
ALL OTHER
INDICATORS
OFF

E

PRODUCE
1P
OUTPUT

]

TURN
INDICATOR
1P OFF

READ
A
RECORD

LAST

RECORD
?

TURN
REC ID
INDICATOR
ON

TURN
L1-L9
INDICATORS
ON

DO
DETAIL-TIME
CALCULATIONS

PRODUCE DO
HEADER TOTAL-TIME
& DETAIL CALCULATIONS
OUTPUT

%;?% PRODUCE
INDICATOR T%Rﬂ;ﬂ¥5
OFF

TURN
L1-L9
INDICATORS
OFF
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TURN
INDICATORS
L1-L9, LR
ON

DO
TOTAL-TIME
CALCULATIONS

PRODUCE
TOTAL-TIME
OUTPUT

‘ END JOB ’



You have completed the study of this chapter. It provides rules
and examples for using the /COPY function of Auto Report, the
use of selected operation codes, and the coding of level 1
control breaks. You were directed to read about each of these.
items in the RPG II reference manual so that you became somewhat
familiar with it as it contains all RPG II coding rules and

many examples of their uses.

In the next chapter, you will be expected to use any of these
items you need in order to code solutions to new types of data
processing problems. Do not hesitate to use the reference
manual whenever you feel it is needed. '
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Chapter 4: Summary

This chapter included a variety of topics that should have pro-
vided information, rules and examples regarding their application.

At this point you should be able to use the /COPY function to
reduce coding effort when sets of specifications you need are
already cataloged. Also, you should be able to select and
specify arithmetic operation codes, move data codes, and
branching codes as needed for processing data. You should be
able to describe record grouping for one level of control, making
appropriate entries on Input, Calculation and Output sheets as
needed. Finally, you should have a grasp of the program logic
that exists in each RPG II generated program.

Here is a list of the coding entries you have learned to use in
this chapter.

FILE DESCRIPTION

7 - 23 /COPY F1,name

INPUT

7 - 23 /COPY F1,name
59 - 60 Control Level (L1)
CALCULATION

7 - 23 /COPY F1,name

7 - 8 Control Level (L1)
28 - 32 Operation (MULT,DIV,MVR,SQRT,Z-ADD,Z-SUB,MOVE,MOVEL,
‘ GOTO,TAG,COMP)
54 - 59 Resulting Indicators (High, Low, Equal - for COMP

operation)

0UTPUT
7 - 23 /COPY F1,name
23 - 31 Qutput Indicators (L1)
39 Blank After (B)
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SELF TEST - Chapter 4

Try to answer these questions from memory. MWrite your answers on
a piece of scratch paper so that you can check them when you've
finished.

1. True or False. The /COPY function of Auto Report allows the
inclusion of previously cataloged RPG II statements.

2. The Result Field specified in either a subtraction (SUB)
or multiplication (MULT) calculation statement must be
defined as:
A. Numeric
B. Negative
C. Alphameric

D. Positive

3. What is the size of the largest result field that can be
used in an arithmetic operation such as ADD?

4, What happens to the value in a result field under this
condition?

A new input record is read and the same arithmetic
operation statement is performed.

5. Assume that data is being moved using the MOVE operation.
What causes data to stop moving?

6. Which field's data is changed during a MOVEL operation?
A. Factor 1
B. Factor 2
C. Result Field

7. How many Resulting Indicators (in 54-59) must be specified
for a compare (COMP) operation?

8. True or False. Control level indicators may be assigned to
input fields.

9. True or False. Calculations for a control level always
occur after its related output is produced.
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ANSWERS - Chapter 4 Self Test

onmad
.

True

A (numeric)

15'positions

The o01d result field value is replaced by the new one.
Movement is controlled by the shorter field.

Result Field

At least 1 must be specified.

True

O o0 ~ o o =~ w [a]

False

A score of 8 or 9 points is excellent. If you had a score less
than 5, you should re-read this chapter before continuing.
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You have studied enough about RPG II fundamentals by now so
that you can describe solutions to data processing problems
in which files are created, records are added to existing
files, data in records is updated, and data can be processed
using arithmetic, move, compare and branching operations.

One fundamental of RPG II is that all programs generated from
coded solutions have the same basic logic. This logic pro-
vides for the processing of a single input record, or group
of related input records, in order to produce a single output
record.

Another fundamental of RPG II is that each problem solution

is described on a combination of RPG II specifications sheets.
Files are described on a File Description sheet; input records
and fields are described on an Input sheet; processing activ-
ity is described on a Calculation sheet; while output records,
fields and constants are described on an Output sheet.

B % % ok %k % %k b 3k %k %k o ok F * * F ¥ *
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Chapter 5: Practice Problems (3 to 6 hours)

As the name implies, this is a chapter in which practice is pro-
vided for you so that you can apply the principles of problem !
solving, and apply the rules for coding solutions using whatever
entries are appropriate to get each job done. A set of four
exercises is used in this chapter.

1. Print an "Accounts Receivable Register" from a file of
accounts receivable records found on disk. Make use of
the two Auto Report functions, /COPY and *AUTO.

PRINTER
(/COPY) \\\\\\\\\“€> SYSTEM/32 |7

(*AUTO)

2. Update the records in a "Master Subscriber" file by entering
records from the console keyboard that are either renewals
or changes of address. The master subscriber file is an
indexed file. Include a list of the keyed transactions.

KEYBOARD
(””””/””]_————_—-‘\\\\N w//////////”——_—‘\\\\\\\\\\\(INDEXED)

(Renewals)
(Changes of Address)

SYSTEM/32

4{///) \\\\\\\\\\__,/////////membm”

(Transactions List)

PRINTER
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Compute monthly electric bills for customers. The File
Descriptions, Input and Output specifications for this
problem have been cataloged so they will be ‘incorporated
as a part of the problem by using the /COPY function of
Auto Report.

/’\

{/COPY)

SYSTEM/32

\

PRINTER
(/COPY)

Create a new sequential file of payroll records by copying
the payroll records in an existing indexed file. While this
is being done, verify each payroll record. If any record
includes too many deductions (which would result in either
no net pay or worse, negative net pay) print information
about that record as a part of an exception report.

T

(INDEXED)

SYSTEM/32

- =

(Exception Report)

(SEQUENTIAL)
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No new coding entries are required to code solutions to problems
1, 2 and 3. However, RPG II has a special approach that is
useful in producing exception output records. You will learn
about this approach as you code the solution to problem 4.

CHAPTER OBJECTIVES

When you have finished this chapter, you should be able to
specify solutions to a variety of problems. This will include
the description of exception output records, which actually are
produced at the time that calculations are being performed.

In addition to this text you will need a number of blank RPG II
specification sheets and the System/32 RPG II language manual,
SC21-7595. Also, get one or two blank Print Chart sheets,
GX20-1816.

There is no self test for chapter 5.
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CHAPTER 5: PRACTICE PROBLEM CODING

1. Accounts Receivable Register
/COPY
- *AUTO

2. Master Subscriber File Update
CHAIN

3. Computing Electric Bills
/COPY
COMP
ADD
Z-ADD
SUB
MULT

4. Computing Payroll Deductions
| Create a New File
Print Exception Output
EXCPT
UDATE
PAGE
Exception Qutput Records

Edit Words
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You are to code a solution for each of the data processing prob-
lems in this chapter. Refer to the RPG II reference manual for
specific coding rules you may have forgotten. You will need
blank coding sheets of all types in order to complete this set
of exercises. You also need a blank Print Chart (GX20-1816)

for problem number 4.

I suggest that you concentrate on one problem at a time. Examine
all output shown, read and re-read the problem statement until
you are sure about what needs to be coded. Then proceed in this
manner:

1. Describe the input and output files on a File
Description sheet.

2. Describe each type of input record and field on
an Input sheet.

3. Describe the desired output on an Qutput sheet.

NOTE: If possible, make use of the Auto
Report functions, /COPY and *AUTO.

4. Describe calculations not included in *AUTO
entries on a Calculation sheet. Remember to
place all detail-time calculation entries
ahead of all total-time entries on this sheet.

5. Re-read the problem, examine all illustrations
and review all of your coding.

When you are satisfied that your coding is accurate, return to
this text.

Problem 1: Accounts Receivable Register

A file of 80-character disk records contains information about

a certain company's accounts receivable. An "Accounts Receivable
Register" is printed for management each month so that it can be
determined which invoices have not yet been paid by customers

who purchased goods from the company. A sample of that report

is on the following page. :
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Report

ACCOUNTS RECEIVABLE REGISTER
CUSTOMER "CUSTOMER NAME STATE CITY INVOICE INVOICE INVOICE
NUMBER NUMBER DATE AMOUNT
1281 | AMERICAN STEEL CO 36 49 11666 11/23/67 640,31
1281 AMERICAN STEEL CO 36 49 12336 12/30/67 909,04
2179 APALACHIN LUMBER CO 4 227 9852 9/15/67 469.20
2283 B J E SERVICE CORP 22 37 12332 12/29/67 1,474.78
11905 CHALLIS ALMERS 47 77 10901  10/18/67 27.63
29031 DENNIS MFG CO 6 63 11615 11/14/67 440,12
FM' 17,524.23 *

The input records contain these fields in the positions shown.

POSITIONS FIELD

8-29 Customer Name

34-38 Invoice Number
39-43 Customer Number
44-45 State (number code)
46-48 City (number code)
49-54 . Invoice Date

74-80 Invoice Amount

This input file has been specified for use in other data process-
ing jobs for the company. The specifications have been cataloged
under the name ARIN. The File Description and Input entries
shown here make up ARIN.
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File Description Specification

F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or = Extent Exit Number of Tracks
— { P— of Record Address Field g . . for DAM for Cylinder Overflow
Record Address Type f lame O Number of Extents
i N Symbolic  |& . umber of Extent
Filename Sequence Type of File . Device Device i Label Exit Tore
File Format Organization o ® Rewind
Line r Additional Area |8 = Storage Index Fr‘
———— 8
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Si= S| Block Record = " 8 u1-us
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o] [rllclelrsiklEle)i e 8 b[1ls]k [ ] L]
of3| |F
o|a| |F
RPG INPUT SPECIFICATIONS
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2 1 2 3 & 5 ndicators
2 2 Zls &
3 5 PR B4 Kl
. . . & - K} . = |8g| «
Line Filename | |58 g =| Field Name % |23 ©
g : |<Ig| 3 o NE] I il g e
= 3 5212 Position || 8| Positon |- | position 5| _|&[S]|el From To |z — |22l & |Pus [Minusor
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£ 2| 8 = = S £ 1835 2
g o[r] |2(8|& 2|5|6 2[5|6 2[o|5(a|= 8 g |85] &
Aln[D
3 4 5|6{7 8 9 1011 12 13|14 1516 |17[18 119 20|21 22 23 24[25|26]27|28 29 30 31{32{33|34 (35 36 37 38|39|40|41{42{43|44 45 46 4748 49 50 5152|653 54 6§ 56 57 58159 60{61.62|63 64|65 66|67 68]69 70|71 72 73 74
o[ [lalclelrlsleleeins] | g1 ]
02| |1 8 9| ICINAME
ols| |1 314 I NiNjO
ofal [z 3191 | 43| icVisSINIO
os] |z Wyl | 5] IsirialTiE
ofs| |1 Hle| | 48| lcilT]Y|
o)t #4] | 1514181 INDATIE]
ofs| |z 7 ]¢12 INIAMT]
ofs| [z L]

One small detail. Look at the sample report. The invoice date
fields include slashes between month, day and year for reader
convenience. Which edit code (co]umn 38 on the OQutput sheet)
will edit this information properly? The correct edit code is
the letter Y. Be sure to include it in your solution.

Now, code your solution to this problem. You are to use the

/COPY function and the *AUTO function of Auto Report in your
specifications.

* * S *

Book Solution: Problem 1

The /COPY statement includes one File Description and eight Input
statements. In order to complete the coding you need:

1. One File Description statement to describe the output
printer file for the report, and

2. A number of Qutput statements to descr1be the report.
These statements include *AUTO where usefu]
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Compare your solution to the book solution at this time. Did
your solution:

1. Include the name of ARIN in the /COPY statement?

2. Uéekthe exact spellings for output fields, as they
are the same as the pre-defined input field names?

3. Specify field names in the same order from left-to-
right as information about them was shown on the
printed report?

4, Include double spacing of detail lines (code 2 in
18) for "space after"?

5. Include continuation statements on the OQutput sheet
for the column titles (code C in 39)?

6. Include a Y as the edit code (in 38) for the invoice
date field?

7. Include an accumulation code (letter A in 39) for the
invoice amount field in order to compute a final total?

If your answer to each of the seven questions was "yes", you
probably coded the solution correctly. Now take a look at the
book solution again. Did you notice that the report title words
need spaces between them in order to look like the desired report?
Notice that my solution includes 3 blanks between ACCOUNTS and
RECEIVABLE and that 3 blanks follow RECEIVABLE before the quote
mark is entered at the right.

Suggestion: To spread out the words in a report title when
using Auto Report, include a few blanks between
them when they are specified as constants.

When you specify continuation statements for column headings,
Auto Report attempts to center the shorter constant over (or
under) the longer one. If you want to control the positioning
yourself, simply include additional spaces in your constant.
Was this done for any entries in the book solution?

* * *

Yes, the column heading for invoice date included a space. To
complete this problem, you should enter a "program identification"
at the top right of each page where a set of six blocks is pro-
vided. This name must begin with a letter and it may have from
one to five additional letters or numbers. Name this problem

C5P1 on your sheet.

* * *
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Problem 1: Book Solution

File Description Specification

F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or = Extent Exit ‘Number of Tracke
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o
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OK. Let's move on to a second problem in which you will be asked
to specify the solution to a problem that involves file update.’

Problem 2: Master Subscriber File Update

A master file of subscriber records is stored as an indexed disk
file. Each record is 85 characters long and includes a key field
in positions 1-7. The fields of information in the master file
records are:

Positions Field
1- 7 Subscriber Number (key field)
8-31 Subscriber Name

32-55 : Street Address

56-79 City, State and Zip

80-85 Expiration Date of Subscription

The records in this file are updated on a daily basis for 2 kinds
of transactions:

1. renewal of subscription, and
2. change of address.

The changes are keyed in from the console as an Interactive Data
Entry file and contain these fields:

Type Positions Field
Renewal 1 Code - letter R
2- 8 Subscriber Number
9-10 Number of Years Renewed
Change of Address 1 Code - letter C
2- 8 Subscriber Number
9-32 New Street Address
33-56 New City, State and Zip
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You are to code a solution to this problem so that these require-

ments

1.

CODE

are met:

The master file is to be updated randomly using
"chaining".

For a "renewal", add the number of years in the
renewal record to the "year" position of the
expiration date field in the master record.

For a "change of address", replace the street
address and the city, state and zip code fields
in the master record.

Include a simple Auto Report list of the keyed in
transactions. Here's a sample of that listing:

SUBSCRIBER YEARS STREET ’ CITY/STATE

If no master record is found to match either a
renewal or change of address record, print the
message, NO MASTER FOUND.

For 'finting, specify the edit code Z (zero suppress
only) for subscriber number and for number of years
to be renewed.

Include a "program identification" entry at the top
of each page. You may use any name provided it starts
with a letter. It may be up to six characters long.

When you are ready to code a solution, you may refer to the RPG II
reference manual or to this text. When you have finished coding
and you think it is a correct solution, return to this text.

* * *

Before you examine the book solution, examine your own entries.
Be sure you have:

1.
2.

Re-read the entire problem, and

Re-read the list of 7 requirements that are to be
met for a satisfactory problem solution.

* * *
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Problem 2: Book Solution File Description Specification

F File Type Node of Pracessing File Addition/Unordered
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NOTE: When a detail line is to be prinied using an OR condition
with the *AUTO function, enter *AUTO for the first detail
record specification. Do not use it on an "OR" line.
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Problem 3: Computing Electric Bills

In the next problem, you are to concentrate on the calculations
needed to solve a problem in which:

1. A1l files are already described and cata]ogedrfor use
under the name ALLFILES.

2. A1l input records and fields have been described and
cataloged for use under the name INRECS.

3. A1l output records and fields have been described and
cataloged for use under the name OUTRECS.

The calculations you are to describe shall be those used to compute

a customer's electric usage bill. This particular electric company
has the following rates:

Usage  Rate
1- 50 kwh $.05 each
51-100 kwh  $.04 each over the first 50, + $2.50
101-300 kwh  $.03 each over the first 100, + $4.50
over 300 kwh  $.025 each over the first 300, + $10.50

Here are some examples:

Customer Usage Monthly Bill
123 30 kwh ?
776 70 kwh ?
406 120 kwh ?
882 310 kwh ?
396 50 kwh ?
451 100 kwh ?
275 300 kwh ?
666 0 kwh ?

The monthly bill for customer #123 comes to $1.50 for the 30 kwh
of electricity used. From the table, the rate is $.05 each.

The monthly bill for customer #776 comes to $3.30 for the 70 kwh
used. From the table, the rate is $.04 each over 50 + $2.50.
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Use a piece of scratch paper to determine the bill for each
customer. Round all answers to the nearest whole cent.

* * *

Check your answers against these. If you disagree, re-calculate
the bill or bills in question before you continue.

Customer Usage (kwh) Calculation Bill
123 30 30 X .05 ~$1.50
776 70 20 X .04 + 2.50 $ 3.30
406 120 20 X .03 + 4.50 $ 5.10
882 310 10 X .025 + 10.50 $10.75
396 50 50 X .05 $ 2.50
451 100 50 X .04 + 2.50 $ 4.50
275 300 200 X .03 + 4.50 $10.50
666 0 0 X .05 $ 0.00

Naturally, your billing calculations depend upon the meter read-
ings taken last month and this month because the number of kwh
used equals the reading this month less the reading last month.
Normally this is no particular problem to compute, but every so
often, the meter "turns over", that is, the number shown passes
the all 9's reading. When this happens, you need to imagine
that a 1 carried into the next place when you compute usage.
Keep in mind that computers don't "imagine" things like that,
they need to be programmed to include the necessary steps to
actually perform the calculation.

Here are two examples:

This Reading Last Reading Usage
02830 02750 80
00150 99900 - 250

For the first example, we simply subtract the last reading
(02750) from this reading (02830) to compute usage.

For the second example, you really need to tell the computer to
subtract 99900 (last reading) from 100150 (this reading plus a

1 carry) in order to get the right usage. We'll talk more about
how to describe this calculation later on.
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You will refer to the following 1ist of steps we need to code
when you beg1n to descr1be the ca]cu]atlons

1.

Compute the usage for the month.

a. Subtract last month's reading from this month's
read1ng

b. If the answer is a negat1ve value, we know that
the meter went past all 9's at some time during
the month.

c. To correct this answer, increase this month's
reading by 100000 and then subtract last
month's reading from this larger value.

If the usage is up to and including 50 kwh, multiply
the answer from step 1 by $.05 to compute the bill.

If the usage is from 51 to 100 kwh inclusive, find
out how many kwh over 50, multiply them by $.04, and
then add $2.50 to compute the bill.

If the usage is from 101 to 300 kwh inclusive, find
out how many kwh over 100, multiply them by $.03,
and then add $4.50 to compute the bill.

If the usage is over 300 kwh, find out by how many,
multiply them by $.025 (for 2.5¢) and round the
answer to the nearest cent, and then add $10.50 to
compute the bill.

You probably noticed that 4 out of the 5 steps started with "if"!
When it's time to describe these statements, which operation code
should you consider using? Well, when a sentence includes "if",

there are two choices, and that indicates the need for a compari-

son.

The operation code I'd keep in mind is compare, COMP.

Before you can code the solution to this problem, you need to

know:

1.

The field that will print the amount of the bill is
named BILL in the output specifications. It is to
be 5 positions Tong with 2 decimal positions.

The field that will print the usage during the month
is called KWH. It is- to be 5 positions long with no
decimals. ‘

The numeric input fields needed are defined as follows:

235



Field Size Purpose

NEW 5, no decimals holds this month's meter

reading
LAST 5, no decimals holds last month's meter
' reading

Now, take a blank Calculation sheet and specify the statement
needed to compute the usage for the month. Call the result USE
with 5 positions, no decimals. B

* * %*

Coding that first statement is straightforward. If you look back
(or can remember) you'll see that it is possible for the result
to be negative in value if the meter turned past all 9's during
the month. Look at columns 54-59 on your Calculation sheet.

Note that "Resulting Indicators" may be specified for either
Arithmetic, Compare or Lookup (table lookup) operations. At the
moment we are concerned about making an entry following subtrac-
tion, an arithmetic operation. In which columns should you
specify an indicator to determine whether or not the result of

a subtraction is negative?

The correct answer is columns 56-57 which you see is marked
"Minus". You may enter any indicator from 01 to 99 that has not
yet been assigned in your program. For convenience of the author,
specify that indicator 20 shall be used to test for the negative
condition. Specify this indicator on the same line as your sub-
traction operation at this point.

* . * *

Remember the two examples of meter readings we used earlier? If
last month's reading was 02750 and this month's is 02830, will
indicator 20 be ON or OFF after the operation has been completed?
If last month's reading was 99900 and this month's is 00150, will
indicator 20 be ON or OFF after the operation?

In the first example, indicator 20 stays OFF, but in the second,
it turns ON. When it stays off, we can use the result as is.
When it is turned on, we've got to do some more describing.

1. We must change this month's reading value by
adding 100000 to it.

2. Then we must subtract last month's meter reading
from the new value.

These two steps require the use of a new, larger size field.

Since the field named NEW has only 5 positions, we cannot add
100000 to it and store the answer in a 5-position field.
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Instead, add 100000 to NEW and store the answer in a 6-position
field named BIG (just so you and I use the same names). After
that, subtract last month's meter reading from this new field
(BIG) in order to compute this month's usage and store it in
the 5-position field named USE.

RULE: The result field must be large enough to hold the answer
to an arithmetic operation, or the result will not be
accurate.

Remember, those two operation steps are to be done only when
indicator 20 is ON. Now, code two statements that satisfy our

requirements.

* ‘ * *

Just to make sure you're on the r1ght track, here's what your
coding should be Tlike.

RPG CALCULATION SPECIFICATIONS

C . Indicators "~ B Result Field Resulting
g Indicators
3z 1 Arithmeti
g g And And Factor 1 Operation Factor 2 =2 | Plus IM'"‘EI Z Comments
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Line |22 Name Length |22 1>‘|1<2L1 2
gl o gl<
515|8 8 8 5 |« {Lookup(Factor 2)is
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3 4 5|6 |7 8] 9[10§11]12[13[14]15]|16{17{18 19 20 21 22 23 24 25 26 2728 29 30 31 32|33 34 35 36 37 38 39 40 41 42|43 44 45 46 47 48149 50 51]|52}53]54 55}56 57|58 69|60 61 62 63 64 65 66 67 68 69 70 71 72 73 74
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Before we forget, the field named BIG is only a convenience field.
That is, it is used to hold an intermediate value needed to com-
plete the arithmetic operat1on we really want to perform. In

this case, when indicator 20 is ON and we re-compute a value for
USE, the field called BIG is of no further use. But don't forget
what is stored in it! If we get another set of readings in which
the meter has turned past 9's, we must be sure that BIG is reset
before we use it again (or by this time you will be adding 100000
for a second time)

To take care of this, we must code a statement that will reset
BIG to zero so we can use it properly that next time it's needed.
How would you code a reset for this field?

You have a number of choices. Here's my choice.

C 20 Z-ADD 9 BIG

From your reading of this operation, zero and add, you remember
that its purpose is to set the result field named to zero and

then add what is in Factor 2 to it. Since we specified @ as
Factor 2, this operation will reset BIG properly.
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Here's another way of doing the same‘thing.
c 29 BIG  SUB BIG  BIG

Here we tell the computer to subtract what is in the field named
BIG (Factor 2) from the field named BIG (Factor 1) and store that
answer in the field named BIG (the Result Field).

What will happen in this case?
c 20 6 , MULT P BIG

BIG will have a value of zero after the operation because the
answer when any number is multipiied by zero is always zero. My
choice is still the Z-ADD operation. .

At this time specify a statement that will set BIG to zero in
your program. Why should you include the indicator 20 in this
entry?

* * *

We are now ready to use the value found in the field, USE, in
order to complete the calculation of the customer's bill. How-
ever, we need to store the usage figure for printout as a field
named KWH with 5 positions, no decimals. What operation can be
used for this purpose? Again the zero-and add (Z-ADD) operation
is useful. If you thought of using either MOVE or MOVEL (move
operations) you are also correct, since both USE and KWH are 5-
position numeric fields with no decimal places. Make an entry
to store the value in USE in the field called KWH at this time.

* * . *

Look back to the 5-step list if‘you want to kefreshiyour thinking
about what needs to be done in order to complete the billing
calculations. :

Next, we will specify entries that take care of this requirement.

;If the usage is up to and including 50 kwh, multiply by
.05." ‘

The question you need to ask yourself is, "How do I determine

if the usage is 'up to and including 50 kwh'?" We know that the
usage is stored in the field named USE. What operation can be
specified to determine how large that value is?

You can compare the value in USE against 50, or you can subtract
the value in USE from 50 to see if the result is negative. For
this example, use the compare operation and assign indicator 30
for the condition you think should be tested in columns 54-59.
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The column heading over 54-55 is 1>2 and means, "if the value

in Factor 1 is greater than the value in Factor 2, turn on the
indicator that is specified in 54-55." Over 56-57, the title

1<2 means just the opposite, "if Factor 1 is less than Factor 2,
turn on the specified indicator." Over 58-59, the column heading
is simply for 1 = 2. Specify the comparison you want now.

* * *

RULE: When COMP is specified as the operation, you may enter an
indicator in 54-55, 56-57, or 58-59. You may enter the
same indicator in any two sets of these columns, but not
all three.

Assume that the comparison proves that USE has no more than 50
as a value. Code a statement below yours to compute the value
for the field called BILL under these conditions. BILL has 5
pos;tions with 2 decimals and the rate for this amount of usage
is $.05.

* * *

Here's the way I specified these 2 entries.

RPG CALCULATION SPECIFICATIONS

) Indicators Result Field Resulting
3 . Indicators
S » Arithmetic
Sg & 5[ Pios Minus] 2
39 Factor 1 Operation Factor 2 [T (s [Minus] Zero| Comments
3 § E h 8ls Compare
(T S Name Length 1= gli>ali<afi=z
Ele 2_ - - - E13 Iookup(Factor 2)is
2|8 5|2 2 z S |2 [High | Low [Equal
3 4 s5l6]7 8]910/11]1213)14 15|6|1§19N2| 22 23 24 25 26 27 [28 29 30 31 32§33 34 35 36 37 38 39 40 41 42434445464743]49 50 51 5253545556575859502_’}2_63’6_4_6566676869 70 71 72 73 74
o[t ]e ulslE clojMe] [slg] 3
o2} le| | INI3 UIS|E MUIL|T| |, Bl L|L 512
0|3 Cc
olai lc

NOTE: When you specify a numeric literal as a factor, you may
include a decimal point if needed for the computation.

In the first coded statement, I tested the condition, Factor 1
greater than Factor 2, by entering indicator 3@ in columns 54-55,
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Here's another way of coding a correct solution.

RPG CALCULATION SPECIFICATIONS

" - Resulti
C ; Indicators Result Field Inicatons
S [ ‘ z Arithmetic
EE- z ;
3 g And  And Factor 1 Operation Factor 2 § z P'“SCM'“:;[Z”“’ . Comments
&l3 Sl3 ompare
une [E[3 = Neme | Length |t elT>oli <21-2
€ g @l . - 5 » |Lookup(Factor 2}is|
28 52 2 2 A} £ [High] Low |Equal
3 4 5467 8| 9jon1pr213[14l15|16[17]18 19 20 21 22 23 24 25 26 27|28 29 30 3t 32|33 34 35 36 37 38 39 40 41 4243 44 45 46 474849505‘]52.53‘54 55156 57158 59160 61 E‘Q‘&S_ﬁﬂﬂwﬂ) 71 72 73 74
o' | vlslE cloe] [5lg] 3d3g) | |
o[ Ie ulsE MulLlr] |.lg5 BlILL 52| |
ofsf fe [ 1] [

In this first statement, I test for 2 conditions, Factor 1 less
than Factor 2 or Factor 1 equals Factor 2.

Your solution may be done either way. Check yours to see if you
included all of the entries you needed.

Consideration: Coding solutions to data processing problems
is a personal matter. The important point is
that your coded description must meet all of
the problem requirements. In short, "You can
code anything you want, provided it's right."

We have completed the steps needed to calculate a bill for any
customer who uses from 1-50 kwh during a month. But, we have
more calculation steps to specify. Therefore we need to be
able to "bypass" all statements that follow these. What opera-
tion is used to bypass others? How is it coded? What entry
should we make in order to finish the coding of this portion of
the problem?

The operation for bypassing statements is GOTO. To code it you
enter GOTO in 28-31 and "invent" a name for the label entry as
Factor 2. To satisfy our requirement, I used this statement
which includes an indicator entry.

RPG CALCULATION SPECIFICATIONS

I ! Resulting
c o Indicators Result Field Indicators
- r ) . Arithmetic
Sg| - 8|z [Prus Jmi
2 And  And Factor 1 Operation Factor 2 £[E “SE;{Z”" Comments
8153 <13
Line |22 = Neme |Length Sl liS o]t <ai=2
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As you recall, we'll need to code a TAG statement at the place
where all other detail-time calculations have been bypassed. We
will fill in that statement later on. Specify a GOTO statement
on your sheet and include the use of indicator 30.

* * *

Read step 3 in the list of requirements again. How many different
calculations are needed to satisfy this one?

* * *

I counted 3 of them. First, find out how many more than 50 kwh
were used; second, multiply that number by $.04; third, add $2.50
to compute the bill. When you specify these 3 calculations, you
may find that you need even more. Use the compare operation and
compute the bill. If an indicator is needed, assign 40. Use a
5-position field with no decimals named OVER to figure out how
many kwh over 50 there are, and bypass all other operations as
your final statement. Specify your entries for this requirement
just below the ones already coded.

* * *

Here are the entries I used to satisfy requirement #3. Your
entries should be 1like these. Did you remember to add $2.50
to the bill1? Did you include a GOTO statement as the last?

RPG CALCULATION SPECIFICATIONS

Resulting

C ’ Indicators Result Field Indicators
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This is a good time to state some rules about calculations in
RPG II.

RULES: The COMP operation requires entries for Factors 1 and
2, and at least one Resulting Indicator assignment.

When a Result Field is used for the first time, it
must be defined by including a length. If this field
is to be numeric, it also requires an entry for Decimal
Positions. Thereafter, columns 49-52 are not used

for this same field in this program.

If a field is defined on the Input sheet and used as
a Result Field on the Calculation sheet, no entries
are used in columns 49-52 for it.

If a numeric literal is used as either Factor 1 or
Factor 2, you may include a decimal point where needed.
You may also include either a + or - sign at the far
left of the number if you need it.

To add a value to a field, specify that field as one
of the factors, and as the Result Field.

Calculations will be performed in the program in the
same order as specified, from top to bottom of the
sheet. If any indicators have been specified in
columns 9-17, the operation will be done only when
the condition(s) described exist.

Now, back to our problem. Re-read requirement #4. When you are
ready, make all of the entries you feel are needed to satisfy
this requirement. Assign indicator 50 if you need to use an
indicator. You may need an extra blank Calculation sheet to
complete all 5 requirements in this job.

* * *

Requirement #5 includes a rate of 2.5¢ ($.025) for all kwh over
300. It is possible that the calculation for such a bill will
come out with one-half cent as a part of the answer. When you
code your solution for requirement 5, include an entry to round
off this answer (half adjust it). If you need an indicator, use
60. Code your entries for requirement #5.

* * *
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Since this step is the last of the calculations, by that I mean
that there are no rates beyond the one for over 300 kwh, we do
not need a COMP operation. Also, we don't need an indicator.
A11 you needed to do was:

1. Figure out how many kwh over 300,

2. Multiply them by $.025 and round the answer
(column 53, code H), and

3. Add $10.50 to this value for the total bill.

Here's another point. In all prior coding steps, we had to
include a statement to bypass statements that followed. Once
again, since this is the last requirement we do not need a GOTO
statement. Now, how does your coding look?

We need one more entry to complete the job. In every GOTO
statement I used the label END as Factor 2. Now I've got to
include a TAG statement with that same label as Factor 1. By
placing this entry last, any GOTO in the series will bypass
everything else.

Here's the way I coded requirements 4 and 5 in the list. When
you are satisfied that you understand what we've been doing,
take a few minutes to review the entire set of 5 requirements
and all of your calculations. If you omitted any entries, make
corrections on your sheets before we continue.
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- We concentrated on the calculation entries in this third problem,
but the total job is not completed. Refer to the page where
problem 3 starts. There are 3 additional /COPY statements

needed to complete this coding. Using a blank File Description
sheet, a blank Input sheet and a blank Output sheet, code the
copy function statements needed for the job. When you have done
that, enter the name C5P3 as the "program identification" at

the top right of every sheet including your Calculation sheets.

If you don't remember how to specify a /COPY entry, use your
RPG II manual for reference.

* * *

One more thing. Most data processing jobs require the use of
multiple sheets of entries of different types. 1In order to
keep them in the proper order for later reference during com-
pilation, there are 2 blocks on the top of each page near the
program identification blocks where you should enter a page
number. When you are ready to number pages, place the sheets
in this order.

1. File Description

2. Input
3. Calculation
4. OQutput

Now organize and page number your sheets for problem #3.

* * *
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Problem 3: Book Solution, Page 1
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Problem 3: BookiSo]ution; Page 2
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The final problem to be coded in this chapter requires the use
of two new operation codes, exception record output, special
named fields (UDATE and PAGE), and the use of edit words.

A11 coding for this problem is to be done with standard RPG II
entries, that is, we will not use any Auto Report functions.
You have already learned how to make entries on each specifica-
tion sheet required to solve this problem, but you need to find
out about the new items mentioned in the first paragraph.

This is the problem to be described. Don't start to code until

you have read all of the information about the new items or are
directed to do certain coding.

Problem 4: Computing Payroll Deductions

An indexed disk file of 100-character records is to be copied
for reference. Its key field is in positions 1-8. The new
file will contain identical records, but is to be organized
sequentially.

As each input record is read, a cOmputation for net pay is to
be performed by following this formula:

Net Pay = Gross Pay - Federal Income Tax - Social Security
Payment - Deduction 1 - Deduction 2 - Deduction 3 -
Deduction 4

The last four items (deduction payments 1-4) have been author-
jzed by each employee and are to be taken out each pay period,
unless by taking it out the net pay value becomes either zero
or negative. If that should happen, you are directed to add
back the deduction amount just subtracted, print an exception
record right at that point in the calculations, and bypass all
further net pay calculations for that record.
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Here's a general flowchart of the problem to be solved.
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SEQUENTIAL
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The flowchart on this page is also for your reference. In order
to compute the net pay value for a record, remember this series

of steps:

1. First Net Pay =
2. 2nd Net Pay =
3. 3rd Net Pay =
4. 4th Net Pay =
5. 5th Net Pay =
6. Final Net Pay =

Gross Pay - Federal Income Tax

First Net - FICA (social security payment)
2nd Net - Deduction 1

3rd Net - Deduction 2

4th Net - Deduction 3

5th Net - Deduction 4

START

COMPUTE COMPUTE: COMPUTE
1ST NET 2ND NET 3RD NET

COMPUTE NO YES PRINT
JOMPUTE ADD BACK EXCEPTION
RECORD

COMPUTE NO YES PRINT
5TH NET ADD BACK EXCEPTION
RECORD

COMPUTE NO PRINT
FINAL YES | ADDBACK EXCEPTION
NET RECORD

IS

VES PRINT
ol ADD BACK EXCEPTION

) RECORD

(Do

END
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You will need blank coding forms of each type. You may need 2
or 3 Calculation sheets and 2 or 3 Output sheets in addition to
the File Description and Input sheets.

Code this problem solution in a couple of phases rather than all
at once. First, let's concentrate on making a copy of the indexed
file records. The output file is to contain the same information,
but shall be sequentially organized rather than indexed. If you
think you have enough information, code all of the entries needed
to copy this file. If you want more information, read on.

* * *

What information do you think you need? Re-read the problenm.

How big are the indexed file records? Where is the key field?

How big are the new records supposed to be on the sequential file?
How many input fields and output fields must you describe in

order to solve the problem? What must be coded?

* * *

The indexed file records are 100 characters long. The key field
is 8 positions in length from positions 1-8. The sequential file
shall also contain 100-character records. Only 1 input field

of 100 positions and 1 output field need to be described. Now
try to code your solution for this phase of the problem.

* * *

You should have described two disk files on a File Description
sheet. For the indexed file, include entries in 29-30, 31, 32,
and 35-38. No entries are needed in these positions for sequen-
tial files at any time.

You should also have coded two input statements. One to describe
the record and another to describe the field. Since a field may
contain as many as 256 characters, only one field is described
for the 100-character records.

No calculation entries are needed for this phase of the problem.

You should have made two entries on the Output sheet. One to
describe the output record type and another to describe the 100-
character field it is to contain. Did you enter the same indi-
cator and the same field name on both the Input and Output sheets?
If not, change your coding to make it correct before continuing.

* * *

The first phase is complete. No new coding entries were required
in order to satisfy these requirements. Next, we need to describe
all entries needed to calculate net pay and the printing of
exception records.
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Let's think about the calculations. In order to calculate the
final net pay amount, we need to describe a whole series of steps.

RULE: When a series of steps is needed in order to calculate a
result, describe each step on one coding line in the
sequence. needed to solve the problem.

The first step in this series is straightforward. Simply sub-
tract the amount of Federal income tax from gross pay. The
result of this subtraction is to be stored, as it is the First
Net Pay amount and will be used for the next step.

Wait a minute. The fields of data needed to compute net pay are
not specified as yet. Use your input sheet and make these’
additional entries. You are to make up field names for them.

Positions Decimals  Field -

1- 3 0 Department Number

4- 8 0 Man Number

9-17 0 Social‘Security Number
18-22 2 Gross Pay

23-27 2 . Federal Income Tax
28-32 2 Soc1a1 Secur1ty Tax Amount
53-56 ':2 First Deduct1on Amount
57-60 2 :Second Deduct1on Amount
61-64 2 Third Deduction Amount
65-68 2 Fourth Deduction‘Amoﬁht

* : * *

The calculation series for computing net pay on the flowchart and
the 1ist of steps mentions the calculations for: 1st Net, 2nd
Net, 3rd Net, 4th Net, 5th Net and Final Net Pay. When coding,
keep in mind that only 1 field is used to store the net pay.

That is, each time you compute a value for net pay, it is stored
in the same field.

Earlier we were ready to start cod1ng a solution. Let's get to
it now. The first step, as I sa1d, is stra1ghtforward Simply
subtract the amount of Federal income tax from gross pay to
calculate the first net pay amount. Refer to your Input sheet
for the names you assigned to the desired input fields and then
describe this entry. Make up a name for your net pay field. It
shall be 5 pos1t1ons long and have 2 decimals.
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RULE: When there is only one input. record type, and calculations
are to be performed for every record, no indicator entry is
needed in positions 9-17 on the Calculation sheet.

Refer to the list of calculation steps in this text. What should
be specified for the next step? What do you code as Factor 1?
as Factor 2? as the Result Field?

L * *

To compute the second net pay value, subtract the social secur1ty
tax amount (use the field name you assigned) from the first net
pay value. Factor 1 should contain the same name as the Result
Field you specified in step 1. Factor 2 is the social security
payment field. The Result Field is again the same as the one you
used for step 1. Specify this new step now.

* * ‘ *

Did you include a field 1ength and a number of decimals for this
second step in positions 49-52? You should not include them
- because you already described them on the first step.. Remember
the rule: ‘

"Define a result field by name and length the first time
you specify it. Thereafter, simply use the same name."

Refer to your Input specifications and the problem flowchart for
all of the remaining calculation steps.

To compute 3rd net, subtract the first deduction amount from the
2nd net amount. After that, you are to determine whether or not
the 3rd net amount (the new result) has become zero in value or
has turned negative. If the 3rd net is either zero or negative,
we are to "add back" the deduction amount that caused it to
happen, and then produce an exception output record to identify
the employee for whom not all authorized payroll deductions
could be taken.

Before coding any of the entries to satisfy these requirements,

spend some time reading about the topics below in your RPG II
reference manual.

Readings

1. Calculation Specifications, positions 54-59: Resulting
Indicators

2. Operation Codes: EXCPT, SETON, SETOF
3. Output Specifications, position 15: Type E

When you think you understand the use of these 3 items so that
you are ready to continue coding, return to this text.

* % *
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Try to complete the required coding for these actions now.
1. Compute 3rd Net amOunt,

2. Test the result in 3rd net for zero and negative
values,

3. If the result is either zero or negative, add back
the deduction amount;

4. Then, for the same condition, include an exception
~ operation, and

5. Again, for the same condition, bypass all further
calculations (which we will be specifying shortly).

* * *

How many statements did you code in order to describe these steps?
Did you remember to use the same name for the net pay field in
every step that required it? Which indicator did you assign to
test the result after subtracting the first deduction amount from
the 2nd net amount? How did you bypass all further calculations
after the exception operation?

In order to satisfy this series of calculations, I coded the
following 5 statements. From reading this problem, I remembered
that some other steps will fall between the GOTO and TAG opera-
tions, so I placed the TAG statement at the bottom of the sheet.
Compare these entries to the ones you made.
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I se]ected 1nd1cator 21 (any one that has not yet been used is
0K) and assigned it in columns 56-57 (minus) and 58-59 (zero).

The next 3 steps then are conditioned to be performed if
indicator 21 is turned ON. First, add back the amount deducted.
Second, interrupt the ca]cu]at1ons to produce an except1on record.
Third, bypass all further calculations. The TAG statement is not
cond1t1oned by any 1nd1cators.

If you did not include indicator assignments for all required
points, correct it at this time on your coding sheets.

* * *

What you have comp]eted for one deduction amount needs to be
repeated for the other deduction amounts, with this change:

"Assign a different 1nd1cator for the test of the
result field each time."

Keeping that in mind, describe the steps to compute 4th net,
5th net and the final net amounts.

* * : *
The steps that I coded are shown for your reference after you
finish. How do yours compare with them? Notice that I did

not use a GOTO statement fo]]ow1ng the exception statement
for final net value. why 1s this approach acceptab]e?

RPG CALCULATION SPEC[FICATIONS

C - Indicators ) o ‘ o Result Field :3:;:2?5
-3."2 I ‘ o . » Arithmetic
s %g And And Factor 1 Operation. |~ Factor 2 Z% % Plus Cl:""“sl'ze"’ Comments
Line |& %': ‘ Name Length |Z 1.3 1>2]1<p2|1 =2
g ‘g :{ 5 « « v g ; Lookup{Factor 2)is . .

3 4 5 :‘ (: -3' i 1011112 13 14 i 16117]18 19 20 21 22 23 24 25 26 27'2% 29 30 31 32033 34 36 36 37 38 39 40 41 42143 44 4% 46 47 4&49 50 51 é‘;;y;é’g‘tg@ﬂﬂﬂﬁgﬁﬁ 67 68 69 70 71 72 73 74
of1| [c NIEIT] slu] | plep[2 , NIE|T] 2|12|2/2 v
o2 e[ [ l22 NE[T ApD| | Iplepl2 NET
osl el |1 2R EXlc|P[T] i
ol4| |c 2 G0T|0] |EIND
ols| |c '
ofsl Jo NET suls| | Dlep NET 73123
ol7] e 23 N|E|T ADD| | IDIED 3 N 8T
ol [e| [] 23 ElxlcleiT] |
olo| |c 213 GloTio| |EIND
1|0 [+ . .
e | NET SW|B| | IDIED 4 INE|T| 24214
el el []. ]2l NE|T | |ADD| | PIEDY NET]
el fel || l2 lexieleir] 1
1la| fc j .

sl e END TIAG

e |c 1

17 c
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I did not include a GOTO statement following the EXCPT statement
associated with final net calculation, because the next step is
already the end of all calculations. A GOTO operation is used
to bypass other statements. In this instance there are no -
further calculations and so there is no need for the additional
GOTO statement. If you included a GOTO in your solution, it is
correct but unnecessary.

Information: When calculations are being performed and a TAG
statement is encountered, the program moves on
to the statement that follows the TAG.

If the TAG statement is the last statement (either
for detail-time or total-time calculations), all
calculations are completed and output, if properly
conditioned, is produced.

Here's something you should know about indicators.

RULE: When a Resulting Indicator (positions 54-59) is turned ON
it remains on until it is turned off in one of these ways.

1. The same statement is repeated. This automatically
causes the indicators assigned in columns 54-59 to
be turned off before the operation is performed.
After the operation, one or more assigned indicators -
may turn on again.

2. The same program is loaded so that the job may be
started over.

3. A different operation in which the same indicator(s)
is assigned, is performed.

NOTE: Two special operation codes, SETOF (set off indicators)
and SETON (set on indicators) may be used by the programmer
to control the condition of most indicators. We plan to
cover indicator usage in more detail later on.

In our example of the net pay calculations what will cause indi-
cators 21, 22, 23, and 24 to be turned off?

They will turn off because of point 1 in the rule:
"The same statement is repeated."

In order to be sure that the TAG statement is entered properly,

we should include a "1ine" entry at the far left on the Calcula-
tion sheet. Notice that the last few lines on the page do not
have pre-printed entries. These were left blank intentionally

so that inserts as well as additions could be made by programmers.
Since the entry we made for the TAG operation is the very last,
specify the entry 25 in positions 3-4.

* * *

255



To assure yourself that your calculations satisfy the job require-

ments, use the following test data and "run it" through your

program sequence. Use a piece of scratch paper to keep track of:
1. The setting of each assigned indicator, and

2. The value of the net pay field at each step.

# Gross FIT FICA D1 D2 D3 D4 E;; Deductions
1 100 20 5 20 1 2 3 %49 Al

2 200 40 10 50 50 40 20 $10 D1, D2, D3
3 100 18 5 20 50 10 2 $7 D1, D2

4 200 45 10 70 80 10 10 $75 DI

5 100 10 6 90 10 5 4 $84 None

NOTE: The abbreviation, FICA, is used for Social Security payments.

* * *

If you do not get the predicted answers for the Net Pay field,

you should re-program your set of calculations to take care of the
errors. After making changes, re-check all calculations to make
sure you didn't accidentally create a new error when you fixed

the old one.

We are now ready to describe the output records for the report
that is to show for which employees no deductions, or only some
could be taken. Each of these records is an exception to the
normal payroll calculation and it has been determined by manage-
ment that the 1ist of exception records shall include:
1. Some information to identify the employee
a. department number
b. man number
c. social security number
2. The amount of money earned this pay period
a. gross pay
3. The tax amounts deducted

a. federal income tax
b. social security tax
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4., The authorized deduction amounts

a. deduction 1
b. deduction 2
c. deduction 3
d. deduction 4

NOTE: If deduction 4 can also be taken, no exception. record is
printed.

5. A message that tells which, if any deductions were
taken

a. NO DEDUCTIONS TAKEN

b. INCLUDING DI if only 1 deduction is
taken

c. INCLUDING D1, D2 if only 2 deductions are
taken

d. INCLUDING D1, D2, D3 if only 3 deductions are
taken

We are not using the Auto Report feature of RPG II in solving this
example, but we will want to print a report showing the exception
records. What we need to do then is to position the report title
and fields ourselves. An aid for doing this is a worksheet called
a Print Chart, IBM form number GX20-1816. It consists of small
squares that are identified by numbers across the top and on the
left from top to bottom. Here's a portion of such a chart for
your reference.
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PRINT CHART

150/10/6 PRINT CHART PROG. ID PAGE

(SPACING: 150 POSITIONS AT 10 CHARACTERS PER INCH, 6 LINES PER VERTICAL INCH) DATE

PROGRAM TITLE

PROGRAMMER OR DOCUMENTALIST:

CHART TITLE
CARRIAGE CONTROL

—— TAPE CHAN. TR e j2)21221212(21212121313131313(3131313}3 4 44 5

nBea~. ausnn— t|2|3]as|s|7]a|alo]i]2]3]4|5|sl 7]8|9/0] 1|2|3]a|5]6|7|8s|0]1|2|3|al5 6] 7]8ls|o] 1 |2]3]4]5]s 0
[ ]
2 2
3 3
3 3
5 5
3 3
7 7
8 8
) )
i0 10
T M
2 2
3 3
i4 14
5 5
16 16
7 7
8 18
19 15
20 20
21 2l
22 22
23 23
24 24
25 25
26 26
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This kind of form is used to lay out heading and body line formats
of reports to be produced from programs. In our report for prob-

lTem 4, we will have a report title and a number of body Tines as
shown below.

11/22/74 PAYROLL DEDUCTION EXCESSES PAGE 1

179 202-45-6118 200.00 40.00 10.00 50.00 50.00 40,00 20.00 ACTUAL NET PAY IS 10.00
808 131-11-0067 100.00 10.00 6.00 90.00° 10.00 5.00 4,00 ACTUAL NET PAY IS 84,00

447 356-35-7998  40.00 4.00 10.00 10.00 15.00' 3.00 '3.00 ACTUAL. NET PAY IS 16.00

0 L) w n

024 447-87-9330 100.00 18.00 5.00 20.00 50.00 10.00 2.00 ACTUAL NET PAY IS 7.00

Get a blank Print Chart and we will fill it out for use as a
worksheet. ' ‘ ‘ ‘

* K3 ~ *

Here's how I suggest that you use such a chart. First, identify
from the report sample the number of different heading Tines to

be printed. In this example we have only one, the report heading
line. Next, print the letter H to the left of the number 6 that
identifies line 6 on the print chart. Then identify the number

of different body lines to be printed. 1In this example, all

body lines are alike in format, so we need to plan for only 1

body 1ine. In our example, this body Tine represents an exception

record format and we will print the letter E to the left of the
number 9 on line 9. : '

Now we are ready to fi11 in the blanks. Since the exception

records must include many fields and some messages, we will plan
it first.
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The report title line is easy to center after we have laid out

the body line.
1.

Let's use that scheme and fill
our exception records.
left to right on the report.
1.
2.

3.

NOTE:

O W 0O ~N o o b

Here's the scheme to follow:

If a field contains alphameric data, print an X in
the square where it shall start and print another X
in the square where it shall end, and then connect
the two X's with a straight line like this.

X

If a field is numeric and shall contain special edit
characters such as commas, decimal points, slashes

or dashes, print an X in each square that is to contain
a number and then print the actual editing character(s)

where it shall be printed.

X, XXX. XX
XX.XXCR
XX/ XX/ XX
XX=X=-XXXXX

Here are some examples:

Money amounts
Money amounts showing a credit
A date field
A part number

If a field is numeric and is to be printed with zero
suppression but not have any other punctuation char-
acters, you print a Z in each square.

Department number

Man number

Social Security number

Gross pay amount
Federal income tax

Social Security tax

Deduction
Deduction
Deduction

Deduction

1

S W N

in the fields to be
These are the fields to be
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3
5

printed for
included from

positions, zero suppress

positions, zero suppress

9 positions, separate with dashes

024-68-1037

5

L I o S B 3 |

Social Security numbers shall print like this:

positions, include
positions, include
positions, include
positions, include
positions, include
positions, include

positions, include

decimal
decimal
decimal
decimal
decima1
decimal

decimal

point
point
point
point
point
point

point



Which character will you use for department number? for man
number? Why? How will you set up the Social Security number
field?

* * *

Department number is simply ZZZ while man number is ZZZZZ. Both
fields are to be zero suppressed, but there are no puncutation
characters in these fields. For the Social Security number I
assume you selected XXX-XX-XXXX.

Now let's put them onto the print chart. Remember, we are plan-
ning the body line for exception fields and messages on line 9.
Leave 2 spaces between fields and start in position 1 for the
department number field. Put in the department number field and
the man number field at this time.

* * *

If you followed the scheme correctly, you have ZZZ in positions
1 to 3; positions 4 and 5 are blank; and ZZZZZ should appear

in positions 6 to 10. A1l of these are on line 9. If yours
are different, correct them before we continue.

* * *

The Social Security number field is to include 9 digits and 2
dashes. To include the printing of high-order (left-most) zeros
for numbers such as 009-27-6080, we need to include 1 extra space
to the left of the field as a part of it. RPG II uses this

extra position to provide for the printing of the high order
zeros. OK. Leave positions 11 and 12 blank and then fill in

X's and the dashes for Social Security number. Be sure to
include the extra space as an X on the left.

* * *

What does your entry look like? I have four X's in 13-16, a dash
in 17, two X's in 18-19, a dash in 20, and four X's in 21-24.

The next set of fields are all similar in that they are numeric
fields that include a decimal point. Here's what my line looks
like after I add the gross pay field.

171 LZZ7ZZ XXXX-XX-XXXX XXX.XX

You must remember to include the decimal point for each of these
money fields and separate them with 2 spaces each time. Fill

in all of the remaining input fields we listed in the book
earlier and then return to this text.

* * *
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Now the line should extend to position 76 and look like this.
Z77 ZZZZZ XXXX-XX-XXXX XXX.XX XXX.XX XXX.XX XX.XX XX.XX XX.XX XX.XX
The right-hand side of the report should look like this.
ACTUAL NET PAY IS 210.00 NO DEDUCTIONS TAKEN
ACTUAL NET PAY IS 7.00 INCLUDING D1
ACTUAL NET PAY IS 75.00 INCLUDING D1, D2
ACTUAL NET PAY IS 24.00 INCLUDING D1, D2, D3

What do you call the message that is the same on every line?
What field's value is to be printed? How many different messages
must be planned on the print chart?

* * *

If a message appears on every body line it is called a constant.
The field is the Net Pay Amount field. There are 4 different
messages to be included in the plan. Now we will add these to
the print chart. ’

RULE: Print the exact constant or message on your chart. Include
every possible message.

Since position 76 is the last X on line 9, positions 77 and 78
should be left blank and then the constant should be entered.
Include the Net Pay field and the first message on line 9.
Directly underneath the first message (on 1ine 10) print the
second message. Likewise, print the third message on line 11 and
the fourth message on line 12. Complete your plan for all these
items. Again, leave 2 spaces between constants, fields and
messages.

* * *
Your plan, starting in position 79, should look like this.
ACTUAL NET PAY IS XXX XX NO DEDUCTIONS TAKEN
INCLUDING D1
INCLUDING D1, D2
INCLUDING D1, D2, D3

That should finish the plan for the exception record formats.
Examine your print chart to answer these questions.

1. In which position does the constant start?
2. Where does the constant end?

3. In which pos1t1on is the decimal point for the Net
Pay field?
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4. Where does the Net Pay field end?

5. What is the right-most position for each message?

* * *

If you left 2 spaces between each constant, field and message,
your answers should be:

1 79
2. 95
3. 101
4 103
5 124, 117, 121 and 125

Earlier we identified 1ine 6 as the place where we will describe
the report title. Suppose the title looks like this:

10/01/74 PAYROLL DEDUCTION EXCESSES PAGE 1

We want to center the title. Since the longest exception line
in the body goes to position 125, half of that gives us 63
(rounded up). The report title has 30 characters including 3
spaces between constants. So we simply subtract 15 (half of 30)
from 63 (the middle of the longest line) to find position 48
where we start filling in the first word of the title. Also,
include a 6-position date field (plus 2 slashes to separate it
into month, day and year) starting in position 11, the constant
PAGE in positions 111-114, and the page number field of 4
positions in 115-118. The page number field is to be zero
suppressed.

Fill in every part of the report title line on line 6 of your
print chart.

* * *

The print chart is a worksheet for planning purposes. You can
add notes and other information for later reference as you wish.
Here's what we usually do.

1. Put the field name in parentheses under or near the
place where the field is positioned.

2. Add a note about spacing between heading and body lines.

3. Write the formulas used to do calculations if there
are any.

4, Add a note about the condition under which particular
messages ought to be printed.

5. Fill in the program name, date, programmer's name,

etc., in the spaces provided at the top of the print
chart.
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Take a few minutes to identify each field on your print chart by
referencing the Input and Calculation sheets you have already
coded. Also remember that the system date field named UDATE and
the page numbering field named PAGE are special field names
reserved for RPG II use. If you wish, make notes about other facts
about this problem; for example, "double space the body lines".

% * *

Before coding the exception report Output specifications, you
need to describe this output file on the File Description sheet.
Here's what you need to include:

1. a file name (in 7-14)
2. a file type (in 15)

3. a record length (in 24-27) for the 132-position print
records '

4. an Overflow Indicator (in 33-34); choose any one of
these: OA, 0B, 0C, 0D, OE, OF, 0G or 0OV

5. a device name (in 40-46)

Add this line of coding to your File Description sheet.

* * *

You should keep your print chart nearby as you need to refer to

it as you complete the output coding. First, describe the heading
line. It shall be printed on the first page or on overflow pages
of the report. Use the filename and the overflow indicator you
just specified on the File Description sheet. Include entries

to skip to line 06 before printing and space 3 (to get to line 9)
after printing it.

* * *

Next, specify each field and constant that is a part of the
heading line shown on your print chart. Include an entry for
"End Position in Output Record" (in 40-43) for each item. End
position refers to the right-hand end of a field or constant.
Also include appropriate edit codes for the date field and the
page number field.

* * *

Now compare your entries to those on the following page. Did
you include every kind of entry shown? Your filename and field
names must agree with the entries on your Input and Calculation
sheets.
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File Description Specification

F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or = Extent Exit ‘Number of Tracks
End of Fil of Record Address Field el for DAM for Cylinder Overflow
nd of e =
~ Record Address Type Symbolic 2| Nameof Number of Extents
- quence - N N
Filename ;:pe of File o Device Device i Label Exit Tape
File Format ‘ganization o L] Rewind
Line or Additional Area |3 - Storage Index e ]
2 o a a | Cverflow Indicator ‘:’ Condition
s ¥ 3 1-U:
> sl& 2| Block Record ¥|5 Key Field | 2 Continuation Lines uts
Sls @] Length Length SHe y g 2
13 21271 o > =la Starting | £ B
5 SIelul|E 3 2= Location |/ K Option Entry 3 o«
3 4 5/617 8 9 1011 12 13 1415]16}17]18]19 20#223_2’_&16&2”29&313233343536373839404!4243“4546 47 48 49 50 51 5253|5455 56 57 58 58 |60 61 62 63 64 65]66|67{68 6aloln1 72|73 74
°|2| [FIEX|CIEIPIS] | |0 1132 O|F PRIIINITIER
o3| |F
ofal |F
RPG OUTPUT SPECIFICATIONS
O T [space]  skip Output Indicators Zero Balances . _ | X = Rem:
alz ¢ Commas | <70 EH31E% | No Sign | CR pe g:';‘
wis N
(3 Field Name | Yes Yes 1 A[J|Y = Date
St . | 0 Yes No 2 B | K Field Edit
Line - Filename ~ 5 S8 End No Yes 3 c | L [2= 2Zero
o KR And _ And | Positon No No 4 |o|m Suppress
g -5 e |y £12| n «
'E alolp] 21 & |5 8 B 83| Outowt |3 Constant or Edit Word
5 olr @<= = = *AUTO £(2| Record |@
'S w e a
A{N]D
3 4 5[/6]7 8 9 101112 13|14}15]16{17|18]|19 20]21 22|23|24 25262728293&!3!‘33334353637’3& 40 41 42 43]a4}45 46 47 48 49 SOESISJSASE56575859605162536465566758697071 72 73 74
o[+ |oleixiclelpls| | H| | I3lee] | | 1]p
ol2| lo OIR| OF
ofs| Jo UDA[TE] [Y 18
.~ ’
o4l |0 [Al4 PAYROL|L DIEDUICIT|! ON
’
olst [o 7\7] ' |[EXICEE|SIS\ElS
~
ofs] o 1|114] ["lPlaGlE
o7y |0 PAGE! | |# | 118
ol8| |o
ofo| |O

RULE: When no entries are made for spacing and skipping in an
"OR" T1ine, RPG II automatically uses the same numbers
described in the 1ine above it.

Suggestion:

Select edit codes rather than edit words for date and
page number fields.

Code as much of a constant as is convenient in one line.

RULE: The overflow indicator used to condition output must be
the one assigned on the File Description sheet.
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You could have coded the report title as 3 separate constants in
which case your entries would be 1ike this.

RPG OUTPUT SPECIFICATIONS

O _ ic[Space|  skip Output Indicators Commas | 2610 a',:[anm NoSign | CR | - | X = Remove
I b . to Print Plus Sign
£1E Field Name Yes Yes 1 A |3 |Y=Dae
=l . Yes No 2 B (x|, ;leld Edit

Line Filename =lslg) e End No Yes 3 clL = Zero
EHE Aad  And e[ Positon No No 4 D (M Suppress

g = P EI
S an ® $|2] in ©
1% alolo] | 2 |3 5 5 3 S| Outpur 3] Constant or Edit Word
£ olr @<= z z *AUTO £]|2| Record |3
o oo &
a[nfo
3 4 sfe|7 8 9 1011 12 13}14]|15]16]17]|18}19 20]21 22|23{24|25{26 |27]|28| 29|30 (31 |32 33 34 35 36 37|38 40 41 42 43144145 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70{71 72 73 74|
oj1| {O
ol2| lo 514 MPANIRIOLILYY
~ 1
ola| [o 66| [~DIEDWVICIT|IION!
~ ’
ofs| [0 7\7| MEIXCIEISISIEIS
o[s| O
ols| |o

You should be sure that your coding is accurate before continuing.
If you are unsure of any entries, re-read the last few pages.

We are ready to concentrate on describing the printing of excep-
tion records. How many variations are there on your print chart?

* * *

I have 4 variations because of the different messages that are

to be included. Re-examine your calculation sheet and then note,
to the far right side on the print chart, which Resulting Indi-
cator you assigned for each situation that has a corresponding
message. My indicators are as follows:

Message Indicator ON
NO DEDUCTIONS TAKEN 21
" INCLUDING D1 22
INCLUDING D1, D2 23
INCLUDING D1, D2, D3 24
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From this analysis I determine that I am to have an exception line
printed if indicator 21 is ON, or if indicator 22 is ON, or if
indicator 23 is ON, or if indicator 24 is ON. The note on my
print chart says I need to double space body lines. Since we are
describing Exception output records, enter code letter E under
“Type" in position 15. Complete this coding now.

* * *

Does your coding look like this? Did you remember the rule about
spacing entries?

RPG OUTPUT SPECIFICATIONS

O i |Space|  Skip Output Indicators ™ | Commas |Zero Balances |\ ol e | - [ X = Remove
m . ( to Print Plus Sign
N Field Name | Yes Yes ] A ]g|Y=Dae
S5 Yes No 2 B K| ;'eld Edit
Line Filename HEEE End No Yes 3 c it = Zero
g15|8|< And  And x| Positon No No 4 D | M Suppress
§ K @ £l2f in « )
'E alofo] €1 2 |5 5 5 8fa| ovtpur |3 Constant or Edit Word
3 ol q |z 2 2 . 212} Record |®
3 o}R AUTO £|g) Reord |2
AIN]D
3 4 s|ef7 8 9 1011 12 13|14f1s]16]17| 18|19 20§21 22{23|24]25)26 |27| 28] 203031 [32 33 34 35 36 37]38 [0 |40 41 42 43]4alas 46 47 48 40 0 51 52 63 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70|71 72 73 74
of1]| |o 1E| 211
o2 |0 0|R) 22
ols| lo OIR 2|3
ol4| O OIR 2|4 |
ofs| |o
ol|s| |O

At this'time, specify each field or constant that is to be a part
of the exception 1ine for the first possible situation. Include:

the field name
an End Position in Qutput Record

1
2 .
3. the constant

For conveniencé, I work from left to right on the print chart as
I code. Use one coding line for each field or constant.

* : * » *
Double check your names for exact spellings. Re-examine all end

positions on the chart. Make sure that each constant has a single
quote mark ahead of it and following it.

Next, specify edit codes wherever desired.

* * *

No edit code exists in RPG II to provide for inserting dashes
for the Social Security number field, so what do we do? We will
describe an "Edit Word" rather than an edit code for this field.

You will recall that we added an extra space to the left of this
field when we planned for its use on the print chart. Now we'll
make use of it to provide for proper punctuation and zero
suppression. ‘
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RULE: A1l leading (left-most) zeros are suppressed unless a
zero or asterisk is specified in the edit word.

RULE: Any zeros (in the data field) following the left-most zero
or asterisk position (in the edit word) are treated as
constants; that is, they will be printed.

Suppose I used an edit word like this (B stands for a blank space):

‘PBBB-BB-BBEB'

and the Social Security number was 007290625, what would be
printed according to the rules? What would happen if I used
"BpBOp-pp-pPPE' and 0030377267

In the first example, the printed Social Security number would be
007-29-0625

In the second example, it would be
3-03-7726

Why not use the edit word 'Opp-pp-pppp' for a number like
084900265? I used a shorter edit word in this example and so
the zero in the field on the left side will be suppressed rather
than be printed. Here's what would print in this case.

84-90-0265
To sum up about this edit word:

~ RULE: An extra space can be left in the edit word if the first
character in the edit word is a zero. In this case, the
field to be edited is not zero suppressed, but all other
specified editing is performed.

At this time, specify the correct edit word for your 9-position
Social Security number field.

* * *

We need to add an entry to control "when" the message, NO
DEDUCTIONS TAKEN, shall be printed. What is that entry? For
my example, it is "when indicator 21 is turned ON". How can’
this be specified?

RULE: The printing of a field or constant may be conditioned by
specifying one or more indicators on the same line on
which that field or constant is specified. The entry is
made in positions 23-31.

Since my indicator for the message is 21, what shou]d'I specify?
Enter 21 in positions 24-25 on the Tine where the constant is
coded. ,
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Re-examine your print chart. Which part of exception records
needs to be conditioned as a field or constant for every possible
record that shall be printed?

Only the messages. At this time specify the constants for all
of the messages and condition each one with the proper indicator.

* * *

Your entries for the messages should be similar to these. Check
yours carefully.

RPG OUTPUT SPECIFICATIONS

o & [space]  ski Output Indicators Zero Bal: § -
a|® ® ‘ Commas |20 e | NoSion | 08 | - | X = Remove
El8 Field Name |f Yes Yes 7 A 1o |Y = Date
S| o] ] | Yes No 2 B | K Field Edit
Li Filename NEEE End N Y 3 c |t |2= 2o
" & % 8|z And And ! Positon NZ st 4 D |m Suppress
§ ~la el 12 i « 7
e Alolo} €1 2 I3 5 3 315| ouewt |5 Constant or Edit Word
5 olRr al <tz = z *AUTO £12] Record (&
[ “In[e ul oS o«
3 4 5/6]7 8 9 10 11 12 13)1a115]16{17[18|19 20421 22]23)24[25}26 |27|28}29 /3031 |32 33 34 35 36 37|38 40 41 42 43}44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70{71 72 73 74
2 e 211 1]2[4] [ INo|_Ip|elplvicir]i]ow]s] [TIA[K[EIN]"
o2} |° 2 10117]_FLUNjeILuplI NG| D|1]’
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What do you think the following entries would do?

RPG ouTPUT SPECIFICATIONS

O N T Skip Output Indicators Commas | 2er0 Balances [\ o | cp | - | X = Remove
o § . Yo Print Plus Sign
E & Field Name Yos Yo 7 A |3 |Y - Date
- ™ 2] . Yes No 2 B | Kk Field Edit
Line Filename MEEE . End No Yes 3 c|L |Z= Zero
HEEES And — And x| Positon No No 4 D |M Suppress
3 =5 o gl%| in
> e - -l -3
A Alofo] $ 1 £ |3 5 3 8fg| Outent |3 Constant or Edit Word
5 o[r L I 2 = *AUTO £12| Recora [&
- A[n[D 21 ¢
3 4 5|6f7 8 9 1011 12 13}14]15]|16{17]18]19 20§21 22|23[24{25)26 (27/28]29]30 (31 |32 33 34 35 36 37}a8 40 41 42 43]44145 46 47 48 49 50 51 52 53 54 65 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70f71 72 73 74
o[ o 211 1124 ‘Nlo DEEDlelr]i lols| [TIAlK|EN]’
4
o2 |o Ni2\1 1|7 I I NICIL VDl NG| (DI
°js| Jo 2|3 112(1] *[,| pl2)
~ ’
°j4) |o 24 12I5| [, D2, | D3
o|s| |o
ole| |o

Looks to me 1ike it will accomplish the same thing that we had
in mind. This was a sneaky way to do the same thing, but it's
not as easy to follow or invent.
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Have you ever tried to solve a problem befoke'anyone‘else knew
it existed? That's what we are going to do next, hopefully.

When you think of your program as it will be runn1ng you can
pred1ct that some undesirable events may occur. In our example,
let's say that one record in which deductions 1, 2 and 3 were
taken (but not deduction 4) is followed immediately by a record
in which only deduction 1 can be taken. Because we used the
GOTO operation, indicator 23 was not turned off before indicator
21 was turned on for the next record. When such a situation
exists (2 or more resulting indicators are on at the same time),
it is possible that we get either:

1. the wrong message, or
2. a mixture of both messages

There is the special operation called SETOF that may be used to
prevent. such an occurrence. It causes 1, 2 or 3 designated
indicators to be turned off. Look at your Calculation sheet.
Think through the steps you have coded.

1. Will the test for Resulting Indicators occur for
every record?

2. If the answer is "yes", the assigned indicator is
automatically turned off before the operation is
performed, and then the test is done to see if that
indicator should be turned on after the operation.

3. If the answer is "no", the programmer should
probably use the SETOF operation to make sure it
is turned off before the operation is done.

In Problem 4, the test for resulting indicator condition is

made in 3 cases at steps bypassed by a GOTO operation. These
hidden steps will not occur for every record. Therefore, I,

the programmer, should set off indicators 22, 23 and 24 every
time a new record is processed. I will place the SETOF ,
instruction ahead of all other calculations so that I'm sure
only 1 message will print for each exception record. Here's how.

1. Enter SETOF in 28-32.

2. Enter one, two or three indicators to be turned off
in 54-55, 56-57 and 58-59.

To set off more than 3 indicators, I need to specify a number of
SETOF operations. :

Hint: Use SETOF only when needed. It takes space and time to
perform its function. :
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Oh, Oh. We've already used the first coding line on the Calcu-
lation sheet! How can I specify the SETOF instruction so that
it will be positioned correctly for compilation?

Look at your Calculation sheet again. There should be 4 unused
and unnumbered coding lines near the bottom of your sheet (the
TAG statement is last). To use SETOF, code it as I have directed
on one of the unused lines and then enter a number in positions
3-5 of that line to indicate where it really belongs in the
sequence of calculation steps. The top line is preprinted as

01p in 3-5 which is 1ike 010. So you can use 001 for your entry
in 3-5 for the SETOF operation statement. Be sure to include the
3 indicators you assigned for the last 3 test steps.

* * %*

A11 coding is now completed. As we did in an earlier example,
enter page numbers and the program name at the upper right of
each page in your program. Call this program C5P4. The correct
order of specifications for numbering is:

1. File Description

2. Input

3. Calculation

4

OQutput
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The reason for including this chapter was to simulate RPG II
programming activity in the real world. You were exposed to

four different types of data processing problems and asked to
code solutions to them. 1I've decided to repeat each problem
statement here and ask that you review each statement along with
your coded solutions. Take time to make sure that you understand
why each entry on each line of each specification sheet is
needed. You may wish to re-read certain parts of this text and
the RPG II reference manual as you participate in this review.

- PROBLEM 1: C5P1

"A file of 80-character disk records contains information about

a certain company's accounts receivable. An 'Accounts Receivable
Register' is printed for management each month so that it may be
determined how much money has not yet been collected from
customers who purchased goods from the company."

Directions:

1. Use /COPY to include the Input File Description and Input
records in your program. These entries are already cata-
loged under the name ARIN.

2. Describe the necessary output file.

3. Use *AUTO to describe the headings and body lines of the
register.

4, Refer to the sample report to code Qutput entries, and to
the cataloged RPG II entries for the /COPY entry.
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Sample Report Page

CUSTOMER CUSTOMER NAME
NUMBER

1281 AMERICAN STEEL CO

1281 AMERICAN STEEL CO

2179 APALACHIN LUMBER CO

2283 B J E SERVICE CORP

11908 CHALLIS ALMERS

29031 DENNIS MFG CO

ACCOUNTS RECEIVABLE REGISTER

STATE CITY INVOICE

36

36

22

47

NUMBER
49 11666
49 12336
227 9852
37 12332
77 10901
63 11615

INVOICE
DATE

11723767
12/30/67

9/15/67
12729767
10/18/67

11/14/67

INVOICE
AMOUNT

640.31
909.04
469.20
1,474.78
27 .63

440,12

17,524.23 *
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Cataloged as ARIN

File Description Specification

F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or = Extent Exit Number of Tracks
" End of File of Record Address Field 5 for DAM for Cylinder Overflow
nd of Fi o
Record Address Type Symbolic Z] Nameof Number of Extents
Filename Sequence Tore of Fil Device ' @l Label Exit
OVP’? e d o Device 3 Tape
File Format rganization ui = Rewind
Line or Additional Area |3 Storage Index e
2 a [<] o ~ (Overflow Indicator| ‘z Condition]
=| Block 5| - -1 u1-us
5 Sle| | |B] o Record ¥|8 Key Field |2 Continuation Lines R
S|o &| Length Length =] y § z
E sla| [g]z [3 cia Starting | &/ 2 El
2 SEMES 2 <5 Location 4 K Option | Entry 2 =
3 4 sle]7 8 o 1013 1213 1415|16]17]18]19}20 21 22 20| 24 25 26 27]28]20 30|31 |32}33 34[35 36 37 38|30} a0 41 42 43 44 45 4647 48 49 60 51 62 |s3]6a 65 66 57 58 68 |60 61 62 63 64 65|6s|e7]es es)7ol71 72|73 74
4] N Bl24 _L_J_Lﬁ_l__ AVEE = B8 87,58 50 160 61,62, _H_,_L,_l
oj2| [Flaeic|T|SIRIEIC|!|P 8P| D|1SK
0|3 F
0|4 F

RPG INPUT SPECIFICATIONS

5 Record Identification Codes . . . Field
s Field Location Indi
K 1 2 3 _ < ndicators
Z ) g
g, @ < |5 5
3 B H dJ e <
. 2 1 o w -2 . = |58 =
Line Filename s 1Z| [g5 | Field Name T |28
" 3 12 g H ol I
2 g Es| & : sl posi . s3]l ¢ £ 055 8 | pus sl
ks =2 Position || |B| Position || |&] Position || |E|{lc| From To |3 S |82 @ |Pls
[ £15|3 Zlol¢8 B ELHEE £ 2 |5E| = Blank
5 512 8 N 3I9) 2 HNHEH g 5|32 =
w o|r| [|Z{ole z [0S 2[a|S z{o|5|ala o 8 |=6] &
Alnlo
3 4 5617 8 9 10 %1 1213|1415 |16 [17]18 119 20 |21 22 23 24 |25|26|27|28 29 30 31|32|33[34 {35 36 37 38|30{40[41]|42|4a3

44 45 46 47|48 49 50 51|52 |53 54 55 56 57 58|59 60]61 62|63 64|65 66|67 68|69 70|71 72 73 74
AleiclTisRIECINS| | (9] L]
d%z

N
N
v
T

N[O [~

E

N
S
A
T
1N
N

DWW ®[S

o)
N
\d
A
m

A

S[EEFEFEW (W
T[S |F [0 F ™
@ OV [F [ [ (W [N

C)
)
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274



Problem 1: Book Solution

12 75 76 77 78 79 80
. s e P Program
File Description Specification pocel @[ o B oon clsle
F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or s Extent Exit Number of Tracks
P— of Record Address Field 3 for DAM for Cylinder Overflow
Record Address Type Symbolic  |5| Nameof Number of Extents
Fit Sequence = i V! »|  Label Exit
ifename Type of File o Device Device 3 Tome
File Format Organization o K] Rewind
Line Additional Area | & Storage Index e
ole o bou oo <|Overtiow Indicator 2 ﬁ?"‘];"’"
Sl ocl 5 . B4 - -
o|e H cor x|8 Key Field |2 Continuation Lines 1
5 @|  Length Length S " ] 5
SIS lels « =la Starting | & 5 S
S abs 3 2= Location |% K Option Entry Py =
3 4 5 7 8 9 10111213 14]15]16]17 E’|9 20 21 22 23|24 25 26 27]|28 QQMZ" 3133344_33&23539‘0“4243“4548 47 48 49 50 51 52 |53, &255575&&&6! 626354_666667_51‘63707| 72|73 74
ol2| |ei/Zlclolply] IF1], AR v |

R

qg/sre o 1302 P

o]w® | o

o
~
Min[n[n[n{n][n(mnin|[n [o FormType
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PROBLEM 2: C5P2

"A master file of subscriber records is stored as an indexed
disk file. Each record is 85 characters long and includes a
key field in positions 1-7. The records in this file are
updated on a daily basis for two kinds of transactions:
renewal of subscription and change of address. The changes
are keyed in from the console as an interactive data entry
file."

These are the programming requirements:

1. Update the master file randomly using the chaining method.
2. For renewals, change the expiration date.

3. For changes of address, replace the street and city/state/
zip code fields.

4. Include a list of keyed transactions.

5. If no master record is found for a particular transaction,
print a message to that effect.

Master File

Positions Field
1- 7 Subscriber Number (key field)
8-31 Subscriber Name
32-55 Street Address
56-79 City, State and Zip
80-85 Expiration Date of Subscription

Transaction File

Type Positions Field
Renewal 1 Code - letter R

2- 8 - Subscriber Number

9-10 Number of Years Renewed
Change of Address 1 Code - letter C

2- 8 Subscriber Number

9-32 New Street Address

33-56 New City, State and Zip
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Problem 2: Book Solution, Page 1

12 75 76 77 78 79 80
i it ifinasi Program
File Description Specification -
p p o Page (D4 |o csipla
F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or s Extent Exit Number of Tracks
Py of Record Address Field b for DAM for Cylinder Overflow
d of File g
Record Address Type . Z[  Name of Number of Extents
. . Symbolic  |& .
Filename Sequence Type of File B Device Device i Label Exit Tt
File Format Organization . £ Rewind
Line or Additional Ares | § - Storage Index —
" ° g o | Overflow Indicator| O Condition
S| stock 5 g utug
= gle s LM Record ¥le Key Field |'2 ‘Continuation Lines
3ic @l Length Length |~ g £
£ Sle al> -3 ala Starting I3 S 5
£ I 3 = Location |4 K Option Entry 2 =
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os| [rlclianiglEls] |i]P c2] | e CoNslolL[E
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IBM International Business Machine Corporation
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Problem 2: Book Solution, Page 2

RPG CALCULATION SPECIFICATIONS GX21-9093-2 UM/0B0* Printed in U.S.A,
. *No. of forms per pad may vary slightly,
mm Internationst Business Machine Corporation

76 76 77 78 18 @

12
Pregram Punching | _Graohec Gord Brocuo fumimr ) 3 4 o gaq..
l v Instruction. age 18| D) © 21 denutication L

Programmer . l Date Punch
C - |ndic§tors( . Result Field IRnLil::I:t':’:s
- “ Anthmetic
dgl || 8 [ o]
3 g And And Factor 1~ Operation Factor 2 Z - CM:‘:‘”LZ""’ Comments
: 2% omparc :
e |E|22 Name | Lengen € |3 —
|25 " » € | £ [CookuptFactor 215
2l8%i2 2 2 &\ [Figh [ Low | Eaual
3 4 s|e{7 8f9oft1p2)13aliuii6|17{18 19 20 21 22 23 24 25 26 77@ 29 30 31 32033 34 35 36 37 33 39 40 41 42|43 44 45 46 47 48149 50 51]52 Sil 54 55156 57158 59 |60 ﬂ_s? 63 64 65 66 67.68 69 70 71 72 73 74
oli] [e o slulgls|No clH Al IN|slv]g mlals 1 1)1
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[N B
o4} |e] | RS
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o] e Loddd P
. RPG OUTPUT SPECIFICATIONS . . Gx21.80902 L9 05"
gBM International Business Machine Corporation .
75 76 77 78 79 80
Program Punching Graphic Casd Electro Number Program Eﬂﬂzm
Programmer [Date Instruction Punch A 5
O o % [Space|  skip Output Indicators e Commes zﬂ& %ar,:;m NoSign | CR | - | X = f.‘.f,"‘g,-"
~ . > s Sign
3 i Fielé Name Yo Yos 7 A |d Y= Dae
) HONR Yes No 2 |8 lk Field Edit
Line Filename =|5|8| & €nd No Yes 3 c | |2= zero
HEEE And  And | Positon No No 4 | pim Suppress
§ = ”!; 4 -§ &l i «
£ alolol €| & |5 5 I 8313| Output |3 Censtant or Edit Word
s o[r e < |z = = *AUTO 22| Recora |3
o Iy o) w |& o
3 4 54617 8 9 10 11 12 1314|15]16]17]| 1819 20|21 22|23[24 329“%“37“ 9l0‘14243444546‘7‘849502‘2‘535‘5655575859503'52535‘653557“@7071727374
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ol Jo | EXDATE] 8l
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ofs| fo INEWCT Y 19
ois| [ojt |/iSIT] D| | 12] g1 PKAUITIO
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o|o| [o Su\Bls NgiZ SUBISicIR| 1 BIEIR
tfo] Jo o1 YElAg NEAGER
1[r] o 1] |11 “INlo| ImAls|Tielf| [Floluwip|’
12} o 2 EWS|T M IS[TIREEEIT]
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13 [© INEW|CIT}Y ‘e Ty /] ISIFAITE!
']4e |0 Fid ~INIO| IMAIS/TIEIR| |FIOlUND|’
t|s| |0
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PROBLEM 3: C5P3

"Compute customer electric usage bills. Refer to this table of
rates and then describe the necessary calculations."

Usage Rate

1- 50 kwh $.05 each
51-100 kwh $.04 each over the first 50, + $§ 2.50
101-300 kwh $.03 each over the first 100, + $ 4.50
over 300 kwh $.025 each over the first 300, + $10.50
Directions:

1. Use /COPY for all coding except Calculations. Cataloged
items are:

ALLFILES for all File Descriptions

INRECS for Input records and fields

OUTRECS for Output records and fields
2. Name the result field for calculated usage, USE
3. Name the result field for calculated costs, BILL
4. Input records include these fields:

NEW, for the new period's meter readingr

LAST, for the last period's meter reading
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Problem 3:

Book Solution, Page 1

75 76 77 78 79 80

12
il ripti fianet mr Program
File Description Specification i@} 4 Tremreain [C]5]P B
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Filename Sequence Type of Fils . Device Dyevice - Label Exit Tore
File Format Organization o g Rewind
Line or Additional Area g Storage Index Fie
o i !
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Problem 3: Book Solution, Page 2

RPG CALCULATION SPECIFICATIONS GX21-9093-2 UM/050* Printed in U.S.A.
*No. of forms per pad may vary slightly.
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PROBLEM 4: C5P4

"An indexed disk file of 100-character records is to be copied
for reference. Its key field is in positions 1-8. The new
file will contain identical records, but is to be organized
sequentially. Compute Net Pay using this formula.

NET = GROSS - FIT - FICA - D1 - D2 - D3 - D4

A11 deductions are to be taken from gross pay unless doing so
causes the net pay amount to become zero or negative in value.
If that happens, add back the last deduction, print an exception
record on a special report, and bypass all further calculations
for that record. Include messages on the exception report to
indicate which, if any, deductions were actually taken."

Directions:
1. Do not use any Auto Report function.

2. Prepare a print chart to represent heading and body lines
of the exception record report.

3. Include UDATE and PAGE fields on the heading line.

11/22/74 PAYROLL DEDUCTION EXCESSES PAGE 1

2 179 202-45-6118 200.00 40,00 10.00 50,00 50.00 40.00 20,00 ACTUAL. NET PAY IS 10.00
5 808 131-11-0067 100.00 10.00 6.00 90,00 10.00 5.00 4.00 ACTUAL NET PAY IS 84,00

1
1
|
|
I
1
6 447 356-35-7998 40.00 4,00 10.00 10.00 16.00 3.00 3.00 ACTUAL NET PAY IS 16.00 1
i

9 024 447-87-9330 100.00 18,00 5.00 20.00 50.00 10.00 2.00 ACTUAL NET PAY 1S 7.00

_———

5
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Problem 4: Book Solution, Page 1
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Problem 4: Book Solution, Page 2
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Problem 4: Book Solution, Page 3
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Chapter 5: Summary

This chapter was designed to provide practice in solving data
processing problems that involve the printing of reports,
updating disk file records, and the describing of complex
series of calculations. One new consideration, the description
of exception output records was brought out in the fourth example.

At thts pocint in your studies you should be able to specify

" solutions tc problems of the types presented in chapters 2, 3,
4 and 5. You would not be expected to do them from memory,
rather, you would refer to the System/32 RPG II Language manual
as needed.

Here is the Tist of new coding entries you used in chapter 5.

FILE DESCRIPTION

No new entries.

INPUT

No new entries.

CALCULATION
28 - 32 Cperation (EXCPT, SETOF)
54 - 59 Resu1t1ng Indicators (Minus, Zero; for subtract),

(A11 three for SETOF)

OUTPUT

15 ! Type (E - excepticn output record)

33  Edit Codes (Z) :

39 € for continuation Tine of an Auto Report constant
45 - 70 Edit Word (Pbbb-bb-bbbb for social security number)

You've come a long way into RPG II programming and should know
that the bulk of this course is behind you. Here's a list of
all the kinds of coding you've seen and done in just a short
time.
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File Description Sheet - describing files

a. Input files - Console, Disk

b. OQutput files - Printer, Disk

c. Update disk files, including the addition of records.

d. Input files designated as primary, secondary or chainﬁng.
e. End of file control.

f. Block length and record length.

g. Random processing of indexed file records on update.

h. Page overflow indicator assignment for printer files.

Input Sheet - describing input records

a. Assigning Record Identifying Indicators

b. Designated Record Identification Codes

c. Identifying field locations.

d. Designating fields as either numeric or alphameric.

e. Assigning level 1 control for control breaks.

f. Assigning M1 for matching fields

Calculation Sheet - describing operations

a. Use of indicators for either "detail-time" or "total-
time" calculations.

b. Using numeric literals as factors.

c. Operations.

1) ADD
2) SUB
3) MULT
4) DIV
5) MVR
6) Z-ADD
7) Z-SUB
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dl

e.

8) SQRT

9) MOVE
10) MOVEL
11) COMP
12) GOTO
13) TAG
14) CHAIN
15) EXCPT
16) SETOF

Half adjust nUmeric result field values.

Test result through Resulting Indicator assignment.

Qutput Sheet - describing output records

a‘

Heading (H), detail (D), total (T), and exception
(E) types

OR Tines

Adding records to an update file
Spacing and skipping on report pages
Output indicators: 1P, OF, 01, 02, L1, MR and LR
*AUTO usage

Special fields: UDATE & PAGE

Edit codes: 1, Y, Z

Resetting a field value ("blank after")
Edit words: 'Obbb-bb-bbbb'

Constants

Auto report

1) Field value accumulation code (A)

2) Continuation column heading constants code (C)
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5. Correspondence of entries from coding sheet to coding sheet.
a. Filenames
b. Field names
c. Indicators assigned and used

6. The generated program RPG II logic cycle.

7. The Auto Report function /COPY as used to insert cataloged
statements into new programs.

Are you surprised at how many new things you've studied and
learned? Keep in mind that RPG II is a descriptive language
and when you concentrate first on understanding the problem
requirements, the coding is relatively simple.

There is no self test for this chapter. In the next chapter
you will need a few blank Extension specification sheets as we
will be describing tables of data and the look-up operation,
LOKUP.
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Chapter 6: Tables and Arrays (1.5 to 3 hours)

There are data processing preblems in which tables of data are
useful in the processing of data records. I'1l use a somewhat
different approach in introducing the topic of tables. 1I'11
start by stating a problem and then show you a coded solution.
After that I'11 tell you about the entries that deal with the
table data. We will be referring to an RPG II specification
form called <he Extension specification sheet in addition to
those with which you are already familiar. Here's the problem.

Print a 1ist of items as ordered by custcomers. The
1ist is to look like the sample report. One set of
table data contains 50 item number entries, one for
each item that is for sale. A second set of table
data contains 50 corresponding cost entries. Here is
a partial list of table data from both of them.

Table of Items Table of Cogts
12354 2.50
22615 7.79
74002 9.85
33675 .25

Input records contain the item number and the quantity
soid. In order to print the report, it is necessary to
look up the unit price for the item and then multiply
this price by the quantity to find out the amount of

the sale.
| SALES |
ITEM NUMBER QUANTiTY UNIT PRICE SALE PRICE
22615 100 7.79 ~779.00
33675 50 .25 | 12.50
12354 740 2.50 1,850.00

When table data is used to solve a problem, we need to describe
" the tabie or tables being used and describe any caliculations
and/or output associated with this data. Tables are described

. on an Extension specification sheet. A table 1¢okup operation
(LOKUP) is used on the Calculation sheet to search one table in
order to find a corresponding table value in the other. After

a desired value is found, it may be usad for additional calcula-
tions and/or output. '
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Coded Solution
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Explanation of the Solution

1.

2.

File Description - Two files are described. Orders are keyed
and a report is printed.

Extension - Two tables (TABITM and TABCST) are described.

Table names always start with TAB in RPG II. Included in

the description of tables is the "Length of Entry" and the
“Number of Entries Per Table".

For numeric table entries, include the number of "Decimal
Positions™".

NOTE: We will discuss other specifications used on the
Extension Specification sheet later on in this
chapter.

Input - The keyed record and its fields (ITEM# and QTY) are
described.

Calculation - Use an input field (ITEM#) as Factor 1, specify
the table lookup operation (LOKUP), the table to be searched -
(TABITM) as Factor 2, the table containing corresponding
unit prices (TABCST) as the Result Field, and assign an
unused indicator for the desired search condition.

In our example we are searching for an "Equal" condition, so
indicator 40 was assigned in positions 58, 59 (see the
headings for lookup above positions 54-59).

The second calculation (multiply unit price by number of
items) is to be done when a desired table entry is found,
so it is controlled by indicator 40. The cost value in the
corresponding table (TABCST) is multiplied by the quantity
(QTY) to determine the sales price (SALE) of the item we
keyed as input (ITEM#).

OUtput - Four fields are to be printed when the unit price
is found for the keyed item.

a. The indicators used to control the printing of the detail
line are 01 and 40 to be sure that a line is printed
when information about the keyed record (ITEM#) is found
in the table (TABCST).
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Problem System Flowchart

‘ : _ — (Table data is loaded
KEYBOARD 7 with the job program
i s in this example.)

(Orders) /

SYSTEM/32

. PRINTER

(Sales)
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There are data processing problems in which it is convenient to
store information in tables so that a desirable piece of data

such as a shipping cost can be found and applied during calcu-
lations. System/32 RPG II has the capability of using tables
of data. Here are some instances where it might be used.

1. When an item number is known, look up its
description.

2. MWhen a length is known in inches, 100k up its
equivalent in centimeters.

3. When a temperature is given in degrees Fahrenheit,
find its equivalent in degrees Centigrade.

An array is a table of data that is used in special ways in
addition to being used as a table. .

CHAPTER OBJECTIVES

When you've finished studying this chapter, you should be able
to describe tables and arrays, use them in calculations and
state the differences that exist between tables and arrays as
used in the System/32 RPG II language. This includes:

1. describing tables and arrays as to size, type of
content and name using the RPG II Extension sheet,

2. specifying the look-up operation on the Calculation
sheet, and .

3. printing out the contents of an active table or
array at the end of a job.

To describe tables and arrays you will be Making use of an
Extension specification sheet. So, in addition to this text,
you will need a few sheets of each of the following forms.

GX21-9091 Extension and Line Counter
GX21-9092 Control and File Description
GX21-9094 Input

GX21-9093 Calculation

GX21-9090 Qutput

You also need your System/32 RPG II Language reference manual
SC21-7595.

A self test is included in this chapter.
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Tables
A table is an arrangement of data items having like character-
istics. Each data item in a table is known in RPG II as a
table entry or element.
RULES:
1. Evefy table entry must be the same length.

2. Every table entry must be of the same type,
either all numeric or all alphameric.

3. Every entry in a numeric table must have the
same number of decimal positions. ’

Each table used in a program is defined on the Extension specifi-
cations sheet. Get a blank Extension sheet (E in column 6) so

we can define a few sample tables.

1. Specify a table name starting in position 27.

RULE: Every table name must start with TAB and may include
additional letters or numbers in any combination.

Which of the following are acceptable table names?

TAB123 TABX TAB/B
TA55 ABCDEF TAB 29
TAB

* * *

Acceptable table names are: TAB123, TABX, and TAB. Why are
the others not acceptable?

TAB/B has a special character.  TA55 does not follow the rule,
"start with TAB". ABCDEF is wrong for the same reason. TAB 29
has a blank which is not a letter or a number.

2. Specify the "Length of Entry" in positions 40-42. 1If the
entry is a numeric field, include the number of decimal
positions in position 44.

3. Specify the "Number of Entries per Table or Array" in
positions 36-39.

4. Specify the "Number of Entries per Record" in positions
33-35. For example, if each record containing table data
was 100 positions long and each entry in that table was 5
positions long, there would be 20 "entries per record".
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Use your Extension sheet to define the following tables.

# of Entries # of Entries
Length of Per Table Per

Name Type Entry or Array Record
TABXYZ  numeric 3 ' 16 16

TAB2 alphameric 20 . 25 4
TABC numeric 7 with 2 decimals 100 14
TAB19 numeric 15 with 9 decimals 10 6

* * *

Your entries should look 1ike this.

Extension Specifications

E Record Sequence of the Chaining File
Number
Number of the Chaining Field of Number |zl Tavle or §ls
i Length | |2(2 Length 2
; To Filename Table or Entries | of o 4|2 Array Name | of £|S Comments
Line fg Per Entries of g . S|=
2 Array Name a18| (Ahernating Entn als
4 Record | Per Table } Entry |l=| 8 Yy els
From Filename J(€| 5} Forman) JlEls
€ or Array HH 3 HHE
5 =|3|3 21818
3 4 567891011(2‘3|4|5|6|7IB192011222324252627282930313233343536_1383940“42'43““454647484950515253545556575859606'628364656657“597071721374
T e ThlBX Y| T1le] [ T1le] T T3[ o
o|2| |E I
of3| [E TIAIB2] 4 | (1215 121¢
ol4 E
ofs| e TlAlBL 14 109 | 7] |2
ofe| Je 1
o e Tiaghla] | | le| | [1l0] [15] [
ols| |e
E
E
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Now describe a table that contains the names of the months of
the year. Assume that all table entries will fit into one
record. Make up your own table name.

* * *

If your coding is correct, you have TAB in positions 27-29.
Positions 30-32 may be blank or have any letters or numbers
(without a blank between them). Positions 34, 35 should

contain a 12 and positions 38-39 should contain 12. The length
of a table entry is always large enough to hold the longest word
or phrase or the largest number to be stored in the table.

Since the longest name is SEPTEMBER, your entry for positions
40-42 should be 9 in position 42.

The tables we have been describing up to this point are known
as "compile-time tables". By this, I mean that the actual
table data is included as a part of your RPG II source program.
Suppose that you wrote a program that uses 2 compile-time tables.
This is the order in which your coding would be keyed in or read
in from disk for compilation.

1. File Description specifications
Extension specifications
Input specifications
Calculation specifications’

Qutput specifications

(=) BN & ) R~ L 7S I AV

a special record containing **p in 1-3
(p means blank)

7. all of the actual table data records for the
first table as defined on the Extension sheet

8. a second special record (**p in 1-3)

9. actual table data records for the second table
defined on the Extension sheet

During the process of compilation, these tables are stored with
the program for future use.

What is one purpose of the Extension sheet? When are **p
records a part of the source program? The Extension sheet is
used to describe every table used in a program. The **j records
are included in a source program whenever compile-time tables
are required.
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Well, how is it going? OK so far? Let's move on to a second
kind of table known as a "pre-execution-time table".

Pre-execution-time tables are created some time before they

are needed and they are stored on the disk as a file. A table

of this type is also defined in the same manner on the Extension
sheet, but we must include one more specification. We enter a
fi]ename in positions 11-18 known as the "From Filename". When
this is the case, a compiled object program is loaded to run a
job followed immediately by all pre-execution-time tables defined
as files for it, and then the job starts to run.

RULE: When pre-execution-time tables are used in a program,
each one must be described as an input table file on
the File Descr1pt1on sheet and must include these
entr1es

1. a T in position 16 (code for a table file)

2. an E in position 39 (code for extension entries
needed) to alert the RPG II program compiler to
tie together the File Description entry and the
Extension entry having the same f11ename, when
used in the object program.

Note: This rule only applies to pre-execution-time tables.
Describe a pre-execution-time table file having the following

characteristics on a File Description sheet and an Extension
sheet.

1. The input table file has a record length of 54
characters and is stored on disk.

2. The table entries are numeric, six positions
Tong with no decimals. There are 9 entries
in each record and a total of 100 entries in
the table.

Make up your own filename and table name.

* o ' *
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Check your coding against these entries.

why yours does not agree, re-read this section about "Pre-

execution- time“

tables.

File Description Specification

If you do not know‘_f

File Type Mode of Processing File Addition/Unordered
F File Designation Length of Key Field or = Extent Exit Number of Tracks
End of Fil of Record-Address Field o for DAM for Cylinder Overflow
of File > A
Record Address Type " g Name of Number of Extents
N Sequence N Symbolic Label Exi
Filename ‘(‘;vpe of File < Device Device i a Xit Tape
File Format rganization o 3 Rewind
Line r Additional Area | $ Storage Index :
e o | Overtiow Indicator|
'l e S v H
> S § E| ock | Recod x|5 Key Field | 2 Continuation Lines 2
3 3| lo s ong Length | =5 surting | £ z
S Q18w 3 5 = Location |¥ K Option Entry 3 I
:4ssvsnwn|znsu|5aan13-9zog_zzanﬁ‘;sjy_uzeao:‘323334asﬁiasasaouauuu&«47u495oﬂ_5253u55i2%g2£ze:e«esessnaess LR
of<[ || irlalgic] | 1] 4 Elp]1 [o]
o[ I TTTTT . (11 [TTT]
Extension Specifications
E Record Sequence of the Chaining File
Number
N e Chaimins Fi »
umber of the Chaining Field T Z; 4 N'um.,e, conan | 8]8] Table or e 25
Line | g To Filename adle or ntries | of of g[2| Array Name | of 3|2 Comments
2 Array Name | Per Entries < (Alternati <
e ) Record | Per Tavle | Entry [ec|5| & ne ey (g|5)8
€ From Filename S| E(8] Format) S| El§
E or Array NS Z|-=]z2
3 ¥ 3lgle
© sta =|e
3 4 slef7 8{9 10f11 12 13 14 15 16 17 1819 20 21 22 23 24252527mnaog‘sqaalsstxn 38 39140 41 a2}a3faa]ss 46 47484925!iszl_325556158596061 62 63 64 65 66 67 68 69 70 7172 73 74
of'| IE 1INTIABIL TIABmoT| | 9] 1|8 (]
ol2| |E
0}3 E

Now that you have learned to describe either "compile-time" or
"pre-execution-time" tables, let's consider how they are used
in a program.

In general

1.

2.

» table look-up is this kind of activity.

A "search" field value is compared against the
first table entry.

If the table entry is what is being searched for,
the table value is made available for processing
and output.

If the first table entry is not what is being
searched for, the program compares the search
value against the next table value. Again, the
question (in 2 above) is raised.

If no acceptab]e'table entry is found during the

search and the entire table has been searched, the
next step following the look-up operation is begun.
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In order to describe the table Took-up activity, you must:
1. describe the tables to be used by making entries
on the Extension sheet (and on the File Description
sheet if needed),

2. describe an input field (or a constant) that contains
(or is) the searching value,

3. describe the LOKUP (table Took-up) operation including:
a. the "search" field or constant as Factor 1,
b. LOKUP as the operation,
c. the table to be searched as Factor 2,

d. another table which contains corresponding
values as the Result Field (optional),

e. at least 1 Resulting Indicator (in positions
54-59).

Here is an example of table look-up as coded on a Calculation
sheet.

RPG CALCULATION SPECIFICATIONS

Resulting

Indicators .
C Result Field Indicators

Arithmetic

And And Factor 1 Operation  Factor2

Plus lMinus Zero Comments

Compare

Name Length 1So1<2]1-2

Lookup(Factor 2)is|

~ Control Level (LO-L9,
Not
Not

» LR, SR, AN/OR)

© Not
& Half Adjust {(H)

5 Decimal Positions

B
S
>
H
el
3

17]18 19 20 21 22 23 24 25 26 2728 29 30 31 32§33 34 35 35 37 38 39 40 41 43143 44 45 46 47 48|49 50 51

COPE Llolk|uplrlalglalala 18888 EREREREE

12

of{e|o]o |«

O[O0 |0 O |® Form Type

NEPIRED

This description means, "search the table named TABAAA for a
value equal to (indicator 12 is in positions 58-59) the value
found in the search field named CODE. When you find an equal,
also locate a corresponding value in the table named TABBBB".
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Try to code these examples.

1. Search a table named TABRAT for a value equal to
the value in the search field named RATE. When
an equal is found, also locate a corresponding
value in a table named TABAMT.

2. Search a table named TABTAX for a value equal
to the value 175. ‘When an.equal is found, also
locate a corresponding value in TABSTX.

* : * , *

You needed to assign an indicator in positions 58-59 to test
the look-up operation for an equal condition in both examples.
Here are my solutions. Your indicator entry may be different,
but the other entries must be the same as mine. : '

. RPG CALCULATION SPECIFICATIONS

) _ Resulting
c - Indicators Result Field Indicators
§ . I | P Arithmetic
2c = -
2 Factor 1 Operation Factor 2 H P'“‘CM'""‘ Zero Comments
. g5 < Name Length (5 ompers
Line rfgn:‘ 7.2-|>z||<21=2
gz ol o o §| [Lookup(Factor 21is
fd 5 S z° ‘z’ z° -E3 High | Low |Equal
3 4 5|67 8loftoj11}12{13[14]15(16]17]18 18 20 21 22 23 24 25 26 QLIZ_B 29 30 31 32|33 34 35 36 37 38 39 40 41 42143 44 45 46 47 48149 50 51]52}53|54 55|56 57|58 59|60 61 62 63 ﬂﬂiﬂ 68 69 70 71 72 73 74
o[ e RIA[TIE Llo)K]ulPITIAIBIRATT AM 2/ [ ]
o2l e |
o3| |e 1/7|8 L\o KU PTIAIBT T/ABS 15
ofa| {c
o|s| |c

Normally, the reason for doing a table look-up operation is to
use the value found in the corresponding table (the one in the
Result Field) for additional calculations. If no search table
entry (the Factor 2 table) satisfies the problem requirement,
such as "search for an equal value", we may wish to bypass all
further calculations, or even stop the computer run. One
reason for stopping is that if table data or the search field
data or the constant is wrong, the operator should probably
re-run the job after corrections have been made. Otherwise, if
the job continues, all output will be garbage.

How would you bypass further calculations? How wou]dfyou, as a
programmer, stop the computer during a run? '
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You already know how to bypass calculation steps ~ simply include a
GOTO operation. We haven't yet talked about how to stop the
computer during a run. It js easy for system operators, they just
press a stop key on the machine. The programmer uses a special
"halt" indicator to do the same thing. Here is an example:

RPG CALCULATION SPECIFICATIONS

. Indicators Result Field R“fmi"g
@ Indicators
S Arithmetic
3 I I 5l= -
S And  And Factor 1 Operation Factor 2 2|2 [Prus Minusf zero Comments
& E 3 L QS. 3 Compare
tine |23 o Name 9"9"‘—,~3-1>2]1<2|1=2
E|2arT " . £ |Lookup(Factor 20is
2|8 52 2 2 S} 2| High | Low |Equal
3 4 5]6}17 8f9101112/13[14]15(46]17)18 19 20 21 22 23 24 25 26 2728 29 30 31 32|33 34 35 36 37 38 39 40 41 42]43 44 45 46 47 48|49 50 51]|52|53|54 65|56 57|58 59160 61 62 ﬂ,ﬁsS 66 67 68 69 70 71 72 73 74
27128 +..._|J+ REERET S
op[ [e Fl1[ND Llo/KlulPiT]AlB1] | ABX 9 []
ol2| fc Ni3i9 (é 1
°13| 1°| | INI39 0/TI0] IEN
0fa c
0|5 o]
0(6 [
[ [
ols| [c
ofs Je ElND A
1|ol lc
11 [+

Consider what happens in this example when the entire table
(TAB1) has been searched and no value equal to the value in
FIND can be located. First, indicator 39 is not turned on.
Second, we tell the computer to "set on" a special halt
indicator, Hl. Third, we also direct the program to bypass
all further calculations.

RULE: When a halt indicator is turned on, processing
continues for all remaining steps including output
for that record, and then the computer stops.

When did I include the GOTQ instruction? Well then, what.good
is the H1 indicator when it turns on?

Using the GOTO assures me that all further processing will be
bypassed, but the machine does not stop running. By including
the SETON instruction and any one of the halt indicators
(H1-H9), the machine will stop after all processing and output
for that record has been completed. The operator then becomes
aware of the fact that something has gone wrong in your
program. You of course must provide a set of instructions

to the operator for this situation so the job may either be
completed with the error noted, or the job removed until the
error can be corrected.
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One more point. After the operator takes action including
restarting the machine, the halt indicator is automatically
turned off.

RULE: The SETON operation "sets on" any and all indicators
specified in positions 54-59,

We have looked at examples in which the search took place for
an "equal" condition. Look at your Calculation sheet at the
titles over positions 54-59. For which conditions can table
look-up be tested? Which entry is the controlling specifica-
tion for a look-up operation?

* * *

The look-up activity may be tested for 3 conditions: High, Low
and Equal. The controlling specification for this operation is
the table named as Factor 2. Let's examine the situation where
it is useful to have an indicator assigned to High (in 54-55)

or in Low (56-57). Suppose we were looking for this condition.

Find a value in a table that is the first entry that
is higher than the search field value.

Obviously the entries in the table need to be in some sort of
sequence or we could not find a "higher" entry. Also, the
entries do not include every possible value. For example,
let's say we have a numeric table with these values.

TABCUB

001
008
027
064
125
216

Now, when the look-up is done and we are searching for a "high"
condition, the program compares the value in the search field
(assume it is 025) against the first table value. 1Is Factor 2
(the first table value) high? No, because the first entry in
the table is only 001. Now the program compares 025 against
008, the second table value. Is the table entry high? No, so
it Tooks at the next table value. Is the table value high?
Yes, 027 is high as compared to 025. What happens now?

The table look-up operation is complete and the indicator assigned

in positions 54-55 for a high condition turns on. What will
happen the next time if the new search field value is 220?

* * *
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In this case, the indicator is not turned on because the table

value is never higher than the search value.
turn on if the search value is 216?

is not higher.

No,

Will the indicator
because the table value

Examine the following coding and then select a correct answer

from the choices shown.

RPG CALCULATION SPECIFICATIONS

. . Resulting
c - Indicators Result Field Indicators
E.'; - | l z Arithmetic
=33 = "
9 And  And Factor 1 Operation Factor 2 2|z [Pus IMinus] zero Comments
" E E L h é 3 Compare
Line | 2|5 & Name ength = slizafi<ali-2
grzal, - s |5 |ookuiFactor 211
S8 5|2 2 2 8| [High | Low [Equal
3 4 616 |7 8| 901112113 [14§15(16/17|18 19 20 21 22 23 24 25 26 2728 29 30 3t 32}33 34 35 36 37 38 39 40 41 4_1143 ‘44546474849ﬂs| 52 535‘555657555950ﬂ52 63_81‘656667_5_8."53 70 71 72 73 74
of1] e S|E|ARCIH oMP! [2]16) 17T
of2] [c 7 lGOlTO PIASS
o] e 5€/ARIC]H Lok pTABCVS A
0|4 c
ofs| [c
0|6 [
of7] Je PAsls T
olsl lc
ole c

1. Indicator 17 will never be turned on.

2. If indicator 48 is turned on, SEARCH is less than

216.

3. If indicator 17 is turned on, indicator 48 will

also be turned on.

* *

The correct choice is number 2.

*

When examining table data and
possible search field values, consider the use of a comparison
to bypass the steps that follow.

You might also wish to halt
processing under certain conditions.

RULE: If a table is to be searched for a "high" condition,
table values must be in ascending sequence.

RULE: If a table is to be searched for a "low" condition,
table values must be in descending sequence.
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Now look at an Extension sheet. An entry is made in position
45 whenever tables are to be searched for either a "high" or a
"Tow" condition. Specify code A for ascending or code D for
descending table values.

RULE: At least one indicator must be assigned but no more than
two indicators may be entered for a look-up operation.

In RPG II coding, this provides for five acceptable combinations.

1. High (54-55): search an ascending table until a
value in it is higher than the search value.

2. Low (56-57): search a descending table until a
value in it is lower than the search value.

3. Equal (58-59): search a table until an equal is
found. This table may be in any sequence or it
can be randomly arranged.

4. High (54-55) and Equal (58-59): search an
ascending table until a value in it is either
equal (tested first) or a high condition exists.

5. Low (55-56) and Equal (58-59): search a descending
table until a value in it is either equal (tested
first) or a low condition exists.

RULE: - When 2 conditions are to be tested, the same indicator
may be assigned to both places.

The RPG II Reference Manual contains additional rules and examples
you should read about at this time. Ignore information about
arrays as you read because we will present the topic of arrays
when you return to this text.

* * *
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You read :‘about each point we discussed here plus'oné significant
addition. _

"Related tables can be described separately or in
alternating format."

What this means is that instead of describing two tables whose
values are related by using two separate lines on an Extension
sheet, one line is used to describe a combination table that
alternatingly contains a value for one table followed by a
value for the other table and so on. When the alternating
format is used, fill in entries in positions 27-45 to describe
the table values in the first part of each group and then
specify a second table name and information using positions
46-57 for table values in the second part. Here is an example.

As wa Related Tablgs

Extension Specifications

E Record Sequence of the Chaining File
Number
Number of the Chaining Field Table of . Number Length § 8 Table or Length ‘5 5 .
uine | g To Filename avle or Sowies | o s ot 12| Array Name | of 3l Comments
Array Name |Per ntries &1 81 (Alternatin a
14 entry || ] Entry =8
Z . Record | Per Table v lels(E «|s| 8
€ From Filename or Array S|E]8] Format 3l E|s
€ slsi8 S
g 2|&|% WL
3 4 5)6]7 8|9 10§11 12 13 14 15 16 17 18|19 20 21 22 23 24 25 2627 28 29 30 31 32 33&3535%3@39404’2%43!!0545 ‘14819595"52;1:555657_5819‘80516253645556676359”7‘72737‘
o] e TABA 7 4] o)
o2 {€ T 7 7
o3| [E
e|4| |E
In Alternating Format
Extension Specifications
E Record Sequence of the Chaining File
Number
or of the Cha o e 2
Number of the Charning Field of Number Ela] Table or | enun HE
. Table or Entries | of Length § =1 ong K1 B
Line | To Filename Entri of Zi%| Array Name | of zl< Comments
H Array Name | Per ntries < (Alternating | gag 1y
[ F . Record | Per Table | Entry laxxls ¢ Y Jais
- rom Filename J|g{gl Format S|E1€
£ or Array 3[513 HHEE
2 |53 2188
3 4 56789lOlll?|3|4|5ll;l?'B|9202|7?7324252612_7»2829303!3233ﬁ353637383940"4243«!546474849505“5233_25556575859605157535‘3‘56376569707!727374
al1| {E
- [ N S .H_‘L_ L 1. -
o2 (E
- L ot . .
0|3 E
I a0 A N N OO O N N G T O
o|af fE —l (
ofs| | [
. E 4
0|6
el E L LLLL TIABl4 7|7 TA 9
o)7] |E
olel le
R ol l ﬂ_ﬁ» +
HHE
E
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Since RPG II can use tables described either way, you need to
know how your company wishes to arrange table data before
creating table data values and then describe them as created
in your problem solutions.

To complete the presentation on Tables, I have included a
coded solution to an example in which we wish to look up phone
numbers and then print a list of them.

NAME Table NUMBER Table
ABRAMS JOHN ................ 286-6424
ACKERMANGAIL ............. 289-2933
ADAMS KEN .................. 938-7515
ANDERSON THOMASE ......... 935-8381
BABITT ROBERTA ............. 288-7587
BARSNESS RICHARD ........... 938-3932
WIKGAIL ... 288-4663
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USING TABLES

File Description Specification

F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or = Extent Exit Number of Tracks
e o of Record Address Field 3 for DAM for Cylinder Overflow
e 3 .
Record Address Type S - Z]  Name of Number of Extents
" mbolic || .
Filename Sequence Type of File o Device D‘;vice -_é Label Exit Tope
File Format Organization o L Rewind
Line oL Additional Ace | § - Storage Index o
Q Overfiow Indicator| Condition
& glg Sl ok S 8 ut-ug
H sig 2 ?m'h Leogh £le Key Field |2 Continuation Lines -
3 2 S N ng « s E Starting | £ 5
5 2|L & 3 <= Location |W K Option Entry 2 &
s slel7 8 9 10111213 14]15)4e 324’_212527@_@3031 s2lss salas 36 37 salgela0 a1 42 43 44 45 48 4748495015253&22&%59&,_‘_&2_%6_&_6687&897071 7273 74
o2| [FiMAMIE 1P 23| olLe
oo TF|eylsir 0 1/32 TEER

E Record Sequence of the Chaining File - \
Numi
,,. o
Number of the Chaining Field Tab ol :'umhef Length §/5| Table Length ?,'
. £ ength
Line |4 To Filenafne able or O | eries 1 of Z[2]  Array Nam@s < Comments
Z Array Namgl | cora | per Tavte | Entry |z|3|3|  (Atermation € 8
€ From Filename o Array 3| £ H Format} H
5 o
& HHE $
3 4 516)7 819 10|11 12 1314 15 16 17 18 |19 20 21 22 23\24 26 2 334353637383940"4243“454647484960515225‘ 57|58 59 60 61 62 65 66 67 68 69 70 7172 73 74
of1] [e NA 4
ofe] Je TTalBPhlo Y13 1. 7| ) ) \
°PLIE T T L] il
RPG INPUT SPECIFICATIONS \
5 Record !dentification Codes . . Field
] Field Location .
B Y 2 3 _ < Indicators
£ ] S
ARt 3| 2
Line Filename s lz] g5 ] %| FieldName |]5 [$3] o
g b4 =|5| & 2 £ & (L 3 Zero
2 glclz | Pesiton || Bl positon || || position [Sf |||} From To |3 2182l & fPus [Minusjor
: HHE HEE Foll HRHEE § 15 E Bk
2 o po 4 85| 3
i o[r[ |2|8]& 2|o 2|56 2|s(6l518 a 8§ 126} &
A[n[D i
3 4 51617 8 9 10 11 1213|1415 |16 }17|18 |1 0 |21 22 23 24)25|26{27| 28 28 30 31 35 36 37 38|39[40[41142(|43|44 45 46 47148 49 50 515253 54 55 56 57 5859 60)61 62 64165 68667 68|68 70|71 72 73 74|
o] Jr Al | (/1) | | 2] lclw |
oz J= [ n /
[ RPG CALCULATION SPECIFICATIONS /
C N Indicators / RM 7,
& fators
3 -
3’ P , I 2 rithmetic
- °
38 And  And Factor 1 Operation Factor 2 L # A us Minus] zero Comments
1 E ‘Z‘ L 17 § Compare.
Line [ X5 2 Name N5 sl 2
Efza, - = . £]< |Lookup(Factor 2}is
5§ |8 5 5 g 2ls
2|18 3|2 z ES ) S| £ [ High [ Low [Equal
3 4 s5|6j7 8]9jio|t1h2f13[1af15(f6(1748 19 20 2 Mﬁ’;?s?s 30 31 _32}3; 39 40 41 42143 24 49 50 51]52153]54 55|56 57, 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74
o' Je NAME LoKluHTIABINAM) | [ [(frialBlpHb
e | | N N
\ RPG ~ OUTPUT  SPECIFICATIONS
O _ % ce|  Skip ONput Indicators Commas | 2610 Balances Nofgn cr | - | x = Remove
I b Yo Print Plus Sign
Nk Field Name
N e Yes Yes Ay ]Y~= Dae
al3f, T r Yes No A g | Field Edit
Line Filename MEE - End No Yes 3 c |t |2= zero
glslgl S And nd @ Positon No No 4 DM Suppress
§ =14 - . £ 2l in 3
< AlD|D g s 3 Sio] Output |3 Consthnt or Edit Word
5 o[r < [= 2 z “AUTO 12} Record (&
i 25 &
a[n[o
3 4 5]6f7 8 9 1011 12 13}14/15]16[17]| 18] 19 20{2TN22{23 5126 2930&'32333435363738# 40 41 42 43 4546‘7494950515_2‘53 55 56 57 58 59 60 61 62 63 64 65 66 67 68 63 70471 72 73 74]
oi1| [o|Llr [8IT 2 % 2 {
.
-
o2 |O \1 1/5 LA
ols| [o T/ABPH
0j4; |0 1
olsi lo N~ .
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ARRAYS

Now for arrays. Many of the points just coveréd for tables are
true for arrays. Here is a 1ist for quick review.

1. An array is a table. That is, an array is an arrangement
of data items having like characteristics.

2. Each array used in a program is described on the Extension
specifications sheet.

3. There are "compile-time" arrays and "pre-execution-time"
arrays. Both are used and specified in the same manner
as are tables of these same two types.

4. A look-up operation (LOKUP) may be specified for calcu-
‘lations. There are five acceptable combinations for ‘
testing the results of an array look-up: High, High and
Equal, Low, Low and Equal, or Equal only.

5. Related arrays can be described separately or in alter-
nating format.

That was easy. You might be raising the question, "Why do we
need to use arrays if they are just like tables? Why not just
use tables?". Well, there are differences we want to bring
out in this lesson so that you can determine in given data
processing problem situations whether you will want to use
tables or arrays. Here are some of those differences.

1. Only table names may begin with TAB. Array names can be
any other field name you wish to make up.

RULE: An array name refers to the entire array.
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2. There is a special kind of array called an "execution-time"
array. In addition to describing this kind of array on an
Extension sheet, you also describe it as an input record
on an Input sheet. For example:

Extension Specifications

E Record Sequence of the Chaining Fite
Number
N f ining Fiel 2l
umber of the Chaining Field Table o Z' ) N’umbe' Length Sla| Table or Length é =y
tine |g To Filename able or Sl of (2| Array Name | o gl Comments
Array Name |Per ntries = (Alternatiny x
= Entr =t &} t 9 Entry bl -1
[ " Record | Per Table v |xls| g els
£ From Filename of Array 3| E H Format) 3| €[ 8
H HEE alslg
£ =)o |0
3 4 5617 8]9 1041112 13 14 15 16 17 18]19 20 21 22 23 24 2526&7%29303!3233_31_3_6*36373&394041 42'434445 46 4748‘95051‘5153545556 57_52’_5_0&]81 62 63 84 65 66 67 68 69 70 7172 73 74
o[ [ AY [ [1]z[ |4 ]
of2( |E
0|3 E
04 E
ois| |E
ole| |E
Tol|7| |E
0|8 |E
E
E
RPG INPUT SPECIFICATIONS
5 Record Identification Codes . . Field
= Field Location )
5 B 2 3 . < indicators
£ 3 2
= * 2
8 £2 ¢ 1513
. ) e sl 2% - S = |8gl
Line Filename g |z bR ] %] Fieid Name 3 |33 »
3 & |5l| £ » N 3 2 : §lEE)E Zero
> Blz|3 | Pestion |z E[ Position || [E| position |o| |E{P|<| From To (s 2122 & |Pus [Minusfor
€ 2183 HRH Sigle 2101815)2 £ 2|55 = Blank
£ g z|N = IS g les 2
£ o["] |25 & 25(6 el 3(5|5(2(2 3 3 |28| 2
A{njO
3 4 5[6[7 8 9 1011 12131415 16 {17[18 119 20 [21 22 23 24]25|26(27]28 29 30 31(32|33|34|35 36 37 38{39]40[41}42{43]44 45 46 47)48 49 50 51 52|53 54 55 56 57 58[59 60{81 62)63 64|65 66(67 68{63 70|71 72 73 74
o1
IXNYZFILIE AJAT i
0
2| |r 1 | 96l JARAY
of3| |1 i

When this kind of array is described on the Extension sheet,
no entry is made in positions 33-35 (Number of Entries Per
Record) because the input field or fields will provide the
data Tater on. What we described above is essentially this.
First, we describe a storage space (Extension specification)
for an 8 entry array in which each entry will have 12
positions of numeric data including 4 decimal positions.
Second, we will fill the storage space of 96 positions

(8 X 12 = 96) with data as it is read in from an input
record during the job.

3. In addition to the use of LOKUP to perform a look-up

operation on either table or array data, we have the use
of 2 special operations to process array data.
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a. XFOOT (crossfoot) causes the value in each entry of
~a numeric array to be added together and stored in
the Result Field.

RPG CALCULATION SPECIFICATIONS

R Indicators Result Field P
C gi ‘ l el »l«v:r_‘meun
::2 And  And Factor 1 Operation Factor 2 é z P'“‘cr:p‘:ezm Comments
we |B22 Name | Length £ (&7 T ]
fsels T T %ammeiL
uw a]2 Z z a | | High | Low | Equal
3 4 516 |7 s8i9ofoin12{13[14]15[16/17{18 19 20 21 22 23 24 25 26 TIJ2_829 30 31 32|33 34 35 36 37 38 39 40 41 43;13“454647 4849505152535455565758596081_}_33842,&675!89707! 72 73 74
ot o X/Flolo[T|alRAlY UM 14 ERNEBEE I
o2 c
0|3 Cc
0|4 (o]
b. MOVEA (move array) causes characters from the left-
most positions of Factor 2 to be moved to the left-
most positions of the Result Field. Using this
operation enables you to do one of three things:
1. move data in one array to replace data in
another array, or
2. move part or all of the data in an array into
a field, or
3. move part or all of the data in a field into
an array.
RULE: Movement of data stops when the end of the shorter
length item (the array or the field) is reached.
RPG CALCULATION SPECIFICATIONS
R Indicators Result Field Resuttina
C kT =
gg And And Factor 1 Operation Factor 2 H f L] g“u":—l-—:"z"" Comments
ne |2 i Name | Length % Si>ah<a]i=3
Efz o5 3 I3 5 % Lookup(Factor 211
3 4 5 : §: §|D|| ‘f‘:i 14 imnﬂ&giszo é! 22 23 24 25 26 27 )28 29 30 31 32J33 34 35 36 37 3B 39 40 41 42}43 44 45 46 47 48]49 5051;:3:‘“:55:0;;::‘:5_:#511_23_'54;6_52_&269 70 71 72 73 74
oft] Je lov AARRL RRIAR | [ ]
0|2 [
o] fe MolyelalA/RAle FLELDX] | 4
N LR
os] Je IWoIElAlF1 ElLD}7 AR2l9
o|6 [4
of7 [+
ofs [+
ol9 c
1|0 c
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4. Although we didn't discuss editing of tables on
the Qutput sheet, a table entry is edited just as
a numeric field is edited.

An array entry may be edited in the same manner.
Specify an edit code in position 38 on Output and
the array entry will be edited as desired.

5. An array may be edited in its entirety:. 1If you
enter an edit code in 38 and name the array, RPG II
will cause the array to be edited so that each
entry in the array will include the desired
punctuation and 2 spaces will be included to
separate each entry from the other when printed.

RULE: You must be sure to plan for enough space on the
print line to include all punctuation characters
as well as the 2 spaces between items.

Example:

ARRAYZ has 6 entries of 7 positions each with 2 decimals.
Let's say we will specify edit code 1 to include commas
and a decimal point, but no sign. How much space is
needed to print the entire array?

Well, each entry will include 7 positions of data plus
a comma and a decimal point plus 2 spaces for a total
of 11 print positions. It will look like this on your
plan:

PBXX, XXX. XX

Since there are six of these entries in the array, we
need 66 print positions on a line in order to print the
array.

NOTE: You may use an edit word instead of an edit code to
edit an entire array. In this case, your edit word
must include the two blank spaces to separate results.

6. As you recall, we describe entire tables and arrays on an
Extension sheet. Thereafter, we can search either a table
or an array to find a particular item using the LOKUP
operation. '

RPG II provides a unique facility for the referencing
and use of particular array entries through the use of
a scheme known as "indexing". In this case we:

a. use an array name of 1, 2 or 3 characters, and

b. include an "index" constant or field to refer to the
desired entry.
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Example:

Extension Specifications

E Record Sequence of the Chaining File
Number .
- a 2
Number of the Chaining Field T Zf ) Nfumbe' cengn | |E[5| Table or Length gl
Line | g] To Filename able or ntries | of of %{2| Array Name | of i B Comments
e Array Name | Per Entries <lal  (Atternating | g, <
= . Record | Per Table | Entry fa|5| 8 nry ()5 )8
3 g
€ From Filename or Array S|E|S| Formen JlEls
5 HEE &1 8 g
& <|38 cfo
3 4 sle|7 8|9 10|1112 13 14 15 16 17 1818 20 21 22 28 uzszsuzszgaoaozzpzs-%}asama:s‘ou s2laotsalos a6 &7 48 49 50 51152 55 SelseisolTlse 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74
of1] [e SiL 4 2
02 E
03 E
RPG CALCULATION SPECIFICATIONS
C R Indicators Result Field IF‘AS}Jl!IW
o ndicators
2 " “Arithmetic
J& ) 5 | [Pius [Minus] Zero
32 And And Factor 1 Operation Factor 2 k4 B4 Comments
% 3 2 L h § 3 Compare
Line ':‘gnf Name ength | = EDZIKZI]:Z
g|lEal 5 " g < [Cookup(Factor 2}is|
g[8 5)2 2 2 & |2 [Figh | Cow [Equal
3 4 516 |7 8 9‘0‘1‘2131415\617|8!9202|27732425262717_5293031311333435353733&&_‘1__4_2{434445‘64748"9&5152535‘555557585980&6_2_6184_5;5_52&_7_88697U7|72737‘
o1 fef Fli |[ELDA A[D Skl TIA 2 HEREN
ol2( |c
oo Je XM upl | [3L],4 E 62
ol4| |c
ofs| [C
o|6| iC
047 [+
08 Cc
of9 [

What is the name of the array? How big is each entry? How many
entries are there in the array?

* * *

The array named SL contains 4 numeric entries, each being 6
positions long with 2 decimals.

Notice that the first calculation step describes the additions
of a field (FIELDA) to “"something" (SL,1) to get a result (TA).
Also, the second calculation step describes the subtraction of
"something" (SL,4) from a field (XM) to get an answer called
REM. In each case, the "something" included the name of the
array followed by a comma and a constant number. Here is what
each step means.
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SL,1 refers to the use of data in the first entry in array SL

for the addition step.

It means, refer to

What do these step

What do you think SL,4 means?

the use of data in the fourth entry in array
SL for the subtraction step.

s each mean?

RPG CALCULATION SPECIFICATIONS

i . Resulting
C - Indicators Result Field Indicators
§ ~ | I = Adithmetic
Jz . S|=
32 And  And Factor 1 Operation Factor 2 L éMM Comments
FHEES Sls ompare
Line | 2|3 & Name Length | §1>2I1<zl1=2
g|lga 5 < = £ « |Lookup(Factor 2)is|
2|18 52 2 2 glz High | Low | Equal]
3 4 51647 8|9j10|11fr2(13]14f15[16/17[18 19 20 21 22 23 24 25 26 27128 29 30 31 3233343535373839404!424344454647A849505152536_4555557585960_&6223_&2_’26_’_616869707[727374
o1 Je CNRR MulL(T] |6 X :
o2 |c
o3| |c SIL|4{3 LOKIUPITABS TIAB 219
ofaf fc L
ols| [c oVIEAAR SIL|, 2
0|6 c .
RPG OUTPUT SPECIFICATIONS
O i[space|  Skip Output Indicators . , Zero Balances |\ oo | cp | - | X = Remove
@l§ . [ 0 Print Pus Sign
HH Field Name Yes 1 A | 3 |Y = Date
g NN l ' . No 2 B |k Field Edit
Line Filename HMEEE = End No Yes 3 c L |z= zero
83| 8(< And  And a| Positon No No 4 D |Mm Suppress
§ =12 £l s £i2| n 3
% Alo[o] £ | 2 |3 3 B S3| Output |35 Constant or Edit Word
5 ofrR @< E = = *AUTO £|<| Record |@
w w e o
AfN
34567B9ID”|2‘3|4|5IS|7137920212223742526272829303!32333435363738&9404|424344‘546474849505!5253545556575859606‘62536465666768697071727374
o1 |0 SLis1 1 L48
ol2| o 1
03| |0
o0fa o
ols| o
ol6| |0

* *

*

Remember, the use of an index value and an array name references
a particular entry in that array and treats it as though it were
How did you interpret each example?

a field of data.
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Multiply the value in the first entry (SL,1) of array SL
by 6 to get X. ‘ ‘

Search the table named TAB5 for a value equal to the value
in the third entry (SL,3) of array SL. If an equal is
found, locate the corresponding value in TAB6.

Move the characters in array AR in the left-most positions
of the second entry (SL,2) of array SL. Stop the movement
of data when either the second entry of SL is filled or when
all characters in array AR have been moved. '

When producing output, include the first entry (SL,1) of
array SL as a field using the edit code 1 to include commas.
The right-most character shall be in output position 48.

We are not limited to using a constant as an index value. The
following example shows the use of a field as the index. Take
time to examine what is happening in this series of calculation
steps.

Extension Specifications

E Record Sequence of the Chaining File
— Number
- o . 2
Number of the Chaining Field of Number ¢l5|  Table or . g5
. Table or Entries | of Length | |19 Lengt =(Q
tine |o To Filename . of Z|Z| Array Name | o 3|2 Comments
2| Array Name | Per Entries igl  (Alternating | gny <y
4 . Record | Per Table | Entry af5] 8 ey Nelw| 2
€ From Filename or Arra J|g[g] Format) dlEle
5 . v 38| a[glg
o =|S|3 z|o]|a
3 4 51617 819 10411 12 13 14 15 16 17 18113 20 21 22 23 24 25 26}27 28 29 30 31 32|33 34 35! 3‘6 37 38 39|40 41 42|43|44[45[46 47 48 49 50 51|52 53 54 ﬂ% 57158 59 60 61 62 63 64 65 66 67 68 69 70 71 72 713 74
o] e AR 5 1
I . e 141 ¥ 4 -
o|2]| |E
Il L. SR L L
ol3| |g|
RPG CALCULATION SPECIFICATIONS
N . Resulting
C o Indicators Result Field Indicators
3 . Arithmetic
25 5 |2 [Pios [Minus] Zero
w9 And And Factor 1 Operation Factor 2 =[Z . Comments -
gl3% Lenath |8 3 Compare
une |2]3 2 Name ength = |2 So1<2]1=2
g|Ea = £ | [CookuptFactor 211
Elzal, = sl=
5
MHERIES 2 2 8|2 [High | Low [Equal
3 4 516 )7 8] 90f11]12]13]14]15[16]17]18 18 20 21 22 23 24 25 26 27)28 29 30 31 3233 34 35 36 37 38 3340 41 42|43 44 45 a6 47 48]49 50 51|52|53{54 55|56 57|58 2'6_0'_5_15? 63 64 65 66 67 68 69 70 71 72 73 74
ot |e SiE|TiolF 2439
ojz| |e |2/~ |alDIDI1 Y 19
o3| |c RET T|A| 6|
ola| [c AR, 1Y CloMP! 17 2 ¢|
ofs| [e [ [2ldl slolrlo] |EW]o ]
ole| |c | 5 s|v|s Y T|EIsT Ll 3 ¢|
o|l7| |c 5F¢| Glo|T|0| |END
ol8| [C Y A|D|D 1 Y
ofsi |C Glo|T|o| |RIE|T]
1lo] |C E|NID TIA@
1| [c
1|2 [+
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Here is what I hoped you found out when you examined the coding.

1. The array AR has 5 entries each containing 1 numeric
character.

2. On the fourth calculation step, we refer to a particular
entry of array AR. The particular entry is determined by
the value in the index field Y.

3. The first time through, Y is given the value 1 as a result
of the Z-ADD operation. This means that we will use the
first entry of array AR on the first try for the COMP step.

4. The value of Y is incremented (increased) by 1 each time
the loop is completed. When either the value in an entry
of the array is 7 or the value of the index is 5, this
activity is finished.

What you have just examined is the coding used to scan the
contents of a field, one position at a time. In order to do
this, the field was described as a 5-entry array and then a
loop was programmed to examine the first, the second, the
third, the fourth and the fifth entry for a particular
character. In our example the scan was being made for the
presence of the character 7.

Tables and arrays are alike by definition, but arrays can be
processed in a variety of ways not available for processing
table data.

One more very important point about using tables and arrays.

RULE: Entire tables and arrays can be written out under
control of RPG II at the end of a job when the last
record indicator (LR) is on.

To specify that you want to write out a table or an array:

1. describe an Output file on the File Description sheet to
hold those tables and/or arrays,

2. include the filename as an entry on the Extension sheet in
positions 19-26 for every table and array to be written
out. Positions 19-26 are titled "To Filename".

3. describe a total-time output record (Type code T in 15)
under control of the last record indicator (LR). Include
the name of the array or array entries or table to be
produced as output in positions 32-37 (Field Name).

Take some time to read about‘arrays in the RPG II Reference

Manual and read about the use of the operations LOKUP, XFOOT
and MOVEA. When you are ready, return to this text.

* * *
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Chapter 6: Summary

When table data is placed in storage, its contents may be
searched so that corresponding information (in a second table)
can be extracted and used to help solve a data processing problem.

In System/32, table searching starts with the very first element
and continues until the desired element is found, or until all
elements have been examined yet none satisfy the search require-
ment as specified. :
Arrays may also be searched. 1In addition an array element may
be identified directly through the use of an "indexing value".
Also, an entire array may be moved to another storage area
(MOVEA), and the contents of every element in a numeric array
may be added together in one operation (XFOOT).
Now that you have completed chapter 6 you should be able to:

1. describe tables and arrays,

2. use them in calculations, and

3. print out their contents at the end of a job.
New coding entries encountered in this chapter include:

FILE DESCRIPTION

16 File Designation (T for table file)

39 Extension Code (E)

EXTENSION

11 - 18 From Filename (pre-execution-time tables)
a19 - 26 To Filename (to write out table values at end of job)
27 - 32 Table or Array Name

33 - 35 Number of Entries Per Record

36 - 39 Number of Entries Per Table or Array

40 - 42 Length of Entry

44 ~Decimal Position

45 Sequence (Ascending)

46 - 51 Table or Array Name (Alternating Format)
52 - 54 Length of Entry |
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INPUT

No specific new entries, but execution-time arrays are described
here as fields.

CALCULATION
18 - 27
28 - 32
33 - 42
54 - 59
QUTPUT
32 - 37

Factor 1 (use of array names with an index)
Operation (LOKUP, SETON, XFOOT, MOVEA)
Factor 2 (use of array names with an index)

Resulting Indicators (H1 for SETON, all for look-up)

Field Name (use of array names with an index)

The following illustrations deal with the operations that may
be used with table data (LOKUP) or array data (LOKUP, XFOOT,

MOVEA).

1. Lookup (LOKUP)

\\\|l//
~ Pd
Use a known value = 271 _
// ) \\\ 7T \\\
\" \‘
i 250 i BEDPOST
1 |
to search a table or (;: :
array having similar | 260 | HEADBOARD
values <;: :
| i
1
| 268 NIGHTSTAND
1
Q. !
' |
]
: 271 : > MATTRESS
| |
- i
\ o278 ) LAMP
iR ’/
and get a correspondingly
located item from a second
table or array
to be used for either
calculations or output. MATTRESS
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2. Crossfoot (XFOOT)

Add the value in each array
element to find the total.

0+1+0+0+6+4+2+0+1-=14

3. Move an array (MOVEA)

a. Move the contents of an array to a field or to another

array.
SIX BOX TON NET FIG ARRAY
FIELD
[s] [x[e[o[x][r]
SIX BOX TON NET FIG ARRAY

b. Move the contents of a field to an array.

4 8 1 6 FIELD

4 8 1 6 ARRAY
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These illustrations relate types of tables or arrays.
1. Compile-time Tables or Arrays

a. Load the program that includes
the table or array, then

@

b. start the job.

SYSTEM/32

2. Pre-execution-time Tables or Arrays
a. Load the program that

b. Tloads the table or array, then

S >
c. start the job. /-
b

SYSTEM/32 43/////////

3. Execution-time Arrays
a. Load the program to

b. start the job, that a

c. reads array data as k(”—jj’f”//

input records. 3
SYSTEM/32 >
P
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SELF TEST: Chapter 6

Try to answer each question from memory. Use a piece of scratch
paper to keep track of your answers so you can check them.

1. What is the rule for naming tables?
2. What is the rule for naming arrays?
3. What does the operation LOKUP accomplish?

4, Which 5 combinations of entries for Resulting Indicators
are acceptable with the LOKUP operation on the Calculation
sheet? '

5. How do I reference a particular entry of an array?

6. In which case of editing output will RPG II provide
separator spaces for array entries?
A. When an edit code is used.

b. When an edit word is used.

7. An index for an array may be either a(n) or

a(n)

8. What is the difference between "compile-time", "pre-
execution-time" and "execution-time" arrays?
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ANSWERS: Chapter 6 Self-Test

1.

A table name must begin with TAB. It can be from 3 to 6
characters long.

An array name must start with a letter. It can be from 1
to 6 characters long. If it is to be used with an index,
it can only be 1 to 3 characters long.

The first 3 characters in an array name cannot be TAB.

It initiates a search of table or array entries to find
an acceptable "match" based upon the condition(s) tested
by Resulting Indicators. When a search is successful,
the particular entry of the table or array is stored for
use in further calculations or output.

High

High and Equal
Low

Low and Equal
Equal

I use an index value to reference a particular array entry.

Separator spaces are included when an edit code is used,
choice "A".

An index for an array may be either a field or a literal.

Compile-time arrays are entered with a source program and
included with the resulting object program during com-
pilation.

Pre-execution-time arrays are defined as input files and
read in for use just after the program is loaded, but
before other input is made available for processing.

Execution-time arrays are defined as input records. They
are read in as records when the program calls for input.

If you wrote essentially what I did, count it as correct.
Allowing 5 points for question #4 and 3 points for question #8,
you should have scored at least 10 points. If you did not, you
may wish to re-read this chapter.
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Since your reason for studying

this course was to prepare for

attendance in an IBM System/32

RPG II Workshop class, you have
completed preparation for it.

*

*

*

*

*

*

*

*

* Chapters 7 and 8 contain infor-
* mation that will be referenced
* in the workshop.

*

*

*

*

*

*

*

*

*

These two chapters are not pre-
requisite to attendance in the
workshop, but I know it will be
of benefit to continue if you
have the time.

% % & ok o % % % % % % % % ¥ X % ¥ * * *

khkkkkhkkhkhkhkkhkkhkhkkkhkhkkkhkkkkkkkkhkhkkkkkk
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Chapter 7: Keyboard, KEY and SET (1 to 2 hours)

When disk files are created, input records are keyed in from
the console keyboard on the System/32. 1In the examples you
studied up to now, we specified the device name CONSOLE when
describing such input records.

Another device name, KEYBORD, is acceptable for a special
approach to keying input records. In both cases, the console
keyboard and display screen function as one unit. Here's a
chart that alerts you to differences about which you will
learn as you study this chapter.

CONSOLE

Input records are keyed
at "normal" input time.

When a complete record
has been keyed in, it is
processed.

Field names as specified
on the Input sheet become
the prompts.

Record length is calcu-
lated by adding the
number specified as an
input field "to" entry to
the number of fields
specified plus 1.

To designate that all
records in the input file
have been keyed in, the
operator presses the
command key (CMD on the
keyboard) followed by
pressing the special
character "/".

RPG II completes all "last

record" processing and
ends the job.

KEYBORD

Input records are keyed when
a KEY operation is encountered
during calculations.

One KEY operation is needed to
enter each field of data.

Prompts are specified as
Factor 1 or included as a
2-digit code number with the
KEY operation.

Record length is simply the
length of the longest field
to be keyed in. It cannot
exceed 40 characters.

To designate that all records
in the file have been keyed
in, the operator enters
whatever number, letter or
special character the programmer
has directed on the program run
sheet.

RPG II completes whatever end-
of-job operations and output
the programmer has specified.
The programmer is responsible
for turning on the last record
indicator %LR) if he wants

RPG II to terminate his job.

327



Now that you have an inkling as to the differences, you need
to know that another operation called SET may be used when
KEYBORD is specified as the device name. This operation
permits the operator to press one, two or three command keys,
which the program checks and in turn sets on corresponding
command key indicators. Prompts are included with the SET
operation in the same manner as described for the KEY operation.

CHAPTER OBJECTIVES

After studying this chapter you should be able to use the
operations KEY and SET in solving problems requiring keyed

input data during calculations. For these problems you would
specify the device name KEYBORD. '

A self test is included in this chapter.
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Keyboard and KEY

You have already learned to define and use interactive data entry
input files. As you recall, the device name for this kind of
file is CONSOLE. Also, the record length is computed as one

more than the sum of the highest field end position and the
number of input fields to be keyed. The block length must be

at least two more than the record length.

When you wish to (or need to) key in data during calculations
rather than as input fields prior to the first calculations, you
can define a primary input file on the File Description sheet and
specify the device name as KEYBORD. That spelling is funny
looking, but it is correct.

When you have defined a KEYBORD 1nput file, RPG II provides
the following:

1. One field of data may be entered whenever a KEY
operation is encountered on the Calculation sheet.
Numeric fields may be 15 p051t1ons long with
0 - 9 decimal positions while in this case
alphameric fields may be up to 40 positions.

2. When the KEY operation is encountered, the program
waits for the operator to key in one field of data.

3. After that field is entered, the program becomes
active and continues until another KEY instruction
appears, or the job ends, or a halt occurs.

When the data is keyed, it is automatically shown on the display
screen.

0K. Now here is what you have got to code when doing this kind
of job.

1. Specify an input, primary, KEYBORD file.

2. Specify one KEY instruction for each field to be
keyed into the system.

3. Specify an indicator to identify the type of record
being keyed.

4, Turn on the last record indicator when the job is to
be ended, that is, when all records to be keyed have
been keyed.

RULE: To describe a keyboard input file on the File Description
sheet, enter KEYBORD as the device name and specify the
length of the longest field to be keyed as its record
length.
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RULE: To describe the KEY operation on the Calculation sheet,
enter KEY in 28-30; enter the name of the field that
shall hold the keyed data as the Result Field; specify
the field length and number of decimals if this field
has not been defined elsewhere in the program.

For convenience to the operator, specify a constant, as
Factor 1. This constant will appear on the display
screen on the 1ine above the keyed data to prompt the
operator.

Here are some examples in which KEY is used.
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What is the size of the field to be keyed in each example? What
else will be shown on the display screen in each example? What
is the longest constant you can describe in Factor 1?

* * *

The field lengths are: LOC is 17 alphameric positions; PRATE is
4 numeric positions with 4 decimals; AMOUNT is 3 numeric posi-
tions with 1 decimal position.

Since the first example has a 1-position blank entry in Factor 1,
no prompt will show, only the 17 keyed characters. In the second
example, we will show the prompt RATE above the keyed data. The
third example will include the prompt AMT XX.X above the keyed
data. Factor 1 may contain a constant of up to 8 positions.

Assume that only these three KEY operations shown were included

in one program. What record length entry should be specified
for the KEYBORD file on the File Description sheet? Why?

* * *

If you remembered the rule, it is 17. The rule is, "record length
is equal to the length of the longest field to be keyed".
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Next, let us consider the use of keyboard input files from another
point of view. The file is described on a File Description sheet
and the particular fields to be keyed as input are described on
the calculation sheet. No entries are made on the Input sheet

for this kind of input file because every field to be keyed in

is described on the Calculation sheet! Remember, the RPG II
program will pause to let the system operator provide input fields

as needed during calculations.

Here is a brief summary of what we have learned about keyboard
input files as described in RPG II.

1. An input primary file is described on the File
Description sheet. The device name must be KEYBORD.

2. No Input sheet entries are made for this kind of
input file.

3. Each field to be keyed must be described on the
Calculation sheet as a Result Field, one field per
KEY instruction. Since the keyed data will be
displayed as it is keyed, a "prompt" should be
included as Factor 1. This prompt will also display
during the keying activity.

There is more. When we described input records on an input sheet
for DISK or CONSOLE files we included the assignment of a Record
Identifying Indicator in 19-20. For a KEYBORD file, we make no
input sheet entries, so how can a programmer establish a similar
indicator relationship to the records keyed in during calcula-
tions?

* * *

There are a number of ways to do this. I hope you thought of the
SETON operation as one obvious method. Another would be to
compare the contents of a keyed field of let's say one position
to a code character. 1If they are equal, turn on one indicator.
If not, turn on a different one. You may have thought of other
ways and could be correct.

Why are we concerned about establishing an indicator l1ike this?
Well, when it is time to produce output records, we can assign
the appropriate indicator to control specific 1ines of output
or specific items within such a line.

One more question. How will this programmer-assigned indicator
be turned OFF? If you remember this you have a good memory.
The programmer must make sure it is turned off. This can be
done by: ‘

1. wusing a SETOF operation, or

2. repeating the compare instructiohs the next time around.
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Now for the last dilemma. The operator will continue to key in
data records whenever the program calculations are interrupted
by a KEY instruction. ' '

In normal jobs, the special "last record" in the disk file or
the special keyed in "last record" in a CONSOLE file causes
the Last Record indicator (LR) to be turned on and the job
terminates when all processing and output is produced.

How can a similar action be accomplished with KEYBORD files?
You guessed it - the programmer has to somehow make LR turn
on. Here are some possibilities.

1. Using the COMP operation, check for a special code thatvyou'
can tell the operator to key in at the end; when it is
keyed in, SETON the last record indicator.

2. If you wanted the operator to key in only 25 records, use
a counter and keep track of how many were keyed. When you
get to 25, set on LR.

Now that we have talked about KEYBORD files and the KEY instruc-

tion, examine the following example and mentally review all of
the important points to see how the coding satisfies the rules.-
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KEYBORD and KEY
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You should know just a bit more before we move to the next
topic. I told you to include a constant as Factor 1 to provide
a "prompt" on the screen. You are to use one of these as
Factor 1 for a KEY operation.

1. an alphameric constant of 1-8 characters,
2. a numeric literal of 1-10 digits,

3. a field of 1-40 characters; the contents of that
field are the prompt, ‘

4. a table element (one entry), or
5. an array element.

RULE: Prompts cannot exceed 40 characters.

SET

This operation is frequently used in combination with a KEY
operation. First, we will consider its use alone and then in
combination.

One purpose of the SET operation is to designate which of the 16
available command keys on the system keyboard may be pressed by the
system operator during calculations. If the operator presses one

of the designated command keys, its associated Command Key Indicator
is turned on. These 16 indicators are KA, KB, KC, KD, KE, KF, KG,
KH, KI, KJ, KK, KL, KM, KN, KP, KQ. For example, if the instruction
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were encountered in a program, the operator may press command key 1
which will cause the indicator KA to turn on. He may press command
key 2 instead, in which case command key indicator KB will turn on.
There are two more possibilities.

Press command key 1 and press command key 2.

Don't press either command key.
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As you suspected, both KA and KB would be turned on in the first
case. In the second case, neither would be turned on. How does
the operator know what to do? You guessed it, the programmer

must provide directions on a program run sheet so that the operator
can press the correct key or combination of keys.

Note the blank constant, indicated by quote marks in Factor 1
(18-20). A SET operation in which command key indicators are
included must have a Factor 1 entry or a user message number in
?]-32. This rule also applies to KEY. More about user messages
ater.

Here is a more complete example.
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How many command keys could the operator press when the SET
operation is found? If none were pressed, what would happen?
Which command key indicator controls the instruction to make
the value of TALLY equal to 5? Which specific command keys are
made available during this program segment? Suppose that the
command key indicator KM was turned on the first time thru the
program and the second time thru indicator 19 was off. Which
instructions would be performed the second time through?

* * *

If indicator 19 is ON, the operator could press 1, 2 or 3 command
keys. If none were pressed, two things would happen: first,
TALLY would be set to a value of 5 and then halt indicator HI
would be turned on. No command key indicator controls the Z-ADD
operation, but if KL is turned on, that step will be bypassed.
The specific keys that control KL, KM and KN are numbers 12, 13
~and 14 respectively so these are the ones that are available
during this program segment.
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Since the setting of indicator 19 determines whether or not KL, KM
and KN may be turned on, any command key indicator turned on the
first time around remains on during the second time around.

RULE: Command key indicators are turned on if the operator
presses the corresponding command key. These indicators
are turned off when a SET instruction that contains the
same indicator is used or when the SETOF operation is
used.

If no additional programming steps are included for this example,
we may have difficulty during test data runs. How could this
problem be eliminated? If you suspect this segment of coding

to be a problem area during a test data run how could you check
it out?

* * *

The SET operation using only Factor 1 coding may be used to display
a series of prompt lines. In this case, the program does not pause
until another SET with command key indicators or a KEY operation

is encountered. Remember that up to 6 lines of data may be
displayed and that the KEY operation uses 2 lines: one for a
prompt and one for data as it is keyed.

The problem can be eliminated nicely by inserting this step
between step 1 and 2.
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For operator convenience, you may specify a constant, a numeric
literal, a field, a table element or an array element in Factor 1
of the SET operation. What does this do? It causes the infor-
mation in Factor 1 to be displayed as a prompt to the operator
Just as it does when used in the KEY operation.
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The SET operation provides for a special function when used in a
program that has an interactive data entry (CONSOLE) input file.
By specifying a larger than necessary record length entry on the
File Description sheet for a CONSOLE file, we reserve a storage
space called a "buffer" into which more than one record can be
keyed. This permits an operator to key a new record while the
computer processes the prior one.

If during processing it is determined that invalid data is in the
buffer, you may wish to clear it out and have the operator re-key
the correct data. To do this, specify the SET operation, the
CONSOLE filename as Factor 2 and the word ERASE in 43-47.

It looks Tike this.
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Using KEY and SET

On the IBM System/32 there is a provision for storing messages
which can be used in programs to direct the operator to take
action just as the prompts do when used in Factor 1.

If your installation has provided for these "user messages", you
should become familiar with them so that when it is convenient
to use one or more of them as prompts, you will know how to
select the ones you need. Each user message is stored along
with a 2-digit message identification code for all programmers
to use. You may include the use of these messages as prompts by
specifying the code digits in positions 31 and 32 along with
either the KEY or SET operation. For instance:
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In the first line, user message 30 becomes the prompt when an
amount field is to be keyed into the system. After keying the
amount, a test for zero balance is made. If the value of AMOUNT
is zero, indicator 02 is turned on.

In the second line user message 12 is the prompt and command keys
1 and 4 may be pressed by the operator. If 1 is pressed, KA is
turned on. If 4 is pressed, KD is turned on.

RULE: If Factor 1 contains a prompt and positions 31-32 also
include a user message identification code, the prompt
in Factor 1 will be displayed and the code in 31-32 will
be ignored.

Both the SET and KEY operations interrupt the normal RPG II cycle.
When KEY causes the interrupt, the operator is to key in data and
then restart the system by pressing the ENTER key on the system
keyboard. Likewise, when SET causes the interrupt, he is to

press one or more command keys and then restart the system by
pressing the ENTER key. When the ENTER key is pressed, calcu-
lations continue from the point of interruption.

From this information, you can see that the ENTER key must be
pressed following each KEY or SET operation.

RPG II provides a special way of handling a pair of these instruc-
tions such that the operator can press one or more command keys
and enter data before pressing the ENTER key.

RULES:

1. The SET operation must immediately precede the KEY
operation.
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2. Both operations must be conditioned by the same
indicators, if any, in 7-17. If more than 1
indicator is used, they must be in exactly the
same order for each instruction.

3. If a message identification code is specified in
31-32, it must appear in both operations.

Code this example.

You are to make command keys 2 and 5 available. If 2
is pressed, branch to a routine named TWO. If 5 is
pressed, branch to routine FIVE. 1If both are pressed,
branch to routine DUBL. Also, you need to have data
keyed into a 7-position alphameric field called INFO
before branching to any of the three routines. The
prompt to the operator for this segment is found in
user message number 45.

* * *

Your solution should be Tike this one. However, the order in
which the last three steps appear is not significant. Did you
include a SETOF instruction for KB and KE? Why or why not?

* * *
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I did not include a SETOF instruction because the SET instruction
does not have any controlling indicators specified in 7-17. There-
fore, KB and KE are reset before that operation is done each time.
Suppose that I did not include the entry in 12-14 for lines 3 and
4, what would happen?

If only KB or KE were on everything is 0K. But if both KB and

KE are pressed, the program would branch to routine TWO because
KB is on when both are on.
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RULE: The first conditioned instruction that is satisfied will
be performed. If that instruction is a branch (GOTO),
be sure that it is properly specified.

Summary: KEYBORD, KEY and SET

When the KEY operation is used, an input KEYBORD file is described
and no input specifications are described for that input file.

The KEY operation causes a running program to pause during the
time when calculation steps are being processed. The system
operator must respond to this pause by entering a field of data,
or by pressing the "ENTER" key on the keyboard without keying a
field of data (in this case the field def1ned to receive keyed
data is set to zeros or blanks).

Processing then continues until another pause by either encounter-
ing another KEY or SET operation, or until the calculation steps
have all been completed.

When command key indicators are specified, the SET operation also
causes a running program to pause during calculations. The system
operator responds either by selecting 1, 2 or 3 command keys or

by pressing the ENTER key on the keyboard. Processing then con-
tinues until another pause occurs or until all calculations are
completed.

The SET operation may be used to erase the buffer area reserved
to hold input data from a CONSOLE file.

When either KEY or SET is specified without a message identifi-
%at1on)code (in 31, 32) a prompt must be entered as Factor 1
18-27

The KEY and SET operations may also be used in pairs. When such
a pair is described, the SET operation must be first; both opera-
tions must be controlled by the same indicators, if any; and if

a message identification code is used in positions 31-32 with an
operation, it must be used in both. When a pair of these opera-
tions is encountered, the system pauses only once rather than
twice.
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Chapter 7: Summary

The System/32 is a computer that makes use of keyed data in
order to create and update files. In RPG II language we have
the facility to describe keyed data entry in two ways: one,
input-sheet-specified interactive data entry using the device
name CONSOLE and input fields and two, calculation-sheet-
specified interactive data entry using the device name KEYBORD
and the operations KEY and SET.

Now you should be able to specify the use of either method. To
make the prompts meaningful, you need to specify meaningful
field names for CONSOLE files and to specify meaningful entries
as Factor 1 for KEYBORD files.

New coding entries presented in chapter 7 include:

FILE DESCRIPTION

40 - 46 Device (KEYBORD)

EXTENSION

No new entries.

INPUT

No new entries.

CALCULATION
9 - 17 Indicators (KA-KN, KP, KQ)
28 - 32 Operation (KEY, SET)
33 - 42 Factor 2 (ERASE - use with SET to erase a CONSOLE
buffer area)
54 - 59 Resulting Indicators (KA-KN, KP, KQ)
QUTPUT
23 - 31 " Qutput Indicators (KA-KN, KP, KQ)
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SELF TEST - Chapter 7

Use a piece of scratch paper to record your answers and check
them after you've finished.

1. When KEYBORD is specified as the "Device Name", what
operation is used to enter input data?

2. In which operation may you include a "user. message
identification code" to identify a desired operator
prompt?

3. What is the longest field of data that may be entered
when KEYBORD is the device name?

4, What must a programmer do in order to cause a job to end
when keyboard data is used in a program?

5. How many command key indicators are available for
' programmer use?
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ANSWERS - Chapter 7 Self Test

1. KEY

[\

(1 point) KEY or SET may be used
3. 40 characters of alphameric data

4, To end such a job, the programmer must include a test
for a special end of job condition. Normally, he will
assign LR as the indicator for this condition.

5. 16 (KA-KN, KP, KQ)

RATINGS
5 Great
4 Good
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Chapter 8: Indicators, Comments, DEBUG and Subroutines (1 to 2 hours)

A11 programs generated by RPG II are controlled by the setting
of program switches known as "indicators". As an RPG II
programmer, it is your responsibility to assign appropriate
indicators and use them at various points in order that the
processing of all records is properly initiated, controlled
and terminated.

The topic of "indicators" is presented here in order to review
their definition and usage as well as introduce a number of
new ones to you. As you know, an indicator controls "when"
activities in the generated program are to take place. You
will be examining the use of indicators in relation to the
various specifications sheets.

An RPG II source program is a collection of descriptive statements
on a variety of coding specifications sheets. Some entries such
as Filename (REGISTER? and Field Name (ITEM) or Operation (ADD)
are actual words that you and I use in everyday conversation.
Other entries such as "I" for input, "132" for record length or
"LR" for last record indicator are not. RPG II includes a
facility to insert comments throughout a program in order to
eliminate guesswork when looking at a program created in the

past or by some other programmer.

A special operation named DEBUG is a part of the RPG II language.
It is used to help you locate program errors during test data
runs so that corrections can be made prior to use of the program
with real data. You can specify its use on any line on a
Calculation sheet. When encountered, it temporarily stops the
data run in order to print a list of all indicators that are

ON at that time as well as the value stored in any one field

if desired. When this information has been recorded, the test
run continues. Any number of DEBUG statements may be included
in a program, but they are generally placed at strategic points
such as before a GOTO or TAG operation.

CHAPTER OBJECTIVES

After finishing chapter 8 you should be able to state the purpose
of an indicator, and in particular, describe when indicators

1P (first page) and LR (last record) are set ON and OFF. You
should also be able to specify the use of comments statements

and the DEBUG operation, and you should be able to describe
solutions in which RPG II subroutines are used.

A self test is included in this chapter.
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INDICATORS

In an earlier chapter we learned about the "Generated RPG II
Program Logic". We broke it down into three parts: Initiali-
zation, the steps used to start a job; the Main Program, those
steps that deal with the reading, processing and producing of
output records; and the Last Record step that deals with
activity needed to terminate a job.

Indicators are the controllers in every job. They determine
"when" events are to occur in a program. They are usually
turned on or off by a condition such as reading a particular
type of record, or as a result of performing a test. You can
also turn certain indicators on by using the SETON operation

or turn them off by using the SETOF operation. Other indicators
provide for special functions and are controlled by RPG II. An
example of this type is the first page indicator 1P.

RULE: An indicator must be "defined" before it can be used.

By "defining" an indicator, I mean that I assign it to a
particular condition in my program. You defined control level
indicator L1 in an earlier chapter to one of the input record
fields. When you made this assignment, we say you have "defined"
indicator L1. You could then use it to control when certain
output records should be produced.

Examine a blank coding sheet of each type and note in which
positions we can "define" an indicator. Also note in which
positions we can make use of an indicator after it has been
defined.
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I created a chart that identifies the places you might have found.
If you didn't see all of these, re-examine the sheets so that you
become familiar with them.

Positions Where

Specification Sheet Indicators Assigned Indicators Used
File Description 33-34 Overflow c---
Input ' 19-20 Record Identifying ----

59-60 Control Level

65-70 Field
Calculation 54-59 Resulting , 7- 8 Control Level
9-17 Indicators
Qutput -—- 23-31 OQutput

In genera]lthen, indicators may be defined on File Description;
Input or Calculation sheet. Indicators already defined may be
used on Calculation or Output sheets.

There are a few more places on the sheets that you should be
aware of because we can define and/or use indicators you do

not know about as yet. First, look at positions 71-72 on the
File Description sheet. The eight special purpose File Condition
indicators (U1-U8) are used to control when an entire file is

to be used for a job. Here is what I mean. '

Let us say that in a certain application we normally include
the printing of a report while doing a master file update
with transaction records. At other times, we do not need to
print that report even though the file update activity is to
be done.

For the one job then we want three files active: the master file
to be updated; the activity file to provide the transactions

with which to update; and the printer file. For the other job

we want both the master file and the transaction file, but do

not want to include the printer file.
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If we know this in advance of describing the RPG II entries for
both jobs, we can describe one program that uses a File Condition
indicator. A1l you need to do is "define" the indicator on a
File Description sheet for the printer file and then include it
as an indicator to control every calculation or output step that
relates to the printed report. Naturally, you are the person

who must tell the operator (on the run sheet) which File Condi-
tion indicator is to be turned on for which run.

Here is another place to examine indicator entr1es. Look at an
Input sheet, in positions 63-64. Indicators defined here provide
for a Field-Record relationship. Here is what I mean by that.

Suppose there are two record types in one input file that con-
tain four fields that are alike but only one of these record
types has a 5th field used in the same program. We would define
these record types and their fields in this way, assigning
d1fferent Record Identifying Ind1cator (in"19- 20) to each

RPG INPUT SPECIFICATIONS

s Record Identification Codes . . Field
5 - Field Location e
2 1 Py 3 5 s Indicators
= = 5
A . gL (5 g E] :
Line Filename g 12| |£5 g %| FieldName | 5 °
8 =l5| & ki o & g Z g
E 8 | = position (| |Z| Posiion {~| [E| Positon |=| |B[?|e| From To |3 = 8 | Pius Minus| O:ro
E cle z S z g 2 Sls|S g o
£ HHE HHE HRE S131E151 £ £ E Blank
£ ola] 12|58 & 2158 3l5|5 2\5lsla[% H 3 £
afnfo : .
3 4 567 8 9 1011 1213|1415 |16]17(18119 20 |21 22 23 24|25|26|27|28 29 30 31|32{33[34 ‘363738394001424344454547#849505152535455‘56575859606‘8253546556675869707'727374
ol |TIF|!ILIDA[TAl |AIA 1 1| [CIK]
o2 |1 7 9| [AA
o3| T 12 ! [
ols| |T 19 2/2| |cle
ofs| |1 219 39 oo
018 |T B8 2 1] [ClL
o7y |E 7 9| AlA
o8l |x 112 118| |88
o8| |T 19| | |22 [cle
107 T 219 39 10D
RE 46| | 5dl1AMT]
0NE REEN
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For programmer convenience in this kind of problem we may use
an entry in the Field-Record Relation columns. We also specify
the use of an "OR" condition, because the fields are present in
type @1 or type P2. Here is how:

RPG INPUT SPECIFICATIONS

s Record ldentification Codes N : i
I H Field Location Field
B 1. 2 3 _ Indicators
£ g §
RREES | R
Line Filename gz |E5 3 Z| FieldName | 5 |23] ®
I Zla| 8 X 4 K g el g zero
z A §ISfZ | positon || (B[ poston [o| (B} rositon |5f [B[%(ef From To (3 2 (22| & |Puos {Minusfor
€ E.e% Zlols Zlo|g Zlol812|3 £ E|5E| = Blank
3 a SN sIN] = BIN @ < s @
8 o[a] |2|8] & 35|16 5[5|8 ERHHE H §|25| 2
AN
3 4 516)7 8 9 1011 1213|1415 16 |17[18119 20 |21 22 23 24|25(26{27|28 29 30 31|32|33]34 |35 36 37 38{39|40[41|42]43 |44 45 46 47)|48 49 SO 51|52|53 54 55 56 57 58|59 60{61 62)|63 64|65 66|67 68{69 70{71 72 73 74|
o[1] |xlee[eoml7ial lala] | IBlel 11 1] lelk
o2 Iz | loR| | | |#al [ | |r] lel
ol3| |T 7 9| AA
o4l | 112 18| |88
ofs| |x 19 22| ice
olg] |1 219 | 39 oD
of7] |z 4le| | I5|d1iAMT 2|
ols| | |

The result? Less coding for you with the same results for the
RPG II program. The key lies in having record types in one
file that contain many identical fields and only a few that
are different.

NOTE: You may have more than one field related to its record
type using these entries.

Input Field Indicators, positions 65-70 provide a means for
testing the status of an input field before it is used for
calculations or output. What four conditions may be tested?
Why would this be desirable?

* * *

A numeric input field may be tested for a zero value or to
determine its sign. One reason for testing a numeric field for
a zero value is that the division operation (DIV) cannot be
performed if Factor 2 has a zero value. There are a number of
cases where the use of negative values would cause errors in
calculated answers. By testing the record's field as it is
read in, we can either bypass (GOTO) calculations or make a
change to the sign (Z- SUBg before performing the steps.

The fourth condition applies to alphameric fields. We can
determine whether or not an alphameric field is completely
blank before using it, for example with a MOVE instruction.
Sometimes you must be sure that it is blank, other times you
must be sure that it is not blank.

In addition to assigning unused indicators (from @1 to 99) in
these Field Indicator positions, we may use a halt indicator
(H1-H9). Remember that halt indicators do not turn off nor does
the system stop running the job until all process1ng and output
for that record have been produced.
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Suggestion: Assign only the indicators you need to do your job.
Using additional indicator assignments uses com-
- puter storage and run time to test for the condi-
‘tion, yet may not be of benefit to your program.

Next, examine the Calculation sheet, position 7-8. We may have
assigned up to 9 control level indicators on the Input sheet
for use in controlling "total-time" calculations. However, as
you look at the title over these columns it includes LP and LR.

The L@ indicator (level zero) is never defined by the programmer.
It is a special "total-time" indicator provided for your use by
RPG II so that you may perform total-time calculations and
produce total-time output records even though no control breaks
occur. This indicator is turned on at the beginning of every
program and remains on throughout the entire run.

The LR indicator (last record) is also provided by RPG II and
normally turns on at the end of a job, that is, when the special
last input record is detected. You may specify LR as:

1. a Record Identifying Indicator on the Input
sheet (19-20) for identifying special end of
job records,

2. a Resulting Indicator on the Calculation sheet
(54-59) to identify a condition that shall
terminate a job.

There is a chapter on Indicators in your RPG II reference manual.
Take time to read it and then return to this text.

* * *

Now let's see how a programmer can get RPG II to help keep track
of indicator assignment and usage. Here are two ways:

1. dinclude "comments" statements when needed to
clarify assignment or usage, and

2. insert the special operation DEBUG for use
when running test data to check the accuracy
of your program before it is released for
general use in your company.

A comments statement may be inserted at any point on any coding
sheet we have used. These comments do not become a part of a
program, they are mere]y notes for your reference (or someone
else's) when reviewing the coded solution. ‘All you do to code
a comment statement is enter an asterisk in position 7 and then
print your comment in the rema1n1ng spaces on that line. Here
are some examples.
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File Description Specification

F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or s Extent Exit Number of Tracks
p—— of Record Address Field s for DAM for Cylinder Overflow
nd of File i
Record Address Type o |Z| Nameof Number of Extents
n Sequence . Symbolic 2 i
Filename g\,p, .?1 F,"' 5 Device Device 3 Label Exit Tape
File Format rganization o s Rewind
Line or Additional Area | h Storage Index e 1
s o E o siock record | Overflow Indicator ‘g S:njiation
Sl locl lecor P "~ 2 K
= 9z Z| Lenatn | Longth gle Key Field |'& Continuation Lines - —
€ g Sl lefs « £la Starting | £ 5 5
N S |S lwl|T 3 2= Location |W K Option Entry < =
3 4 51617 8 9 10111213 14115]16[17[18}19]20 21 22 23| 24 25 26 27)28}29 30 J‘3233343533373839404‘424344454647486950'_&52 535‘&55575359ﬂﬂﬂiis_s_5637”$97071 72 73_75 :
o[ [e[/NPIU[T] 1P 104 D[1]s U
0]3] |FPK l
I ]
oj4} |F FILF 15| |VIS|E|D] ONIL|Y HIEN is| |/15| |ON]. oB|S| BAG| |&| |BA|7
o|s| |F &L
ols| |F ’
RPG CALCULATION SPECIFICATIONS
: Indicators Result Field Resuiting
o indicators
3
32 ! | o Arithmetic
2x §l= "
3$ And  And Factor 1 Operation Factor 2 He Plus CIM‘"“‘I Zero Comments
K L Fd % ompare
une |Z]% o Name Length 121 2N SoTi<a]1-2
elzaf, s N £ [Cookup(Factor 2135
K LR E] 2 2 &2 [Figh | Cow [Equal
5[6 {7 8} 91011]1213[14115[16]17{18 19 20 21 22 23 24 25 26 27E§ 29 30 31 32|33 34 35 36 37 38 30 40 41 4243 44 45 46 47 48)49 50 5152|5354 56|56 57|58 59 {60 ﬂ--ﬁiﬂ—“ﬁ-si’ﬂ 68 69 70 71 72 73 74
c g1 A sl | |8 ¢ old 2l¢

o

o[N| |1|S| |/ INVIA|LI1ID].

iz
T [
il
N
e
o
9
z
S
<
[T}
~

Pl1INI2! 5|2 D lv] | | H|ojL 2|4

ole|ojo|o|[e]olw
~lolojslwln]=1s
(2]

OO0 0

When an asterisk is all that appears, it simply acts as a line
spacer for convenience in reading the comments.

If a variety of indicators has been assigned and used in a

large program with many calculations, it is sometimes difficult
to keep track of their settings, especially when there are a lot
of branching instructions (GOTO & TAG) included.

The DEBUG operation may be used at any point on the Calculation
sheet to provide for a printout of indicator settings. We use
it during test runs to verify indicator settings where we
suspect %or have found out during a previous test run) that |,
improper coding exists. Since the computer can run at high
speed, it is a very nice way to trace data through calculations
as opposed to desk checking by hand. Here is an example in
which DEBUG and comments have been specified. -
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File Description Specification

File Type Mode of Processing Fite Addition/Unordered
F File Designation Length of Key Field or = Extent Exit Number of Tracks
e of Fi of Record Address Field = for DAM for Cylinder Overflow
nd of ile 2
Record Address Type Symbolic gl Nameof Number of Extents
Filename Sequence Type of File . Device Device 3 Label Exit -
File Format Organization o < Rewind
L r Additional Area | 8 - Storage Index Fie
ine E—— Condit
o verflow Indicator| ondition
o ~ c
g ole s x 8 u1-U8
> Q) 2 slocth Recors 1o Key Field | '2 Continuation Lines > —
e 12ls] |a S eng Length | =lz Starting | £ - ) 3
K ISEIM DS 3 2= Location |& K Option Entry < €
3 4 5]|6}7 8 9 1011 12 13 14[15[16]17 I_Sj'g 20 21 22 23124 25 26 27[28129 3031 :2‘33343536373339 40 41 42 43 44 45 46|47 48 49 5_0‘152 53] 542256&53;:’9_&2&&&&36 672569 70|71 72|73 74
oiz| |FILII|(8|T] [s) 132 PR|I N TIEIR|
o|3| |F
ofal |F
RPG CALCULATION SPECIFICATIONS
- . Resulting
C - {ndicators Result Field Indicators
> - Avithmetic
3 ) &|= [Pius [Minus] Zero
32 And And Factor 1 Operation Factor 2 S Comments
gls % Lenath |€ B Compare
Line |23 o Name ength |= §1>z]1<2|1=2
gl ~ ~ £ [Lookup(Factor 2)is
2[35)2 2 2 8|2 [Wigh] Low [Equal
3 4 s5]e6 |7 8] 9101112 13]14115[16{17]18 18 20 21 22 23 24 25 26 2728 29 30 31 32|33 34 35 36 37 38 39 40 41 42|43 44 45 46 47 48|49 50 51 52‘53&55 56 57|58 59&&&63 64 65 66 67 68 69 70 71 72 73'74
o[1] [¢] | DlEBlUB|LII |S|T|
02| [c
ols| lew| |rlelsir] |1lwlr irlzlalL] |r|Moli [clalrlo|r] [sle|7]r]: els
ofa| |c
ofs| |c LlOD|P T|A &
ol6] |C A X MuL T |8 AX|B 6| 38
ol7] e 3 Axl8 Alolp | jalx 8 rdd
ol ol || slshal$ elo /o] |Llojo
ole] Ic DEBIUIGIL|I ST
1ol |che
Tt ek |TIEIS|T| |S|E|T|T]/ N|6|S| AIF|TIE|R |LiblO|P| |C|OM|PIL E|T|EID]
112 |CK
i3] e 38| 4|¢ 6|0, T|o| [END
ol 1ol [nlzlal 1+ 2/- [slv/gle] AX|B
115] |e EIND| TIAlG
116 C

Notice that the operation DEBUG must include the filename as
Factor 2. This directs RPG II to write out to the specified
file a 1ist of all indicators that are on when the DEBUG
operation is encountered during a test run. Every DEBUG
statement in a program must refer to the same output file.

Read about the DEBUG operation in the RPG II Reference Manual
to answer these items. What else can be printed in addition
to the indicators 1ist? How does a programmer eliminate the
use of these debug statements after the data test runs prove
satisfactory and all necessary corrections have been made?

* * *
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The debug operation must include an entry for Factor 2 to
identify the output file needed to Tist indicators that are
turned on at the time. If an alphameric literal is entered
as Factor 1, that literal will identify the particular DEBUG
statement when it prints.

An alphameric literal is coded on the Calculation sheet exactly
like a constant is coded on the Output sheet.

1. start with a single quote,

2. code up to 8 identifying characters in any
combination except a quote,

3. end with a quote.
NOTE: If a quote mark is desired as a part of a literal such
as M'S, you must code 2 quote marks for that one and
still start and end with another. It would look Tlike
this:
IMIISI

If a field is specified as the Result Field, the contents of
that field will also be printed. So, a DEBUG statement could
look like this:

RPG CALCULATION SPECIFICATIONS

i . Resuiting
Indicators
C o Result Field Indicators
32 I l P Arithmetic
3 gl -
32 And  And Factor 1 Operation Factor 2 £|E [Plus [Minus] zero Comments
8 5 5 L h é % Compare
Line |23 o Name ength |= gh>afi<ai-z
|25 = — £ [CookuptFactor 2)is
HEEE -3 g IS
[t 412 4 z o] x| High | Low |Equal.
3 4 5§67 819 10/1112[13[14]15[{1611718 19 20 21 22 23 24 25 26 27 2B 29 30 31 32|33 34 35 36 37 38 39 40 41 42|43 44 45 46 47 48149 50 51]52]53]|54 55|56 57168 59|60 61 62 63 64 65 66 67 68 69 70 71 72 73 74
~ ’ —‘ ——
o] [e Fls@ ole Blulei TelsiTIRlulN] | | [Rlal+]E
ol2] [c
of3 [+
o|a| |c

As a result, the printed output would be identified by F89 and
the contents of the field named RATE would also be printed along
‘with the 1ist of indicators that are on at that time.

To eliminate the use of the debug statements after a successful
test run, the programmer does not change them. Instead there
is a special entry on the "header" statement that takes care of
the situation. Look at a File Description sheet. We have not
examined the top form type (letter H in column 6) called the
control or header specification. !
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Position 15 (DEBUG) is used to signify whether or not debugging
is to be performed in the program.

1. If the number 1 is coded in position 15, a
program will be compiled such that all DEBUG
statements on the Calculation sheet will be
active when the compiled program is run.

2. If position 15 is blank when the program is
compiled, all DEBUG statements on the
Calculation sheet will automatically be
treated as though they were comments
statements and will not be active when the
program is run.

The discussion of indicators would not be complete if we did
not mention their use in a program where Auto Report is included.
Here are the rules:

1. Define indicators as you do in standard RPG II
statements, and

2. use those indicators in the normal manner.
. OR .

1. Omit the Overflow Indicator in 33-34 on File
Description and use *AUTO headings on Output.

Auto Report will fi1l in an available overflow
indicator for you.

2. Define control level indicators to Input fields
in the normal manner and then enter on the Output
sheet, position 39, a number from 1 to 9 to
indicate for which level of total a particular
value is to be calculated and printed. If a
value is to be calculated and printed at last
record time, enter the code R in 39.

For example, if a total for the field named AMTT is to
be printed in a total line for a control break at
level 2, I code a 2 for the field named AMTT on the
Output sheet.

The rule we pointed out earlier still applies.

RULE: An indicator must be defined before it can be used.
To summarize:

1. An indicator controls "when" an event occurs in
a program.
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Indicators may be defined on a File Description,
Input or Calculation sheet.

Anvindicator must be defined before it can be
used.

Some special purpose indicators are controlled.
by RPG II while others may be controlled by you
by using SETON and SETOF operations.

Control level indicators are associated with
groups of records.

When a control level indicator such as L4 is
turned ON because of a control break, all
control level indicators less than it are also
turned on automatically.

When a halt indicator turns on, processing and
output for that record are completed before the
computer stops running.

The DEBUG statement provides a listing of all
indicators that are turned on at the time the
DEBUG is encountered (if compiled for activity).
It is used to check programs during test runs

and actually interrupts the normal RPG II logic
cycle in order to print the listing at a specific
time during calculation steps. Contents of a
field may be printed.

SUBROUTINES

RPG II provides a special facility for hahd1ing subroutines. A
subroutine is a set of calculation steps which may be performed
following any other calculation.

To describe an RPG II subroutine:

1.

enter the letters SR in positions 7-8 on every
line containing a subroutine step

enter a unique name as Factor lband the operation
code BEGSR ?begin subroutine) as the first entry
in the series ; ;

code the calculations to be performed in the
subroutine in the order desired to solve that
part of a program

enter the operation code ENDSR (end subroutine)
on the line following the last calculation.
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a. If a GOTO operation in the subroutine is
used to bypass all remaining calculations
in that subroutine, you may direct it to
the ENDSR step by specifying a Tabel as
Factor 1 in the ENDSR step and using the
same label as Factor 2 in the GOTO step.

RULE: Each subroutine must have a unique name.

RULE: Subroutines must appear last in the set of all
calculations for a job.

RULE: To use a subroutine during either detail-time or
total-time calculations, specify the operation
EXSR (execute subroutine) and the name of the
desired subroutine as Factor 2.

Here is how a program containing a subroutine runs.

When an EXSR operation is encountered, the program branches to
the designated subroutine, performs the calculations in it, and
automatically returns to the main program to the next step to
continue normal activity.

Sample RPG II Subroutine

RPG CALCULATION SPECIFICATIONS

c 5 Indicators . Result Fietd ﬁle;i‘zla(;?s
- " Arithmetic
g 029: Ald j[d Factor 1 Operation Factor 2 g Ty Plus (!Minusl Zero Comments
3 ) ompare
Line E H :~ forem""| ame Length S1<2]1-2
E :é I - . Lookup{Factor 2)is|
£|18 512 2 2 L# \"&. 2 [Figh | Low [Equal
3 4 5167 8] shoj11]12]13[14]4 18 19 20 21 22 23 24 25 26 ‘77 28 29 30 31 32|33 34 35 36 37 38 39 40 41 42|43 44 45 46 47 48|49 50 5‘15& 53 58 59 |60 22163 64 65 66 67 68 6§ 70 71 72 73 74
ol1] |c naw i slugl | [Lials]r ylsle 5| 2
N
olz] |c 26 Elx sRYME|T]e[ LTI T
3= T A
ofs] J¢ Z-ADDUSE KWK s|d|
o9 ]e LA
705( lc LA ]
Neolsi e g Lttt
’ o|7( {C P
, ola|'[c g
| el lelsiw] [N, (MeireR BlEl6|SR
el felsiRl | |} NIEM AP | |1|d8/68 Bl|o o|g
L] [c|ale ) Bl |6 Slulgl | |LIA[S[T v/sE
Wl [e[slr] |/ - /Alp|Dlg g8l e
NNc[slk| [/ ENDIS|R
1 4\ c nnl
115 | [oy d
\ ~ P
~ ~ -
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1. If indicator 20 is ON, the program is to execute the
subroutine named "METER" (EXSR). A1l subroutine steps
have SR in 7-8.

2. The first subroutine step includes the subroutine name
(METER) and the operation BEGSR (begin subroutine).

3. When the operation ENDSR (end subroutine) is encountered,
the program is directed back to the calculation step
that follows the execute subroutine (EXSR) operation.

One subroutine may be referenced from any number of EXSR
steps in the main program. In any event, the following
program steps are taken:

1. branch to the designated subroutine,

2. perform its calculations,

3. vreturn to the next main program step.
When should a series of calculations be used as a subroutine?
You can use them any time you want, but a good time to use
one is whenever the same calculation steps are performed at
at least two different points in the main program.

Take a few minutes to read about the use of RPG II subroutines
in the reference manual before you continue in this text.

* * *
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Chapter 8: Summary

The proper use of RPG II indicators is key to your success as
an RPG II programmer. Do not hesitate to use the System/32:
RPG II Language reference manual to remind yourself of the
various indicators and their proper use.

To document the use of indicators in your programs you should"
consider the inclusion of comments statements when an indicator
is assigned, or to make a list of those used in the program by
category. Here's an example. ‘

RPG INPUT SPECIFICATIONS

5 Record Identification Codes ;i
I % Field Location :ﬁet.d
E f 2 3 s < ndicators
e P s | 3
) g 5 & e
Line Filename § Z5 g %| Field Name |3 3 ;
g z 3 N i3 2 3 feu| s Zero
> ] 2 Position | &t Position || |Z| Position || |3[?[el From To = 2 {gg| & |rus [Minus|or
Z H Zlo8 Elolt EREEE I Blank
& olm é 3318 318 M é EREEIE
A
3 4 5(6(7 8 9 1011 12132145 19 20|21 22 23 24|25|26{27| 28 29 20 31|32|33|34[35 36 37 32{29]|an{41]42]43 |44 45 a6 47]|42 49 50 5115252 54 55 56 57 5899 60|61 62 [63 64 |6 66|67 6869 70|71 72 73 74
1
o] [xl] [1]nlo)i]elalr|oRls] usielp] |1In] |c]sPle ; Il J !
& : ! +
olz| [xl% l r BEERERE !
f T i !
ofs] 1 [plaleE| lojv/ElR|E|L ol Tl ble | (T T
1o **L—j TTTT ‘ T ! 1
ol+| |z} |Rle[e/olr [1|pig{NiT] ElY) [N | IENREEEEN : : |
ols| |1} |claL|ciULIATHoN [TEST| |- [oR 2l 22 23 J[¢ D] ! } L]
T T K . i ) | !
06| I/l 7«_,»__‘T—iv.. | : ; : . ]‘7
t X t T ;
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I would place these entries ahead of all other Ihput entries
for ease in locating the information when I need it.
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Having completed chapter 8 you should be able to discuss the
purpose of various indicators and specify them to solve the
data processing problems. You may wish to add comments to
programs to document your coded solutions. Even though you

can specify the DEBUG operation, you won't appreciate its

full use until you run test data on the system for programs

you have written. You should also be able to specify the use
of RPG II subroutines and to recognize them in programs written
by other programmers.

New coding entries in chapter 8 include:

FILE DESCRIPTION

7 - 74 Comment statement (* in 7 followed by comment)

71 - 72 File Condition indicators (U1-U8)
EXTENSION
7 - 174 Comment statement (* in 7)
INPUT
7 - 74 Comment statement (* in 7)
63 - 64 Field Record Relation
65 - 70 Field Indicators
CALCULATION
7 -174 Comment statement (* in 7)
7 - 8 Control Level (L@, LR, SR)
28 - 32 Operation (DEBUG, EXSR, BEGSR, ENDSR)

Note: To make DEBUG active, a 1 must be
specified in column 15 of the
"control" sheet (H in 6).

QUTPUT
7 - 74 Comment statement (* in 7)
39 1-9, R for use with Auto Report totals
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INDICATOR CHART

Specification Sheet

Indicators Assigned

Indicators Used

File Description

33-34
71-72

Overflow

File Condition

Extension | e-ceee 1 eeeaa
Input 19-20 Record Identifying 63-64 Field Record
‘ - Relation
59-60 Control Level
65-70 Field
Calculation 54-59 Resulting 7- 8 Control Level

9-17 Indicators

Qutput

23-31 OQutput
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SELF TEST - Chapter 8

Use a piece of scratch paper to record your answers. You should
try to answer these questions from memory. As an aid for
reference, you may refer to blank coding forms for this self test.

1. In your own words, what is the purpose of an indicator?

2. Match the letter of the indicator with its use. An
indicator may be used for more than one answer, and there
may be multiple correct choices for certain uses.

Uses Indicators

Controls headings on reports A. Control Level
except for first page

Field
Used on Input to identify
each type of record

(]

File Condition

o

Associated with a group of
related records

Output
E. Overflow
Used to determine condition
during a compare operation F. Record Identifying
Specific use of an entire file. G. Resulting

Controls production of output
records

01-99
L1-LS
ul-us
0A-0G,0V

3. Name two indicators that are "defined" by RPG II rather
than by the programmer.

4. What kind of field may be tested for a "Zero or Blank"
condition?

5. What is the rule for specifying a "comments" statement?
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What is the purpose of the DEBUG operation?
When is DEBUG active?
Where does a programmer specify RPG II subroutine entries?

Name the three operation entries necessary for the use of
subroutines.
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ANSWERS - Chapter 8 Self Test

You can score as many as 26 points on this test. If you scored
less than 19 points, you may wish to re-read this chapter.

1. An indicator controls "when" an event shall occur.

2. (14 points possible)

o |> @
o
m
[}

-

3. (2 points) Any two of these choices may be counted.
1P (first page)
L@ (level zero control)
LR (last record)
H1-H9 (halts)

4. (2 points)
A numeric field may be tested for "zero".

An alphameric field may be tested for "blank".

5. To specify a comments statement, enter an asterisk in
column 7 of that statement.
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6. DEBUG causes a display of every indicator that is "ON"
when the debug statement is encountered. Also, one field's
value may also be displayed at that time.

7. DEBUG is active if a code 1 was specified in column 15 of
the header control sheet (H in column 6) when the program
was compiled.

8. On a Calculation sheet.

9. (3 points)
EXSR to execute a subroutine
BEGSR to identify the first entry in a subroutine
ENDSR to identify the last entry in a subroutine

Rate Yourself

26 Fantastic!
22-25 Super
18-21 A11 Right
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Chapter 9: Using the IBM System/32 RPG II Reference Manual
1. RPG II Philosophy
2. Creating Output Records
3. Processing Disk Files
4, Auto Report
5. Control Breaks
6. Indicators
7. Multifile Processing
8. Operation Codes
9. Tables and Arrays

10. RPG II Generated Program Logic
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This chapter is designed to familiarize you with the contents of
the IBM System/32 RPG II Reference Manual so that you will be
able to use it as your primary source of coding information on
the job.

You should have your manual plus a copy of each of the different
kinds of RPG II specifications sheets listed.

Control and File Description

Extension and Line Counter

Input

Calculation

Qutput
Here is the approach you will follow in this chapter. First, I
will present a review of the topic as presented in another
chapter. Next, I will describe facilities of RPG II that are
related to the same topic but that have not yet been taught.
Third, T will direct you to use the RPG II manual to find answers

to questions about the topic, especially about these new
facilities.
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When you complete a topic, you should be able to use the
facilities included in it. Take your time as you read, and
examine each example and illustration you come across. Do not
hesitate to re-read sections of the manual before continuing
with a new topic.

You are not expected to be able to use every facility to its
fullest as a result of reading about it, but you will know at
least:

1. what it is ‘

2. 1in general, what it does

3. where an example of its use is shown

A good way of studying this.chapter is to'complete one topic,
take a break, study the next topic, take a break, and so on.
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TOPIC: The RPG II Philosophy

An RPG II programmer describes files, records and fields to be used
for input, processing and output. The descriptive steps, called a
source program, are arranged for analysis and compilation by a
program called the RPG II compiler. After a source program has
been compiled and is ready to be run, it is known as an object
program.

A11 object programs generated from a set of RPG II descriptive
statements cause the computer to run in essentially the same
pattern which is:

1. Read a record.

2. Perform designated total-time (control group) calcula-
tions, if any.

3. Produce designated output for a control group, if any.

4. Perform designated detail-time (individual record)
calculations, if any.

5. Produce designated output for an individual record.

When I used the word "designated" in steps 2, 3, 4 and 5, I meant
do the step if the indicators assigned to the step are turned ON
(or OFF if so coded).

This 5-step list provides the basic RPG II object program philo-
sophy. As we continue the study of this chapter, you will want
to note how this basic philosophy can be modified through the use
of special operations such as CHAIN, KEY and SET.

Another part of the basic philosophy is that the control of every
step in a generated program is dependent upon the settings of
program switches known as indicators. Some indicators are
assigned and set by programmer instructions. Others are assigned
by the programmer's entries but are controlled by RPG II. A third
group of indicators are assigned and controlled by RPG II alone.
One key to the success of an RPG II programmer is knowing which
indicators fall into each category and then using each available
group to advantage.

A key to your success in programming in RPG II is to adopt a
similar approach. Code all of the input entries for one kind of
record before. . coding any input entries for any other kind of
record. Also, code all calculations that process one kind of
record before coding calculations for another kind. And, code
all calculations for one control level group before coding
calculations for another group. As a result, you will be able
to trace what is happening more easily than if you have mixed
coding entries.
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IBM System/32 RPG II includes a feature called Auto Report that
helps you describe printed reports. When possible make use of
Auto Report to minimize your coding efforts regarding the
alignment of report titles, column headings and columnar data
fields. Make use of its facility to accumulate control level
group totals and final totals without the need for calculation
specifications.

The RPG II Tanguage makes use of a variety of coding specification
forms. Each form is used for a particular reason and you already
know about most of them.

FORM PURPOSE

F File Description describe each type of file to be used
in a program

E Extension describe tables and arrays

I Input describe each type of record and its

associated fields found in input files

C Calculation describe each calculation in its
proper order

0 OQutput describe each type of record and its
associated fields and constants needed
to create output files

Both the File Description sheet and the Extension sheet have
space for other purposes. At this time, refer to the RPG II
reference manual to find answers to these questions.

1. What is the purpose of a control statement (H)
entry (above the File Descriptions)?

2. What is the purpose of the line counter (L) entry
(below the Extension)?

3. What is the sequence in which specifications
shall be arranged to make up an RPG II Source
Program?

4. The main program cycles have been described as
read a record, process it, produce its output and
repeat. The very first and very last program
cycles in a job are somewhat different. What are
these differences?

END OF TOPIC
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TOPIC: Creating Output Records

Creating output records requires the description of at least one
output file. An output file may be created from a mixture of
input data, calculated results and constants. An output file
description includes the code name of the device used to contain
its records.

PRINTER is the name of a device used to hold printed records.

Each line of print is considered to be a record in that output
file. If a line of printing is produced for every input record
processed, the report is called a "detail printed" report or
"listing". If a line of printing is produced for every group

of input records processed, the report is called a "group printed"
report. The longest record in printer files is based upon the
length of the line that the particular printer is capable of
printing.

DISK is the name of a device used to store output records on the
surface of a disk. These records are recorded magnetically and
retained for future use until no longer needed. Disk output file
records are recorded sequentially in space set aside for them
when the job is started. Some disk files are stored along with
index information for use in future jobs. These files are called
indexed disk files and include a specification about the field
used as a source of the index information. This field is called
the key field. 1If no key field is identified, no index is built
and the file is called a sequential disk file. Disk records may
be up to 4,096 characters long.

Key Point: Before a record is created as output, it must be
assembled in computer storage.

A 132-character print record requires 132 storage spaces. A
4,096-character disk record requires 4,096 storage spaces. You
may find that records of so great a length take up too much space
in the computer and are too long to be handled conveniently -

for example, to print a listing of 4,096-character records

would require about 32 print lines for each record:

A more convenient size might be 256 characters or 512 characters
per record.

The display screen may be used as an output device. Its records

are visual only, so they should not be produced unless they are
useful as temporary information to the operator.
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Read about display screen output records and find answers to
these questions.

1. What device name is used to identify a display
screen output file?

2. What entries may be made for Record Length and
Block Length for such a file?

3. What effect do entries for spacing and skipping
(Output sheet) have on display screen records?

You have specified special words as field names in order to
include the system date (UDATE) and a page number (PAGE) as
output fields. Here is a list of all the special words that
are available for your use in any System/32 RPG II program.

Special Word Purpose

PAGE Provides automatic page numbering.
PAGE1 Provides automatic page numbering.
PAGE2 Provides automatic page numbering.
UDATE Makes 6-position system date available.
UMONTH 2-position system date month.

UDAY 2-position system date day.

UYEAR 2-position system date year

*PLACE ~ Permits repetition of fields specified

prior to it.

Read about these "special words" used as field names and examine
illustrations of their use in the reference manual.

* * *

END OF TOPIC
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TOPIC: Processing Disk Files

To update a disk file means to change the contents of one or more
fields in one or more records of that file. Update files must be
further described using input and output specifications. The only
fields that need to be described for an update file are those
whose contents are to be changed.

One method used to update a file involves chaining. This method
includes identification of the update file (code U in 15) as a
chained file (code C in 16) on the File Description statement.

It also includes the use of the CHAIN operation on the Calculation
sheet.

The examples we learned about earlier requested you to code
solutions in which records in either a sequential disk file or
an indexed disk file were to be updated randomly using the
chaining method.

While we are on the subject of updating disk files, it is appro-.
priate that we consider the processing of data in any type of file.
Position 28 on the File Description sheet is called "Mode of
Processing". Take some time to read about modes of processing
in the RPG II manual. Use the following questions to direct
your attention to various modes.

1. What mode of processing is identified by the
entry L? by the entry R?

2. If no entry is made in position 28, what will be
done in the generated program?

3. What is the difference between processing
sequentially and processing consecutively?

NOTE: Processing methods are related to file organization.
We've used indexed files and sequential files in our
examples throughout this course. Refer to the RPG II
manual for items about position 32 on the File
Description sheet, "Type of File Organization".

4. How many different types of file organizations
are supported by the RPG II language?

5. MWhich type of file may be found on
a. disk?
b. printer?

‘c. display screen?
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6. Which type of file may be processed
a. consecutively?
b. sequentially?
c. randomly?

RPG II can be used to perform a special activity - processing
records in an indexed file consecutively! Whenever an indexed
file has been created using an unordered load or records have
been added to it, it may be desirable to process the file as
its records are stored. To do so, simply describe the indexed
file as a sequential file by leaving positions 28-32 and 35-38
on the File Description sheet blank. The generated program
will treat these records as though they were in a sequential
file.

Disk files may be processed using the matching records technique.
When this is done, a "matching field" is identified on the Input
sheet for each record type to be processed in each file. Record
types without match fields may be included in files that are
processed using this technique. If so, no match field entry is
made for them. Record types without match fields are selected
for processing before those with match fields as they become
available for processing.

You should examine the examples of such processing in the RPG II
reference manual. Keep in mind that while records from two or

more files are "matched", only one record is processed at a
time by the generated program.

END OF TOPIC
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TOPIC: Auto Report

Auto Report is a function of the RPG II language. It can be used
to reduce the time required to plan and code a variety of programs.
When Auto Report statements are included in an RPG II source
program, that source program is diagnostically checked during

an Auto Report "pre-compilation" run on the computer.

If no terminating errors are found, the Auto Report statements
and the standard RPG II statements are merged into an RPG II
source program that is ready for RPG compilation. Following
successful compilation, the object program is ready for test
data runs.

As you recall, we learned about using two features of the Auto
Report function: *AUTO and /COPY. *AUTO provides for centered
report titles and data fields centered under column headings.
It also includes the facility to accumulate totals for selected
numeric fields.

/COPY provides for the inclusion of cataloged specifications into:
a source program. Any RPG II specifications, including table data
and array data, and *AUTO entries can be cataloged for later
inclusion via the /COPY feature.

One more feature needs to be learned. It is the "option" speci-
fication. It is used to select available options such as:

1. <catalog the generated source program,

2. suppress the printing of a report date and page
number on the report title line,

3. suppress the printing of asterisks next to
generated totals.

OPTION: Cata]og the geherated source program.

The reason for doing this is it provides a means for
examining and modifying the intermediate level source
program that is created by Auto Report prior to RPG
compilation. There are instances where it is more
convenient to modify the intermediate level steps, and
this feature provides the programmer the option of doing
this.

OPTION: Suppress the print of a report date and page
number on the report title line.

There are reports that are more useful if a report date

or page number appears elsewhere on the page. This
option permits the programmer to make that modification.
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OPTION: Suppress-the printing of asterisks next to
generated totals.

Again, it is not always desirable to identify certain totals
on a printed report. This option eliminates those identifi-
cation characters.

Each of these three options'may be coded in a special,
1-1line statement by following these rules:

RULE: If one or more options is desired in a program,
the "options specification" must be the first
statement in the progranm.

RULE: The options specification is coded in this manner:

POSITION ENTRY
6 u Required
7-18 , CF1,nnnnnnnn

Used when a source program is to be
cataloged in the Tibrary. Positions
11-18 are used for the name under which
this source program is to be cataloged.

27 N

Used when date and page number are to
be suppressed. To retain these items,
leave position 27 blank.

28 N
Used when asteriks are to be suppressed.
. To retain the asterisks, leave position
28 blank.

There are no specific questions to be answered for this topic, but
I think you should take time to read about Auto Report and look at
the examples to reassure yourself that you can make use of this
facility in your programming activities. Many examples showing
the relationships between the coding and the report results are
included for quick reference.

END OF TOPIC
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TOPIC: Control Breaks

RPG II programs read, process and produce output for one record
at a time. In certain problems, you need to include processing
and/or output for groups of records. These groups are known as
"control groups". Control groups always contain one category of
information that is identical for every record in the group.
Consider these situations:

1. A company hires individuals. Most are assigned
to work in a particular group such as a department;
the department name or number is identical for every
employee in the department. The department name or
number in employee records is identified as the
"control field".

2. A big example is evident when you group people
geographically, let's say for purposes of
recording population. A person is part of a
family. A family is part of a city, town, or
area. The city, town, or area is part of a
state. A state is part of a country, and so on.
If we recorded all this information about each
person in the United States, how many control
levels are included?

In example 2, we have four levels of control for purposes of
grouping: family, city (town or area), state and country.

These four levels of control are arranged in ascending level of
control in our example, that is, "family" is the lowest level,
"city" is the second level, "state" is the third Tevel and
"country" is the highest level.

Whenever you solve a problem involving groups of records, you
need to do the following:

1. designate the field or fields in the input records
as "control fields" by coding the letter L in 59
followed by a number in 60 to designate its level
of control.

2. include the appropriate control level indicator
on all calculations for the group.

3. include the appropriate control level indicator
on all output for that group.
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RULE: Calculations controlled by control level indicators are
called total-time calculations and occur in control
level order from lowest to highest.

RULE: Total-time output (T in 15) produced by control level
indicators occurs in control level order from lowest
to highest after total-time calculations are completed.
RULE: Header output (H in 15) produced by control level
indicators occurs after all total-time output is
produced and occurs in reverse order, from highest
to lowest.
Let's see if I can clarify that set of rules. Assume that we are
in the middle of a job and a level 3 control break occurs. Here
is what happens and the order in which it will happen normally.

1. Since a level 3 control break occurred, L3 is turned
on and L2 and L1 are turned on. Remember that rule.

A11 total-time calculations controlled by L1 are done.
A1l total-time calculations controlled by L2 are done.
A1l total-time calculations controlled by L3 are done.

A11 total-time output controlled by L1 is done.

S o B W N

A1l total-time output controlled by L2 is done.

7. A1l total-time output controlled by L3 is done.
At this time, L1, L2 and L3 remain turned ON.
That takes care of all group information for the old group. Now
we normally start working with the record from the new group that
caused the control break to occur.

1. A11 detail-time calculations for this first record are
done. These calculations may include a control level
indicator in 9-17.

A11 header output controlled by L3 is done.
A11 header output controlled by L2 is done.

A11 header output controlled by L1 is done.

(8, E~) w N
. . . .

A1l detail-time output for 1 record is done. This
output may be conditioned by control level indicators:

At this time indicators L1, L2 and L3 are turned OFF.
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You will want to read about control breaks and processing of
groups of records in the RPG II reference manual. Here are some
places to look for in the index and table of contents in that
manual.

Indicators

Control Field

RPG II Object Program Logic

LO and LR Indicators

Group Printing

Group Indication

Control Level

* * *

END OF TOPIC
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TOPIC: Indicators

An indicator is a program switch. In some cases RPG II turns them
ON and OFF. In other cases, the programs can do so. Here is a

list of available indicators for your use in programming. Remember
that the DEBUG operation when active prints a list of all indicators
turned ON at the time the DEBUG is encountered.

INDICATOR NAME PURPOSE
01-99 = e-eemmee-- Use as needed by programmer
H1-H9 | Halt Stop processing after output for

that record

1P First Page Provide header output prior to
first input record

O0A-0G,0V Overflow Control page overflow output

L1-L9 Control Level Facilitate group processing

LO Level 0 Provide total-time activity when
needed

LR Last Record Conclude job

KA-KN, KP,KQ Command Key - External operator control of run
ui-us External External file control for job

MR Match Record Control multifile processing

Whenever you need information about indicators, refer to an RPG II
reference manual, especially to the chart that summarizes their
usage. ~

* * *

END OF TOPIC
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TOPIC: Multifile Processing

Multifile processing refers to jobs in which two or more input
files provide data. When used in RPG II, multifile processing
applies to programs that read records from a primary file (P in
16 on File Description) and one or more secondary files (S in 16).

The most simple example of this is:

"Print a listing of the contents of these three files:
FILEAA, FILEBB:and FILECC in that order."

To do this job, which file must be designated as the primary file?
How can we be sure that FILEBB will be processed before FILECC?

The primary file must be FILEAA. The second file to be described
must be FILEBB and FILECC must be last. Here is how that would
be coded assuming that they are all sequential disk files.

FFILEAA IP 100 DISK
FFILEBB IS 80 DISK
FFILECC IS 100 DISK

FLIST 0 132 PRINTER

RULE: When two or more files are designated as secondary, they
will be processed in the order specified unless otherwise
controlled by the programmer. '

RULE: A program may contain one and only one primary file.

That was easy. Now let's look at multifile processing in which
records from one file are compared against records from another.
In RPG II this is called "match fields" processing or "matching
records". ‘

RULE: When records from two files have the same value in
their matching fields, the primary file record is
processed before the secondary file record.

RPG II will cause two records to be read before processing begins
so that matching can take place. After the primary file record

is processed, another primary file record is read and the matching
process is repeated. :
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In order to specify that matching records processing is to take
place, you need to make these entries for each file used.

FILE DESCRIPTION

Specify either A or D in 18 to indicate the sequence (ascending
or descending) in which records are stored on that file. A1l
input records from the file will be sequence checked.

INPUT

- Specify M1-M9 in 61-62 for the field(s) to be used for
matching. Assign these entries to the same fields in
both files.

CALCULATION

Use the matching records indicator (MR) to control the
processing of data. Normally, this indicator is used
in combination with a record identifying indicator to
restrict the processing to the proper record of the
available two that match (or don't match).

QUTPUT

Use the matching records indicator (MR) to control the
output as desired. Again, if necessary, include a
record identifying indicator to produce the proper
output record(s).

That should give you an idea of what can be done and how it is
coded. When you encounter a problem in which multifile processing
is to be used, refer to the RPG II reference manual for specific
rules and examples.

There is one more File Description entry that relates to multi-
file processing. This entry is in position 17, "End of File".
Here's why it is important.

A program that performs multifile processing could reach the
end of one file before reaching the end of the others. This
program needs some indication of whether it is to continue
reading records from the other files or end the program.

Enter code "E" in 17 if reaching the end of this input or
update file shall cause the job to end.

NOTE: If no entry is made in 17 for any file, the job ends
after all records in all files have been processed.

* * *

END OF TOPIC
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TOPIC: Operation Codes

Operation codes direct the computer to do arithmetic operations,
perform tests, move data, branch to steps, and look up table

or array data. There are special codes that permit the normal
calculation sequence to be interrupted so that desired input or
output functions may be performed.

You have learned what each of the following codes is used for

and how each is to be specified. Examine this list to be sure
that you can recognize each item and are able to describe its

purpose.

ADD SUB MULT DIV MVR SQRT Z-ADD
Z-SUB MOVE MOVEL MOVEA GOTO TAG comp
CHAIN EXCPT DEBUG KEY SET SETON SETOF
LOKUP XFOOT EXSR BEGSR ENDSR

There are other operations that are part of the RPG II Language.
The intent of this short lesson is to make you aware of each of
the remaining codes by discussing them in groups. After I've
completed that presentation, you should read about the rules

for coding them properly and look at examples in the RPG II manual.

You are not expected to memorize the proper use and coding of all
codes, but you should be able to find and apply them when you need
them in solving problems.

GROUP: Moving Data and Testing Zones

The move operations provide a means of moving and re-arranging
data for your convenience in processing data records. RPG II
provides operations to:

1. move data from one-field to another,
2. move data from one array to another, and

3. move a part of a character in a field to
replace the same kind of part in another.

The third category of move instructions includes four operations
known as "move zone" operations. Their function is to move the
zone part of a single character. What is the zone part of a
character? Let's take a look.

Example: A numeric field in storage includes a digit and a sign
in the rightmost position. The sign may be either plus
or minus. The rightmost character in a numeric field
if printed without editing will show up as a letter or
as a special character. Look at these.
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RIGHT-MOST

FIELD CHARACTER PRINTED
+ +

1234 4 or D 123D

707 7 or P 70P

If for any reason you need to manipulate the zone portion of a
numeric character with a sign, you can make use of a move zone
operation, because the sign is the zone portion of that rightmost
character. Rightmost is also called "low order" position.

Since signed numbers are the equivalent of letters or even special
characters, you can agree also that if for any reason you need to
manipulate the zone portion of that character, you would use a
move zone operation. I said earlier that there are four move zone
operations. Here's the list.

MLLZO Move the low order position zone of Factor 2 to the
low order position zone of the Result Field.

MLHZO Move the low order position zone of Factor 2 to the
high order position (left-most) zone of the Result
Field.

MHLZO Move the high order position zone of Factor 2 to the

low order position zone of the Result Field.

MHHZO Move the high order position zone of Factor 2 to the
high order position zone of the Result Field.

RULE: When the zone is moved, Factor 2 is not changed. The
zone in the Result Field character is replaced.

There are certain restrictions to the use of these move zone
operations. Look at the rules and examples in the RPG II manual
to find out:

1. how are they coded,

2. what are the restrictions,

3. when are they useful.

* L% *
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A special operation, TESTZ (test zone) provides the facility to
test the zone of the left-most character in an alphameric Result
Field. One, two or three Resulting Indicators are assigned to
this operation to determine the following:

1. If the zone portion of the character tested is the
same as a zone in the letters A-I or the &, the
indicator in 54-55 (+) will be turned on.

2. If the zone portion of the character tested is the
same as a zone in the letters J-R or the -, the
indicator in 56-57 (-) will be turned on.

3. If the zone portion of the character tested is the
same as a zone in all other letters and characters,
the indicator in 58-59 (0) will be turned on.

Remember that this operation tests the high order, left-most,
character in an alphameric Result Field to determine which type
of zone is present in that character.

To code this operation:
1. specify TESTZ in 28-32
2. specify an alphameric Result Field in 43-48
3. include 1, 2 or 3 Resulting Indicators in 54-59.

* * *

GROUP: Bit Operations

I have included three operations in this group. BITON, BITOF,
and TESTB. Unlike the operations we've studied so far, these
control the turning ON or OFF of a "bit".

Definition: A bit is a binary digit.

How does that tie in with what we know? Well, a bit represents
a part of a character in storage. Here is what I mean. The
computer is capable of storing and manipulating characters or
parts of characters, such as zones or bits. RPG II provides
operations to store and manipulate numbers, letters, special
characters, zone-portions of a character, and can establish a
bit-portion of a character. Look at this example.

In storage, the number 4 is a number made up of 8 bits arranged
1ike this: 11110100. Remember, I said a bit is a binary digit.
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Binary digits are either 0 or 1 as the example shows. Look at
this 1list of other examples.

CHARACTER BINARY EQUIVALENT
1 11110001
C 11000011
* 01011100

Now don't get excited. You are not supposed to remember these
codes. I just wanted you to realize that every storage position
can hold an 8-bit character.

* * *

Since there are eight bit-positions in one storage position and
RPG II provides two operations to turn bits on (meaning make them
a 1) and to turn bits off (meaning make them a 0), we now have
the facility to use a storage space as though it had ON/OFF
switches.

First, here is how to code the operations of BITON (turn on a bit)
and BITOF (turn off a bit).

1. To turn on from 1 to 8 bits in a single storage
position:

a. enter BITON in 28-32.

b. enter an alphameric constant or a l-position
field as Factor 2 to control which bit out
of the eight shall be turned on; bit positions
are numbered from 0 to 7 for the eight bits
(starting from the leftmost position).

c. enter a 1-position alphameric field as the

result field to designate where bit
manipulations shall take place.

Examples: (Calculation specifications)

C BITON'@1234567'FEELD 1
C BITON'25" RETO
C BITON'Q' SET 1

What do you think is accomplished by each of these instructions?

* * *
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The first example means turn on all 8 bits in FEELD.
The second means turn on bits 2 and 5 in RETO.
The third means turn on bit @ in SET.

RULE: A 1-position field may be used as Factor 2. If so, bit
positions that are on in the field in Factor 2 will
cause the same bit positions in the Result Field to be
turned on.

Now for BITOF. As you suspected, the same rules apply but the
designated bit positions are turned OFF, that is, they will
contain zeros.

Well, so far all we've accomplished is that we know how to turn
bits ON and turn bits OFF in a 1-position alphameric field. That
is like being able to turn on a light switch or turn it off. What
good is that?

Suppose I change the sentence to read:

That is like being able to turn on a program switch
or turn it off.

Aha!: Now I can use this T1-position alphameric field to store 8
program switches which I can use in combination with indicators
to establish, test and reset a set of conditions.

BITON will establish the conditions, BITOF will reset them, and the
third operation TESTB (test bit) will be useful in determining their
condition during a program. Look at this calculation sheet example:

C TESTB'35' HOLD 1 445566

Bits 3 and 5 are compared against the corresponding bits in the
field named HOLD. Which indicator will be turned on, 44 or 55
or 667

RULES: When the same bits are on in both Factor 2 and the
Result Field, the indicator in 58-59 (=) is turned
ON.

When the bits that are ON in either entry are OFF
in the other, the indicator in 54-55 (+) is turned
ON.

When there is a mixture, some that are on in one

are off in the other, the indicator in 56-57 (-)
is turned ON.
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In effect then, the TESTB operation compares bit settings to
determine a condition.

RULE: At least one Resulting Indicator must be specified in
positions 54-59.

Take time to look at the RPG II manual for more examples in which
these operations BITON, BITOF and TESTB are used. You may find
them useful in future programming activity.

* * *

GROUP: Control of Input and Output

Normally, the generated RPG II program includes instructions
that read in data prior to being processed. Likewise, RPG II
provides instructions to write or print output records after
all calculations have been performed.

In some data processing problems it is necessary to read in one
or more records when needed during calculation steps. Also, it
is sometimes necessary to produce output records during calcula-
tion steps.

You have already studied about some operations that can alter
the normally generated RPG II calculations in order to perform
input or output functions. Do you remember them?

OPERATION PURPOSE

CHAIN | read a disk file record

KEY read a keyed record

SET turn on an indicator corresponding to a keyed
entry

EXCPT write out a record or disp]ay it on the screen

DEBUG list the indicators presently turned ON; also,

list the contents of a specified field

There are three other operations that may be used to control
input or output functions during the calculation steps.

1. FORCE: Select the file during calculations from which
the next record is to be read when the normal
RPG II program logic calls for a record.

2. READ: Read a record immediately from a "demand" file

so that it can be processed during calculations
that follow.
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Definition: A demand file is one that is either an input, update
or combined (special) file type.

A11 demand files (D in 16 on the File Description sheet) except
those assigned to the KEYBORD device must be processed using the
READ operation.

3. SETLL: Set the lower limits of an indexed demand
file being processed.

Using this operation allows you to process an indexed file
sequentially by starting at a point other than its beginning.

The rules for coding these three operations are listed.
1. FORCE:
a. specify FORCE in 28-32

b. specify the filename of the file from which the
next record shall be read as Factor 2

2. READ:

a. specify READ in 28-31

b. specify the name of the demand file as Factor 2

c. specify an indicator in 58-59 to be turned on
at the end of file for the demand file; this
entry is optional

3. SETLL:

a. specify SETLL in 28-32

b. specify a field or literal that contains the value
of the lower limit as Factor 1; its length must
equal the key field length

c. specify the indexed filename as Factor 2

Before you include any of these operations in your programs, read
about them in more detail in the RPG II reference manual.

Key Point: RPG II generates input and output instructions
from your descriptive statements of the total
job. You may alter the normal pattern if you
have the need to, BUT be sure your job requires
it before you indiscriminately use these
operations.

* * *
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GROUP: Branching to External Subroutines

This is the last group of operations to be covered. The two
entries, EXIT and RLABL, provide an RPG II programmer the
facility to link his program to one subroutine written in
another programming language called Assembler.

If such an external subroutine exists and is available for use,
here is how the RPG II programmer calls for it in his program.

1. specify EXIT in 28-32

2. specify the name of the external subroutine as Factor 2
When the EXIT operation is encountered, the RPG II program branches
to the Assembler subroutine for processing. When the subroutine
is finished, branching again occurs back to the RPG II program.
The RLABL operation may be used so that the external subroutine
may reference a field, table, array or indicator in order to do
its processing. To use RLABL:

1. specify RLABL in 28-32 on the line immediately
following the EXIT operation

2. specify either a field name, a table name, an array
: name or an indicator as the result field.

- NOTE: 1If an indicator is to be entered, it must be entered as
IN in 43-44 followed by the specific indicator in 45-46.

If the situation arises when you may have access to an Assembler
subroutine, read about the EXIT and RLABL operations in the
RPG II manual.

END OF TOPIC
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TOPIC: Tables and Arrays

A table is an arrangement of data items having like characteristics.
So is an array. Table names must start with TAB, array names can
be any name except those beginning with TAB.

Tables and arrays may be searched, one entry at a time, using the
operation LOKUP. The search always begins at the first table or
array element and continues until the desired element is found or
the entire table or array has been searched. There are five
different Resulting Indicator entries that may be considered when
conducting a search.

1. Search until an equal is found. Elements may be
arranged in any order. ‘

2. Search until an element is higher than the search
field. Elements must be in ascending order.

3. Search until an element is either equal to or
higher than the search field. Elements must be
in ascending order.

4, Search until an element is less than the search
field. Elements must be in descending order.

5. Search until an element is either equal to or
less than the search field. Elements must be
in descending order.

Two operations apply only to array processing. XFOOT may be used
to add the value in every element of a numeric array. MOVEA may

be used to move an array to another array; to move an array to a

field; or to move a field to an array.

Individual elements of an array may be used for processing or
output by including an "index" value or field when designating an
array name in that operation or output statement.

When two tables or arrays are loaded, they may be arranged in
"alternating format". If so, they must be described on the
Extension sheet on one line. Also, the table or array named

first must have its data appearing first in the set of alternating
data. :
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Read about tables and arrays in the RPG II reference manual if you
want to know more about them in regard to:

1. What is meant by a "compile-time" or a "pre-
execution-time" table or array?

2. MWhat is an "execution-time" array?

3. How can the contents of a table or array be
modified?

4., How can I add entries to a short table?

* * *

END OF TOPIC
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TOPIC: RPG II Generated Program Logic

The RPG II manual includes a description of this topic from two
points of view. First, for relatively simply jobs involving one
input file and second, for more complex jobs. Refer to both
sections of the manual to answer these questions.

SIMPLE

1. In what order do input, processing and output occur in
simple jobs in which at least one control level has
been defined and used?

2. When are indicators turned off?

3. In what way is the first program cycle different from
normal job cycles?

4. In what way is the last program cycle different from
normal job cycles?

COMPLEX
5. When are pre-execution-time tables loaded?

6. When are calculations controlled by LO performed,
during detail-time or total-time calculations?

7. Page overflow is controlled by one of the indicators
OA-0G or OV. When is overflow output produced? When
is the overflow indicator turned off?

Knowledge of the generated program logic will be helpful during
the debugging and testing of programs as well as during coding
activity. Refer to these sections frequently during the first
few test runs to become as familiar as you can with this logic.
RPG II is a descriptive and generative language. To make the
most of its features, you need to know the logic of programs

it generates from your descriptions.

END OF TOPIC
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This chapter was written to provide some study in areas of the
RPG II Tanguage which were not covered in the first part of the
course. You can best learn to use RPG II by using it on the job.
The reference manual should be near you and you should use it to
advantage whenever you need it.

For those of you who will be describing data processing jobs that
involve telecommunications, get a copy of the separate manual,
"IBM System/32 RPG II Telecommunications Programming” form number
SC21-7597. This manual provides information on:

1. definitions of basic telecommunications terms,

2. descriptions of IBM System/32 telecommunications
capabilities, and

3. specifications rules for writing telecommunications
programs.

Telecommunications specifications are coded on a separate form
(Form Type T in column 6) which has the form number GX21-9116.
These statements are placed just ahead of Input specifications
when the source program is ready for compilation.

There is no self test for this chapter. Here's wishing you
success in your programming activities using the RPG II language.
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