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This publication details complete programming spec-
ifications for the Model 20 Card Report Program
Generator (RPG) -- a problem-oriented programming
language.

The reader is assumed to have some understanding
of punched-card data processing, but needs no prior
experience with programming or electronic data
processing methods.

Also included are performance specifications, a
list of machine features and units used by the
program, numerous illustrations, four complete
programming examples, and appendices to amplify
explanations and provide helpful programming hints.




This publication deals with a prcblem-
oriented rrograrming language--the Repcrt
Program Generator (RPG)--which greatly sim-
rlifies the programming for implementation
of most commercial punched-card data pro—
cessing applications on the IBM System/360
Model 20. The EKPG, in ccnjunction with the
IBM System/360 Model 20, provides fcr com-
bining into an integrated operation, where
appropriate, the functicns performed separ-
ately by the following IBM unit record
egquirment:

Reproducing punches
Collators

Printers

Summary punches
Intergreters
Calculators

The user is expected to be familiar pri-
marily with his aprlicaticns and his Mcdel
20, rather than with the technical aspects
of machine-oriented prograrring languadges.
EFxperience with unit reccrd or data prcces—
sing systems eguipment and procedures will
be helpful, but is not a prerequisite to an
understanding, or utilization, of EPG.
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fication form (Form X24-3347-3) has been
change in
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Changes to the text

However, familiarity with the concepts of
punched-card records and procedures is
assumed: programming by any language and
for any data processing system always pre-
supposes problem definition, and can do no
more than instruct the system to execute
the data processing steps previously
planned by the user.

This manual contains the information
necessary for programming jobs for the
Model 20 with the RPG language for punched
cards. It is intended as a reference text.
Extensive explanatory and illustrative
material, as well as programming tips and
technical data, is also included to mini-
mize the need to consult additional
sources.

For a list of associated publicaticns
and their abstracts, see IBM System/360
Model 20 Bibliography (Form A26-3565).
Readers without previous data processing
systems experience may find particularly
useful information in IBM System/360 Model
20, Introduction_and System Summary (Form
A26-5889).
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Programming consists essentially of writing
instructions that can be understocd by a
data processing system. Before programming
is attempted, the data processing protlenm
must have been analiyzed, and the step-Ly-
step grocedural requirements determined.
The nature of the source data (input), the
manipuiations {calculations) to be per-—
formed on it, and the nature and form of
the results (output) desired must have been
defined.

THE NATURE OF RPG

The Report Program Generator (RPG) utilizes
the abilities of the Model 20 system itself
to convert data prccessing instructions
written in natural guasi-English (RPG-
language) statements to the lanquage in
which the central processing unit accefts
its instructions. In many instances, cne
RPG~language statement will automatically
be translated to several machine-language
instructions.

The prcgrammer using RPG writes state-
ments in a sequence that comes naturally
once the protlem has been defined and the
rrocedure determined. The expressions used
largely consist of terms the programmer
himself may coin, or of easily reccgnized
mnemcnics. The user must merely follow
relatively simple rules. He need not te
familiar with machine language, nor with

"srogramming” in +he +technical sense
ruygLaumis g 411 (SRS Locoiluiealr Seiisc.

CTHER PROGRAMMING LANGUACGES

The RPG language is easy to learn and to
apply, and capable of handling almost every
punched-card job requirement for the IBM
System/360 Model 20. However, IBM current-
ly provides two additional programming lan-
guages to satisfy special ccnditions:

1. Basic Assembler Lanquage (B.A.L.)

360 Model 20, Basic Assembler Lanquage
(Card_and Tape) Form C26-3602.)

B.A.L. provides for prcqgramming in the
symbolic equivalent of actual Model 20
machine lanquage. Effective utiliza-
tion c¢f B.A.L. requires some familiari-
ty with the actual machine language
(see IBM_System/360 Model 20 Functional
Characteristics, Form A26-5847), and
involves consideratle experience with

* Note:

Sections delineated by upper- and
Tower-left right-angle brackets contain

INTEOLUCTION

programming for electronic data proces-
sing systems as well as the component
units of the system and their time
relationships.

As an adjunct to B.A.I., IBM also
provides an Input/Cutput Control Systen
(IOCS) for Model 20 card systems (IBM
System/360 Model 20 Input/Qutput Con-—
trol System for Punched-Card Equipment,
Form C26-3603). TICCS provides tested
input/output routines that programmers
can use by means of macro-instructions,
to ccntrol the input and output of data
by programs written in the Basic
Assembler lTanguage.

The vast majority cf Model 20 users
will never have to concern themselves
with B.A.L. or IOCS, because the flexi-
bility of the RPG and PCU (see below)
will allow them to accomplish their
tasks with these convenient and easy-
to-learn langqguages. In a few installa-
tions, there may be occasional unusual
requirements which cannot be directly
satisfied by RPG or PCU. Frequently, a
minor modification of the procedure
will then permit RPG to handle the job;
but there may ke a few problems that
are best solved by B.A.L., with or
without I0CS. Even then, it will often
be practical to write most of the pro-
gram in RPG, merely inserting a brief
B.A.L. routine to overcome the particu-
lar limitation. This approach is
briefly covered in this manual.

B.A.L. can, if efficiently applied,
scmetimes reduce the amcunt of core
storage required for a program and may,
on occasicn, improve throuchput. How-
ever, the much greater effort called
fer to program in B.A.L., and to debug
the program, is usually out of propor-
tion to the minor benefits derived.

2. Punched-Card Utility Programs_(PCU)
(Refer to SRI publication IBM System/
360 Model 20, Punched-Card Utility Pro-
grams, Form C26-3601.)

The PCU performs on Model 20 the equi-
valent of IBM unit record machine func—
tions. No knowledge whatsoever of pro-
gramming is required. The user desig-
nates his job requirements by simple
entries in pre-printed boxes--many of
them multiple-choice pre-coded--on
self~explanatory specification sheets
from which matching specification cards
are punched., For example, only a

supplementary details--often of a technical
nature.

Introduction 7



single specification card (in ccnjunc-—
tion with the TBM-supplied progranm
deck) is need=d to perform a ccllating
operation. The specification sheets
corresrond, in effect, to the control
panel of a unit record machine, but are
simpler and guicker tc complete than
pluaboard wirina.

The PCU programs provide most of the
functicns ¢f TBM collatcrs, rerrcdu-
cers, gangpunches, summary punches,
accounting machines, interpreters, and
sorters (the latter practical with PCU
only for large sort fields).

The PCUs are best used

» Tcr jobs that corresrond to unit
record functions; i.e., where little
is tc be gaired frcm the "systems"
apprcach of processing an intearated
series of jobs. For instance:

To list and talance a keypunched
deck of cards;

Tc cross-foot fields in the came
card;

To sequence-check a master file;

Tc interpret a keypunched deck;

Tc reproduce a file cf cards.

A few of the applications that are
easy to perferm with PCU, are diffi-
cult or impossible with RPG. Fcr
example:

Selection of the last card of
each ccntrol group;
Selection of sinale-card grcups;
..8crting..

e TFor one-time jobs, where it may not
be worthwhile tc design an inte-
grated systems procedure; i.e.,
"quick and dirty" sclution.

the

e To continue getting the work out,
during switch-over from unit record
equipment to Model 20, for those
joks which the user has nct yet had
time to redesign and program to take
full advantage of his Mcdel 20.

EPG_FUNCTIONS AND CHARACTERISTICS

PURPCSE CF¥ RPG

RPG provides a quick and easy methcd fcr
writing rrograms tc accomplish most ccmmer-
cial data processinag jobs with the TIBM
System/360 Model 20, takina full advantage
cf the Mcdel 20 system's pctential. It
combines the attritutes of flexibility,
capability, and efficiency, with simplicity
and absence of any requirement for pricr
rrcgramming cr data processing experience.

Amcong the full spectrum of Model 20 data
processing that can be programmed with RPG
are the followino ccmmon functions that can
be performed individually or in any
combination:

e Rerort Writino
Listings and group-printed reports
containing up to nine control and
total levels, plus a final total.

¢ Summary Punching
Up to nine levels of control,
final total level.

and

e File Matching and/or Merging
With or without selecticn of cards.

e Card selection
Based on card tyre and/or results of
calculations.

s Gangpunching
Direct, offset,
major-minor.

interspersed,

e Rerroducing

¢ Card Document Printing (Interpreting)
Feature available cnly for the 2560
MFCM, Model A1V.

* Calculating
Add, subtract,
cross—foot,

multiply, divide,
compare.

e Table Took-up

STEPS IN UTILIZING RPG
1. Problem definition

The nature of the source data, the pro-
cessing to te perfermed upon it, arnd
the type and format of the resulting
output data must be determined. This
encompasses such details as card-type
identification codes, source and output
card fields, calculations to ke per-
fcrmed on the data, types of report
totals desired, and arrangement of the
data on a printed report. Printer
Spacing Charts, IBM Form X24-3115,
facilitate the report layout (see
Figure 1).

can

Programming

The programmer writes RPG specifica-
tions. 1IBM provides preprinted forms
for the convenience of the programmer.
These forms quide the entries into the
appropriate relative rositions. The
entries define his input and output
data, the operations to be performed on
the data, and the input and output
devices to be utilized.

2 System/26C Model 20 CES Ekeport Program Generator
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Fiaqure 1. Printer Spacing Chart
The proarammer is given wide lati- deck to generate a machine lanquage
tude in the assignment of symkolic "cbject program." The object progranm
names to data files and fields, and contains all the necessary instructions
most of the RPG-language operation tc perform the job as designated by the
codes are mnemcnic. Much of the ccd- RPG programmer on the specifications
ing, therefcre, arprcaches the use of sheets. At the conclusion of the
neaninaful English, ccmbined with accus- generation run, the object program is
tomed use of card-cclumn numbers and in core storage, ready for execution.
print positions. The user has the option of also having
the object program punched into cards
3. Punchina Specificatiocn Cards so that, the next time the same job is
to be run, the cbject program is ready
The program codes previously recorded to te loaded without the need to gener-—
on the specificaticn sheets are key- ate it again with the RPC.
runched, one card per specification
line. The positions on each line cf a 5. Data card files are placed in appropri-
specificaticn sheet ccrresgcnd to the ate card feeds, forms and carriage con-
approrriate columns in the specifica- trol tape are inserted in the printer,
tion cards. and the job is ready to run.
4, Generating the Program Figqure 2 is a qgraphic representation of

The specification cards now teccme thre
rrogram "scurce deck". The source deck
and the IBM-supplied EEG Generator deck
are then read into the System/360 Model

20. PBased on the program contained in
the Generator deck, the central prcces-

sing unit (CPU) of the Model 20 acts
upon the specifications in the source

these steps.

Input and OQutput Files (See also "File,"
under Definition of Terms, below.)

Input Files

handle a maximum
per card reading

The Model 20 card RPG can
of three input files--one

Introduction 9



device attached to the systen.
sible input devices are:

The fpos-

IBM 2560 MFCHM
Hopper 1 or
IBM 2560 MFCH IEM 2520 Card
Hcpper 2 Read-Punch
IBM 2501 Card
Reader

Evaluate
the
Problem

) aamm— Generate |4
RPG Object
Generator || Program ———— _.I
®
(——'—'—' Process
Data Object <
Cards Program

Printed
Report

Card
I Output ﬂ

RPG Operaticns

~ Fiqure 2.

¢ (The card document-printing special feature
:is available only for the 2560 MFCM, Model
tA1.)

Figure 3 is a schematic presentation of
possitle system configqurations.

*Note: With the IBM System/360 Model 20,
¢Submecdel 3 or 4, the 2560 MFCM Model A2 and
:the 2203 Printer Model A2 are the only I/0
edevices permitted.

2560Mu|h- 2520 Card 2520 Card
Function Card
Machine Read/Punch Punch
OR
Storage 2020
g?g :;::: : ggggé@;NG éion]i Reader
12288 Bytes or UNIT
16384 Bytes
OR
14.03 2203 1442
Printer Printer Card Punch

utput Files

Up tc five cutrut files can be used--one
per card punch device attached to the sys-
tem, and cne or twc for the printer. The
possible output devices are:

IEM 2560 MFCM
Hopper 1 or

IBM 2560 MFCHM IBM 2520 Card FPunch
Hopper 2 cr Read-Punch

IBM 1442 Card
Punch

IBM 2203 Printer,
Tower Feed

IBM 2203 Printer,
Upper Feed

or IBM 2203 Printer
(standard carriage)
cr IBM 1403 Printer

Note: ©Each device listed above for toth
input and cutput files may serve to treat a
single file as both input and output. That
file is then designated a “comkined" file.
The MFCM permits cards frcm either or Ekoth
hoppers tc te read and/or punched and/cr
card-printed (interrreted).

Systen/360 Model 20% 7 Card RPG
System Confiqurations

Figure 3.

PERFORMANCE CHARACTERISTICS

The Model 20 can perform input, output, and
internal processing operations concurrent-
ly; this is known as time sharing. The RPG
makes optimum use of this time-sharing
capability. Figure 4 shows which Model 20
operations can be time shared. In the case
of time-shared card-punching and printing
on the MFCM Model A1, this refers to the
printing on one card while the next card is
being punched.

Details for estimating core storage
requirements and timing are given in Appen-
dix A.

ORGANIZATICN OF THIS PUBLICATICN

A summary of the functions of each of the
five types of RPG specifications introduces
the main rortion of the manual. This

10 System/360 Model 20 CPS Report Program Generator
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time shared.

¢In the case of time-shared card-punching and printing on
e the MFCM Model A1, this refers to the printing cf one card

¢while the next card is teing punched.

Figure 4.

abkreviated summary aprears here only to
facilitate relating subsequent secticns to
the specifications forms.

The srecificaticns-tyres surmary is fol-
lowed by an example of specificaticns writ-
ten for an RPG rrogram, annotated with
broadly-generalized explanations of the
entries. The purrose of the secticn is
merely tc offer the novice an illustration
of what a program written for RPG lccks
like. Full details are given in subseguent
sections, which also inccrpcrate any
explanations given in the introductory
example. This initial examrle dces not
fully cover the significance of, or limita-
tions on, each entry. It should not be
used as a reference for precise kncwledge.
Readers familiar with the ccncepts of RPG
can typass it.

The main portion of the manual is
devoted to the detailed information needed
by the user to write programs fcr his jcbs
that can then be ccnverted to machine lan-
guage ty the Rerort Program Generator.

The informaticn is presented in the fol-
lowina sequence:

1. Definition of recurring terminolcgy

2. Grarhic presentaticn and discussicn of
rroagram logic flow

System/3€0 Model 20 Time Sharing Potential

3. Indicators

4, Ccntrol fields

5. Matching of files
6. Sequence checking

7. Possible entries for every field of
each srecificaticns sheet (or card).
including normal and unusual functions
of each entry; warnings, where appro-
‘priate, about improper coding; inter-
spersed illustrations for clarification
of possibly abstruse points.

Iimitations of the RPG Program are
explicitly stated, where appropriate and
not obvious.

Lengthy descripticns of rare, yet valid,
uses of a code, or a specifications field,
are marked off by corner brackets, so as
not to detract from emphasis on the prin-
cipal topic. It is suggested that the
reader unfamiliar with RPG bypass these
passages until he has a clear understanding
of the basics. Where extensive or technic-
al supplementary explanations are deemed of
value only in exceptional situations and to
a small segment of users, they have been
relegated to an appendix when this wvas
practical.

Three complete and realistic application
examples are included, in addition to the

Introduction 11



Introductcry Prograrming Example, to
illustrate a large prorporticn c¢f the fpro-
aram functicns and ccdes. Fach specifica-
tion is explained.

The examples are:

1. Sales ccmmissicn calculation and
report.

2. An order-entry pre-billing application,
with updating of the inventory file
pricr tec invoiciag.

3. The subsequent invoicing operaticn,
with creation of acccunts receivatle
invoice summary cards. Three lines of
custcmer name and address printed fronm
a single card, with ship-tc name and
address printed parallel frcm anctter
card. A simrple table lcok-up operation
is included.

A numter cf technical arpendices follow
________ Included is an aprendix

containing rroaramming tips, and a summary
of RPG srecificaticns sheet entries laid
out fcr convenient use if removed frcm the
manual. The index, which ccncludes the
manual, attempts to reference every infor-
native menticn cf a relevant sulject.
Underscored page numbers desiqgnate the
locations cf the fullest discussion of the
particular tepic.

FUNCTICN CF RPG SPECIFICATICNS SHEETS AND
CARDS-—-SUMMARY

The RPG specifications sheets supplied by
IBM (in pads) represent a ccnvenient means
“forthe Trogranmerto receTd the informa—=""
tion (instructions) to be keypunched as
input to the RPG program, so that it will
generate the approrriate machine-language
program tc perform the desired jcb.

The format and cclumn headings cf these
sheets assist in gquiding the prcarammer's
entries. The forms are sco designed that
one specification card is to be punched per
line, with eaech cclumn cn the sheet corre-
spording to a card column, in the same
order. Card suprlies with the apprcrriate
RPG stecificaticn fields delineated can be
purchased from IBM.

The REG specificaticns shkeets can also
serve as documentation of the source
Erogram.

There are five tyres cf specificaticns
sheets and cards, each serving a different
rurpcse, ‘as outlined belcw. The forms are
presented in the order in which they are
most likely to ke used by tte rrcgrammer
--not the crder in which the different
tyres of specification cards are entered

for program generation. The details con-
cerninag the entries for the specifications
sheets are covered in subsequent major sec-
tions of the manual, where pictures of each
type of csheet are also rerroduced.

In addition to the punched specification
cards, the user must supply an RPG Control
Card (Card H). This card is fully
described in the publication IBM System/360
Model 20, Report Proqram Generator for
Punched-Card Eguipment, Operating Proce-
dures (Form C26-3800). The control card
specifies:

1. Core storage capacities of the systems
used to generate and to execute the
object progran

2. Whether, and on which machine type, the
otject program is to ke punched

3. Whether a generaticn listing is to be
printed, and whether minor--as well as
mnajor--source deck errors are to cause
a halt during generation of the object
prcgranm

4. Atypical MFCM input and output card
stacking sequences

5. Additional IBM 2501 input core buffer
storage, if desired

6. The number of print positions utilized
bty the cbject prcgram

7. The format of any Sterling-currency
fields (British monetary systen)

Tmal T ECint Tin numeric Iiterals (i.e.,
European notation).

Types of Specifications Sheets and Cards

File Description Specifications (Required)
(Sheets: Form X24-3347. Card electro-
plate: Form 3347)

Used to assign a symtolic name and, when
apprcpriate, card sequence (ascending or
descending) to each file; to associate each
file name with a specific input and/or out-
put device; and to define whether the file
is to serve as input, as output, or both.
For multiple input files, entries on this
form also establish which file or files
control end-of-job routines.

Input specifications (Required)
(Sheets: Form X24-3350. cCard electro-
plate: TForm 3350)

Used to describe the input files: identi-
fication cof card types within each file;
stacker selection of cards, based on card
type; specification of card-type sequence

12 Systems/360 Model 20 CPS Rerort Proaram Generator
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within eac assignment of
symbclic names and decimal positions tc
input card fields; "tagging" of (i.e., set-
ting indicators for) card fields with rosi-
tive, neqative, or zero/klank contents;
assignment of control fields, and cf fields
tc te matched tetween cards in different
input files; file sequence-check instruc-
tions. For multiple input files, the crder
cf precedence of the files is also estab-
lished by the sequence in which the files
are entered cn this form.

-
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Calculation Specifications
(Sheets: Form X24-3351.
plate: TForm 3351)

(Opticnal)
Card electro-

Used to describe the processing
ina, ccmparing, etc.)
the data.

(calculat-
tc ke perfcrmed on

File Extensicn Srecificaticns
(Sheets: TForm X24-3348.
rlate: Fcrm 3348)

(Ortional)
Card electro-

Needed to describe the talkles tc be used
with the Table-TLookup feature. Unless the
Table-Tookup (LCXUPF) instruction is used in
the rrogram, the File Extension form is not
used.

Cutput-Format Specificaticns (Crticnal)
(Steets: Form X24-3352. Card electro-
rlate: Fcrm 3352)

Used to specify the arrangement of the data
cn printed reports and/or in output cards.
Also includes such functicns as editing,

stacker selection cf output— or combined-
file cards, and forms-carriace spacing and
skipping.

Note: A limited numker of applications can
be performed with only File Description and
Tnput Specifications. For example:
sequence checks, and/or stacker selection
based on card type.

PROGRAM CCMPATIBILITY

All functions that can be specified in the
Model 20 card RPG can also be specified in
other IBM System/360 Report Program Cenera-
tors rrovided that an adequate I/0 confi-
guration is available.

Specifications which are presently
unique to the Model 20 RPG are those sup-
porting the IBM 2560 Multi-Function Card

s Machine (card printing, on the MFCM Model
$21, and collator—tyre cperations) and dual-
feed carriage feature.

For further details, refer to the rele-

vant SR putlication fcr cther versions of
IBM System/360.

MACHINE UNITS AND FEATURES REQUIRED AND

Appendix B lists the machine units and fea-
tures required and supported for the Model
20 card RPG.

Introduction 13



INTRCDUCTCRY PROGRAM EXAMPLE

This chapter can be bypassed by users fami-
liar with the ccncept of KEG. Its sole
purpose is to give the ncvice a general
insight into the approach to sclving a sim-
plified problem with RPG srecificaticns.
The exrlanations given are in troad terms
only and are repeated in greater depth in
sutsequent sections. The example is nct
suitable as a reference for a full under-
standing of the specifications employed--
while all specifications entries made here
are valid, greater detail is necessary
before the codes can be applied in all
cther circumstances.

THE JCB_EECUIREMENTS

1. Custcmer Name cards—-one per customer.

Name, in cols.
21-40 and 41-60
Salesman No., in cols. 73-74
Acccunt No., in cols. 75-79

Card identification (3-8-9), in col.
80

1-20; address in cols.

2. Taily Sales Summary cards—--at least one
Fer customer

Acccunt No., in cols. 1-5

Amcunt, in ccls. 7-13. (Ccls. 12Z2-13
Care decimal pozitions.) o
X¥-runch (11-punch) cver col.
credit (returns)

Gross profit percent for product
grcup, in ccls. 16-17
Date, in ccls. 75-79
last digit of year)
Card identification (1), in col. 80
--may have 11- or 12-cverpunch.

13 for

(day, mcnth,

Results TCesired

1. Punch Monthly Summary cards--one per
account

Account Nc., in cols. 1-5
Total amcunt, in ccls. 6-132

X-runch (11-punch) over col. 13 if
neqgative
Total gross profit, in cols. 14-21

Salesman No., in ccls. 73-74
Date (month and year cnly), in ccls.
77-79

Card identification (9), in col. 80.

2. Printed Report

Month and year only (slash ketween)

--print on first detail line of each
account. Eliminate leading zero in

month only.

Account No.—--print only from first
card for each account, and on forms
overflow. Do not eliminate zeros.

Customer Name-—-print from first
card of each acccunt, on same line as
first detail card.

Amcunt--list, bnt positive and
negative amounts in separate columns.
Eliminate leading zeros to decimal.
Edit with comma and decimal point.

Do nct print sign for negative
amounts.

Amount--Net total by account, and
grand total at end cf report, with CR
if negative. Eliminate leading zeros
to decimal point.

Gross profit--Total by account and
grand total at end of report, with
minus sign if negative. Eliminate
leading zeros to decimal point.

Amount of returns as percent of
sales amount, for final total only.
Eliminate first two leading zeros.
Suprress line if positive sales are
zero.

Print suitatle headings over
columns on first page.
3. a. Select negative-amount summary
cards to a different stacker.
b. Separate Customer Name cards from
Daily Sales Summary cards.

4. Stop program if first card of control
group is not Customer Name card.

THE REG SPECIFICATICNS

Figures 5A-5F shcw the printer layout and
RPG specifications needed to produce the
printed report shown in Fig. 5G. Explana-
tions of the entries fcllow. Of necessity
--since this example was deliberately
inserted ahead of treatment of specifica-
tions entries--the discussion deals with
items not yet covered, but will serve to
illustrate the general approach. Obvious-
ly, with a language as flexible as RPG, the
same results could te actieved by several
alternate methods.
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IBM INTERNATIONAL BUSINESS MACHINES CORPORATION

PRINTER SPACING CHART
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Figure 5A. Intrcductory Prcgram Example, Printer Spacing Chart
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Figure 5C. Intrcductory Program Example, Input Specifications
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Figure 5D. Introductory Program Example, Calculation Specificaticns
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Figure 5F. Intrcductory Prcgram EFxample, Cutput-Format Specifications (Part I of II)
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Figure 5G.
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ACCT

05944

09772

02916

07431

03349

01147

07728

CUSTCMER NAME

ARTSON HV
BANKS V H
GILES R D
HARDING CM
KING H R
P;XTON J M
STAUBER AD

Introductory Program Example,

SALES

943,75
378.15

1,196.50

649.50

649.50

278.00

149.50

427.50

585.40

341.40

278.95

400.00
450.60

50.50
155.00

145.00CR

75.00

75.00

34549.45

RETURNS

125,40

244.00

125.00

_1.004.55 ..

350.50

19.2%RTRN

Printed Report

GROSS PROFIT

418.77

227.32

149.62

119.49

351.59

50,75~

26.25

1,242.29



EXPLANATICN OF SPECIFICATICNS. _ (FIGURE_5)

File Description Specificaticns--Fiqure 5B

Line 01 arbitrarily assigns the nane
SLSDETL tc the input (I) data file cchnsist-
ing of the Customer Name cards and Caily
Sales Summary cards. The TEVICE entry spe-
cifies that this file will te rlaced in
hopper 1 of the IBM 2560 MFCH.

Iine 02 assigns the file name SLSSUMRY to
the deck of tlank cards, tc te rlaced in
hopper 2 c¢f the HFCHM, which will beccme the
Monthly Summary cutput (C) cards.

Line 03 specifies that printer output will
te referred to by the file name REPORT.

These entries serve two tasic purgposes:

1. To associate a specific input and/or
cutput unit with a file name that will
subsequently te referenced in the gro-
gram; and

2. To srecify whether a given file is tc
serve as input for data, output, or
toth.

Input Specifications--Figure 5C

The input file--latelled SLSDETL in the
File Descripticn Specificaticns--ccnsists
of two types of cards.

Iine 01 of the Input Specificaticns arti-
trarily assigns "Indicatcr C1" (cols.

19-20 in the specifications) to the Custom-
er Name card. The Custcmer Name card is
identified by the punches 3-8-9 (a common
unit record MLP or MIR code) in col. 80
(see specificaticns entries im ccls.

23-24, 2€¢, 27).

Sales Summary card, identified by digit 1
in ccl. 80. D (digit), rather than C
(character), was entered in col. 26, to
eliminate a rossible 11- cr 12-overpunch in
col. 80 frcm affecting the comparison with
digit 1.

"Indicators" are discussed in detail in
the next chapter. Eriefly: +the RPG Prc-
gram provides for a large number of indica-
tors which are either set ty the RPG Pro-
gram itself, or may be set by the rregram-
mer, to identify a condition. They may
then be srecified elsewhere in the proaranm
to ccnditicn the executicn cf a specifica-
tion on the setting (ON or NCT CN) of the
indicator.

Indicator 01, in this example, will be
on when a card with 3-8-S6 in ccl. 80 (Cus-
tomer WName card) is being processed.
Executicn of certain instructicns can then

conveniently be associated with "Custcmer
Name card", or "not Custcmer Name card", as
desired.

When stacker selection is not specified,
cards enter the normal stacker for the par-
ticular hoprer of the I/0 unit used. For
hopper 1 of the MFCM, this is stacker 1.
The card type identified by indicator (6
therefore enters stacker 1. The card type
with indicator 01 (Customer Name card) is
directed tc stacker 2 ty the entry in col.
42.

The entries in ccls. 15-16 specify that
the proper order of card types is Customer
Name card (01 in cols. 15-16) followed by
Daily Sales Summary card (s) (0Z in cols.
15-16), which in turn are followed by the
next Customer Name card. The 1 in cocl. 17
for the Customer Name card specifies that
there must be exactly one such card before
the Daily Sales Summary card. The N in
col. 17 for the Daily Sales Summary card
specifies that there must te at least one
such card, tut that any quantity of such
cards greater than 0 is correct. TIf the
card-type sequence doces nct ccnform to
these specifications, an error stop occurs.
Note, however, that the aksence of a Cus-
tomer Name card would not be detected--this
would te treated as more than cne Daily
Sales Summary card. This contingency is
guarded against bty the specifications on
line Cé of the Calculation Specifications.

Lines 02-C4, and 06-09, ccntain the names
the programmer has arbitrarily assigned to
the fields he will subsecuently utilize
from the two input card types, respective-
ly. They are preceded by their column num-
bers in the input cards. Col. 52 in the
Input Specifications assigns the location
of the decimal point of input fields, for
automatic alignment in calculations. Use
of a field in calculations or numeric com-—
parison, or editing its output, requires a
decimal specificaticn even if no decimal
point is relevant. This explains the C for
MOYR. ©Note that field names start one line
below identificaticn of their record types.

The entry in cols. 59-6(, next to
ACCTNO, specifies that the Acccunt
No. field in tot}t card tyres (note that it
may be in different card columns in the two
card types) is to be a control field, at
the lowest level. (Nine control levels,
L1-L9, are available.) Whenever there is a
change in the contents of the Acccunt
No. field between successive cards, the L1
indicator turns on for one proaram cycle.
The CN or NOT ON status of the L1 indicator
can be used to control operations.

The entry in cols. 69-7C makes the sta-

tus of indicatcr 10 dependent cn the NAME
field of each Customer Name card (Pesulting
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Indicator 01). Since that field is never
tlank in that card, indicatcr 10 will turn
off each time a Customer Name card is rro-
cessed. (It wculd be turned on Lty a blank
NAKE field.) In this rrcgram examrle,
indicatecr 10 is turned cp ty ancther
methcd, described later.

The requirements cf tte jcb call fcr
printing the amount of returns (negative
sales amounts) in a separate cclumn. An
indicator is needed to identify such cases.
Indicator €7 (in ccls. €7-6& will turn on
when a Daily Sales Summary card with a
negative amount is being prccessed, amnd
will be off when the amount is fpcsitive or
zerc.

Calculation Specificaticns--Fiqure 5D

Calculaticns occur at detail time unless an
T-indicatcr (ccntrcl level) specificaticn
aprears in ccls. 7-8 (Control Level)--in
which case that calculation takes place at
total time. (Detail and Tctal times are
discussed in the next chapter.) Thus, the
calculaticns srecified on lines 01-0f are
executed at detail time; thcse crn lines
06-10, at total time. All detail-time
entries mtst precede all tctal-time
entries. Within this grcuping, calcula-
tions are performed in the order in which
the specificaticns appear. A summary cf
the functicns cf the entries, by line,
follcws.

ne_0 Fxecuted cnly when fprccessing
card type 06 (Daily Sales Summary card),
because the indicator for that card tyre is
desionated as a conditicr.

The ccntents of the AMCUNT field are
added (Operaticn ccde ADIL) tc the ccntents
cf TCTAMT field, and the result is stored
as the new contents of TOTAMT field.
T0TAMT field has nct been previcusly
specified; it is created by the entry in
Result Field. (Field lLength is specified
as 8 digits, of which 2 are decimal
positicns-- the same numter cf decimals as
in the scurce (AMOUNT) field. If ttre
numter of decimals specified here were to
be different frcm those in the scurce

field, alignment wculd be automatic.) This
is the ncrmal methcd for accumulating
detail-card amcunts for grcup tctals. When

object-program execution tegins, the user
may assume that the fields are all set to
zero. Thereafter, each detail card amcunt
is algebraically added tc the previous
total in the TOTAMT field, tecause TCTAMT
is the addend (Factecr 2) and the new result
replaces the former TCTRAMT contents.

Negative amcunts (11-gfunch cver low-
order positicn) are automatically suk-
tracted. An indicator ((8) is specified
for the identificaticn of a negative amount

in the TCTAMT field, so that summary cards
(one runcted at each ccntrcl break) with a
negative sales amount can be selected to a
separate stacker. The status of indicator
08 can chanaqe after each alagerraic addi-
tion. Tts status is, however, only used in
this example at the end of a control group,
when it correctly reflects the sign cf the
total.

______ The amount (with 2 decimal posi-
tions) in each detail card is algebraically
nultiplied by the gross profit percentage
(2 decimal pcsiticns cnly, tc transform
percentage to ratio) for that product
groupr. The resulting amount of profit
(GRSPRF) contains four decimals, of which
only two are desired. Srpecifying "2" auto-
matically causes drcpping of the two excess
low~order positions. The "HE" in col. 53
causes half-adjustment before the third
decimal is dropped. The previous contents
of the Result Field are replaced each time
ty the new result.

______ The latest gross profit amount
(GRSPRF) is algetraically added to the pre-
vious cumulation (which is zero if this is
the first detail card) to provide a total
for the ccentrcl grcug.

Lines 04 and 05. These entries provide the
final total of returns (negative sales) and
of positive sales, so that the ratio of
returns (FTIOTRT) to positive sales (FTOTSL)
may ke calculated before the final total is
printed.

I.ine 05 causes adding cf the amcunt fron
each detail card (indicator (06) to FTOTSL--

.provided AMOUNT..is..positive . {indicator-07. .. .

not on = NO7 in cols. 12-14), as deter-
mined by indicator 07 in the Input Specifi-
cations. Indicator (9 is set on for zero
results—--see line 10 for its application.

Line 04 similarly provides for cumulat-
ing FTOTRT for negative amounts (indicator
07 on). Since a positive total is desired,
and all amcunts for this line--by
definiticn--are negative, these negative
amounts are subtracted from FTOTRT. (Sub-
tracting a negative amount yields positive
result.) This entry also illustrates abso-
lute addition.

Line 0€6. TIndicator H1 is set on--which
will cause the system to stop after proces-
sing of the new card--if a control break
(change in contents cf ACCTNC field) cccurs
(L1 on) and the new card is not a Customer
Name card (NO1).

______ When a ccntrcl treak has occurred
(L1 on), the total amount (TOTAMT), accumu-
lated atbove (line (1) algetraically fcr
each ccntrcl grecup, is acded algetraically
to FTOTAM (which is zero in the case of
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the first ccntrol group) to rrovide a final
amount tctal at the end of the rercrt. The
total transfer must cccur at this time,
because TCTAMT must ke reset tc zerc before
the amcunt field frcm the first detail card
of the new ccntrcl group is added to it.
TOTAMT then correctly reflects the tctal
for each ccntrcl grocup. The FTCTAM field
has teen specified as larger than TOTAMT,
to accommcdate the sum of several TOTAMT
group totals.

Line_(8. Similar to line (7, but cunulates
final total ¢f gross profit {FTOTPR), Ltased
cn gronp total frem line C3.

ne_ 0 This adjusts the size cf, arnd
nunter of decimal positicns in, the final-
total-returns (FTOTRT) field (frcm line
04), so that the size and deciral alignment
are suitatle for line 10. Oreraticn ccde
7-ADT resets the Result Field tc zerc prior
to addinoc in the data frcm the Factor-2
field. Since the operaticn is performed
only once per jot--after processing cf the
last data card (LR indicatcr = T ast Record)
-—-ADD cculd have teen used egually well as
the operaticn code.

______ Refore the firal total is
printed, the specificaticn on this line
causes the calculaticn of the ratic cof
total returns (RTRDVD, based on FTOTRT in
line 04 and shifted left in line C%) to
total positive sales.

The calculaticn is cnly perfcrmed after
processing of the last data card (LR is
then on), and provided there was a positive
sales total (N0O9). Tndicator (¢ is set cn
in line Ct for a zeroc final total of rcsi-
tive sales. Ccnditicning the instruction
on NO9 is required because a diviscr must
not be zerc.

A dividend (RTRDVD) with 5 decimal rosi-
tions, anrd a divisor witt 2, yield a cuo-
tient with 3 decimal positicns (col. £2).
The H in cecl. £3 causes half-adjustment of
an extra decimal pcsiticn (autcmatically
rrcvided for by the RPG Prcgram) before it
is dropped.

Qutput-Fcrmat Specificaticns--Figqures EF

Printed Rerort

The file name REPORT was designated an
output file, and asscciated with the
printer, in the File Descripticn
Specificaticns. Thus, its entry here
thereby calls for printer cutput for all
specificaticns below, until a different
file name aprears. F (heading) cr D
(detail) in cclumn 1% specifies that the
ensuing entries arrly to detail- (rather
than total-) time prccessina. (¥ and T may

be used interchangeakly.) T in col. 15
specifies total-time outrut.

Specification line 01 on page (4. Indica-
tor 1P in ccls. 24-25 determines that the
output entries in lines C€1-C7 apply to the
first pade cnly. The 1P indicator is set
on ky the BRPG Program itself at the begin-
ning cf program execution, and is turned
off refore tre first card is processed.
This outrut, therefore, occurs only once,
before processing cf the first card. 7Tt is
used to print headings. After the heading
line, the form advances 3 staces {col. 18).

Specificaticn_lines 02-07 srtecify the head-
ing data toc te printed. The data within
apostrophes is printed as shown (without
tHe apcstrcrhes, which merely identify the
entries as constants). The numbers in
cols. U41-43 designate the rightmost rprint
positicns for the respective censtants to
be printed.

Specificatiorn iines_(S%-i10. The jot

requirements call for printing Rcccnnt Ko.
(ACCTNC) on the same line as the first
detail card of a ccntrcl grcup, ard tc
repeat the Acccunt Nc. as the only idcnti-
fication cn overflow pages. The Acccurnt
No. 1is to be printed with its rightmost
position in print pesiticn 12 (see entry in
cols. #1-43). TIndicator CF in cols. 24-25
confines this output to overflow time.

BPecause ACCTNC is also printed on the
first line cf a new ccntrcl grcup (see
explanation for line 14)--and overflow time
is separate from regqular detail or total
time (see next chapter)--the line must also
be conditioned not to print if a ccntrol
treak has cccurred (NL1 in cols. 26-28);
otherwise, Account No. will print twice in
that situaticn.

When any overflow indicatcr is used in
the output specifications, forms-advance to
channel 1, after a channel-12 punch has
teen sensed, is rct automatic; therefcre,
Skip-Fefore to channel 1 (01 in cols.
19-20) is specified. No space (0) or skip
is specified to follow the overflcw indica-
tion, tecause the data frcm the next detail
card is to te printed on the same line.

Specificaticn line 12. Indicator €6 in
cols. 2U-2F% conditions line 12 on page C4
through line 02 on tage 05 to apply only to
detail cards (Daily Sales Summary); i.e.,
all printing takes rplace when detail cards
are being processed.

The job recuirements stated that Account
No. and Name are to te printed on the sane
line as the first detail-card data,
although Name is available cnly from the
Customer Name card. This can ke accom-
rlisted in several ways. The method chcesen
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here utilizes the fact that any field group-total line (3 in col. 18) leave 2
retains its data until read intc again, cor blank lines before the next detail line.
reset. Thus, the Custcmer Name is still in

the NAME area in core while detail cards of Specificaticn lines C4-05. Similar tc pre-

the same group are teing prccessed--until viously explained field entries, but the
the next Custcmer Name card is processed, fields are printed at Ievel-1 total time.
or the field is blanked ty a prcgram

instruction. The name can, therefcre, be Specification_line €7 on_page €5. T in
printed at detail-card time. Col. 18 spe- col. 15 designates execution at total time.
cifies single sracing after each detail The LR indicator in cols. 28-2%5 conditions
line. execution cf the print line further, to

occur only after the last data card (fast
Record) has been prccessed; i.e., for final
Line 13, race 04, through line 02, rage_ 05. totals. Cols. 21-2Z contain the specifica-
Throughout, the Field Name in ccls. 22-37 tion to skip the fcrm to channel 1 after
specifies which inrut or calculaticn-Result printing the final total.
Field is to be printed. The size of each
of these fields was determined in the Imnput Specificaticn line 09. Besides being
or Calculation Specificaticns. Cols. 41-43 printed only at final total time, indicator
specify the right-hand print pecsiticn where 09 must be off (NO9) to cause the PCTRTR

the field, as edited and including edit- (Percent Returns) field tc print. The

word constants, is to end. The printing of reascn for this is that, if FTOTSL (Final

items cn the print line may be further con- Total Sales) was zero at the end of the

ditioned (besides the indicator-06 ccndi- report, PCTRTR was nct calculated tecause a

tion applicatle to tte entire print line), zero divisor would ke meaningless (and

and the fcrmat may be edited (see below). division by zero is not allowed). (See
also Calculation Specification lines (5 and

Specificaticn_lines 13-15 on page_04. 10 for estaklishment and application of

Indicator 10 turns off whenever the NAME indicator 09.)

field is nct blank--see Input Specifica-
tions, line 02. It is, therefcre, cff when Editing. When data appears tetween single

a Custcmer Name card has been read. Thus, quotes in ccls. UE5-70, on the same line as
MOYR, ACCTNC, and NAME fields are printed a Field Name, the entry mcdifies the fcrmat
with data frem tte first detail card (Daily in which the data is printed. Only fields
Sales Surmary), tecause the condition N10 to which a decimal pecsition (C-9) was
(indicator 10 not on) in cols. 23-2f5 then assigned may be edited; that is, fields
still obtains. If indicatcr 10 is nct designated as purely numeric. Tllustra-
turned on ty a program specificaticn, they tions follow.

will be printed on every detail line. By

specifying B (Blank-After) in col. 39 next Specification_line 13, page 04, ccls.

_to NAME, the NAME field is blanked after it _ 46-50.  Specifies that a _slash is to appear ..
has been transferred to the cutput area. tetween Mcntt and Year digits. A zerc in
Indicator 10 then turns cn. Tterefore, the the first column of Month is automatically
printing called for in srecificaticn lines suppressed, because an edit word is used.
13-15 is nct performed again after the
first detail card, until a new Custcmer Line_14. All zeros in ACCTINC will ke
Name card tas been read. (See alsc Prcgranm printed, because nc editina or zero sup-
logic Flow, Elank-After.) press is specified (it can only be speci-

fied for a field defined as numeric; i.e.,
Specification lines 01-02 cn page 05. The a field for which Decimal Positions has an
printing specified in line 01 is performed entry where the field is defined).
when the detail-card amount is pcsitive
(NO7), and that in line 02 when it is nega- Lines 01-02, page_ CE. 1leading zeros are
tive (indicator €7 on). (The setting cf eliminated, through the dcllar position.
indicatcr 07 cccurs in the Input Specifica- Decimal pcint and two low-order positions
tions.) Thus, positive amcunts are listed are always printed in this example. Conmnna
to the left cf negative amcunts. is printed between hundreds and thousands
positions when there are significant digits
Specification line C3 cn_page C5. T inm to its left.

col, 15 designates execution at total time.
The T1 indicator in cols. 24-25 conditions Lines G4, 0f, C8, 1C. Similar to editing

execution cf the print line tc cccur cm of lines 0% and 02, but CR or minus symbol
each Level-1 ccntrcl break, i.e., a break (respectively, as shcwn) is printed for
on Account Nc. Ccl. 17 specifies a single negative amcunts.

space before this tctal line which, in con-

junction with the single space after detail Line 09, page 05. Teadirng zeros are eli-
lines, leaves one klank line befcre the minated cnly in tte tens and hundreds rosi-
group totals. Three sraces after the tions. The decimal rpoirt and a percernt
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sign, followed by the letters RTRN, are
always printed when the rrint line is
printed. Zero percent is printed as 0.0%
RTEN. Note that, Ly means of the decimal
foint in the edit wcrd, the ratio with 3
decimals {Calculation Specification Iine

1 decimal fcsiticn.

Punched Cutput

The file pame SLSSUMRY was designated an
output file, and associated with hcpper 2
cf the MFCM, in the File Descripticn Speci-

fira+ionc
TiICaTiCncE.

Thus, its entry in the Cutput-
Format Specificaticns calls for card out-
put, the card source being MFCM hcpper 2.
The T in col. 15 gpecifies output at total
(rather than detail) time. The entries
(L1) in cols. 24-25 specify punching of

the card at each ccntrcl treak cf Tevel 1.

The OR in cols. 14-15 designates that
the same runch data applies when the ccndi-
tions for either specifications line 12 or
13 are met, subject to any further ccndi-
ticning indicators. The difference in con-
diticns is that line 12 aprplies if TCTAMT

is positive, and line 13 if it is negative,
at group control-break time. (See cols.
26-28 here, and line 01 in Calculaticn Spec-
ifications.) When rositive, the card
enters the normal stacker for hopper 2 of
the MFCHM; when negative, it is selected to
stacker 3 (see entry in col. 16).

Lines_14-18 specify which fields--defined
in Input or Calculation Specifications--are
to be punched into the Monthly Summary
cards, together with the low-order-position
columns where the fields are to end in the

an+nn
Cutpu

~ard
Lalle

Line_19 specifies that the constant 9 is to
be punched in ccl. 80. {The absence of a
Field Name designates cols. #45-70 as
available for a constant rather than an
edit word.)

The B in col. 39 (Blank-After) on lines_15

TOTAMT and TOTPRF fields to zero after they
have teen transferred to the output area,
so that they are cleared to accumulate
totals for the next control group.
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PRCGRAMMING FOF EPG--GENFEAL INFCRMATICN

This charter deals with facts and functions
that must ke understcod tc derive the full-
est benefits frcm RPG. In order to provide
complete informaticn on these sutjects at
cne reference pcint, the charter delves
into considerable detail and, occasionally,
complexities. This was considered prefer-
able, frcm the user's viewrcint, tc scat-
tering related facets thrcughout the volume.

If the meaning or relevance cf all
statements made in this chapter is not
aprarent on a first reading, the user
should not ke concerned: they are
illustrated as the manual rroceeds.
tte ensuing itemized ccverage cf each
specification field and the appended
extensive aprplications exarrles clarify the
contents of this chapter, and make fregquent
reference to them.

Both

It is, therefore, suogested that the
user read this charter thkcrcuaghly cnce ang,
thereafter, expect to revert tc appropriate
portions cf it repeatedly.

CEFINITICN OF TERMS

Terminolcgy that recurs throughout this
puklicaticn is defined belcw, as_it aprlies
to Mcdel 20 card RPG:

Eile

Note: A single card file can serve as both

input and cutput. It is tten termed a

"combined file'"--see definition for combi-
ned file, Lelow.

Input File

Cne input file cecnsists c¢f all the cards
that originate (i.e., enter the systen)
from one hopper of a card read or read-
punch device, and fulfill all of the fcl-
lowing conditions:

1. All the cards are to ke read (i.e.,
runches in the card serve as input to
the system). There must be an entry
for them in the Input Specifications.

2. None of the cards are tc be punched.

3. None of the cards are to be intergreted
(card-printed) .

4. None cf the cards are to be stacker-
selected on the tasis cf infcrmaticn

nct in the card itself; i.e., they can
only be stacker-selected by designation
on the Input Specifications sheet on
the tasis of card tyre.

In summary: There is no entry for an input
file in the output specifications.

Cutput Card File

One card output file consists of all tte

cards that originate from omne hopper of a
card punch or read-punch device, and ful-
£fi11ll all of the following conditions:

1. All of the cards are to te punched and/
or interpreted (card-printed) by
entries on the Output-Format Specifica-
tions sheet.

2. Ncne of the cards are tc ke read.

In summary: There is no entry for an out-
put file in the ingput specificaticns. The
cards in the file may be blank or pre-
punched, but they will not be read.

Combined TFile

Cne ccmbined file consists of all the cards
that originate from one hcpper of a read-
punch device to which the following condi-
tion aprlies:

211 or scme of the cards serve as input
to tre system and all or some of the ’
cards--regardless of whether they are
the same or different cards in the file
--also serve as output; i.e., the file
requires entries both on the Input and
Output-Format Specifications sheets.

A combined file is a single file.
Output Printer File

All report (paper forms) printing performed
by one program under ccntrol of a sinqgle
forms carriage is designated as one output
file.

For the IRM 1403 cr standard 2203 Print-
er, this implies that all print lines are
identified as belonging to a single file.
If the Dual-Feed Carriage special feature
is installed on the IBM 2203, and both car-
riages are to be used in one program , the
lower and upper feeds are treated as two
separate output files.
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INTERCHANGE CODE

COLEC-CECIMAL

LTV L LT L

EBCDIC is the IBM System/3€0 machine ccde.
It provides for 256 unique characters. For
further details, see Atrpendix D, Figure D1,
and the publication IBM_ System/360 MNcdel

rositicn cnly. BRlanks in digit positicns
of a numeric input field are converted to
zeros. Zone punches in an input field, in

other than the lcw-crder pcsition, are

stripred.

Note: For other possiltle punches in rumer-

20, Functicnal Characteristics (Form
A2€-5847) .

Alphabetic Characters

The 26 letters of the English alphabet,
pius these three characters:

Dcllar Sign ($) -—-card fpunch-
ccmbination
11-3-8

--card runch-
ccntinaticn
4-8

(#)--card punch-
ccmkinaticn
3-8

At-siqgn (@)

Pound cr Number sign

Numeric Characters

The dioits 0 thrcugh 9.

Special Characters

The Zz17 EBCLIC characters not defined as
alrhatetic or numeric.

Alphameric Characters

n
1l

y o
lank.

Fh

+he 288 RPROTTC
L4 220 LovLai

ol

Fields
Alphameric Fields

R11 fields fcr which a Decimal Pcsiticns
specificaticn ((-9) has not Lkeen made in
the approrriate column of any of the per-
tinent specificaticn forms--reqgardless of
whether the field contents are alphatetic,
numeric, cr alphameric. Zerc and tlank are
distinguished.

Numeric Fields

311 fields that have a Decimal Pcsiticns
specificaticn (0-9) in the approrriate
column of any of the pertinent specifica-
tion forms.

Numeric fields contain rumeric charac-
ters, and rpossibly a plus (12-funch) or
minus (11-punch) sign over the rightmcst

ic fields, see Packed and Decimal Posi-
tions, under Input Stecifications.

Literals

A literal is the actual data tc be operated
upcn, rather than a symbolic name repre-
senting the locaticn of the data in ccre
storage. The specifications sheet entry
nust ke left-justified.

A literal is stored in storage cnly
once, regardless of how cften it is used--
provided it is always the same size, and
used in identical format (always alphamer-
ic; cr always numeric, with decimal point
positicn uniform; if numeric, always with
the same sign designation or always without
sigrn).

Alphameric Titerals

Alphameric literals consist of any one or
more of the 256 EBCLIC characters (see
Appendix D, Figure D1, for the arprorriate
card tunch-combinations). Initial and ter-
minal arcstrophe symtols (')--card punch-
combinations 5-8--are reguired. They
designate the literal as alrhameric and
define its extent.

Tf an apostrophe is required within the
literal itself, it must be specified as twc
consecutive apostrcerhes (twc card columns,
each punched 5-8)--independently of the
apostrophes needed to define and delimit
the alphameric literal. Such an apostrophe
within the literal consumes two of the
number of positions allowed for the liter-
al; but cnly one of the apostrophes is
printed or runched (with any subsecuent
characters moved left one position) if the
literal is to be used as output.

Numeric Titerals

Numeric literals consist of any one or more
of the digits zero thrcugb 9. One decimal
pcint can precede or follow the literal, or
can be contained within the

literal; it effects automatic decimal
alignment during calculaticns withk the
literal.

(If the literal does not include a decimal
point, it is treated as an integer.) The
literal can be preceded by a sign; if it is
unsigrned, it is treated as positive.

Blanks are not aliowed in numeric literals.
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Numeric literals must nct be enclosed in
apostrcptes.

Numeric literals can cnly ke specified
in the calculaticn specificaticnes.

Note: If Furopean notaticn is specified in
the RPG ccntrol card (Card H), a decimal
comma is allcwed in numeric literals in
rlace of a decimal pcint.

Centrol Fields
Fields that contain information to ke com-
pared frcm card tc card fcr the purpcse of
detecting the end cf a ccntrcl group. A
control Yrreak is deemed to occur when
informaticn in a ccntrcl field differs for
two successively processed cards fcr which
a contrcl level is specified. When a con-
trcl break occurs, the RPG program turns on
the T-indicatecr (L1-L9) of the ccntrol
level assigned to that ccntrol field, and
all lower-level L-indicatocrs.

Control Tevel

The significance level (L1-19) assiqgned by
the prcgrammer tc a contrcl field.

SYMECLS USED IN THIS PUBLICATICN

Blank

For convenience, the symkcl b is occasion-
ally used to represent a tlank cclumn or
the EBCDIC code for a blank.

Zero

—Hhrere—cenfasion—might-etherwise-resglt—

tetween the letter O and the numetal zero,
the latter is either spelled out, or repre-
sented by #.

Column

The word "cclumn" is frequently abtreviated
as "col.".

PRCGEAM ICCIC FLOW"

Fach object program generated by RPG uses
the sare general lcgic, and for each card
processed the prcgram goes thrcugh the same
general cycle of operaticns

Detail (or heading) time and total time
are two major ccmponents of this cycle, and
cccur at different times within the cycle.
Detail-time calculations are fcllowed ty
detail-time output; total-time calculaticns
are fcllcwed by total-time cutput. BRasic-
ally, there is no distincticn fketween the
operations that can ke performed at detail-

26 Systemys36C Model 20 CPS

and at total-time; however, certain ccntrol
informaticn available (such as the status
of indicators--described telcw) differs, as
well as the data available in relaticm to
the positicn of the card.

Ancther component of the cycle is
overflow-output time, with any overflow
output designated T (for "tctal") precedinag
any designated D ("detail"). A1l overflow-
time cutrut cperations are availatle after
total-time output.

Figure 6 is a lcgic flcw diagram cf the
RPG olject program. Reference to points on
the chart is made as the relevant sulject
matter is ccvered. Figure € is rereated as
Figqure G3, in appendix G, for convenient
reference.

Note: 1In referring to outprut operations
other than total-time or overflow-time out-
put, roth detail (D) and heading (H) output
are used. There is no distinction between
L and H in .tke RPG rrogram--the two ccdes
are interchangeable, and are both available
merely for the convenience of the user in
identifying the rurpcses c¢f different spec-
ificaticn lines.

Indicatcr Settings

Vertical lines in the right margin of
Fiqure 6 pertain to the possible setting or
resetting cf indicatcrs at different roints
in the rrogram cycle, when the indicators
are used in a normal manner. (Greater
__________ The symbols shown in
the indicator chart in quure 6 have the

---followine-meaningsr—- - e e

J— Indicator is tumed off by RPG Program itself

Indicator is off

Indicator may be turned on
Indicator may be on

l Indicator may be tumned off or on

Blank <After instruction turns on
indicator assigned to Zero~or-Blank,

—@ —eo—o
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Special Aspects of RPG_Program Logic

Although the program logic chart is largely
self-explanatory, and its entries are
further explained in pertinent subsequent
sections of the manual, a few points of
overall significance to RPG programming are
emphasized here:

1.

28

Relationship of Total Time to Card
Movement: Total-time calculations and
total-time output occur after a new
card has been read, and the previous
card itself has been completely pro-
cessed. Thus, any output to a card at
total time is to the new card. How-
ever, the data available at total time
is that from the previous card.
(Figure 6 shows that the data from the
new card is not transferred to the pro-
cess area until just before detail
time.)

Because output is to the new card,

a. a stacker-selection specification
for total-time output causes selec-
tion of the new card, and

b. card punching and document-printing
at total time apply to the new
card.

Consequently, although it is known at
total time whether the previous card
was the last of a type or group--note
in Figure 6 that L-Indicators and card-
type Resulting Indicators for the new
card have been set before total time--
it is not possible

a. to stacker-select the last card of
- a-type or -comtreol-group, with RPG;
or

b. to document-print the last card of
a type or control group, with RPG;
or

c. to punch the last card of a type or
control group, with any programming
language

on the basis of its being the last card
of the type or control group.

The PCU (Punched-Card Utility) pro-
gram PLACE specification card provides
a very simple method for selecting the
last card of a control group. Alterna-
tively, a Basic Assembler Language sub-
routine can be used with RPG to select
the last card of a group (see Progqram-

ming_ Tips, Appendix E).

To punch a card only at the end of
each group, that card must either be
identified as a different card type
(input specifications Resulting Indica-

tor), or it must be in another file
with its matching fields so coded that
the card will advance at the appropri-
ate point in a multiple-file operation.
(See section on Matching of Files.)

Multiple-Time Output to Cards during
One Program Cycle: Once an output
operation (punching and/or card-
printing and/or stacker selection) has
taken place in a card, the card
advances, and the next card assumes the
equivalent position in relation to the
punch or card-print station. There-
fore, all output instructions for one
card must be given under a single entry
of File Name and Type (see Output-
Format Specifications), for one point
in the program cycle (total time or
overflow time or detail time).

One program cycle extends from entry
point A at the top of the Program Logic
Chart (Figure 6) through exit point A
at the bottom; i.e., from detail-output
time through total and overflow time
and through detail-calculation time.

It is permissible--if called for by an
unusual job requirement--to give output
instructions for more than one point in
this cycle, and/or by separate groups
of instructions for the same cycle-time
segment, for the same card file. This
is done by card-output entries for more
than one output time (total-time out-
put, overflow-time output, detail-time
output), and/or by card output entries
with repeated definitions of the same
file for the same output time (and/or
by branching {(GOTO) from detail to

- total-time)ys—TFhe uwser -must-then €lear-

ly understand the consequences:

The first group of card-output
instructions, for the earliest
point in the cycle, results in
operations on the card just read
(or, if only an output rather than
a combined file, the card just
advanced to the equivalent posi-
tion). ©Fach additional group of
card-output instructions for the
same file--for the same point in
the cycle or for subsequent points
-—performs the designated output
operation on a next card from the
same file. The data read (if a
combined file) from the first of
these several cards remains avail-
able for processing.

The additional cards are not
read; they are treated as though
they were only output-file cards,
even if they are part of a combined
file; they do not enter the progranm
logic cycle.

System/360 Model 20 CPS Report Proqram Generator
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Figure 7. Multirle-Time Cutput to Cards During One

For example (Figure 7): Output-
Format Specificaticns fcr all cards
cf a contined file ccntain card
frunching instructicns for total-
time output, card-printing instruc-
tions for detail-time cutput, and a
separate grcup (separate File Name
and/or Type entry) of entries for
card punching at detail time. For
reference convenience, term succes-
sive cards in the file ca, Cb, Cc,
cd, Ce, Cf, Cg, ...

Result: Ca is read, and its
data is availatle fcr prccessing.
It is card-printed at detail time.
(Note total-time bypass cn first
card--described in itenm 4, belcw.)
Ct is not read. It is runched at
detail time. Cc is read, and its
data is available fcr prccessing.
It is punched at tctal time. C4 is
not read. It is card-printed at
detail time. Ce is not read. Tt
is runched at detail time. Cf, Cgq,
and Ch repeat the sequence Cc, Cd,
Ce; etc.

Cverflcw-Time Output: Regardless cf
wvhether a carriage-tape channel-12
runch was sensed during detail-time
cutput or total-time cutrut, all output
oreraticns ccnditicned by c¢n status of
the overflow indicator (s) (CF, CV)
cccur at cverflcw time, which fcllcws
total-time output. Three roints should
be noted:

a. Since overflow-time cutput fcllows
total-time output, all relevant
tctals are normally printed tefore
rage overflow, ever when a

Program Cycle

carriage-tare channel-12 punch was
encountered during detail output
printing from the last detail card
of a controel group.

Appendix E illustrates an KPG
rrcgramming technique for imple-
menting page overflow prior to
total output, when a channel-12
runch was encountered during detail
output for the last card of a con-
trol group. It is, however, not
rossible to create an overflow
operation tetween successive
detail-time or between successive
total-time lines of the same pro-
gram cycle. Thus, overflow cannot
occur, say, between output fcr sev-
eral total levels in the same pro-
gram cycle, even if a channel-12
runch is sensed between these print
lines.

Because overfleow output occurs at a
separate time in the cycle, care
must be taken that data does not
print more often than desired, when
a line is specified to print on an
overflow condition as well as on
some other condition (such as a
control break)--ktoth of which may
occur in the same cycle, but at
different times. This can be
avoided bty conditioning the over-
flow specification line not to
aprly when the corndition for the
other specification line applies in
the same cycle. (The section on
Output-Format Specifications illus-
trates the case, as does the pre-
ceding ITntroductory Program
Fxample, Fiqures SF and 5F.)
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3¢

e dinput specificaticns,

c. OCverflow-time output is primarily
intended for the printing cf rage
headings cn forms cverflow; Lut
card outout operaticns are alsc
Fcssible--such as card gunching,
card-printing, and stacker selec-
ticn. If any card cperaticns are
rerformed at overflcw-time cutgut,
it must ke understccd that

(1) output will aprly to whatever
card harpens tc have been read
last, and

(2) the next card may then advance,
withcut being read, as
explained in 2, abcve.

Total-Time Processing cn "Bur-In": In
crder to prevent undesired tctals rrior
to detail processing of the first card,
total-time calculaticns and total-time
output are surpressed until the first
card has been prccessed. Thereafter,
further byrassina of tctal-time calcu-
laticns and total-tire cutput degrend on
cther factors:

a. If ncne or all cf tte card tyres in
the cutrut specificaticns have con-
trol fields (Ccntrcl Level) speci-
fied, total-time rprocessing is
availatle on all cards after the
first--including the porticn of the
cycle when the LE indicator is onm,
following the last data card of the
rertinent file.

b. If c¢nly scme card types have ccn-
trcl field (s) specified in the
total-time

indicators are normally also utilized
tc condition operations durina total

time, when total time is not bypasced.
(See also Indicators: _L1-LS, IC, IR.)

Cutput Before First Card is Read: As
indicated by the first two input/output
flow chart symbols at the top of Fiqure
6, detail (or heading) output takes
rlace, at the start of the object-pro-
gram run, before the first data card
has been read. Therefore, all detail-
outrut specifications--other than
ccnstant-data heading lines desired
ahead of reqular detail output--should
be conditioned bty an indicator that is
nct cn initially but is on for the
appropriate cards, or by the negative
status of an indicator that is on ini-
tially but off thereafter. One sinmple
method is tc condition any initial
heading lines of constant data by 1P,
and tte reqular detail cutput ty N1P or
by card-type Resulting Indicators.

(See Figure 8, and also the section
Indicatcrs, 1P.)

If the detail output is not condi-
ticned, spurious printing and/or card
output (depending on the nature cof
detail output specified) occurs before
the first input card has been read.

Blank-After (B in col. 39 of Output-
Fcrmat Specifications): Fiqure 6
correctly indicates that Field Indica-
tcrs are set on or off when the new
input data is transferred to the pro-
cess area, and that Calculation Result-

Frccessing is byrassed until after
the first card cf a type with con-
trcl field(s) specified imn the
input specificaticns has been
Frocessed.

If the first card of the deck is
cf a type that has ccntrcl field (s)
specified in the input specifica-
tions, operaticn is tantamcunt to
a, atove.

If nc card cf a type with ccn-
trcl field (s) specified cccurs in
the data deck, total-time calcula-
tions and total-time output are
Eyrassed for the entire jok--includ-
ing the porticn cf the cycle when
the IR indicator is c¢cn, following
the last data card of the pertinent
file.

Exception: See GOTO,
laticn Specificaticns.

under Calcu-

Whetlter tctal-tire operaticns are
bypassed or not is inderendent cf the

ing Indicators ate set 6n or off during -

calculaticns. However, an indicator
assiagned to "Zero or Blank"™ in Tnput or
Calculaticn Specifications (arithmetic
operaticns or TESTZ) is on initially,
and alsc turned on immediately when an
output specificaticn is executed for
which "E" (Blank After) is specified in
the Output-Format Specifications: as
scon as the data for an output line
with B in col. 29 is transferred to the
output storace area, the field is
blanked (if alphameric) or set to zeros
(if numeric) and the Zero-or-Blank
indicator for that field turns on--
before any further output lines are
processed. (This does not cause Field
ITndicators or calculation Resulting
Indicators assigned to Plus or Minus to
turn off, if they were on.)

Fields for output at one point in
the cycle, under one file-identifica-
tion entry, are transferred tc the out-
rut storage area in the sequence in
whkich they appear in the Output-Format
Specifications, with one exceptiorn:
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Figure 8. OQutput Before First Card is Read

If card punching and document-
rrinting are tcth specified fer the
came card, the program transfers
all pertinent fields to the outrut
storage for punching first. There-
fore, if Blank-After is tc ke =srec-
ified, it shouid be in the
dccument-printing specification--
ctherwise the data is lcst befcre
transfer for document-printing.

The Introductory Frcgrar Example
(Figure 5) illustrates Blank-After: As
soon as NAME has leen transferred to
output storage for the first detail
card of a group, the NANME field is
tlanked and, therefore, its data is no
longer available (to ke printed a
second time cr to be punched or card-
printed) . Indicator 10 alsc turns on
immediately, and remains on until NAME
is again read from a Customer Name
card. This also explains why NAME was
recorded in the Output-Fcrmat Specifi-
caticns after MOYERK and ACCTNC. If it
were entered ahead, indicator 10 wculd
be on tefore MOYR and ACCTNGC are
rrinted; they wculd then nct print,
teing conditicned by N10.

<

Branching within RPG: The dctted line
connecting the boxes representing
total-time calculaticns and detail-time
calculaticns indicates that it is per-
missitle to skip between ttese pcints
in the program cycle by a GCTO orera-
tion. It is thus fpossible, for
example, to iterate the  progranm
sequence from total-time calculaticns
to detail-time calculaticns any nunmter
of times within the same cycle.

If GOTO is stecified from detail-
time tc total-time calculations, per-
tinent total-time calculations and out-
put are performed following each such
GOTO operation - even when total time
wculd ctherwise be bypassed as
explained in #b, akove (Total-Time Pro-
cessing on "Run-In"). This dces not,
however, prevent total-time bypass on
subsequent cards on which it would
normally be bypassed.

Indicators are assigned--either by the pro-
grammer cr, in some instances, by the RPG
program itself--to identify conditioms.
They are ,represented in the specifications
by two-character codes. {(Both characters
must always be recorded, even if the first
one is the digit zero.) At the pcint on
the specifications sheet where an indicator
is assigned to beccme asscciated with a
condition, it is termed a Resulting Indica-
tor or a Field Indicator. Those indicators
assigned by the program itself may also be
thought of as resulting indicators, since
they are associated with the occurremnce cf
a specific conditicn or result.

The status (on or off) of a Resulting
Indicatcr cr Field Indicatcr assigned to a
specification (a line on a specifications
sheet, or a single specification card)
reflects the conditicn resulting from
executicn cr processing of that specifica-
tion: if the resulting condition satisfies
the criterion with which the indicator has
been associated, the indicator turns (or
remains) cnj; if the critericn is not satis-
fied, the indicator turns (or remains) off.
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If the same indicator is again assigned to
a criterion in tte same frrcqgram cycle, its
status can change again. If, on the cther
hand, the specification (specifications
sheet 1line) with which an indicatcr is
associated 1s not executed cr fprccessed
under certain conditions (say, certain card
types), then the indicatcr doces not change
its status when these particular ccnditiomns
exist.

Certain indicatcrs are also set c¢n cr
cff, at rarticvlar pcints in the prcgranm
cycle, by the RPG program itself. (Figure
6, RPG Program Logic, shows the normal
relaticnshir of indicators tc pericds in
the rrcgram cycle.) In additicn, any indi-
cator may be set cn or set cff ty a prec-
granmer's instruction (SETCN or SETOF)
inderendently cf cther ccnditicns. 1Its
status therceafter, however, is equally sub-
ject to revision by subsequent testing,
subsequent SETCN or SETOF instructicn, or
automatic setting by the FPG fprcgram.

Indicators assigned tc Zero-cr-Blank, in
Input Field Indicators or in Calculaticn
Resulting Indicators {arithmetic and TESTZ
operaticns), are on at the beginning of
program execution and as sccn as an output
Blank-After specification fcr the field has
teen ex=cuted. (Turning cn a Field or
Resulting Indicator--assigned to Zero-cr-
Blank--by Blank-After, dces not cause indi-
cators assigned to Plus c¢r Minus tc turn
off if they were cn.)

Internally in the central processing
unit, the "off" or "reset" conditicn cf an
indicator is represented ty hexadecimal
code 00;. "on", by hexadecimal FC. (See .
Appendix T fcr discussion cf hexadecimal
code.)

Different indicatcrs ray te assigned to
any twc, cr to all three, cf the possitle
resulting or field conditicns fcr cne spec-
ificaticr line; or, the same indicatcr may
ke assigned to more than cne ccndition in
one specification line. 1In the latter
case, the indicatcr turns cn if any one of
the conditicns to which it is assigned has
occurred.

The ON cr NOT ON status of indicatcrs
can be used to ccnditicn the execution cf
instructicns in specificaticns statements;
i.e,, perfcrmance of an operation can te
stipulated to be ccntingent upcn the status
of particular indicators. An indicator
used in this manner is referred to as a
"Conditicning Indicator." The two-charac-
ter indicatcr code is reccrded in the twc
right-hand cclumns c¢f a three~cclumn (con-
ditioning) Indicators field to ccnditicn
execution of the instructicn on that 1line
upcn CN status of the indicator. TIf the
indicator ccde is prefixed by the letter XN

(in the leftmost position of the three-
cclumn Indicators field), the instruction
is executed only if the indicator is OFF.
It is possible tc conditicn the execution
of an instruction ty a combination of the
status of several_indicators (termed an AND
relationship), or by the acceptable status
of cne of several indicators (termed an OR
relationshir).

The same indicatcr may te assigned as
both ccnditioning and resulting indicator
in the same calculation specification line;
its status then does not change until after
executiocn of the instructions in that line,
and rrovided the specifications in the line
are executed.

The available indicators are itemized
below, together with detailed information
required for their use. Concurrent
reference to Fiqure 6 is assumed. Immedi~
ately after the itemized discussion of all
indicators, a brief secticn exrlains the
priority of indicator settings when the
setting of an indicator is controlled in a
non-standard fashion. Further specifics,
including limitations, are stated in the
specifications sheets sections to which
they apply.

Note: 1A particular indicator can have dif-
ferent assignments; i.e., it can be a card-
type Resulting Indicatcr, Field Indicator,
calculation Resulting Tndicator, etc.--kut
it is always the same indicator. These
different available assignments merely
determine the conditions under which, and
the pcints in the prcgram cycle at which,
the indicator setting occurs. Fiqure 11

_{Indicator Hierarchy) summarizes the

rriority of indicator settings, and shows
the status of each indicator at the begin-
ning cf prcgram execution.

THE SPECIFIC INDICATCRS

01-99 (General Indicators)

Normal uses: 7Tdentification of card types,
of status cf input fields, of results cf
calculations and comparisons; conditioning
of calculations and cutput based on status
of these indicators; determination of
search in a table lcck-up cperaticn.

Any of these ninety-nine numbers may te
assigned by the programmer to tke associated
with the cccurrence cf a specific condi-
tion. When the criterion has been satis-
fied, the indicator turns cn. It remains
cn until a criterion for that indicator has
been tested again, and not satisfied.

These indicators are off at the begin-
ninag cf object-program execution (unless
assigned to Zero-or-Blank).
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Four

examrles (Figures 93 and B):

er the result of that calculation is
negative or not negative.

1. Indicator 10 is assigned as Resulting
Indicator, for a Minus result, on cme
line of the calculaticn specificaticns. 2. Rs (1), above, kut the calculation spec-
Fxecuticn c¢f that line itself is nct ifications line on which indicater 10
ccnditicned. is set, itself is conditioned to te
executed only durina detail prccessing
Effect: Indicator 10 tuvrmns con after cf a card type with indicator 01.
the instruction of that line has been
executed the first time, if the result Effect: Indicator 10 turns on after
was negative. (It remains off if the the instruction on that line (the third
result was not negative.) It then line) has been executed the first time,
remains on {or off) until tested next. if the result was negative. (It
The same test is perfcrmed at that remaine off if the result was not nega=-
rcint con every card, indicatcr 10 teing tive.) However, the instruction on
turned (or left) on or off at that that line is only executed if the card
roint in the cycle, degpending cn wheth- teing processed is indicatcr 01 type.
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Figure 9. TIndicatcrs 01-99
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Therefore, once c¢cn (or off), indica-
tor 10 remains on (or cff) until that
specificaticn line instruction is
encountered again while detail-
Frocessing a type 01 card.

The equivalent situation applies if
a Field Indicator is assigned .to Plus
or Minus on the Input Specificaticns,
and that field dces nct apply to all
card types. The indicator then remains
cn {cr off), until the field is tested
again when the arpprorriate card tyre
recurs.

3. As (1), above, but indicatcr 10 is
assigned tc two lines (say, lines 5 and
7) in the Calculation Specifications as
Resulting Indicator. Fxecution of
neither line itself is ccnditioned.

Effect: 1Indicator 10 turns on after
the instruction cn line five has teen
executed the first time, if the result
was negative. (It remains off if the
result was not negative.) It is then
cn (cr off) through the execution of
the instruction on the seventh line.
Its status thereafter, until the line-
five instruction has Leen executed cn
the next card, is tased cn the result
from line seven.

4. TIndicator 10 is assigned as Field Indi-
cator tc a negative ccnditicn fcr field
1 and field 3 of every input card, and
for a negative result cn the ninth line
of the calculaticn stecificaticns
(whose execution is nct itcelf
conditioned) .

Effect: Indicator 10 turns cn prior
to the detail calculaticns for a card,
provided field 2 is negative--i.e., the
fields are tested in the order in which
they are written on the Infut Specifi-
caticns sheet. Therefcre, the status
of field 1 is ignored for indicator 10.

Indicator 10 retains its status as
determined by field 3 until completion
of the instruction on line nine cf the
Calculation Specifications sheet. The
result there determines its statrcs
until the beginning of detail calcula-
tions fcr the next card, when field 3
cf that card determines the status cf
indicator 10.

Note: TIf any indicator 01-99 is set cn or
off by the srecial operaticn ccde SETCN or
SETOF, it remains in that status until
again SETON or SETOF, or until after execu-
tion of a specification line where the
indicator is a Resulting or Field Indica-
tor, whichever cccurs first. In the latter
case, the resulting conditicn deternmines
the status of the Indicator.

H1, H2 ("Halt")

Principal purposes: To cause a prodran
halt after an unaccertable condition has
occurred, and/or to bypass calculations
and/or output on erroneous conditions.

These two indicators operate like indi-
cators 01-99, with this difference: If H1
or H2 has been turned on (as a Resulting or
Field Indicator, or by the instruction
SETON) , and has not teen turned off acain
during the same program cycle (by SETOF, or
as a Resulting or Field Indicator for a
tested condition that was not satisfied),
the system will halt after completion of
the next detail-time output operatiomns.
(The halt actually cccurs just after the
next card has been read.)

The system can be restarted, and the job
continued, at the orerator's option, simply
by pressing the START key on the CPU con-
sole twice (i.e., the halt is "non-
abortive")--see the EPC Operating Proce-
_____ EF0, EFF. 1If the
system is thus restarted, the H1 and H2
indicators are set off by the program imme-
diately upon restart.

These indicators are off at the begin-
ninag of cbject-prcqram execution.

ote:

. If H1 or H2 is to cause a halt when any
of several conditions exist, care must
be taken not tc turn the indicator off
again ry a later test which was nct
satisfied, if an earlier teést ¥Turned it
on.

For example, if H1 is tc be on when
the result from the first and/or third
line in the calculation specifications
is negative, the test for the third
line must be suppressed whenever the
first line yielded a negative result.
Otherwise, althcugh the first-line
result may have been negative, a non-
negative third-1line result will turn H1
off again before the system halt has
occurred. (Figure 10 illustrates how
toc handle this problem.)

This warning also applies if the
same indicator is assigned to several
fields, as Field Indicator on input
specifications, since the fields are
examined in the sequence in which they
are written.

0f course, this fact can te used to
advantage deliterately to turn off F1
or H2 if a subsequent field or calicula-
tion meets a desired criterionm.
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Figure 10.

2. Indicator H! or H2 assigned to Zero-or-
Elank is off at the kecinning cf fpre-
gram executicn (see Indicator Hierar-
chy) ;s but it will be turned on Lty a
Blank-After cutput srecificaticn, 1like
any cther indicator. 1A systemr halt
then cccurs at the end of processing
for that card.

1P ("1st Page")

Primary purpose: To conditicn fixed-data
(ccnstants) cutput to cccur preceding the
processina of the first card. Tt is ncrm-
ally used for rerort headings.

This indicator is set ky the prcqgrarm
itself. It is cn prior to the processing
of the first card, and turns off after
detail-output time preceding the precessing
of the first card (see Ficure 6). TFigure
8, line 01 jllustrates a ccmmon use cf 1P.

The 1P indicator may alsc te assicned as
a Resulting Indicatcr or Field Indicatcr,
and SETCN or SETOF, like indicatcrs C1-99.
Besides teing on pricr tc rrocessing of the
first card, it will then crerate like indi-
cators 01-¢9--except that 1P always turns
cff after detail-time cutrut orerations,
and does not turn c¢cn acain unless SETON or
used as Resulting or Field Indicator.

¥R_("Matching BecordM)

Primary purpose: To identify cards in a
file that match those in ancther file cn
control data, and to condition calculations
and output based on the status cf MR.

MR turns on when a primary-file card
matches a seccndary- or tertiary-file
card, on the ccntents c¢f a designated
field or fields. If several fields are
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B1 Indicator Omn if Fither cr Both of Twc

Conditions Exist

designated fcr matchirg, all of then
must match. (See alsc section below
titled Matching of Card Files,.)

When the indicator turns on as a result
of the matching of a primary- and a
secondary- or tertiary-file card, or turas
off as the result of a non-match, this
occurs after overflow-output time (see
Figure 6). The MR indicatcr is then cn cr
off for complete cycles, beginning before
detail-calculation time and through the
next total and overflow-output time. If
all primary-file cards match secondary-file
(and tertiary-file, if present) cards on
the designated field(s), and vice versa,
the MR indicator remains on through the end
of the jot.

If card types for which no matching
fields are designated intervene, they are
treated--for purposes of feeding and
processing--as telcnging tc the same
matching-field (s) grcur as the preceding
card in the same file; but the MR indicator
is off for their processing cycle. How-
ever, the ccntents cf the field(s) desig-
nated fcr matching are stored from the last
preceding card for which matching was spe-
cified. Thus, when the next card for which
matching fields are designated is pro-
cessed, its matching-fields contents are
first ccmpared with thecse of the last pre-
ceding card fcr which matching fields were
specified. The MR indicator therefore is
on for the rreccessing cf all cards whose
designated fields match, even if cards that
are nct to be matched cccurred in the mid-
dle of a matching groug.

| The MR indicator may also te used as

Resulting or Field Indicatcr, or SETON or
SETOF, like indicators 01-99. It is, how-
ever, always turned cn before detail-time
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processing of a card that satisfies tthe
criteria, atcve, for matching reccrds; it
always turns off before detail processing
of a card that does not meet these
criteria--as though its status had never
teen sut-ected tc any cther criteria. When
only a single input (or ccrtined) file is
teing prccessed, MR is always turned off ty
the prcgram tefore detail tinme.

The ME indicatcr is ccmpletely indepen-
dent of any ccntrcl levels (L1-L9--cee
below) that may be specified for control-
group totals or group indicaticn. It is
commcn, tut ty nc means necessary, that the
matching fields are the same as the total-
level ccntrol fields.

OF, CV (Cverflow)

Primary purpcse: To ccntrcl the printing
of identifying data cn overflcw fpages.

Tndicator OF tefers tc the standard
paper-tape-ccntrolled carriace, cr ttre
lower-feed carriage if the Dual-Feed Car-
riage special feature is installed cn the
IBRM 22(C3 Frinter. CV applies tc the upper-
feed carriace of thte Dual-Feed Carriage
feature.

The arpprogpriate.indicatcr (CF or CV)
turns on if a line was printed after a
runch in carriage-tape channel 1z for the
relevant carriage was encountered during
output. It-turns cn after all detail-time
cutput fcr a program cycle has been ccm-~
pleted, if the channel-12 punch was encoun-
tered during detail output; it turmns cn
after all total-time output for a rrcgram

eyecle-has been-cemplteted, if the-channel=12.J..

punch was encountered during detail cr
total outrut. BRegardless cf whether thke OF
(or OV) indicator was turned on as a result
of detail or total output, it repmains cn
until conclusicn of the next detail cutrput
time (see Figure 6). It then turns off,
unless a channel-12 punch was again enccun-
tered during that detail-output time.
Therefore, if calculations are tc be condi-
tioned ty the status cf tte CF cr 0OV
indicator--and a channel-12 punch could be
encountered during either detail or total
output--these calculations should ke per-
formed at detail-calculaticn time. (See
also Overflcw Indicators - 0F, 0OV, and
Space, Skip, under OQutput-Fcrmat

Specificaticns).

If CF (or 0OV) is used as a ccnditicning
indicator in a file-identificaticn outrut-
specification line, it thereby designates
that that output is to be performed at
Overflow Time of the ‘program cycle. ‘This
aprlies regardless cf whether the specifi-
caticn line containing OF cr OV is indepen-
dent, is in an OF relaticnship with the
line atove cr telow, or is ir an ANT rela-

tionship with a ccntigucus line; hcwever,
it dces not apply tc NCF or NOV.

ITf the CF or CV indicator is specified
as a ccnditicning indicator in any file-
identification output-specification line,
no forms skipring ever takes place for that
file (standard or upper carriage, Trespec-
tively) without an Cutput-Format forms-skip
specificaticn; ctherwise, forms advance to
channel 1 is autcmatic for the restective
file (standard or upper carriace) after
total-output time if the CF or OV indicator
is then on. (Note that this refers only to
OF or OV - not NOF or NCV.)

Note: TIf a channel-12 carriage-tape punch

er point cn the page tc carriage tape ctan-
nel 1 (e.g., skipping to a new page after
total cutput akove the overflcw pcint of
the page), the OF or 0OV indicator is not
turned on as a result of having skipped
past the channel-12 runch. The OF or OV
indicator will, however, ke turned on as a
result of fcrms skipping past a channel-12
punch to any channel punch other than that
in channel 1, unless this is past a
channel~-1 punch; it then remains on until
conclusion of the next detail output time.

The OF and OV indicatcrs may also te
used as Resulting or Field-Indicators, or
SETON or SETOF, like indicators (1-99. The
indicator settinag resulting frem such tech-
nique will, hcwever, be superseded at the
end of detail-time output and at tbte end of
total-time output of each program cycle by
the status that the indicatcr would assume
if it were used only in its normal
(channel=12 :ign;ﬂ) mANNET

L1-19 (Ccntrol ILevels)

Principal purposes: To recognize control
breaks, rroduce totals at the desired
levels, and permit oroup-indication or
group fprinting.

However, these indicatcrs can function
in several ways, and are not limited to
contrcl-agroup identificaticn:

1. If entered in the "Ccntrol Tevel"®
cclumns (cols. £9-€C) next to a field
name in the input specifications, such
a field is thereby designated a control
field of that level.

This has the following effects:
Whenever the contents of the designated
ccntrol field of a pertinent card do
not match the contents of the
equivalent {same ccntrol level) field
cf the last preceding card with such
ccntrol level designated, the specified
T-indicator turns cn--as well as all
T.-indicetcrs of lcwer levels.
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The L-indicators turn on prior to
the tctal-calculaticns time that
precedes detail prrocessing cf the rew
card (see Figure 6); they turn off
after detail-output tire cf the rnew
card.

If card types withcut the relevant
ccntrcl level designated intervene,
they are treated as telcnging to tte
same ccntrcl grocup as the precedinc
card, and tte L-indicatcr dces nct tuzn
cn. If the next card with such control
level designated tten contains the same
ccntrcl information as the last preced-
ing card with that ccntrol level steci-
fied, the new card does not set the
I-indicator on. ({See Figure 13B.)

Note: Sece Definiticn c¢f Terms (in Gen-
eral Infcrmaticn secticn) and Ccntrcl
Level (Input Specificaticns, ccols. 59-
60) for the relaticn cf tlanks, zeros,
zone punches alone, and + sign punches,
to ccntrol fields.

Indicators L1-19 alsc turn on when the
LR indicator (descrited telcw) turns
cn, following the last data card.

The 11-19 indicators may alsc te used
as Resulting and Field indicatcrs, or
they ray be SETON or SETOF. TIf an I-
indicator is turned cmn or off in this
manner, lower-level I-indicators dc not
autcmatically turn cn cr off also
(e«g., L2 could be on and L1t off).

If I-indicators are used in this
fashicn in the same prcgram in which
I-indicators are alsc assigned for Con-
trol Levels in input specificaticns,
the Resulting or Field Indicator set-
ting will surersede any pricr control-
treak IL-indicator stattvs. The exact
time relaticnship in the pregram cycle
is arrarent in Fiqure €.

In any event, L1-19 are turned cff
after conclusion cf detail-outrut time.

When any L-indicator is specified in
the "Ccntrcl Level" field (ccls. 7-8)
of a calculaticn specificaticn, it
therety designates that the particular
instruction is to be executed during
total-time calculaticns--and simul-
tanecvsly ccnditions it to be executed
only if that particular L-indicator is
cn at that time; i.e., it ncrmally
serves there tc confine calculaticns to
total time after the end of a ccntrol
grcur c¢f that or higher level. (It
should then alsc be ccnsidered in arn
AND relaticnship tc indicators in cols.
9-17.) When Ccntrcl Tevel (cols. 7-8)
of calculaticn specificaticns is tlank,

tte particular instruction is to te
executed at detail time.

5. Any L-indicator may te used as a ccndi-
ticnino indicator, 1like other
indicators:

a. If any of tke indicatcrs L1-L9
{emprloyed in the normal manner)
appears in Indicators (cols. $-17)
cf calculaticn specificaticns~-and
Ccntrol Tevel (cols. 7-8) is
tlank--the specifications are
executed at detail time during the

nTrACe ] £ :
processing of the first card of a

control group of that or higher
level.

b. If any of the indicators L1-L9
(emrplcyed in the normal manner)
aprears in Output Indicators, the
output is performed only if a con-
trol break cf that or higher 1level
has occurred.

(i) If the indicator is asscciated
with total-time output (T in
col. 15 and nc OF or OV in Out-
put Indicators of the file-
identification line), the cut-
put occurs only at total time
after processing of the last
card of the ccntrcl group.

(ii) If the indicator is asscciated
with detail-time output (D.or H
in cecl. 15 and no OF or OV in
Output TIndicators of the file-
identification line), the ocut-
put cccurs only at detail time
during processing of the first
card of the ccntrol grcup--
i.e., group indication is
performed.

(iii) "If OF (or OV) is specified in
Output Indicatcrs of the file-
identification line, the output
is perfcrmed at overflow-output
time (if OF or OV is om), but
only if the overflow occurred
at the end of the control
group.

Special considerations for Indicators L1-19
on "Run-In"

At the start of the jok run, the core
storage areas for all control fields con-
tain zeros (hexadecimal FC--see FECDIC
tatle, Figure T1, Arrendix D). The
contrcl-field contents of the first card
with control level (s) specified in the
input specifications are, therefore, com-
rared with zeros. Furthermore, as pre-
viously stated, no control-kreak test is
made when processing a card type fcr which
Control TLevels are nct specified in the
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input specifications. Therefore, I~
indicators (when used in the ncrmal manner,
to signal ccntrcl btreaks) cperate as fcl-
lows, at the beginning of cbject-precgranm
executicr:

a. None of the indicators I1-L9 is on
while prccessing a card type fcr which
Ccntrcl Tevels are nct designated in
the Input Specificaticns.

EF. The first card for which ccntrcl levels
are designated in the Input Specifica-
tions is tested: the card ccntents of
the designated ccntrcl field(s) are
compared with zeros. TIf the card field
ccntents are unequal tc zerc, the 1L-
indicator of the level specified fcr
that field--and for all lower I-levels
--turns cn. It remains c¢n (unless set
off try cne of the methcds described
under 3, above) until ccmpleticn of
detail-time output fcr that card, when
the L1-19 indicators are set off by the
Ercgranm. (The T.-indicatcrs are thus
available on the first card--if ccntrol
field ccntents were unegual to zerc--to
control detail-time grcup-indicaticn
orperaticns.)

Note:

Terms, designation of a field as numeric
(ccl. 52 cof inrut specificaticrs) catses
conversicn of tlanks to zercs, and strir-
ping cf zcnes except in the lcw~crder fosi-
ticn. Furthermore, a lcw-crder-pcsiticn
zone is also omitted from numeric data when
it is stcred in a separate locaticn for
contrcl-level data. Therefcre, nureric
~control fields containing only rlanks, and.
/or zerosg, and/or zone punchtes, in tte
first card with ccntrcl fields, %ill result
in an "egqual" comparison with zeros, and
will not set L-indicators on.

On the otter hand, tlanks, zcnes, ard
zeros are distinguished fcr alrhameric
fields. Therefore, while zeros in alrtamer-
ic ccantrol fields (of the first card with
control fields specified) alsc will nct set
the relevant L-indicator(s) cmn, tlanks and
zones in an alrhameric field will, tecause
they are unequal tc the zercs ccntained
initially in the control-field ccre storage
areas.

See Prcgramming Tips, Arrpendix F, fcr a
technique that assvres orcup indicaticn for
the first card even if the ccntreol fields
contain cnly zercs.

The setting and status cf L-indicatcrs
are indegpendent cf whether c¢r nct total-
time processing is byrassed (see secticn
titled Prcaram Icgic). Indicatcrs I1-1I9
are cff at the beginninc of cbject-rrcaran
executiocn.

LO_ (L _Zero) (Universal Total)

Primary purpose: To facilitate calcula-
tions at Total Time even though no control
treak has cccurred.

This irdicator is on at the start cof
Frogram execution and is never turned off
by the RPG program itself. It is consi-
dered a total-level indicator (like L1-19),
because its entry in the Contrcl Level
field (ccls. 7-8) cf a calculation speci-
fication designates that calculation speci-
fication to be executed during total-time
calculaticns (and prcvided 1O is cn). This
facilitates designating the execution of a
calculation specification for total time,
even though no ccntrol break--to set any of
the T11-19 indicators--may have occurred.

For example: Calculations during total-
time rrocessing of an unmatched card (say,
a blank trailer card) if the preceding card
was a matched record--note that, at total
time, the MR indicatcr still reflects the
matching-fields status of the preceding
card.

Numercus other examples arpear thrcugh-
out the manual, Program-
ming Tips (Appendix E). Notably, LO makes
it pcesible--without a ccntrol break --to
perfcrm calculaticns after processing a
card when data, MR, and Field Indicator
settings frcm that card are still availatle
while the card-type Resulting Indicatcr for
the next card is already on.

The 10 indicator may alsc be used as
calculaticn Resulting Indicator, or SETOF

_or SETON; tut it must not re assigned as..

card-type Resulting Indicatcr or as Field
Indicator. Two points must be borne in
mind :

1. The LO indicatcr is cn initially, until
turned off by the result of a program-
mer's specification; and

2. If TLO is thus turned cff, it is turned
cn again by the RKPG Proqgram after a new
card has been read (see Figqure 6--same
pcint in the cycle where other L-
indicators are turned off).,

IR {last Record)

Primary purpose: Tc provide for processing
final totals at end of jok, and to termin-
ate jckt.

This indicator turns on, before total-
time calculations,; fcllowinag the processing
of the last data card of an input (or com-
tined) file. When a multi-file program is
being executed, entries in the File
Description Specifications designate which
file (s) rust te completed tefore a Tast
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Record condition exists (i.e., refcre IR
turns cn). (Rctuvally, it is the first End-
of-File--/x—-card in the pertinent file (s)
that causes LR tc turn on.)

When LR turns on as the result of tte
last record condition, indicators L1-19
also turn on.

The LR indicator may also be used as
Resulting and Field Indicatcr, or SETCN or

SFTOF. Indicators L1-1L9 dc not, tten, also
turn on cr off automatically.
Mha TTE damdic~ad+nr o ~reancidoarad a +na+a1 o
L uc L0 LlijuiiLvavul -’ wlLllauT i T U a LvLas
level indicator (like L1-L9), Lkecause its

entry in the Ccntrol Level field of a cal-
culation specificaticn designates that cal-
culaticn specificaticn tc ke executed cnly
during tctal-time calculaticns (and pro-
vided LR is on).

If LR is cn at the cornclusicn of total-
time outrut, the program terminates after
total-time output. It cannot te restarted.
When LR is used in the ncrmal manner--tc
recognize the end cf the arprorriate data
file (s)—--it can te utilized cnly tc condi-
tion total-time ofperaticns; nc further
cverflcw—-time cr detail-time oreraticms
will occur. If the LR indicator is on at
the ccnclusicn of detail time (i.e., it was
turned cn bty ctter than the last-reccrd
condition), it is turned off right after
that point ry the RPG Program.

In the rare situaticn--descrilted in the
section Prcgram Logic, Total-Time Prcces-—
sing on "Run-in"--where cnly scme card
types have ccntrcl field (s) specified in
the inrput specifications, and no cards of
these tyres ever cccur thrcughcut the job,
total-time processing will be bypassed
throughovt the job. Therefore, even though
the LR indicator will turn cn tefore tctal-
time processing, it cannot ke utilized
since no total-time processing will take
rlace. The program will terminate as soon
as LR has turned cn.

INDICATOE BIERARCHY

The progranm classifies indicatcrs in fcur
priority grcups. This is c¢f ccncern tc the
user cnly when he ctooses tc employ an

indicator in a ncn-standard fashion.

Any indicator may be designated as a
resulting cr field indicatcr, and used as a
conditioning indicator, in any sgecifica-
tions fields provided for such entries
(except that Ccntrcl-Tevel fields are
limited tc T-indicators, and scme restric-
ticns arrly to TL0O)Y. Hewever, fcr unconven-
tional arplication of an indicatcr, Figure
11 may have to be consulted--in additicn to
Figure 6 (Program Togic)--to assure that

the indicator will not ke set on or off by
the RPG Prcgram at a pcint in the cycle not
desired by the user. The hierarchy order
in Figure 11 indicates the priocrity
seguence arpplied by the RPG Program in set-
ting indicators.

Examples:

W

1. MR is used only as card-type Resulting
Indicater in Input Specifications.
Only a single input file exists.
Figure 122, lines 01 and 13.)

{See

culations, if the card read was of
the type tc which MR is assigned.
MR is turned off by the RPG Progranm
itself before the input data is
moved to the process area, preced-
ing Detail-Time calculaticns for
the card. :

b. ©Note that, if the MP indicator is
used as a card-type Resulting Tndi-
cater in an CR relationship, the
wrong input fields may be moved to
the process area: MR has been
turned off ty the RPG Program
itself before it can serve to
implement Field-Record Relaticn.

If MR is also set cn during detail-
time calculations, it remains on
through total-time calculations of the
next cycle-—even if the new card is not
the type to which MR is assigned as
card-type FResulting Indicator.

Eeason: The MR indicator belongs to a
higher grcup (hierarchy group 1) tkan
card-type Resulting Indicators (group
2)

L) .

2. As (1), above, tut MR is also used in
the normal manner; i.e., the program is
multifile with matching fields. (See
Figure 12A, lines 03-13.)

Effect: As (1), akove; but MR is
turned cff or on (c¢r remains on) before
detail-time calculations, depending c¢n
the result of matching the contents of
ccntrcl fields letween files. Since MR
may be turned on also ty card type in
this exanmple, during
total-time calculations and output even
if the rpreceding records did not match
between the files. On the other hand,
it could be on--as a result of matching
records--and thus implement the wrong
Field-Record Relaticn, when input
fields are transferred to the process
area.

it could ke on
1t cuid e Cn

Since MR may te on, in this method
of use, as both a card-type Resulting
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STATUS AT |
BEGINNING |
OF OBJECT-|
PROGRAM
EXECUTION

|

| HIERARCHY
| LEVEL

| (1=highest)

INDICATCR

SET ON CR CFF BY RPG FRCGRAM ITSELF:

CRITERTIA, and TIME IN THF ERCGRAM CYCLE
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CFF MR

OFF
OFF

OF
ov

|

ON 1P

OFF H1,H2

CN 10

OFF L1-19

OFF LR

OFF CARC-Type
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_Indicators

I

CN ZERO-or-ELANK
Field and Calcu-
lation Resulting

Indicators

OFF
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|
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Set after overflow-cutput time: If multi-
file program, and Matching Fields match -
set ON; all cther situaticns - set CFF.

Set ON after total-time output if printing
occurred at or telow carriage tape channel-
12 punch during tctal-time output; set CN
after detail-time output and after total-
time output if printing occurred at or
below channel-12 punch during detail-time
output. Set OFF after detail-time outrut
if no channel-12 punch encountered during
detail-time output.

Set OFF each time a data card has been
read. Never set ON again bty the RPG Pro-
lgram itself.

[Set OFF upon system restart fcllowing the
Halt after a new card has been read. Never
|set ON by the EKPG Proqgram itself.

[Set CN each time a data card has been read.
| Never set OFF by the RPG Prodgram itself.
Set OFF each time a data card has been
read. Set ON by the RPG Program itself
only when a higher I-indicatcr or LR turms
N in normal use.

[Set ON before total time following last
data card of appropriate file(s). TIf set
ON by programmer during detail-time calcu-
lations, will be set CFF by the RPG Progranm
| itself after next card has been read.

[Set OFF each time a data card has Leen
read. Never set CN by the REG Froqram

b e o e e  n — — — ——— — — —— ey " ——— e —— ——— — . —— = — o = e

(itself.

Set ON or OFF based c¢n contents of Input

Specifications field (if Field Indicatcr),
or Calculaticn Specifications Result Field |
(if Resulting Indicatcr) when tested. Also|
set ON by BLANK-AFTER specification on out-|
put. ©Never set OFF, or CN again, Lty REG |
Program itself.

!
|
|
|
|
{
|
|
|
|
|
!
|
|
|
|
|
|
|
|
|
|
|
|
|
{
|
i
|
|
1
|
|
|
!
|
|
|

Set ON or OFF based c¢n contents of field
when tested. ©Never set ON or OFF by RPG
Program itself.
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gure 11.

Indicator and for matching records, two
card-type indicators cculd be cn, fcr
rart cf the cycle, during processing of
one card.

Indicatcr 10 is used as
Resulting Indicator for a card tyge
(say, CUSTMAST). It is also assigned
as Zero-or-Blank indicator tc an irnput
field (say, GROSS) in ancther card type

card-tyre

Hierarchy and Summary of Indicators

(say, TCTPURCH), and as Zero-or-EBElank
resulting indicator in a detail-time
calculation (say, line 01) of TOTPURCH
cards. (See Figure 12R.)

Effects: 1Indicator 1C is always set on
or off--depending on the card type (on
for CUSTMAST, off for others)--before
tctal-time calculaticns, regardless of
prior settings Lty its other uses.
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Figure 12A.

When TOTPURCH card is read, indica-
tor 10 turns on when input data is
transferred to the process area, if
GROSS field is zero or blank; its sta-
tus is again determined ty the resvlt
cf line 01 of the detail-time calcula-
tions of TOTPURCH card. TIf the next
card read is not CUSTMAST, indicatcr 10
is set cff before total time of the new
card.

Reascn: Card-type Resulting Indicators
take rrecedence cver Zero-or-Blank
Indicators--hierarchy grcup 2 versus
group 3. Therefore, Indicatecr 10 is
turned off befcre total time if the
card just read is not CUSTMAST type.
It is turned cn Ly blark or zerc in
GROSS field of TOTPURCH card before
detail time, when inrut fields are
transferred to the prccess area--
because this cccurs later than the

Hierarchy of Indicatcrs - Illustration of Examples 1 and 2

resetting of card-type resulting
indicators.

Thus, it is possible for more than
one card-type indicatcr to be cn at the
same time, for part of the cycle--e.q.,
the card-type indicator assigned to
TOTPURCH type plus indicator 10, serv-
ing to identify CUSTMAST card type but
possibly turned on by GROSS field of
TCTPURCH card.

Note: 1Initially, indicatcr 10 is off,
because card-type Resulting Indicators take
precedence over Zero-or-Blank in Field
Indicators and calculation Resulting Indi-
cators. However, a Blank-After output

instruction for the field GROSS or NETSLS
will turm it on; it is then turned off
again before total time of a card of type
12.
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MATCHING CF CARD FILES, ANL SEQUENCE
CHECEING - -+ oo e e

A primary file can be matcted against cne
cr twc other files, defined as seccndary
and tertiary file, respectively. A secon-
dary file cannot be matched against a ter-
tiary file.

In crder for a file tc¢ ke matched
against another, its name rust ke entered
in the Input Specificaticns; i.e., it must
be either an input file cr a ccmkined file
(see Definiticn cf Terms). The crderxr in
which inrut cr ccmbined files are entered
in the Input Specificaticns determines
their relative pricrity: the first file
defined thereby becomes the rrimary file; a
next file entered becomes the seccndary
file; and if a third file is defined in the
Input Specifications, it is thereby desig-
nated the tertiary file.

The criteria for matching of files are
the ccntents of cne, twc, cr three card
fields, defined as Matching Fields (F1, M2,
and M3)--see Input Specificaticns. The
number of Matching Fields (cne, twc, or
three) used must be the sare fcr all files,
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and fcr all card types for which matching

- isg-sgecifieds—€ard -cotumns of different

Matching Fields in the same card can over-
lap; tut the total length of all Matching
Fields fcr one file (each M1, MZ and M3
counted once) must not exceed 144 charac-
ters. (¥ote, however, that - even for
overlapred fields - the rrcgram stores the
data frcom the different levels of Matching
Fields contiguously, withcut overlapping.)
The length of a Matching Field (M1, M2, or
M3) must be the same throughout (i.e., in
all records to be matched). Matching
Fields may be defined as althameric or nu-
meric (all zones stripped), and this desig-
nation need not ke uniform fcr the several
specificaticns entries of one Matching
Fields level (i.e., it may differ between
files and card types, provided the field
name differs). However, if any Matching
Field is defined as numeric for one card
type, all Matching Fields of that level
(M1, M2, or M3) in all card types are
treated as numeric for the Matching Fields
operation--i.e., all zones are ignored in
the match, and tlanks are ccrnverted tc
Zercs.
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Note: Contents of fields toc be ratched are
stored serarately for the Matching Fields
operation. This is inderendent cf stcrage
of the deta for ctter purrcses (calcula-
ticns, cutput, etc.).

When
file is

gpore than cne input (or combined)
stecified, matching cf the primary
file to the other inrut (cr corbined)
file(s) is mandatory; i.e., at least cne
Matching Field is then required fcr each
such file. At least one card tyre in each
input (or combined) file nmust have Matching
Field (s} specified.

Whenever Matching Fields are specified,
sequence_checking on thte Matching Field(g),
cf all card types being matched, is auto-
matic. The files being matched are treated
as a single secuential file. The sequence
may be specified as ascending (A) or
descending (D), but must ke the same fcr
all files being matched. The sequence is
checked according to EBRCDIC (see Afrrendix
L, Fiqure D1); btut any otler sequence can
te substituted by a translation talle ({see
Appendix D). It is not pcssible, if ttere
is more than one input (or ccmtined) file,
for the files tc be in randcm sequence,
even if the cards in all files are in the
same order and wculd match cn the Matching
Field(s). An error in the card sequence
stops the pregram. The rprcgram can ke
restarted--see IBM System/ 3€0 Mcdel 2C,
Report _Prcqgram Generator fcr Punched-card
Equipment, Operating Procedures (Fcrm C26-
3800). Cnly an error in the directicn cf
the sequence is detected: a stcp cn dupli-
cates is nct part of the Matching Fields
operation (it can, however, te acccmplished
by calculaticn specificaticns).

The sequence in which cards frcom mul-
tiple files are processed resenmbles a stan-
dard IBM Collator match cr merge operation,
except that there can be three files (if
the I/0 devices required tterefcr are rpart
cf the system):

Whenever cards in tle prirary file
match cards in the seccndary and/or
tertiary file, all matched rrimary-file
cards are processed, fcllowed by all
matchted secondaries (if any), fcllcwed
ry all matched tertiaries (if any).

Whenever cards do nct match, thcse
with Matching Field(s) ccntents carli-
est in the sequence are processed
first. When the Matching Field(s)
value(s) in the seccndary- and
tertiary-file cards are equal, the
secondary-file cards are processed
first.

A card type for which nc Matching Field
is specified is prccessed immediately after

the card it fcllows in the file, 1like a
trailer card. 'Such cards at the front
file are prccessed tefore cards in any
other file. (If they appear at the front
of more than one file, the normal priority
applies: primaries, secondaries,
tertiaries.)

of a

Whenever a primary-file card matches a
seccndary- cr a tertiary-file card, the MR
(Matching Record) indicatcr turns on before
detail-time calculations (see Figure 6 —
Program Logic Flcw); it remains on for the
processing of all primaries with the same
Matching Field (s) valne(s). Tt also
remains cn for the rrocessing of all
daries and tertiaries that match the
mary. If the MR indicator is turned
during the rrccessing cf cne cf these
matched cards, by a programmer's specifica-
tion, it turns on again, before detail-time
calculations of the next card that telongs
to the matched grour. The MR indicatcr
turns off (kefore detail time) for the pro-
cessing of a card whose Matching Field {s)
contents dc nct match those in the relevant
other file. '

secon-
pri-
off

The MR indicator alsc turns off during
the processing of a card type for which no
Matching Field is srecified. However, such
cards

1. are ignored in the seguence check,

2. dc not destrcy the value(s) stcred for
sequence checking frcm the last preced-
ing card with Matching Field(s) sreci-
fied, and

3. do not destroy the value(s) stored for
file matching.

Cards ccntinue tc be processed from the
same file until the next card is read for
which Matching Fields are specified. The
normal matching and sequence-checking
operations then resume. The Matching
Fields values in the new card are comrared
with matching and seguence values stored
before the not-to-be-matched card (s}
intervened.

The status of the MF indicator may te
utilized tc control calculations and output
operations, including stacker selection
(e.g., to direct unmatched cards to sera-
rate stackers).

Normally, stacker selection based on the
status of the ME indicater should te at
detail-time output-~-otherwise the next card
is selected, since tte MR indicatcr
reflects the matched or unmatched status of
a card beginning at its detail time and
through the ensuing total time, when the
next card is in cutput pcsition.
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In order to stacker-select cards, or
control cther cutput operaticns (i.e.,
rurching and card-grintirg), on the kasis
of the MF indicatecr (in a nmulti-file opera-
tion), the file must be defined as a ccmbi-
ned file (C in File Descrirtion Specifi-
cations) .

The matching cf files alsc rmakes it
rossible tc punch and/cr dccument~print
data frcm primary-file cards intc matched
secondary- and/or tertiary-file cards, or
frem matched seccndary-file cards intc ter-
tiary cards of the same matching grourx.
Similarly, ccntents (codes, data) frcm a
card in tigher-pricrity file can be vused to
condition operaticns for a matching card in
a lower-ranking file (primary to seccndary
and/cr tertiary, seccndary tc tertiary).
The converse is nct possible, because
matching cards of a higher-rriority file
are completely processed tefore a rmatcting
card frcr a lower-rriority file tegins
processing.

_____ The reference tc data from matched
secondaries tc tertiaries in the last para-
graph means that both types matched a
primary-file card--seccndaries and ter-
tiaries cannct be directly matched to each
other.

Although Matching Fields are frequently
used concurrently as ccntrol fields (indi-
cators 1.1-19) , the FKR and Ix indicators are
independent--i.e., file matching and group
control have no inherent connection. In
considering the status of IL-indicators (if
control levels are specified), the files to
be matched should be thought of as though
they resulted in one continuous merged
file--even if they are nct being merged.
(However, Matching Fields and Control Tevel
are related to the extent that control-
field compariscns are only performed when
cards frcm pertinent files are processed;
this, in turn, is based on the Matching
Fields operation.)
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Processing Sequence for Three Files being Matched
(see CONDITIONS and LEGEND below)

L PO
reriiary

File

P,:imqry St.acondary
File File
- 7
J P 51 [ T 50
E 50 (T 50
( P NMb (99) i/* (T 35
(P 50 (s NMb (60) ir 19
( P 46 (s 50 ( T09
A NIt e
P 40 | 525 lTNMbﬁ:ﬁ)
r P 25 R p— E 19 . (T 09 .
{; NMa (5) (s 02 (T 03
(P 09 (sm (T NMa (93)

(ta

(P o1 S NMa (99) T 01
CONDITIONS
GIVEN: Two single-column Matching Fields are used, and designated as

LEGEND:

numeric {0 in "Decimal Positions" in Input Specifications);
ascending sequence is specified. Control levels are also
designated, for all card types (including those not being
matched): L2 for high-order (left) field, L1 for low=order field.
L1 is specified for all files; L2 only for Primary and Tertiary,
Assume col. 17 of File Description Specifications is blank for
all three files, so that all files must be completed before LR
turns on,

P = Primary~File card; S = Secondary-File card; T = Tertiary=~
File card. Arabic numerals = Contents of fields specified as
Matching and Control-Level fields; b = blank. NM = No
Matching Field specified for this card type; lower—case

etter = Specific card of such type. MR = MR indicator ON
for processing of this card (Detail Time through ensuing Total
Time); NMR = MR indicator OFF for processing of this card.
L2, L1 = L2 and/or L1 (as shown) indicator on for this card
(beginning with Totai Time and through its Detail Time).

Figure 133. Matching cf Files - Input Files before Matching
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NR

MR T
MR
750
NMR
S NMb (60)
MR
550
MR
P50
NMR'
P NMb (99) L2,L1
MR
P 50 L2,L1
NMR b4
L2,L1
NMR
P 40
N U
MR P 40
N
MR T
R 12,11
( 535
L2,L1
MR $ 25
MR{ P25
f T19
12,L1
NMR $19
12,11
MR T
NMR T NMc (85)
N u
MR T NMb (55)
MR
109 L
NMR P.-NMa (5b)
L
MR
MRy LT TR
NMR
T03 g
NMR T NMa (93) 2L
NMR o
12,11
MR
502 0
MR f Pb2
MR To!
" . Li
[ 50l
MR
s0J
MR
POl
S NMa (99)
L

L1 (but Total Time bypassed)

Pigure 13B. Matching of Files - Thre three Files after Merging

L1
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Figures 132 and B illustrate the proces-
sing sequence for nultiple files, the sta-
tus of the MR indicator in the various
situations, and the acticn of Ix indicators
(L1 and 12) if assigned tc the same fields
used as Matching Fields. The examrle was
deliberately ccnstructed tc show the
effects cf various unusual conditions in
combination, and is therefcre somewhat
artificial. It shculd, hcwever, make it
possible for the user to predict how
sequencing, the MR indicator, and Ix indi-
cators will act under any ccmbinaticn cf
conditicns he may set up.

For clarity in shcwing tke sequence in
whict the cards are prccessed, the three
original files are subsequently pictured
merged into one file, althcugh they need
nct ke merged. Extlanatcry comments for
Figure 13 follow. Tf the reader is canly
interested in the processing sequence and
MR indicatcr--not the Contrcl Levels--te
can igncre thte Centrcl-Level entries: they
have no effect on the file processing
sequence or the status of the MR indicator.

Items to te Noted in_Figure 13

1. Card types for which Matching Fields
are not specified

a. A card type for which Matching
Fields are nct specified is prec-
cessed immediately after the pre-
ceding card from the same file.

See positicn of cards T NMa, P NMa,
T Mk, T NMc, F ¥ME and S NME.

b. 1If cards of such type are at the
frcnt of any file, they are grc-
cessed first, even if they are
neither in the primary file nor
contain the lowest (if ascending
sequence) value in the fields c¢n
which other cards are matched.
fcsiticn of card S kKMa. (If all
files began with such cards, tlkese
cards w%ould be prccessed in the
file-priority seguence: primaries,
secondaries, tertiaries.)

c. Nocne of these cards causes a
sequence error. The card itself is
cmitted frcm the sequence check,
and thus is never signalled as ocut
cf sequence. The core-storage
csequence-data area retains its con-
tents frcm the last rreceding card
with Matching Fields specified, and
the next card to te matched is com-
rared with this data--thus, the
intervening not~tc~te-matched card
dces not affect the sequence ccn-
rariscn of the ensuing card.

See

d. The MR indicator is CFF for such
cards; but it turns ON again fcr
the next card if--without the

_ = ek

intervening not-tc-be-matc
cards--it would be CN. See
indicator for card following P NMa,
T NMc, P NME, and S NMb,

('P

2. Zones and Blanks

Since Matching Fields were designated
numeric: % = 0, and 11- and 12-
overpunches are omitted by the program
frcm match and seguence comparisons.
See cards S 0J and P¥2. :

3. VNo matching is perforumed between secdn~-
daries and tertiaries. Note that the’
MR indicator is off for cards S19/T19"
and S3E/T3E

4, During the processing of a matched .
primary-file card, there is no 1nd1ca*;]v
ticn whether it matches only a '
seccndary- or only a tertiary-file
card, or both,

5. Ccntrol Levels

a. Whether, and in what manner, con-
trol levels are specified has no
tearing on the sequence in which
cards of multiple files are
processed.

b. When a seccndary-file card is pro-
cessed, the high-crder control-
level field (L2) is not compared
nor are its contents altered in
core storage, from the last-pre-
ceding primary- or tertiary-file
card--because, solely to illustrate
the effect, 12 was not specified
for the secomndary file.

c. Since control levels were specified
for all cards in a file, the 1H
cards affect control breaks
although they are not being
file-matched.

d. The Control-Ilevel fields were
designated numeric. Therefore b =
0, and 11- and 12-overpunches are
omitted by the program from groap
controlling.

e, Control level operates as though
the three files were one file, in
rrorer sequence according to the
RPG file-matching operation.

The L1 and L2 indicator status, as shown
in Fiqure 13B, will now be discussed for
each relevant card in the example, in the
order the cards aprear in the merqged file.
The reader should bear in mind that control
levels LZ (high-order field) and L1 {(low=
order field) were specified (for the sanme
fields used for matching) fcr all cards of
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files P and T,
was specified

Card

Identification

S NMa

T 03
(first)'

T NMa

T 03
(seccnd)
P 09

P NMa

T 09
(first)

T NMb

T 09
(second)

S 19

but only ccntrol level 11
for file s.

9 in lcw-crder field, ccm-
pared with 0 stcred in ccn-
trol field areas at start of
program execution, sets 11
cn. Note that tctal time is
bypassed on first card with
contrcl fields srpecified (see
secticns on FProgram Logic
Flow and Indicators).

L2 is off tecause it is nct
specified for file S.

Low-order 1 is ccmpared to
preceding 9 and sets L1 on.
12 remains cff because high-
order 0 is egqual tc 0 ini-
tially in storage, and not
chanced by card S NMa (nc L2
ccntrol cn file S).

Zones are reroved frcm numer-—
ic fields fcr ccntrol-level
operations. Therefore, CJ =
01.

L1 set on for change from 1
to 2.

12 off because ¥ = 0.

I1 on for change frcm 2 tc 3.
I2 cn for change frcem 0 to 9.
L1 on cnly Ltecause L2 is cn.

12 on for change from 9 tc 0.
L1 cn cnly tecause L2 is cn.

[¥%]

L1 cn for change frcnm tc 9.
L1 on for change from S to B
0).

L2 off because ¥ = 0.

1 on for change from £ (0)
to 9.
12 off because ¥ = 0.

L1 con for change frcm 9 to ¥
(0) .
12 off because ¥ = 0.

L1 on for change from % (0)
to 9.

12 off because no contrcl
level cn highk-crder field of
file S. T1 cff tecause low-
order field ccntents
unchanged.

P 40

P 46

P 50
(first)
P NMb
P 50

(second)

S NMb

T 50
(first)

L2 on tkecause ' is compared
to 0 still in control-level 2
storage frem card T 03
(second) .

.1 on cnly tecause L2 is on.

Normal cocntrol break.
L2 cn for change from 1 to 2.
L1 on for change from S to 5,
and because 12 is onmn.

1.2 off because no control on
high~-crder field of file S.
L1 off because low-order
field contents unchanged.

L2 on ltecause 3 is compared
to 2 still in control-level 2
storage frcm card P 25.

Normal control break, levels
1 and 2.

Normal ccntrol break, level
1.

Normal ccntrcl break, levels
1 and 2.

Normal control treak, levels
1 and 2: 99 versus 50.

Normal ccntrol break, levels
1 and 2: 5C versus 99.

L1 off because lcw-crder
field unchanged.

L2 off because no control
level on high-order field of
file S.

LT O0ff because low-order
field unchanged.

12 off because 5 is comrared
to 5 still in control level 2
storage from card P 50
(second) .

Normal ccntrol break, level
1.

IR on because end of data
files.

L1-L9 on because LR is on.
Job ends (system halts) after
total time cf /% (in cols.
1-2) card. ©No detail-tinme
rrocessing takes rlace for
this card.

Sequence~Checking of Single Files

When the applicaticn involves only a single
input (or combined) file, specificaticn of
Matching Field (s)--M1, M2, M3--provides
sequence-checking on the (se) field (s),
without file matching.
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The explaraticns for sequence-checking
given abcve, under Matching cf Card Files,
apply--i.e., in regard tc ascending,
descending and special translaticn-table
sequence; stcrring cr secguence errors;
maximum aggreqgate size of sequence fields;
and ignoring sequence of intervening card
types for which no Matching Fields are
specified.

Note: Programming a sequence check by
entries in the calculaticn specificaticns
may yield faster throughput, and usually

CONSuUmEsS less core sterage space, than uti-
lizing the Matching Fields entry for that
purpose alone; it also permits detection of
duplicates, which is not tossitktle with the
Matching Fields cperation. (Figure 68 -
Part I illustrates sequence-checking and
guarding against duplicates by calculation
specifications.)
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SPECIFICATICNS SHFETS ANIL_ CARDS--DETAITED ENTRIES

This charter and the five chapters that
follow discuss tte specificaticns fcr every
field in each of the five sgpecifications
forms. Where illustraticns were thought
desirable for clarificaticn, they are
given. (Soluticns to scre special applica-
ticns prcblems, however, are presented in
Appendix E, Programming Tifgs, rather than
here.) Attenticn is drawn to limitaticns
and rotential trouble areas, where deemed
cf general interest and significance.

Functicns treated extensively in earlier
chapters will not be repeated in detail
here. The user is assumed tc have read the
preceding material, and is asked tc refer
tack to it fcr the fine points. The con-
tents of the chapter Programming fcr RPG-—-—
General Informaticm, particularly, will be
an indisrensable reference.

In a few instances, tlte Model 20 card
RPG rrovides a latitude in specificaticns
that does not conform to the requirements
of other IBM System/36C EKPGs. In these
cases, a brief note will fcllow, indicating
that differences exist between this and
other Systen/3€0 RPGs. 1Tc olkviate rereti-
tive detailed explanaticns in each such
note, the term "compatibility" will le em-
ployed as reason for the reccmmended
approach.

_—

FIFLLS CCEMCN TO_ALL SPECIFICATICNS FCEMS

oocolunng 1=Z2% "Pace identificaticn
Columns 3-5: Line identification

While Fage and Line identificaticns will
usually te numeric, any EECLIC characters
are valid. (Zerc does not equal tlank.)

The first two digits cof line numkber are
preprinted; the third is left tlank. tc make
it easy to assign line numlers for inser-
tions, by writing specifications lines fol-
lowing line 15 and numbering fcr arprcrri-
ate insertion. The cards within a specifi-
caticns type must ke in arrrcpriate
sequence when they are read by RPG. Proper
sequential numterine facilitates scrtirg of
srecificaticn cards, and checking.

Page and line identificaticns are read
as one ccmbined continuovs value and
checked for ascending sequence acccrding to
EBCDIC (See Appendix D, Figure D1). Ttey
may start at any value and gaps in the
sequence are permitted. A ster-down
{descent in sequence) or repetitiorn is
identified bty a rrinted symbkcl (S) dvring
Frogram generaticn, but gemeraticn is not

interrupted. (The crder in which the pro-
grammer writes and numkers the different
kinds of specifications sheets will often
differ from the order in which the specifi-
cations card types must be fed into the
system. The symbol for sequence step-down
will then te printed, and can te ignored if
due tc this reascn.) ©No sequence symkol is
rrinted for a step-down at the first card
of calculation specifications.

Column_6: Form Tyre

This is a predetermined and constant letter
for each type of specifications form and
card. If cards of one specification type
are fcllowed by those of ancther type that
may legitimately fcllow, and cards of the
first type then recur, the latter aroup is
ignored and an error message is printed;
but generation continues.

Columns_75-80:_ _User's_TIdentification

May contain any EBCLIC characters. This
field is not checked by the rrcgram, but
the ccntents are printed during generation.

Comments Card: =x(card punch-combination
11-4-8) in column 7.

The % in ccl. 7 designates that this is not
a specification card. The rrogram checks
only cclumns 1-6 (see abcve). The card

does not effect any prcgram generation; but.

the contents of columns 1-8C are printed
during generation.

This allcws the rrogrammer to imsert
notations at any pcints in the
specifications.

Blank Specifications Iimnes or Cards

Blank lines may be left between specifica-
tions lines, for clarity; but intervening
blank specifications cards (without x in
col. 7) cause printing of a diagnostic mes-
sage during generaticn, although they do
not prevent proper generaticn of the olbject

Frogram,

Teading Zeros in Specifications Fields

The recording of leading zeros is cptional
only in specification fields for card-
column numters, forms skip (in this RPG),
Fnd Pcsition in Output Record (Output-
Format Specifications), field legths (Cal-
culaticn Srecificaticns), and fcr numters
and lengths of table entries (File Exten-
sion Specifications).
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GENERAL INFCEMATICXN

Fach file used in the object program must
te defined in cne line of the File Descrip-
ticn Srecificaticns form (See Figure 14).
The form serves the follcwing furpocses:

assign a name tc cach file by which
is referenced in the Input and/cr
Cutput Specifications;

[P}
e+ O

<
=

FIL: DESCRIPTICN SPECIFICATIONS ({(MANDATCORY)
Maxipum ¥umker of Files Availalle
This is derpendent con the inrut, output, and

input/output devices attached to the
systen:

n
i

n

inprut file is availalkle for eacth

O
i t or input/output device.

Lu
One output file is available for each

output or input/cutput device. (An IBM
2203 Printer with Dual-Feed Carriage

2. To associate each file name with a spe- special feature cffers two output

cific input and/or outruvt device; files.)
¢ One combined file is availatle for each

3. To indicate whetter thte file is tc pro- device that can serve for bcth input and
vide data ingput, serve fcr cutrut, cr outpute.
toth;

File tyres (input, cutput, cr ccmkined)
are mutually exclusive (i.e., one file can

4. To specify--when cards within an input only te an input file, or an output file,
(or comkired) file, cr files, will te or a ccmkined file), and cne input/output
sequence-ctecked--vhether secuence is device can be assigned only to a sinale
ascending cr descending; and file.

5. TIf more than one file trovides data Fach c¢f the two bcprers cf the IBM 2560
input, tc indicate wtict file(s) must MFCM can te independently assigned to an
ke ccmpletely prccessed before the job input file, or an output file, or a combi-
is terminated. ned file.

'BM INTERNATIONAL BUSINESS MACHINES CORPORATION Form X24-3347-3
- - _ N e s mron e Printed in U.S. A.
REPORT PROGRAM GENERATOR FILE DESCRiPTION SPECIFICATIONS

IBM System/360
Date
" Punching Grophic 12 75 76 77 78 79 80
Instruction | poreh Poge D] o rogrem
File Type Mode of Processing
Length of Key Field or File Addition
File Designation of Record Address Field No. Trocks for
End of File Record Address Type | o= Cylinder Overflows
. nce Type of Fil o ; 5 ent Exi No. of

Line Filename | Sequ'e Oyrl:mimﬁ;ﬂ 3 Device sua.:: < z :‘::7 ;“ ?:D;: ' Extents
3 §§ File Format _[Overtiow ndicater] 5 g Tope
‘e oS5l e Block Record o (31 Key Field | € K o
2 SIRfef<[S] teew | teww [SEOI[S) | See ) ¥ K < 3

ati
3 4 s|el7 8 9 1011 12 13 14]15{16{17] 18] 19{20 2! 22 23|24 25 26 27{28 7930!!JTJJJAJSMJ:"!&JVAOH4'243“45‘6147‘&4?505152535155%53’5!595‘.‘6!4263“65“6765697071777371
‘ i i
oh L[ TITTTTT ! T = n l
ol el J_ i1 T 1T ! B 1
FILE DESCRIPTION I/0 DEVICE L4 |4 .

o3 [F } e NN il

o 4‘ F ' 1 H : —T ;

t L | i | LEAVE BLANK LEAVE BLANK | i | =
o [ Em e ] R e e |
— T T T i i j J R
016 [Fl . b : ! ! P JI| I I L L - L

T j 1 1 ] IR Pt I T i ; .
o7 [f| | 1 ‘ . v Pt | P . | P
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Tt DRSS S N | : L R Loty il ., | El
ole! I IR . 1 ! R t I T
e Figure 14. The File Descripticn Fcrn
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Figure 2 shows which input, output, and
input/output can be combined on the system.

FITE DESCRIPTION

File Name--Cclumns 7-14

Fach file used in the prcgram is assigned a
name by the rrogrammer. This name is
recorded here c¢n a separate line fcr each
file. It must begin in cclumn 7 with cne
of the 2¢ alrhabetic characters, and may
continue with algphatetic cr numeric charac-
ters. It may be cne to eight characters
long. (See Definiticn of Terms, for
"alphabetic" and "numeric" characters—--
neither permits embedded blanks.) The same
name mtst not be assigned to several files.

Note 1: Thrcughout the rputlication, it is
stated ttat File Names and Field ¥ames must
not contain embedded blanks, and only
alphatetic cr numeric characters are
allowed. Actually, the program checks only
that the first character is cne cf the 29
defined as alrhabetic. Subsequent charac-
ters may be any cf the 25€ EBCDIC charac-
ters. Fcr ccmpatibility with cther FPCs,
however, the stated restrictions shculd be
adhered tc.

Note_ 2: Files may te entered in the File
Descripticn Specifications in any con-
venient sequence. For ccmpatikility with
other RPCs, the crder cf irnput and ccmtined
files shcild correspond to that in the
Input Specificationms.
naticn (cocl. 16), below.

I = Input file.
The cards are read tc provide ingut
data.
There is nc output tc any of the cards.
The file name appears in tte irnput
specifications, but nct in the output-
format specifications.

C = Cutput file.

No information is read from the cards;
they serve only to receive cutput. Or,
this file name represents the rprinter.

The file name aprears in the outrut-
format srecifications, tut nct in tte
inrut specificaticns.

C = Ccmkined file.

Scme or all of the cards in the file
provide input information and some or
all of the cards in the file receive
cutput. The file name appears both in
the input and the output
specifications.

If input cards are to be stacker-
selected in the cutput specificaticns
(e.g., based on calculation results or
on status of certain indicators, such
as MR), they must telcng to a combined
file.

Ncte: If the user wiches to make cer-
tain that output cards are tlank in
certain or all columns tefore they are
punched, he must designate them as
belonging to a ccmbined file. The
fields that should te tlank can then be
read via input specifications, and
indicators set fcr blank or not tlank.

File Type U does not apply to Model 20 card
RPG.
—_—

No check is performed by the prcgranm
tc assure that, if C is designated, the
File Name appears in both the input and
output specifications.

File Lesignaticn--Cclurn_16

Leave tlank fcr outpuvt files. No entry
required for input (or combired) files. .

Model 20 card FEG igncres entries in
column 1€ of the File Description Specifi-
caticns form, and the crder in which the
files are listed on this form. The order
of priority c¢f input (cr combined) files is
established in the Irput Srecificaticms.

However, for compatibility with other
RPGs, the order in which input (or comki-
ned) files are reccrded in the File
Description Specifications should conform
to that in the Tnput Specifications, and
column 1€ should ccntain a srecificaticn:
P (Primary) =The conly inrut

file, or the input (or combi-
ned) file reccrded first on
the Input Specifications
form.

(cr combined)

S (Seccndary)=The second or third input (cr
combined) file on tke Input
Specifications form.

The C, E, and T entrie

Model 20 card RPG.

n

do not arply to
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Primary-file cards are rrccessed ahead
of matching seccndaries; wlten seccndary-
and tertiary-file cards match primaries,
the crder cf processing is: primary cards,
secondary cards, tertiary cards (seccnd
file with S in ccl. 16).

It is permissible for output-file
entries toc intervene between the entry
lines for the several ingut
files.

(cx ccmbined)

Fnd cf File--Cclumn 17

If there are multiple input (or combined)

files, this column determines which of

these files must be exhausted before the LR

indicator turns cn and the jcb terminates.

F entered in cclumn 17) fcr all input (or
or ¥ in cclumn 17 ccmbined) files:
211 input {or ccmbined) files are

exhavsted befcre LR is turned cn and jot
is terminated.

E entered in cclumn 17 fcr some--tut not
all-—input (or combined) file(s): The
LR indicator turns on, and the jct ter-
minates, after prccessing of the last
data card of all files for which E was
entered--even if cne cr twc cther files
(tlank in cclumn 17) are not yet
exhausted.

For a single input (cr ccmkined) file, the
LR indicator turas on, and the job ter-
minates, after tte last data card has teen
rrocessed--regardless of whether cclumn 17
is blank cr contains E.

L.eave column 17 tlank fcr output files.

Sequence--Coclumn 18

Teave tlank unless sequence checking is
called fcr in the Intut Specifications (by
entries in Matching Fields, columns €1-62).

If multiple input (cr ccmtined) files
exist, or a single input (c¢r ccmbined) file
is to be sequence-checked, the directicn of
the file sequence must be specified here.
The sequence check operates acccrding to
the ERBRCDIC sequence, unless the user has
nodified the sequence ty a translaticn
table (see Appendix D). With multiple
input (or ccmbined) files, all must ke in
the same sequence, and the srecificaticn in

col. 18 pust be entered for all cf then.
A = Ascending sequence
D = Descending sequence

Leave column 18 blank fcr output files.

File Descripticn Specificaticns

L]
1

u

=12Q
J

e R T ] 2
LoOoLunns LD

Teave blank. These columns do not apply to
Model 20 card RPG. (While comments may ke
recorded in these cclumns with this pro-
gram, this would interfere with other RPG
pPrograms.)

1/0_DEVICE ASSIGNMERT

Device--Columns 40-456

A mnemonic code is written in this field to
assign a specific input, output, or input/
output device to the file whose name was
recorded in columns 7-14. Whemnever a par-
ticular file name is then referred to in
subsequent specifications, the system acts
upon a card (or parer form) in the I/0
device identified here with that file.

The Device code is written left-aligned,
starting in cclumn 40. A ccde for each
device has teen pre-determined by IRM, and
must te written exactly as shown telow.

L
Specificaticn]|

r 1
| |
| Entry |Input/Output Device |
1 1 |
LI} T 1
|CEP20 | IBM 2520 Model A1, Card |
| | Read-Punch |
| MECHM1 |ITEM 256C MFCHM, Hoprer 1 |
| MFC M2 |TEM 2560 MFCM, Bopper 2 |
|PRINTER |IEM 1403 Printer, or IRM |
| | 2203 Printer (Standard or |
| | Lower Feed) |
|PRINTLF {Same as PRINTER (see above) |
iPRINTUT {IBM 2203 Printer, Upper 1
| | Feed of Dual-Feed Carriagej}
| PUNCH20 |IBM 2520 Mcdel A2 or A3, |
| | Card Punch i
| PUNCHL2 |IBM 1442 Card Punch |
{READO1 |IBM 2501 Card Reader |
L L - |
Note: TIf the Dual-Feed Carriage special

feature is installed, and troth carriages
are used in the program, each carriage is
assigned a separate file pame and Device
code (PRINTER or PRINTLF, and PRINTUF).
Two printer output files then exist. The
lovwer-feed carriage is the standard (or
sole) carriage. (See IBM System/360 Model
20, 2203 Printer, Form AZ6-5926.) ’

For compatibility with other RPGs,
PRINTER (rather than PRINTLF) should be
used for the standard, or lower-feed
carriage.

RFACOY will function also as MFCM1, pro-
vided there is only a s=incle input file, no
MFCM output is involved, and no 25C1 is

attached.
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e Figure 15,

INTERNATIONAL BUSINESS MACHINES CORPORATION

REPORT PROGRAM GENERATOR FILE DESCRIPTION SPECIFICATIONS
IBM System ‘360

Form X24-3347.3
Printed in U.S. A.

e Z=15 - 660
Program A][Q Punching Graphic 12 7576 77 78 79 80
Instructi Program
k B ratuetion | Punch [ Poge Mn Identification mﬂﬂag
Prog
File Type Mode of Processing
— Tength of Key Field or File Addition
File Designation of Record Address Field Neo. Tracks for
End of File Record Address Type |t o Cylinder Overflows
o N
T . . o
i . Sequence Type of File s i Symbolic S| Name of Extent Exit No
Line Filename © : Organization § Device Device Z|  Label Bt for DAM Extents
H e Fite Format Overflow Indicator| & é Tope
R dlo IS 2 - Rewind
SN SN Key Field | 2 ]
3 o N Q i Block Record |, Zle y F g 3 5
3 S fw|<|S] Length Length | MN a‘;’;::‘i 3 2 < 3
3 4 50617 8 9 10 1) 12 13 14|15116[17]18|19{20 21 22 23|24 25 26 27 (28] 29 30(31 |32|33 34 {35 34 37 38| 39|40 41 42 43 44 45 46{47 48 49 50 51 52{53(54 55 56 57 58 59|40 81 62 63 64 65|s6|67| 60 69[70{71 72
2 73 74
Z .
o[ [ [|olLlBlalL]c]¢[1]p] |a EAD
ol2| |F ‘
T CITICISIEIA CIM! SIT(21,iPRIDIBIL
3
°3 | I* AL 10 Flc M2 j
T
oj4f |
L5 ] Id |
os| le] || ! !

Columns U47-€5

leave tlank. ©Not arrlicatle tc Model 20
card RPG. (While ccmments may te recorded
in these cclumns with this program, this
would interfere with other EPG rrogranms.

Comments--Colunmns 66-74

(fcr card EPG cnly)

Available fcr any informaticn the prcqram-
mer wishes tc have printed ort during
generaticn cf the prcgram. Except for this
printout, entries in this field are ignored
ty the generatcr rprcgram, and dc nct take
up any core storage in tte ckject frrcgram.

FXAMPIF CF FILE TFSCEFIPTICKN SPECIFICATICNS
-—FIGURE 1ft

Job Regquirements (Thcse Relevant to File
Descrirticn Specificaticnsg)

Match a large file c¢f mcnthly accounts
receivable talance cards against transac-
tion cards. When there are transacticns on

an acccunt, punch a new susmary card. Also
list talance and transacticn data. The
data files are in ascending sequence. Ter-

minate the run after the last transaction
card, so that any remaining porticn cf the
cld-talance file is not unnecessarily fro-
cessed. Select unmatched transacticn
cards.

Exrlanaticn of Specificaticns_Fntries

File Name

Arbitrary, but descriptive,
chosen tc illustrate

file names were

ty

Fxample of File Descrirticn Specificaticns

a. That the first letter must te
alrphabetic

b. That there are three symbols that are
defined as alphatetic--note $ in first
positicn of seccnd file name (see
Definition of Terms.)

c. That numeric characters may be used

except in first pesition of file name.
File Tyre and I/C Tevice

The old-balance file (OLDPRALC1) serves as
input only (I in col. 15), and is to te fed
through the IEM 25C1 Card Reader (Device
codé REALOT in ccls. 40-45).

The transaction file ($TENSACT) serves
as data input only; but the $TRNSACT cards
that do not matchk CIDBATC1 cards are to te
selected. Stacker selecticn predicated on
the status c¢f the MR indicator must be spec-
ified in the Cutput-Format Specifications,
wvhich makes it an cutput cperation. The
$TRNSACT file thus arppears in both infput
and cutput specifications, and must there-
fore te defined as a ccmbined file (C in
col. 15). The file is to be fed from hop-
per 1 of the MFCM (Device code MFCHM1).

The new-balance file (NEWEAT 1) serves
only for output, and dces nct appear in the
input specifications. Therefore, 0 is
entered in col. 15. It is immaterial
whether the cards are tlank when placed in
the hcpper (as they would ncrmally be in
this application) or prepunched: they will
not te read. The file is tc be fed frcenm
hopper 2 of the MFCM (Tevice code FFCN2),
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An acccunts receivable tramsaction 1i
(file T5ARTENS) is tc ke rrinted cr an
1403 Printer, or ¢n an IBM 22032 Printer
under control of the lower feed. The
Tevice ccde for either is ERINTER (or
PRINTLF). The printer can only ke output
(0 in col. 15 .

=t

S
B

[

File Designaticn, and Order c¢f File Fntries

The entries in cclumn 16 designate that
OLDBALC?1 cards (P in col. 16) are processed
ahead of matching $TRNSACT cards (S in ccl.
16} . For the same reason, the CIDEALCH
file is entered ahead of the $TENSACT file-
-and this ccrresgends to thkeir crder cr the
Input Specificaticns form.

Both the code in col. 1€ and the crder
in which the files are listed cn the File
Descripticn form are ignored in Model 20
card RPG. They are required only fcr com-
patibility with cther RPGs.

Fnd cf File

The E in ccl. 17 of the $TENSACT file spec- |

ifies that the job is tc te terminated

after the last card of this file has Lkeen

processed-~regardless of whether the
OIDEAIC1 file was exhausted earlier,

4

jtaey

¢ sanm
s left.

o))

t t
card
If cclumn 17 were rlark for tott input

(cr ccmbined) files, or contained F for
both, the jcb would not be terminated until
both files are exhausted.

Col. 17 is not used with output files,
and is therefore blank for the NEWBAL1
file.

Seguence

The A in cclumn 18 sgpecifies that the input
(or ccmbined) files are in ascending
sequence. Multiple input files nmust be in

sequence, and all must ke in the same
sequence.

Comments

The entry in cols. €€-74 of the $TRNSACT
file line will be listed at program-genera-
tion time, cn the same print line as the
File Description Specifications for this
file. In card RPG, its cnly function is a
ccmment to the programmer or operator
(e.g., "remember to check stacker Z during
program execution: it will contain problen
cards").
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INPUT_SPECIFICATICNS (MAKDATCRY)

GENERAT INFOEMATICN

The input specifications (see Figure 1¢€)
serve to

Estatlish the prccessing pricrity for
matched cards from multiple ingut (or

1.

conbined) files

2. Identify card types within an inrut or
combined file

3. Specify card-type sequence within the
file

4. TCirect input- or ccmtined-file cards to
stackers cn the tasis cf card tyre

5. ©Define input fields, and their data
formats

€. Set indicators based c¢n the status of
individual input fields

7. TIdentify ccntrcl fields

8. Designate fields to be matched between
cards of multiple input (or ccrbined)
files

9. Specify card field(s) fcr secuence

checking

Fach input or ccmbined file must be

A file consists cf cne or more card types
in one hopper.

Each card type that can exist in an
input file must have at least a Sequence
entry (cols. 15-16) in the Input
Specificaticns-~-ctherwise an error stcp or
perpetual rrogram lccp the card
type appears during program execution.

a
<

In a combined file, any card type from
which data is to be read, or which is to be
processed on the basis of card-type identi-
fication, must also be entered in the input
specificaticns. ©Normally, this means that
all card types of a combined file must be
identified cn the Input Specifications
form, just as for an input file; an excep-
tion is a combined-file card type which is
never read cr identified, but is punched
and/or card-printed by multiple-time output
instructions during cne program cycle cf
another card (see Program Logic_Flow,
Multirple-Time Cutput to Cards during Cne
Program Cycle).

At least one input or ccmbined file is
required for an RPG program. Input fields
are defined only if they are to be read; it
is possible tc perfecrm an RPG jok without
any input fields (e.g., stacker selection,
or error halt, based on card type).

Output files must nct ccntain an entry

recorded cn the Input Specificaticns fcrm. cn Input Specifications forms.
IBM INTERNATIONAL BUSINESS MACHINES CORPORATION Form iz_lm-l
REPORT PROGRAM GENERATOR  INPUT SPECIFICATIONS vt in 0. 3.4
IBM System/360
Dote
Progrom Punching l Graphic I I I ) 7578 77 71879 80
mmeton g || ] Poge [D oroarem
Record Identfification Godes Field Field
7 5 3 Locati Indicators
3 . I |3 Sterli
Line Filename “RE % 2|Field Name| = |33 3 oo Sigl:w
g o [3[3] € | Position 5| Position 5| Pesition .[3|g| From [ To | 3 iE % Pios [minus| o | Position
A ;22 Zlelt e} ERHEE H HE et
3 = 5N 5 a siN -3 ]
H HEE 252 5518 31512)3|2 & HEHE
3 4 518 7l'lullIZIJMHIAIYI_lll’”l!ﬂ?!?‘?SuﬂZl ”nilnllh)5!0]73!_13’404!42‘3M‘Sldl7ll49$0SI!ISJ&IS!“SYQ.59‘0‘162““““‘7“69701]7773"
LN OENERENENA I EEE Bl ! EEEEEENERERRRRENERE R
0.2 |1 i 1 R ) IR : NERE
ois [ . . : T T T | D 0 : ; :
— FILE & CARD=TYPE IDENTIFICATION . - i S B ,
57 T —— — — ———————FIELD DESCRIPTION
. ; | i N LT . el
o} ¢ ] [ T T : X v e
a‘r 7 AE ™ : T T T : ! | STERL'NG
o8 1| | Lo i i
i J .
o [T
voal bod 1 v | . T
Figure 16. The Input Specifications Fcrm
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The entries for the I
form are divided intc thr
shown in Figure 16.

m

1. File and Card-Type Identificaticn--
Cclumns 7-42

Thi$ segment designates the file, iden-
tifies the card types it ccntains,
determines tte crder in which card
types within tte file shculd cccur, and
permits stacker assignments by card

tyre.

Each card-type identificaticn uses a
separate specificaticn 1line, or group
of lines, which must not ccntain any
field descrirticn.

The order in which pultiple input
{(ct ccmbined) files are entered imn the
input specifications determines the
relative processing priority of matched
files: +the first file entered thereby
beccmes the primary; the next one
tecomes the seccndary; and a third cne
beccmes the tertiary (cr seccnd secon-
dary) file.
Files.)

2. Field descriptions—--Cclumns 43-70

Tn this segment, the input fields are
defined, and their formats are
described. 1Indicators may te set on
the tasis of positive, negative, cr
zerostlank ccntents of input fields.
Control fields, and matching fields for
multirle files, are assigned here.
Sequence-check fields may te specified.

Each field descripticn uses a separ-
specification line. a1l field

descrirtions fecr one card type (or
grouping of card types, if CR-relation-
ships arply--see belcw) follcw the
specification of that card type (or
card-type group), teginning cn the line
telow the card-type specification.

3. sSterling Sign Positicn--Columns 71-74

Aprlies to Sterling currency fields
(British mcnetary system) cnly. Nct
covered in this manual. See IBM
System/360 Model 20, Sterling Currency
Processing Routines, Form C26-3605.

FIIE AND CARD-TYPE ILCENTIFICATION

File Name--Ccls. 7-14

Fach file is given a separate name Ly the
proqrammer—--ihe same name vsed fcr that
file in the File Descripticn Specifica-

ot

n
S, WNelcC vac Laisc L4alle 1= a=ssCelidticd

with a particular I/0 device.

The name of each input cr ccmbined file
is entered cn a separate line in this
field. It must begin in cclumn 7 with one
of the 29 alphatetic characters, may ccn-
tinue with alphabetic c¢r numeric charac-
ters, and may be one to eight characters
long. (See Definiticn of Terms, for
"alphabetic" and "numeric" characters--
neither permits emkedded tlanks.) Field
description must not appear in the same
line.

The file name is recorded once per file,
on the first line for that file. If
desired, it may be repeated for additicnal
card types within the same file; but this
is unnecessary.

Sequence, Number, Ortion--Ccls.
18 (Card-Tyre Segquence Check)

15-16, 17,

When there are several card types within
one file, the job may or may nct require
them to be in a particular sequence. The
program can be directed to check that the
sequence in which the types cccur during
object-program executicn conforms to a
specified sequence. An error results in a
halt. The system may be restarted (see
restart procedure in Operating Procedures
manual) .

This check has no ccnnection with a
sequence check on the values in fields of
succesive cards in a file (see cols. 61-62)
nor with control-level groups (see cols.
59-6C). Fcr instance, the correct sequen-
tial positicn of a card tyre amcng other
card types--but in the wrong control group_
--is not detected by entries in these
fields. These entries merely verify that a
specified sequence cf card types iterates
within the file and--with limitations--that
the quantity of each card type adheres to a
critericn cn each iteraticn. Therefore,
not every kind of error in card-type
sequence is detected; nor is the last group
in a file checked fcr ccmrleteness, sc long
as no detectable card-type sequence error
occurs up to the point of the last card in
the file. However, Control-Level specifi-
caticns (see ccls. 59-60) rrovide for
quarding against admixture of cards of the
correct type but wrong ccntrol group; and
simple Calculation Specificaticns entries
can rrotect against most of the remaining
card-tyre sequence errcrs nct detected by
entries in cols. 15-18 in the inrput speci-
ficaticns. (Cne such example appears in
Figure 5T, Iine 06.) TCetailed explanations
and illustraticns cf the card-tyrge
sequence-check oreration follow later in
this section.

Input Specificaticns (Mandatory) 57



The Sequence entries in cols. 15-18 in a
specificaticr line apply tc the card tyre
in that line, as identified by srpecifica-
tions in cols. 23-41.

Card tyres in an OR relaticnshir (see
Yelow) have nc card-type-sequence specifi-
caticns The specificaticns in the main
line atove the OR line(s) aprly to the OR
types, tco. It is not possible to specify
a different sequence positicn or quantity
check to card tyres in an OR relaticnshir.
Sequence-—Cols. 15-16
Co&nﬂns 18-16 must both have an entry in
tﬁe tirst specification line of every card
type (i.e., no Sequence entry is made in an
ANL or OF line--see telow).

Bote: ANL and OR lines are identified by
A¥D and OR%, resrectively, in ccls. 14-16-—-
gsee below.

The entry in cels. 15-16 must consist of
@ two-digit number when the card-type posi-
tion in relation to cther card types imn the
same file is to be checked.

The entry in cols. 15-16 must consist of
any desired combination of the 29 algphabet-
ic characters (see Definiticn_of Terms) if
the relative position of that card type,
amcng several card types in the file, is
pot to be checked. (If desired, the same
alphabetic characters may ke used for sev-
eral such card types.) A card type with
alphabetic entry in cols. 15-1€ cannot be
checked fcr rumber of such cards in a
group, and its presence in a group is
—alWgys considered -optionaly o

For card types whose relative positions
are to be checked, the card type that is
first in sequence in a file is assigned
seguence number 01 in cols. 15-1€. The
next types in sequence are each assigned
apy desired highker number, in ascending
sequence, in the order in which the card
¥y¥pes occur in the deck. Gaps in the card-
type sequence numbers are permitted. The
cmrd+type specification lines for each file
Bhust be written in the same crder in which
the sequence of card types for that file is
nunbered.

When some tut not all card tyges in a
file are to be checked fcr relative posi-
tioen, the specifications for card types not
£0 h& checked for sequence (alrhaketic in
cpls. 15-16) must precede those for all
sequence-numbered card-types for that file
~-even though the cards themselves might be
interspersed in the card deck amcng the
sequence-numbered types, and may even occur
between multiple cards of a single
segquence-numbered tyre.

Col. 17 must cocntain an entry when cols.
15-16 ccntain a numeric Sequence number.
Cols. 17-18 must be klank when cols. 15-16
contain an alrhatetic Sequence code.

When there is only a single card type in
a file (or all card types are in an OR
relationshir), ccls. 15-16 may be alphabet-
ic or numeric (if numeric, col. 17 must be
coded 1 or N). Alphabetic entries are
recommended in thi= case, because of the
item

2(a) , below.

Note: The rules for alphabetic and numeric
Sequence entries stated atove are compat-
ible with other System/360 RPGs. The Model
20 card RPG Program actually distinguishes
between a Seguence entry defined as numeric
(i.e., relative card-type position to ke
checked) and cne defined as alrhabetic
(i.e., card-type positicn not to be veri-
fied) on the basis of col. 15 alone; there
is nc restriction cn the ccntents cf ccl.
16. Specifically, the Seguence code is
defined as

1. Alphabetic, if ccl. 15 contains any
EBCDIC character other than blank
(hexadecimal 40) and other than those
in EBCDIC-tatle column F (upper half-
byte hexadecimal F).

Ccl. 16 may ccntain any cf the 256
ERCDIC characters (including "blank").

2. Numeric, if col. 15 contains any
character in EBCDIC-table column F
(upper half-byte hexadecimal F).

Col. 16 may contain any of the 256
EBEDIC -characters -{including—MElankl) .

The card-type sequence check is
based on the EBCDIC sequence.

See Appendix D and Figure D1 for
explanation of EBCDIC.

Number--Col. 17

When cols. 15-16 contain a numeric Sequence
entry, col. 17 must also contain an entry
to specify the number of cards of this type
in each iteration of card types: 1 or N.

1 = If the card type jis present, there must
be exactly one card of this type.

N = If the card tyre is present, there nmust
be at least one card of this type and
there may be more than one.

Column 18 determines whether the card
type must be present.

Column 17 must be left klank in ANT and
OR lines, and if cols. 15-16 ccntain an
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alphatetic code (nc card-type scgucnce
check) . It is nct pcssitle here tc verify

the guantity of cards of a type whese
sequential rosition in relation to other
types is nct ccnsistent (i.e., cannot te
checked) .

Opticn--Ccl. 18

When col. 17 ccntains an entry (i.e., cols.
15-16 ccntain a Sequence nunrber), ccl. 18
may te blank or ccntain the letter O.

¥ = This card type must te present in each
iteraticn of card tyres

0 = Presence of this card type in each
iteraticn c¢f card types is crticnal.

Whether cnly cne card or several
cards may be present--if the tyre is
rresent--is determined by the entry in
col. 1'7; i.e., even if presence of a
tyre is opticnal, a check is made to
verify that--if the card type is pre-
sent at all--cnly one card cf the type
is present if 1 is specified in ccl.
17. (As clarified further on, this
verificaticn is not effective if all
card types in the file are orticnal.)

Cclumn 18 must ke tlark if ccl. 17 is
tlank (nc card-type sequence check, or AND
or OR line). When cols. 18-16 ccntain
alphabetic entries (i.e., no check on posi-
ticn of card type), the prcgram assumes
that the rresence cf such card type is
optional.

WARNINGS:
1. No card-type sequence cr quantity check
l is effectively performed at all if any

7

cf these conditions afrly:

a. All card types in a file are
crticnal (0 in col. 18) cr have
alphabetic Sequence code in cols.
1E-16. See Figures 19A and D.

k. One card type is ncn-ofptional (nu-
meric entry in ccls. 15-16, and
rlank in col. 18), but all others
have alphabetic ccdes in cols. 15-
1€. See Figure 19B.

c. Cne card type is required (numeric
in cols. 15-16, blank in col. 18)
and coded 1 or N in col. 17; only
cne other card tyre is srpecified
with numeric sequence (ccls.
15-16) , and it is coded N and C in
cols. 17 and 18, respectively. (In
this case, however, the first card
cf the file is checked tc verify
that it is either cf the first tyrpe

vvvvvvv n-optional

o
type ) See Flgure 19cC.

While the program goes through the
sequence-check steps when numeric spec-
ifications in cols. 15-16 exist, it
cannot (in the alkove situations) dis-
tinguish tetween an inccrrect card-type
sequence and legitimate appearance of
card types from successive groups, nor
between erroneous duplication of a card
type and two successive cards of that
type from successive groups.

2. a. If the presence of all card types
in a file is optional, and at lieast
one of these types has a numeric
Sequence specification in cols. 15-
16, (the others either having
alphatetic entries in cols. 15-16,
or also numeric ones with O in col.
18) , then—--if a card of a type
arrears for which there is no entry
in cols. 15-16--the program will
neither advance nor error-stop: it
remains in a perpetual loop,
searching for the card-type
sequence~check specifications of an
unspecified type. See Figure 19D.

For this and other control
reasons, it is recommended that—--
for each input (cr combined) file--
a specification line always be
included with Resulting Indicator
and Sequence entry for "other" card
types, possibly with halt (H1 or
H2) specified in Resulting Indica-
tor and, if desired, selection to a
separate stacker. See next and
later sections.

b. However, if any card type with a
numeric entry in cols. 15-16 is
non-optional {(no O in coi. 18), or
if all card types have alphabetic
entries in cols. '15-16, then an
unidentified card type automatical-
ly halts the system. See Figures
194 and C.

Figures 19A, B, C, and T illustrate
these points.

Example of Card-Type Sequence Check

Figure 17A portrays an inventory file ready
for updating. Figures 178 and C show
alternative proper entries in cols. 15-18
for such a file. Some aspects of the
examrle may appear artificial, but were
selected to maximize clarification. Fiqure
18 illustrates the method the program fol-
lows to check card-type sequence, using the
card arrangement in Figure 17A.
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(590  BALANCE )
FORWARD
GROUP 6,ETC.
565 sTOCK I ¢
RECEIPT ]
565 BALANCE .
FORWARD
}»GROUPS
512  CUSTOMER
ORDER -A '
512 BALANCE
FORWARD
L GROUP 4
481 BALANCE .
FORWARD
(751 ORDER-B )
4817 CUSTOMER
ORDER-B iL
! - GROUP 3
D ——
(28 ORDER-A
r24s CUSTOMER Y
ORDER-B
248  ORDER '
( RETURN :
548 CUSTOMER )
ORDER-A
248 STOCK !
ADJUSTMENT
248 ORDER-A
248 CUSTOMER NNE
ORDER-B ! y- GROUP 2
(248 BACK ORDERS .
248 BACK ORDER
| SUMMARY
258 BALANCE A
FORWARD
i
(124 ORDER-A
{124 ORDER-B AL
{124 ORDER-A
1
rm CUSTOMER J1F T
ORDER-A
124 BACK ORDER !
SUMMARY
¥Ij24 RETURN )
(124 ORDER ARE
RETURN )
{124 ADJUSTMENT I
124 stocK ' OUP 1
( ADJUSTMENT - CR
(724 ReCEPT !
[}
(124 RECEIPT )
]
124 STOCK
RECEIPT ,
124 BALANCE
FORWARD !

Figqure 17A.
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Assumpticns. For each stock numkter:
e There is one Balance Fcrward card, at
the frent.

e The Balance Forward card may be fcllowed
by cne cr more Stock Receipt cards.

e There may te any number cf Custcmer
Order Return cards next. In calcula-
tions, these are to be treated like Cus-
tcmer Order cards, type A.

There may next be one Back Order Summary
card.

e There rust ke cne cr mcre Custcmer Crder
cards last. There are tuc tyres, A and
B, which are to be treated differently
in pricing, but are treated as cne group
in seguence-checking. Either tyre may
arpear first, the two tyres may te
intermixed, and cne or toth may be
represented in a groug.

e There may be cne cr mcre Stock Adjust-
ment cards, rositioned anywhere in the
gIcur.

Each card type is reccrded in a ceparate
specification line, and assigned an identi-
fying Resulting Indicator number. (The
next secticn explains how tc acccmplisth the
identificaticn. It is included here merely
so that the entries in ccls. 15-18 dc not
aprear tc be the cnly cnes in the line.)

The numbers that appear cn the cards are
stock numbers. They are irrelevant tc the
function c¢f cols. 15-18. They have Leen
included for the sake of reality, and to
illustrate the limitations of the check
performed ty entries in ccls. 15-18.

The first and fourth grcurs of cards in
Figure 172 are correct. The seccnd, third,
and fiftt grcups ccntain scme errors that
would ke detected as a result of the speci-
fications in cols. 15-18, and some that
would not.

EFxplanations-—-Fiqure 17B.

XNote:

t. The entries in ccls. 19-27 are
explained in tte next secticn, which
references this fiqure again. It may
bte ncted here merely that card-type
Fesulting Indicator nurkters tave nc
connection with card-tyre seguence
numbers.

2. PFor ccnvenience, little space has Leen
left Letvween specificaticn lines in
Figures 17B and C. It is, of course,
assumed that--in actual use--the neces-
sary number of lines are left tc acccm-

mcdate field descriptions (described
later).

Line 01: The Stock Adjustment cards may
appear anywhere in the group. Their posi-
tion is therefore nct to ke checked, and
(any) alphaletic characters must be
assigned in cols. 15-16. {(SA was selected
as a mnemonic.) Cols. 17 and 18 nmust be
blank when cols. 15-16 are alphaketic. 211
card types with alphabetic entries in cols.
15-16 must be specified ahead of card
types, within the same file, to be checked
for seguence position. The Stock Adjust-
ment cards therefore are the first type
specified, for the INVENTEY file, in the
input specifications.

Record

3
Line Filename R
z o

={g| = | Position .

55l 2 2al3

3 |El2]| 3 MNH

ERHE N 31513

3 k] 7 8 9 10 11 12 13 14]15 16{17]| 18] 19 20|21 22 23 24]25]26}27!

° IINVEEN ﬂR!YEE 18] ' 8lg| ID[S| ~—-Stock Adjustment

T =T =T+ Fam Type

1[1[ [85] 84| [c|-| =— Balance Forward

. FeWOBe] 80| [clt] =—stock Receipt

1
)
1
or 1| 2Moi2 1 8¢ C|N| =— Order Return
1
)

o 9
o R L 2|Loj@9| 8¢@| [c|8|=—Back Order Summary
IR : ' Customer Order -
I{L.i‘ oo o s 121 5¢ iS5 Type A
e W] o 22|  §4¢| |C|E[~— Customer Order -
viael | o+ [ ‘ Type B

[N i

Figure 17B. Sequence Checking of Card

Types within a File

The remaininag card types in the file are
to be checked fcr rprcoper relative position
among card types. They must therefore be
recorded in the ingput specifications in the
crder in which they aprear in the data
file.
Line 08: OQf the card types that camn be
checked for sequence, the PBalance Forward
card must be first. It must, therefore, be
numbered 01 in cols. 15-16. It must also
be the card type specified first of all
types within the file to ke checked for
relative pcsition. There is tc be one
Balance Forward card per group; therefore,
a 1 is entered in ccl. 17. Ceol. 18 is
blank, tecause the presence of this card is
mandatory.
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Line (6: The next card type whose relative
Fositicn is to te checked is Stcck
Receipts. It is assigned any twe-digit
number higher than C1 (C€ was arkitrarily
selected). There may be any numter cf
cards of this tyre in each group; there-
fore, N is srecified in ccl. 17. Ccl. 18
ccrtains the letter 0, becatse rresence of
these cards in each group is not required.
ILine C8: Any number higler thar the fre-
ceding nunrkter (06) is assigned tc the next
card type in sequence. {(Sequence numker 11
is an artitrary chcice.) Acain, there may
ke any nurber cf Order Retvurn cards, and
their presence is opticnal. Ccls. 17 and
18 are tlterefore ccded ¥ arnd O,
Tespectively.

ne_1 The Pack Crder Summary card is
assigned any higter sequerce numker than
the Order Return cards. (The next numker
in sequence, 12, was chcsen.) Its presence
is orticnal (0 in col. 18) tut, if present,
there must be nc more than one (1 in
col. 17) .

Tines 12 _and 13: Custcmer Order cards come
next, and are therefore assigned any number
higrter than 12 (which was vused fcr the pre-
ceding card type). Because there may be
any number of Customer Order cards in a
greup, N is specified in ccl. 17. Because
there must be at least one card of this
type in each group, col. 18 (Opticn) must
be blank.

These specificaticn lines illustrate two
further pcints:

i« - No card-type.seguence-check entry can.
te made for an OK line. (CEk specifica-
ticn lines are discussed fully later.)
For purtposes of sequence-ctecking cf
card-type pcsiticn, tcth card types--
those defined in the tasic srecifica-
tion line, and those in the OR line--
are treated as cne tyge:

a. The presence in the proper pcsition
cf either tyre satisfies any
requirement for presence (if nc O
in col. 18);

E. The presence of either type in the
wIcng positicn is regarded as an
error;

c. If 1 is specified in ccl. 17, and
there is one card cf each cf the
twc tyres in a group, this is
treated as an errcr as thcugh there
were two cards of cne tyre.

d. CF lines offer a method cf checking
the rositicn of several card types
in relaticn to others, when the
several OR card tyfpes nray cccury
any relative pcsiticn to each
cther.

2. Scmetimes it is desired to treat two
csimilar input card types uniformly in
most calculations and/cr fcr outrut;
but they appear in different positions
in the input file, and are to be
checked fcr prorper relative positicn.

Order Return and Customer Order
(Type A) cards fit this descripticn.

Note that these twc card tyres were
acssianed different seguence humbers (11
and 15, respectively), but the same
card-tyre Resulting Irdicator (21).
(The next secticn deals with Resulting
Indicators in detail.)

Explanations--Figure 17A, and Seguence
Check as Specified in Fiqure 17B

The first group of cards (Group 1: stock
numker 124) encompasses every type of card
provided fcr in Figure 17B. It is correct
in every respect, and no card-type
sequence-check error stop will occur.

Group_ 4 contains the minimum numker and
types of cards allowed; all others are
optional. No error stop occurs.

Groups 2, 3, and 5 contain various errors,
introduced deliberately to illustrate the
effectiveness and limitations of the card-
type sequence check kased on specifications
in ccls. 15-18:

Group 2 (stock number 248) is headed ty a
Balance Forward card with stock number 258.
No error stop occurs. The criteria of
cols. 15-18 are met: the Balance Forward
card is rresent, it follows a Customer
order card, and there is exactly one
Balance Forward card. <Cols. 15-18 specifi-
cations do not cause checking of contrcl-
level fields.

There are two Back Crder Summary cards
in Group 2. An error stop cccurs, because
1 is specified in col. 17.

A Stcck Adjustment card is intermixed
among Customer Order cards in Group Z. Our
assumrticns stated that Stcck Adjustment
cards may te located anywhere; they were
coded alphabetic in cols. 15-16, and are
not checked fcr position. Fiqure 17C pre-
sents a method for allcwing a card tyre
(e.g., the Stock Adjustment cards) to occu-
Py any of several positions, and yet check-
ing against its occupying any others,
(Alternatively, specifying the Stock
Adjustment cards to bte in an Ok relation-
ship tc Stcck Receirpt cards would check
that they follow the Balance Fcrward card,
or are apong or rehind Stcck Receipt
cards.)
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One of the Custcmer Order cards in Croup
2 (stock number 548) does nct keleng in
this group. The card-tyre sequence check
will not detect this.

In Grcup 2, an Crder Keturn card is
amcng the Custcmer Order cards, instead of
being ahead of the first Back Order Summary
card. This causes an errcr stog.

Croup 3 ccmmences withcut a Balance Fcrward
card. This is nct detected by the card-
type sequence check. The Custcmer Czder
~card at the frcnt cf Grour 3 acts as a con-
tinuation of the Customer Order cards of
Group 2.

When the Balance Forward card of Grcup i
is read, an error stop occurs kecause two
Balance Fcrward cards have been read ccnse-
cutively, and 1 is specified in col. 17.
Cnly for that reascn.is the errcnecus pcsi-
tion of the Balance Forward card in Grcup 3
detected. If the Balance Fcrward card in
Grour 4 were missing, neither its absence
nor the errcneous positicnm of the Ealance
Forward card in Grour 3 wculd ke detected.

‘T“‘ R VR;co;d
1
Line Filename 2 é
g . i§ i Position N
4 3 (28] & (5[5
4 51617 8 9 1011 12 13 14115 1811718} 19 20|21 22 23 24|25]26]{27)
' 'MINVENTRY|BAL| |B8S| 84| [C[~| = Balance Forward
|
! @2INo|1 B 84| |DI9|—=— Stock Adjustment

1
lBelNolgs] 82 c[a] =—— stock Receipt

Nlofju|alw]|w

Nol1 8] 84 [pjo]~— Stock Adjustment

]

1 INQIC ) 84| |C|IN = Order Return

w|=]olo|o|lo]|o|e|e|o]e|«

~{ole|e

1211109 84| |CiBl =— Back Order Summary

~a—_ Customer Order -

12

13 1SN 21 8 Type A

14

1 s X Customer Order -
Type B

Figure 17C. Sequence Checking cf Card

Types within a File

Grour 5 lacks any Custcmer Order card. An
error stcr cccers when the Balance Fcruard

card of Group 6 is read, because no Custom-

er Order card rreceded it.

Explanations--Figure 17C

Figure 17C presents a method of permitting
an opticnal card tyre to arrear in several
(i.e., two, in this example) acceptable
rositions, yet signalling an error if it
were to appear in any cther position.
Otherwise it is identical with Ficgure 17B.

Change the assumrticns for Stock Adjust-
ment cards to read: they may directly fol-
low the Balance Forward card and/or Stock
Receirt cards cnly.

By entering the specifications for Stock
Adjustment cards as shown in lines 03 and
07--instead of with alrhaletic code in
cols. 15-16, as in Figure 17B, line 01--
presence of this card type is permitted in
either or both of these positions, and
limited to these two positions.

The position of the Stcck Adjustment
card in Group 2 of Figure 172 will now be
signalled as erroneous.

Note that this technique reguires
assignment of different Sequence numbers
{(cols. 15-16) for the several permitted
positicns, but that the same card-type
Resulting Indicator is assigned. Tle
single Resulting Indicator number then
always references that card type in calcu-
laticn or output specifications, regardless
of the pcsition where the card appeared.

Nature of the Card-Type Sequence Check

A brief explanation of the methcd the pro-
gram follcws tc verify card-tyre sequence
will further clarify the preceding example.
It is also necessary tc proper specifica-
tion c¢f Record Tdentificaticn Codes--the
next secticn of the manual, which
references this discussion.

a. If all card types in a file have alpha-
btetic specifications in cols. 15-16,
the program checks, as each card is
read, for the first card tyre specified
for the file just read, then the
second, etc.--until a match is found,
based on Record Identification Code (or
arsence of any identification
specifications~--see next section), or
until all specifications for card type
have been exhausted without encounter-
ing a match. (An errcr stop then
ocCcurs.)

b. If all card types in a file have numer-
ic syrecificaticns in cols. 15-16, the
program starts its check, as each next
card is read, at the first card type
that may legitimately have appeared
next--it does not necessarily begin at
the first specificaticn line, excert at
the start of program execution.

Input Specifications (Mandatory) 63



64

If this does not match, it checks for
the next card tyre srecified, and so
on, through the last card-tyre specifi-
caticn (for that file) in the input
specifications, continuing in a circle
up tc the first cne, etc.--until a
match is found, or an error detected
(illegal card-type sequence cr guanti-
ty). An error stops the system--except
in the particular undefined-card-tyge
situaticn described abcve (Warnings,
item 2(a)), when the search circle
(loor) ccntinues ad infinitum.

(Note: Card types in an OR relaticn- :
ship are checked ccnsecutively after
the main line, until a match is fcund
or the OR lines are exhausted.)

If the specified card types are a com-
tination of (a) and (b) above, the pro-
gram first searches thrcugh the card-

type specifications with alphatetic
entries in cols. 15-16, as in (a)
above. If no match is found, it
ccntinues--as in (k) above--at the
first card type with numeric specifica-
tion in cols. 15-16 that may legiti-
mately have appeared next. If this does
not match, it continues in a circle of
the card-type specifications with nu-
meric entries in cols. 15-16, until a
match is found or an error detected.
(Rut see Warnings, item 2{a), above.)
Note: When several or all card types
have alrhabetic Sequence codes in cols.
15-16, process time is minimized by
recording the mcst-frequently occurring
type with alphatetic Sequence code
first, the second most-common type
next, etc. The program then makes the
least number of attempts to match a
card-type definiticn to cards read.
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r T T T 1
l | Card | | |
| | Position | | Sequence-Check |
| Group | (entire | Verification Steps | Result |
I | file) | ! |
— } + + 1
| 1 | 1 | Card type 1C?No/052?Yes ] OK |
| | 2 | 10?No/06?%¥es ] OK |
i i 3 { 1C?No/C€2Yes | CK |
| | 4 | 10?No/C67?1es } OK ]
l | 5 | 102Yes | OK |
| | 6 | 10?Yes | CK |
| | 7 | 102No/C62No/21(11)2Yes | OK !
i i 8 | 10?No/z1(11) ?Yes ] OK I
! ! 9 V1028021 (11) 2 %o /0S7Yes i OK 1
1 ) 10 | 162No/21(15) or 222Yes | OF |
| | 11 | 10?No/21(15) or 222Yes | CK |
! | 12 1 1C?X¥c/21{15) or 22%?Yes i OF }
l | 13 | 1C?Nc/21(15) or 222?Yes | OK |
¢ + + + al
| 2 | 14 | 1C?No/z1(15) or 222No/05%?Yes | OK |
| ,—-=4- 15 | 10?No/062No/21(11)2No/09?Yes | OK |
| ( | 16 | 10?No/Z21(15) or 227No | Error Stop {
| Senl 17 | 10?No/z1(15) or 227?Yes ] OK |
| i 18 i 10?Nosz1(15) or 227Yes | OK |
| | 19 | 10?%es | OK |
| ,~~F- 20 | 10?No/z1(15) or 227Yes ] OK 1
| \ | 21 | 10?No/21(15) cr 22?No/0572?No | Exror Stop |
| ‘o 22 { 1C?Nc/z1(15) or 22?Yes | OK |
| I 23 | 10?Nc/21(15) or 222Yes ] OK i
+ + . + 1
| 2 | 24 | 16?Nc/21(18) or 222Yes | OK -~ Note! 1
| | 25 | 10?No/2z1(15) or 222?Yes | OK |
| _-t- 26 | 1C?No/21(15) or 222No/C57Yes | OK - Note! |
L v ] 1 L " ]
T T L] T T L
| T | 27 | 1C?NosC6?Nos21(11) ?2No/C92N0/21 (15) oxr 22?No | Frror Stop - Notel |
| \\;l 28 | 10?2NosC6?No/21(11)?N0/092N0/21(15) or 22?Yes | OK - |
L 31 1 1 " |
L} ¥ Bl Ll 1
| £ i 29 ] 1C?No/21(15) or 22?Ko/052Yes | OK |
| | 30 | 1C?No/C6?Yes | OK [}
[ 1 L Lo :
L Ll T o T 1
| 6 | 31 | 10?Nc/062Nc/21(11) ?2No/092N0/21(15) or 22?No | Error Stop |
L 1§ R L J
Note:
1. cCard-tyre number used is Resulting Indicator number in Figure 17B. Because Indicator
21 is used twice, the Sequence numlter is shown in parentheses.
2. The illustraticn after each errcr froceeds as though the error card d4id not exist
(dotted line)--merely so that illustration can be continued.
Figure 18. Example cf Card-tyre Sequence-Check Acticn Based on Fiqures 174 and B

The action will now be illustrated in
Figure 18, with reference to Figures 172

{Fcr ccnveni

ard B.

used for reference is the Resulting Indica-
19-20.

tor number in ccls.
tor Z1 is used twice,

is shcwn in parentheses.)
maximize the explanation,
in Fiqure 18 ccntinue--after each error

ience,

Figures 19a, B,
card-typre number

Because indica-

the sequence nunkter
In order to

the illustrations

sequence check.

stop ccndition--as though the error card

had nct bteen present

{dotted lines).

Input Specifications (Mandatory)

and C highlight several
potential trouble stots that can arise if
the card-type sequence-check operation is
not fully understood.

The rroblems were

mentioned under Warnings, above.
bers in the upper left-hand corner of the
cards are values in a potential control
field which are ignored by the card-type

The num-
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Figure 19A Recore
( 122 TYPEA : 7
' Une Filename z é
r 123 UNDEFINED 1]t 2 o 518 £ | rosion]| | |,
A HHAE B H
£ s |E|2] 2 NH
1 K £ 218 & 21513
]23 TYPE c 3 4 5f617 8 9 1011 12 131415 16§17 ‘_SJI? 20{2% 22 23 ZAFE‘ 267_7‘
] o1 H|SALSSTAT 21l 79| lcls] =—TYPEA
02 ]
13 TYPE C | 03 8| | ¥2] 79| EM -——TYPEB
o4 |
, o D C 3 79 —~—TYPE C
06 1 J
N I I 1
Figure 19B and C 286 TYPE B
X Recorc
( 286 TYPE B ' !
! Line Filename 3| _:-:;
135 TYPE C H . |19 i Position N
K 51208 3 31512
3 4 516{7 8 9 1011 121714015 18]17{18{19 20{2) 22 23 24]25}26{27
: o' |'lsaLssyaTirel [ [11] 79| kM ——TvPEB
2 ]
(I v I o B[] 13| 79| kclg =—T1vPEC
! 04 |1
[123 TYPE A i o3 i 11 12| 79| lay] =—TYPE A
1 3 4 5lef7 8 9 101 12 13 14]15 18|17 18] 19 2021 22 23 24j25 1617_
o1 cly| =~—TYPE A
s TYPE A Al at ALSSTATp11] 12| 79| iy
f Figure 19C
——Jo | p2No11] 79 ~—TYPEC
123 TYPE C ' 04 |1
. . ~ aw It 1
i
Figure 19D ( 215 TYPE B
- Recorc
fsa UNDEFINED 1 .
" Line Filename ! 2 ;g
186 TYPEC 2| .12 § i Position N
H 3128 & 2(ols
123 TYPE A 3 51617 B 9 10 11 12 1314 [15 16] |7|°l IPI_OIII 22 23 QI&AE
o' |['ISALSSTATITC] | 13 79NZ- -—TYPEC
123 TYPE B ° Z !
] i
| INOI11l 79 €7 TYPE A
04 |4 AND 75! €6
(123 TYPE B | o _
! o6 |4 210112 79 M ——TYPEB
123 TYPE A I o7 i [ Il
| o I ] Il

Figqure 1€¢.
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Fiqure 1A

No card-type sequence check is performed,
since all types are defined as crpticnal.
{(In this particular illustraticn, all types
are opticnal by virtue of alrhaketic code
in ccls., 15-16; but the sawme arplies tc
numeric specificaticns with O in ccl. 18.)
Therefore, nc error stop cccurs for any
arrangement of legitimate card types, and
the abserce cf card type B is nct sig-
nalled.

An errcr stop cccurs when the unidenti-
fied card type is read, since all opticnal
card types are coded alphatetic in cecls.
15-16. (See Warnings, item 2(k), abcve.)

Figure 1¢B

The duplicate of card typre A (with numker
123) is not detected. A1l cther types are
cpticnal and the program dces nct kncw that
the twc cards do not belcng to two dif-
ferent grcups.
above.)

The fact that a type-C card rrecedes
tyres A and B is nct signalled, tecause
types with alphabetic specification in
cols. 15-16 may appear in any relative
rositions.

Although a card of type A is required in
every grcup (nc O in col. 18), its alsence
from groups numbered 135 and 2&6 is nct
detected. The program has no means of
recognizing that the card types C and E,
numbered 135 and 286, respectively, are not
part of the preceding grcur (No. 123), or
of some following ¢grcup c¢f unkncwn size in
which a type-2 card might yet appear=--
tecause card types defined by alphabetic
code in ccls. 15-16 can arrear in any crder
and duantity. (See Warnings, item 1(b),
above.)
Figure 19C. Using same card arrangement as
Figure 19B, tut different

specificaticns.
An error stop occurs at the very tegin-
ning, because a type-C caré is read Lkefcre
a tyre A.

Nc stcr occurs for the duplicate tyre-2
cards: the prcgram does nct know that they
do not represent two grours, since presence
cf type-C cards is optional.
ings, item 1(c), above.)

An errcr stor occurs when any of the
Type-B cards are read, because they are
undefined--and there is at least one ncn-
opticnal card type specified. (See Warn-
ings, iter 2(b), above.)

The absence of the type-2 card for aroup
135 is nct detected kecause, as far as the
program is concerned, the type-C card num-
bered 135 could belcng to group 123. (See
KWarnings, item 1(c), above.)

Figure 19D

¥o card-type sequence or quantity check of
any kind is effectively performed, since
all card types are ortional. ©No error stop
occurs for card sequence or quantity. (See
Warnings, item 1(a), atove.) The duplicate
type-B card is not detected, nor the
absence of the type-A card for group 2i5.
(The errcneous loccaticn of the seccrd type-
A card (group 123) would never be detected
by the card-type sequence check--even if
neither type A nor B were crpticnal--because
it would be treated as belonging tc the
next group: the card-type sequence check
ignores grcup-contrcl values.)

‘When the undefined card type (group 186)
is read, the program goes into a perpetual
loop. (See Warnings, item 2(a), above.)

The entries in line 04 of the specifica-
tions are included only tc illustrate that
no card-type Sequence specifications are
entered for an AND line.

Card-Type Lefiniticn--Cols.
30-34, 37-41

19-20, 23-27,

If different input card types are to te
processed differently, cr are to be checked
for card-type seguence (see cols. 15-18),
they must cf course be distinquished for
the program. The distinquishing entries in
cols. 19-41 are made in the card-type iden-
tification lines, above the field-
definition lines.

Columns 19~20 provide for the entry of a
distinguishing reference code, termed a
card-type Resulting Indicator, for each
card type. The distincticn between card
types is based on the presence or absence
of specific punches in each type of card,
as designated by the proagrammer ty entries
in cols. 23-41.

The Resulting Indicator asscciated ty
the prcgrammer with each card type makes it
easy to condition calculaticn and output
specifications to be executed only for cer-

tain card tyres (or rredetermined seguences
of card types).
When a new card has teen read, the pro-

gram checks the Record Identification Codes
(cols. 23-41) of successive card-type iden-
tificaticn lines, until it finds a matckh
between the specifications in cols. 23-4
and the punches in the corresponding
columns of the card just read. Tt then
assigns the card-type Fesulting Indicator
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that appears in ccls. 19-Z2C of the line
wvhose ccl. 23-41 entries match the card.
(For the time in the cycle when the rre-
vicus card's indicator turns off,
new card's indicator turmns cn,
€: EFPG Erogram_lLogic.)

Two important related pcints should be

noted:

1.
each tire at tte first card tyge
entered in the input specificaticns,

and the
see Figure

The prcgram does not necessarily legin

in

its attempt to match the punches in the

new card just read against the Reccrd

Identification Ccdes.

of the Card-Type Sequence Check, and

Figure 18, exrlain the starting roint

of the ccmpariscn and the crder in
which it is carried cut. It is
affected by the Sequence entries in
cols. 15-16.

Froblem. {(The possible entries in
ccls. 19-41, and their significance,
are fully described in the next two
secticns.)

Fxplanation of Figure 20

ad.

Assume that only the kecord Identifica-
ticn Codes in field 1 cf Figure 20 were
entered (cols. 23-27)--ignore cols. 30-
41. Alsc assume that all three card
types in Figure 2C contain a 1 in col.
80; that the second card type alsc has
a 1 in ccl. 78; and that the third card
tyre contains a 2 in col. 78, besides
the 1 in col. 8C. The following
results occur:

If the program tegins its attempt to
match the punches in the new card just
read against the specifications in
Record Tdentification Code 1line 01, the
card will always match and indicatcr 01
is always assigned. No attempt is made
to check for punches in col. 78,

2. Once a match has been found tetween tecause a match has been fcund.
runches in tte card just reaéd ard
Record Identification Code entries If the program begins its attempt to
(cols. 2z3-41, including pcseible AND match with the entries in 1line 03, any
lines--see belcw), nc furthker card-type of the three card tyrpes is correctly
identificaticn lines are searched. identified.

Therefore, unless card-tyre identi- If the program tegins its attemrt to
ficaticn srecificaticns in ccls. 23-U41 match with the entries in line (0F, a
are mutually exclusive fcr different card of the third type is correctly
card types, an undesired identificaticn identified, and indicator 05 assiqmned
may ke made. Fiqgure 20 illustrates the theretc. A card of either the first
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or seccnd type is identified as the
first tyre, and assigned irdicatcr 01.
This cccurs tecause, if the card dces
not centain a 2 in ccl. 78, it is next
tested for a 1 in ccl. 8C. This ccrdi-
tion is satisfied by cards of all three
types, and a match thterefore occurs as
soon as line 01 specifications are
compared.

b. Assure all the entries shown in Figqure
20. All three card types are then
always correctly identified, because
cards with 1 or 2 in ccl. 78 are

cverlnded From ching +he crecifica
cXTLuldcl L UM mqu»u;uq the =p€ECLTiCa

tions fcr cards cf the first tyre.

Resulting Indicator--Cols. 19-20

Indicator)

Card-Type

Any cf the RPG indicators except LO
earlier section, Indicatcrs) may be
assigned ky the Frcgrammer to each card
type, and entered in cols. 19-2C in the
first inrut specificaticn line for that
card type. The entries in ccls. 23-41
associate the indicator in ccls. 1¢-2C with
a particular card-tyre.

(see

The otject program can tken be directed,
by use cf the indicator ccde, to execute
certain calculation and/or outrut specifi-
caticns c¢nly when prccessing that card
typre--or, if desired, only when processing
a card type cther than that cne.

Normally, any of the indicatcrs 01-99
are assigned as card-type Resulting Indica-
tors. The indicator on frcm the previcus
card is set off ty the program tefcre the
indicatcr for the new card is set cn.

Thus, there is cnly cne card-type Resulting
Indicator on at any one time, if only indi-
cators 01-99 (or H1, H2--see belcow) are
used for card-type identificaticno.

It is permissible to assign the same
indicater tc mere than one card type. The
same indicatcr, cr tvwc different indica-
tors, alsc may be assigned tc two card
types in an CR relatiomnship (see ftelcw).

Indicators H1 and H2 are suitable card-
type Resulting Indicatcrs tc rerresent an
erroneous card type. The csystem tten halts
after tte card has been ccmpletely EIC-
cessed and befcre the next card is fpre-
cessed. (It can be restarted Ly deprecsinq
the CPU START key twice.)

Indicatcrs may te assigned tc the
various card types in any crder; numeric
indicaters (01-99) need nct ke in ascending
secuence for successive card-type identifi-
cation lines.

It is permissible nct tc assign any
Resulting Indicatcr to a card type (i.e..

to leave cols. 1€-2C btlank). ¥%hen a card
of this tyre is then processed, the prcgram
executes only those calculaticrn and output
specificaticns that are ccnditicned ty the
off status ({Nxx) of card-type Resultino
Indicators for cther cards, and those not
conditioned by any card-type Resulting
Indicator. (If no card-type Resultinag
Indicator is assigned, care must be exer-
cised to prevent spurious output before the
first card has been read, at 1P time.) For
conpatibility with other FPGs, an indicator
should always be assigned.

mba~ 1o o
i uc uo< w

=1 a Lcau _Y cTu
ijllustrated in precedlnq sections, somne
dealing with other aspects of RPG (Figqures
5, ¢, 12, 17, 19, and 20). TFurther
examrples specific tc indicatcrs and card-
type identification follow discussion of

cols. 23-41.

Note: Card-type Resulting Indicators other
than 01-99, H1 and H2 should nct te
assigned without a ccmplete understanding
of the secticns Prcgram Icgic Flow, Indica-
tors, and Indicator Hierarchy, in the
chapter Programming_ for RPG--General
Information.

Record Identificaticn Codes--Cols.
30-34, 37-41

23-217,
(Card-TIype Identification)

These fields provide for the identification
of different card types on the basis of
specific punches--or the absence of specif-
ic punches--in designated card colunmns.

When the punches in a card meet the cri-
teria estalklished in these fields for a
card type;, the indicatcr (if any) assiagned
{ccls. 19-20) to that card type turns on
before total-time processing, and remains
on thrcugh detail-time prccessing cf that
card. During that time, all other card-
type Resulting Indicatocrs are off.

Excepticns: More than one card-type
Resulting Indicator may be on during part
or all of the processing of a card if

1. An indicator is assigned as a card-type
Resulting Indicator that is not stan-
dard for that purpcse (such as MR); or

2. The sare indicater is assigned as both
a card-type Pesulting Indicator, and as
Field Indicator and/or calculaticn
Resulting Indicatcr; cr

3. An indicator is assigned as a card-type
Fesulting Indicator, and the same indi-
catcr is turned on bty a SETCN instruc-
tion in the calculation specifications.

Similarly, althcugh a Resulting Indica-
tor may be assigned to every card type, all
of them could be off for part or all of the
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processing of a card for the altove reasomns.
(In item 3, abcve, SETOF wculd then arrly,
instead cf SETCN.)

See Program loqgic_Flow, Irdicators, and
Indicator Hierarchy.

If cols. 21-4% of a card-type identifi-
cation line are left blank, all cards
matched against the specifications in that
line are considered to be cf that card
type. (See Nature of_the Card-Type
Sequence Check fcr explanaticn of the crder
in which card-tyre identification lines are
matched.) If an indicator is specified in
cols. 19-20, it is set cn fcr the fproces-
sing of that card. Leaving cols. 19-41 all
tlank could be a practical approach if
either all input cards are tc ke fprccessed
identically, cr multiple inrut files are to
be merged without any need to recognize
different card types, or all card tyres tco
be distinquished from the remainder are
defined with alphatetic Seguence ccdes in
preceding lines. (The vser must then te
certain that the deck contains nc undesired
cards.) Cols. 15-16 must, however, te
coded.

Normally, identificaticn c¢f a card type
rust be made dependent cn the presence cr
absence c¢f a character in a sirngle card
column or on a ccmbinaticn of punches in
several card cclumns. Fcr ccnvenience,
space is provided on one line fcr three
such criteria. If entries are made in tvo
or three sets of cclumns, ttese twc cr
three criteria are in a logical AND
relaticnship; all of the stated criteria
.{specified presence. cr-atsence cf-certain
punches) nmust be met feor tte card to be
considered of that type. TIf mcre than
three criteria in a logical ANT
relaticnehip are required, additicral lines
may fcllcw the first card-type
identificaticn line. Fach additional 1line
requires the wcrd ANL in ccls. 14-16. Up
to three Record Identificaticn Code fields
are again available in each AND line.
Resulting Indicator (ccls. 19-2C) must te
left blank in AND lines.

It is alsc possible tc flace any nunmber
of card-type criteria into an inclusive OR
relaticnship; i.e., the card tyre is
considered identified if one or more of the
criteria are satisfied. ©Fach CF criterion
is then specified cn a separate card-tyge
identification line, with the word OR in
cols. 14-15. The card-type Resulting
Indicator number need not te repeated in
the CR lines (but it may te). If no
Resulting Indicator is specified in an OR
line, the prcgram assumes the indicator
from the last preceding line fcr which a
Resulting Indicator was specified {or it
assumes that nc indicator is assigred, if

none of the identification lines fcr that
card type has an indicator specified).

AND and CR relaticnshirps may toth exist
for one card type. Alsc, by using AND with
negation of a criterion, together with an
CR line, exclusive CF conditions can te
specified.

There is no limit (other than the numkter
of columns in a card, and core stcragqge
capacity) to the number of card-column
characters that may be used as criteria inm
an AND or OR relaticmship tc identify a
card type.

There is a situation in which it is
card types in an OR relationship.—— o
Different card-type Resulting Tndicators
are then assigned in the main line and the
OR line(s). This aprlicaticn is descrikbed
under Field-Record Relation (cols. 63-6U).
In Mcdel 20 card RPG,
matter,

it dces nct

when using less than three Record
Identification Code fields (cols. 23-27,
30-34, 37-41) in a line, which cf the three
fields are used. It is also permissible to
use an AND line even though not all three
fields are used in the main line. For
compatibility with cther RPGs, however, the
first field should always ke used, the
second field should te used if two cr mcre
are needed in an AND relaticnshig, and an
AND line should not be used unless more
than the three fields in the preceding 1line
are needed.

The kinds of entries that can be made in
each-of the three-Record Identification-
Code fields are identical. Therefore, only
the first field (cols. 23-27) is descrited
in detail. (Ccls. 21-22, 28-29, and 3£t-3¢
do nct arply to Model 20 card RPG. They
may te left blank cr coded with zeros.)
Illustrations of all ccmmcn types of
entries for card-type identification fol-
low. (Earlier illustrations appear in
Figures 5, 9, 12, 17, 19, and 20.)

Position (cols. 23-24): The number of the
card column (right-justified) to ke checked
for the identifying code punch. A leading
(tens-position) zerc need not te reccrded.

Character (col. 27): The character to be
matched against the contents of the card
column specified in cols. 23-24. BAny of
the 256 EBCLIC characters, including lrlank,
is a valid entry. (But see C/Z/D, below.)

Not (col. 25):

¥ = The criterion is satisfied if the spec-
ified character (as rer ccl. 27)
arrears in the desicrated (cols.
card cclurn.

2:-28)
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N = The criterion is satisfied if the spec-
ified character dces not arrear in the
designated card colurn.

C/Z/D_(ccl. 26): The pregrammer specifies
here whetter the entire ctaracter in ccl.
27 is to be matched against the entire
character in tte card cclurn, cr only the
digit cr the zcne portions of both are to
be considered. For complete flexibility in
the use cf the Z or D specificaticn in col.
26, reference will be made tc the EBCITIC
table (Arpendix D, Figure T1). Fxanmrles
{Figures 21 and Z2) follcw the details
telow.

C = cCharacter.
The entire character specified in col.
27 is ccmpared with the entire
character in the data-card cclumn. Any
of the 256 ERCIIC characters may be
used.

Unless it is necessary to specify D
or 7 (see belcw), to elirminate the zone
cr digit portion of a character, C
should be entered in ccl. 26. This
conserves core storage and rrogram
execution tinme.

7 = Zcne.
The zone pertion of the character spec-
ified in ccl. 27 is ccmrared with the
zcne porticn cf the character in tte
designated (col. 232-24) data-card
cclumn.

Ccnsidering first crly the mcst com-
mcn ccmpariscns:

12-zcne: If & (12-punch), any cne gf
the letters A through I, character ¢,
or ary cne of the remaining six charac-
ters in the FBCDIC-takle cclumn
labelled C is specified in col. 27, it
will match as equal in zcne to any of
these 17 characters in the data-card
colunn (specified in ccls. 23-24). Any
cther characters in the data-card
column are treated as unmatched.

11-zcne: If - (11-punch), any cne of
tte letters J - R, character 0, cr any
one of the remaining six characters in
the EECTIC-tatle cclumn lakelled T is
specified in ccl. 27, it will match as
eqgual in zone to any of these 17
characters in the data-card cclumn
(specified in ccls. 23-24). Any other
characters in the data-card column are
treated as unmatched.

Ko-zcne: If col. 27 is tlank, ccntains
any cne of the digits (-9, or contains
any cne of the remaining six characters
in tte EBCTCIC-takle cclumn latelled F,
it will match as equal in zcne to any

of these 17 characters {actually, 16
characters and tlank) in the data-card
cclumn (specified in cols. 23-24). 2Any
cther characters in the data-card
cclumn are treated as unmatched.

Fxpressed more troadly, and general-
ized tc the full EBCDIC (see Appendix
D, Figure D1): Any one of the 256
EBCDIC characters may be specified in
col. 27. Tt will match "egual" in zone
to any data-card character that arpears
in the same column of the EBCDIC table,
and te unmatched tc any other data-card
character, with three exceptions:

If & (12-punch) or any character
in table cclumn C is specified in
col. 27, & is considered to be part
of EBCDIC-table cclumn latelled C
(cnly). However, if one of the
characters in the ERBCDIC-table
column labelled 5 is specified,
other than & (12-punch), then & in
the data card matches only any
character shown in that column.

If - (11-punch) or any character
in tatle cclumn D is specified in
col. 27, - (11-pumrch) is considered

to ke part c¢f EBCLIC-table column
latelled D (cnly). However, if omne
of the characters in the FBCLIC-
tatle column labelled 6 is speci-
fied, other than - (11-punch), then
- (11-punch) in the data card
matches only any cf the characters
shown in that column.

If column 27 is left tlank, or
any character in table-cclumn F is
specified, * is considered to ke
rart of EBCLCIC-takle column
labelled F (only). However, if one
of the characters in the FECTIC-
tabtle column labelled 4 is speci-
fied, other than ¥, then » in the
data card matches only any charac-
ter shown in that column.

D = Digit.
The diqit portion of the character spec-
ified in col. 27 is compared with the
digit portion of the character in the
designated (cols. 23-24) data-card
column. Any of the 2£€ EBCDIC charac-
ters (including tlank) may be specified
in ccl. 27.

Any character in col. 27 will match
Yequal" in digit to any data-card
character that appears in the same row
of the EBCDIC chart.

Figure 21 gives examples of C, Z, and D

specifications, and the results of compar-
ing varicus characters.
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Identification-Ccde Characters,

with Specification of ¢, Z, or D

72 System/360 Model 20 CPS Rerort Prccram Generator

T v T T Bl 1
| | jContents of |Result of} |
| | | Data-Card jCcmparing| ]
| | |Cclumn |Specified] |
1 | | being |Characterj |
| | jCompared |with 1 I
| | | (Coclumn |Character| |
| ] | Specified in|Data-Cardj |
|Col. 26} Col. 27 ICols. 23-24) |Cclumn | Comments |
i + + + } —
i o { S | S |Match | : |
| C | & | & | Match |In each case, any other character in the |
| C i ¥ | t {Match |designated data-card column would result in|
| C | 5 | 5 | Match J]a non-match: C in ccl. 26 causes compari- |
| C | $ | $ |Match |]son of the entire character. |
1 ¢ ]11-9-8-5 111-9-8-5 |Match I !
- t t + + 1
| Z } A 1 D |Match |Both have same zone--EBCDIC-table column C |
Pz H 10 (12-0) |Match |Both in EBCTIC-table column C i
| y i H 1& (Y2-punch) | Match [When a character in cclumn C is specified, |
i | i | | (6) is assigned to column C i
| Z 112-0-9-8-6 | F |Match |Both in EBCDIC-tatle colummn C |
| Z 1& (12 punch) | 12-0-9-8-5 |Match fWwhen (&) specified, it is assigned to }
| | | | | EBCDIC-table column C |
| Z 1& (12-punch)|$ (11-8-3) |Non-match|When (&) specified, it is assigned to |
1 | | jEBCDIC-tatle column C - not 5 |
| Z 1$ (11-8-3) {& (12-punch) jMatch | ®hen any character, except (&), in EBCDIC- |
1 | i | |table column 5 is specified, (&) remains in|
i 1 i | jcolumn 5 |
| Y/ i- (11-punch) | M |Match |Fhen (-) is specified, it is assigned to ]
| I | | |EBCDIC-tatle column D |
| Z | J | R |Match |]Both in ERCDIC-table column D |
i Z 111-0 | P | Match JBoth in EBCDIC-talble column D |
| Z 111-0 } 12-11-9-8-7 |Match |Both in EBCDIC-table column D |
| Z 112-11-9-8-2 |- (11-punch) [Match |When a character in column D is specified, |
i | | | | (-) is assigned to cclumn D |
| Z | P |- (11-punch) {Match | When a character in column D is specified, |
{ | | | | (-) is assigned to column D I
| Z |- (11-punch) |% (0-8-4) |Non-match|{When (-) specified, it is assigned to |
] | | | JEBCDIC-table column L - not 6 ]
i Z 1% (C-8- -4) 1- (11-punch) [ Ratch |When any character, except (-), in EBCDIC- |

B . { o ST Ttablé ¢oluifi 6 1§ specified, () reémaing in|
| | } | |column 6 i
| Z 1& (12-punch) |- (11-runch) |Non-match|Zone punches in different EBCDIC-table |
| l_ i | jcolumns i
| Z 10 (11-0) |- (11-punch) [ Match | When a character in column D is specified, |
i | | | | (-) is assigned to cclumn D |
| Z | 2 | 4 |Match | Same zone (no-zone), tecause in same |
{ | \ | |EBCDIC-taltle column |
i Z | b | 0 }Match |When b specified, it is assigned to EBCDIC-|]
} | | | |table column F (nc-zcne) |
I 2 | 8 { bl |Match {¥hen a character in column F is specified, |
] | 1 i I is assigned to column F |
{ 4 I bo) | 12-8-1 |Non-match|When * specified, it is assigned to ERCDIC-]
| [ [ i {table columnn F - not 4 |
| Z t12- | b |Match | ¥hen any character, except b, in EECDIC- |
| | I | |table column 4 is specified, b remains in |
| | i { jcolumn 4 |
| Z | §o) i S |Non-match|When b specified, it is assiqgned to column |
| | | { |F, and does not match zone in column E |
| 7 | S | bol jNon-match|Zone in column F does not match zone in |
| | | | |EBCDIC-takle cclunmn U |
| Z | 0 i T |Ncn-match|Zone of column F (no-zone) does not match |
| | | I |zone of column E I
i— 1 1 1 L J
Figure 21 (part I cf II). Results cf Ccmparing Various Data-Card and Record-



r T T T T 1
|. 2 | T | 0 |Ncn-matchlZcne of column F does not match zone of |
| ! ! ! lcolumn F (no-zone} i
| A jC-8-2 | g |Match |Both are in EBRCLIC-tatle column E and i
| | | | |therefore have same zcne |
i Z ] W | Z |Match |Both are in EBCDIC-taltle column E and |
| | | | |therefcre have same zcne |
| 7z |- (11-punch) | ) |Ncn-match{Column-D zcne dces nct match column-E zcne |
| Z |& (12 punch) | v |Ncn-match|Column-C zone does not match column-F zZone |
| 4 j12-11-0 ja (&-4) |Match |Both in EBCLIC-table column 7, and there- |
| | | | |fore same zcne |
| Z 12 (8-4) 112-11-C |Match J]Both in EBRCDIC-table column 7, and there- |
| | \ | {fore same zcne |
| VA 112-11-6 112-11-1 iMatch |Both in EBCDIC-table column 9, and there- |
| | | | | fore same zcne |
| 4 }12-11-9-8-1 | 11-9-8-7 | Match fBoth in EBCDIC-table column 1, and there- |
| | | | |fore same zone |
| Z | H | Y |Non-match| EBCDIC-takle columns C and F have different|
| ] I | |zones |
| Z | 0 | Y |Ncn-match|EBCDIC-tatkle columns T and F have different]
| | | i jzones |
| A | 8 i Y |Non match|EBCDIC-takle column F (no-zone) does not |
| | | Imatch zcne of column F |
| Z | Y | 8 |Non-match|EBCDIC takle cclumn E dces nct match in 1
1 ! ! | |zone to column F (no-zone) |
} + + 1 4 al
| D | A | J |Match ]Both in same row (1) cf EBCDIC table |
1 D | A }11-0-9-1 |Match |Both in same row (1) of EBCDIC table |
i D | A | 1 |Match |Both in same row (1) of EBCLIC talkle {
| D 1€ (12-punch) |- (11-runch) |Match |Both in same rcw (0) cf EBCDIC table i
| T | T | 0 {Match |Both in same row {(0) of EBRCDIC tatle |
| D { C 112-11-8-1 jMatch |Both in same row (0) cf EECTIC tatle i
| T 1% ( 11-8-3) (112-9-8-3 |Batch |Both in same row (B) cf EBCDIC tatle l
| T 112-0-9-8-3 112-C-9-8-2 {Ncn-match|In different rows (B and A) of EBCDIC table]
i D { S | T {Non-match|In different rows (2 and 3) of EBCLIC table]
11— A 1 | " . I}
Figure 21 (part II of II). Results cf Comparing Various Data-Card and Record-

Identification-Ccde Characters,

Figure 22 illustrates various ccrrect
card-type definiticn entries in cols. 19-
41, including some unccmmcn cnes. Explana-
tions follcw, lettered tc ccrrespond to the
circled letters in the figure. Letters,
rather than numbers, are used to stress
that the crder in which the prcgram tests
the specified codes against those in tte
input card does not necessarily ccrresgond
to the order in which card types are
entered in the input specifications--sece
preceding sectiocn Nature of the Card-Tyre
Sequence_Check. (A1l card-type definiticns
should therefore be kncwn to be mutually
exclusive--cne cannct assune that the type
listed last will not be tested unless mnone
of the other lines match. 1In Figure 22, we
will assume that we know the specifications
to be adequate fecr mutual exclusicn.)

Explanation of Fiqure 22
a. The card tyrpe is assigned indicator 05
when col. 80 contains an & (12-punch),
any cf the letters A - I, cr any of the
remaining seven characters (12-0, and
12-C-S-8-2 through 12-C-%-€-7) in the

column labelled C in the E

with Specification of C,

Z, or D

A

T~
DLpio

(see Appendix D, Figure D1).

table

Indicator 10 is assigned to a card that
meets all of these five conditions:

1. Col.
cther punch

C, not Z);

Ccl.
12-punch,
I,

1 contains a 12-punch,

80 does not contain a
or any of the letters A -
or any of the remaining seven

characters in column C of the
EBCDIC table;

and

Col. 79 contains cne of the 16

characters in column 5 of the
FBCLIC table.
12-tunch is cne of these 16

characters.) ;

Col.

tabtle (e.qg.:

etc., to 12-9-4);

(Note that a

and

4, u, o,

and

D,
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and no
(the srecification is
and

75 does not contain any of the
characters in row 4 of the EBCDIC
12-11-0-4
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Figure 22. Examples of Card-Type Identification Entries
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€. Col. 5 contains cne of the 16
characters in column E of the
EBCDIC table (e.g.: 0-8-2,
11-0-9-1, s, T, etc., to
11-C-9-8-7). Note that no match
cccurs if the data card is klank,
cxr punched zero cnly (i.e., the
unit record Hollerith code C-zone
for letters S - Z does nct arprly).

This example also illustrates AND
lines. Note also that a leading 0 may
te cmitted from card-cclumn number
(e.g., col. 1) or recorded (e.g., col.
05) .

Indicator 08 is assigned to a card that
meets either of these criteria:

1. Col. 1 contains cne cf the
characters in row B cf the EBCDIC
table (e.g.: $, 12-11-0-9-8-3,
ccmma, 12-39-8-3, etc.); cr

2. Col. 1 contains a 4 {(and nc cther
punch) and col. 5 ccntains any
punch (i.e., is nct tlank).

This example also illustrates an
(inclusive) OR relation, with either of
twc card types assigned the same
Resulting Indicator. It also shows the
ccmbination of an AND relationship (two
criteria in the OR line) with the OR
relationship.

Indicatcr 25 is assigned when col. 1 of
a card contains an 11-punch, any of the
characters J - R, or any of the remain-
ing seven characters in column D of the
EBCDIC table (11-0, 12-11-9-8-2, etc.).

Indicatecr 26 is assigned when ccl. 5
is blank, contains any of the digits
0-9, or contains any of the remaining
six characters in column F of the

EBECDIC takle (12-11-0-9-8-2, etc.)

The value of this type of OR
relaticnship--where twc card types are
assigned different indicators, yet
placed in an Ok relationship--will
btecome clear when Field-Record Relation
(ccls. 63-64 in the input specifica-
ticons) is discussed later.
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€. Indicator 12 is assigned when either
cne cf two sets cf criteria is met:

1. Ccl. 1 ccntains a 1 (and no cther
runch) and ccl, 75 dces nct ccntain
a 2 alone (cther characters that
inccrporate a 2-punch are rer-
mitted, since the specificaticn in
col. 33 is C fcr an exact character
match) ; or

cl. 75 contains a 2
unch) and ccl.
1 alone.

[V BN )

This illustrates an exclusive OR
relaticnship: the criteria for indica-
tor 12 are satisfied if either of two
conditicns arplies (1 in ccl. 1 ¢r 2 in
ccl. 75), but not if trcth arprly.

f. This assumes that the card is wreng if
tcth of the conditions cccur that were
handled in entry (e) as mutually
exclusive.

If the card contains tothk a 1
(alone) in ccl. 1 and a 2 (alcne) in
col. 75, indicator H1 is assigned.
Unless the H1 (or H2) indicator is
reset ty a programmer's specificaticn
kefore then, the system halts after the
card has been completely processed.

The H1 indicator may be used like
any cther indicator. It might logical-
ly be utilized to condition calculaticn
and cutput specificaticns not to te
executed when H1 is cn (by specifying
NH1 in the ccnditioning indicator
fields).

Thrcughcut, in Figure 22, notice that--
vhile numtered Sequence entries (in ccls.
15-1€6) muvst be in ascending-number crder,
and must start with 01--Resulting Indica-
tors can be assigned in any crder.

Previous secticns stated that, when an
input card of an undefined type is read,
either an error stcp or a perpetual prcgranm
loop (see HWarnings, item 2(a), atove)
results. To avoid a perpetual program loop
or an errcr stop which regquires card handl-
ing for restart, and to facilitate typas-
sing of calculation and outrut srecifica-
tions for invalid cards, the user should
make provision for invalid cards in the
card-type definiticn specificaticns (cols.
19-41) fcr each file. Figure 23 illus-
trates three approaches. Feor simplicity,
cnly two legitimate card types are used in
each exanple; and the assumpticn is made
that one type contains a 1 (cnly) in ccl.
5, and tte other a 2 (cnly).

Record Identification Codes
i 2 3
Line [ Filename > f;;
H .2 = | Position .| Position .| Position
- HH :5, Z|a :‘: Zla -‘; Z|o
£ AR MR IS5 ]
H 2 |2i18] & 2|5/ 215l5 2o
516l 7 8 9 1011 12 131415 s[17[18[19 20{21 22 23 24(25 IGM 29 30 31{32{33[34}35 36 37 25‘3940
" ['lsaces 2 1]1]ojH1 SN siicle] 4
02 1 l’\
o3 i 21Nols| S| k1 (1
04 |1 N
o5 |1 2211048 5] |ci2
06 1
07 HiCOMMISSNNX 99 SINic|1 SINCI2) 2
o8 | P
v s g1t 15| s| | (2)
10 | \/
v i las|1] |24 S| Icl2
12 ]
13 [1{COSTSALSK, g1 5| ¢
14 1 o
s CIRCEIER=2 (3)
16 | N
17 Y'Y 2
1
Figure 23. Examples of Protection Against

Undefined Card Type
Explanation of Figure 23

Example 1 assigns an H indicator (HE1) tc an
illegal card (neither character 1 nor 2 in
col. 5). A stop then occurs after the
illegal card has been processed, unless the
H indicatecr was reset (by a programmer's
specificaticn) before detail-time output.
(The halt is non-abertive: the system can
be restarted by prescsing the CPU START key.
twice.) The H indicator can also be used
to byrass specifications that should not be
executed for invalid card types.

For illustrative purposes, even the
legitimate card types were specified as
optional (0 in ccl. 18), which negates the
card-type sequence check. However, if they
were not designated as optional--and the
entry for invalid card types has a numeric
Sequence specification (cols. 15-1€), as
shown--a stcp for card-type sequence error
could occur on an invalid card, even though
Wwe chose tc write the specifications for
invalid cards on the first line. (Whether
the card-tyrpe sequence-error stor or the
invalid-card-type halt (specification line
01) wculd occur on an invalid card is
dependent on the particular specification
line which the program tests first against
a card just read--see Nature of the Card-
Type Sequence Check. 1In example 1, either
specification line 01 or lime 03 could be
the first one compared against a data
card.) A card-type seguence error stop
--in ccntrast to the H1 halt--is more com-
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plex to restart, does not frcvide a unigque
indicator to ccndition executicn cf speci-
ficaticns fcr invalid card types, and does
not offer a single methcd tc stacker-select
such a card (with or withocut stopping).

Example 2 shows an effective methed of
achieving the same flexible result as in
Fxample 1, yet requiring a sgpecific (ncn-
opticnal) card-type sequence fcr the valid
card types. Card-type specificaticns with
alphatetic Sequence entries (ccls. 15-16)
are always tested before thcse with numeric
Sequence cspecifications (see Nature of the
Card-Type Sequence Cleck). Thus, in this
example, the validity of the card tyfe is
always chtecked first-—-the user is assured
of indicatcr 99 for an invalid card tyre,
and can stacker-select invalid cards by a
simple entry in specificaticn line 07.

Tndicator ¢9 does not cause a syster
stcr; but ctherwise it may ke tvsed like the
H1 indicator in Example 1 to ccnditicn the
executicn of specificaticns. If a halt
after an invalid card is desired, H1 cr H2
can, c¢f ccivrse, be assigned in rlace of a
numeric indicator like S¢.

Fxample 3 takes advantace cf tte fact that
card-type identification specificaticns
with alptatetic Sequence designaticn (ccls.
15-16) are always tested in the crder in
which they are entered (see Nature of the
Card-Type Seguence Check). The examrle,
towever, assumes that no card-tyfpe sequence
check is required.

Specificaticn line 17 will ke tested
against a data card only when neither the
specificaticns in line 13 nor those in line
15 matched the data card. <Since nc Record
Identificaticn Ccdes appear in ccls. 23-41
of line 17, it will always match against a
data card when tested. Thus, whenever
neither line 13 nor line 1% matches the
data caré, line 17 will te tested and it
will match--therefore, all invalid cards
will be associated with line 17.

No Resulting Indicatcr (ccls. 19-20
tlank) was assigned to invalid card tyres,
merely tc illustrate another pcssitle
approach (any indicator, including H1 cr
H2, could have been assigned). If specifi-
caticns that are to be executed fcr valid
card types (cr before the first card) are
all conditioned ty indicatcrs which are off
for invalid card types, then the aktsence of
an indicator during processing cf invalid
types surrresses executicn cf such
specificaticns.

Example 3 illustrates a ccnvenient tech-
nicue fcr identifying invalid card types
when specifications for invalid types would
be complex. For example: If there are
several valid card types, each witt

numercus AND and/or OR relations, it could
beccme involved to specify the Reccrd Iden-
tificaticn Ccdes for an invalid type. Such
specificaticns would require the negation
of all pcssitle valid card-identification
punch ccmkinations. The limitation of the
approach in Example 3 is its requirement
that the valid cards cannot be checked for
card type sequence.

Note that, with this method, the entry
for the invalid type must always be last
for that file--if it is first, every card
will ke treated as invalid, since there are
no specifications in cols. 23-41 to exclude
valid cards frcm matching the line.

The stacker-select entry in col. 42 of
all three examples is explained telow
(ander Stacker Select).

Records in an CR relationship

Records in an OR relationship must be in
the same file. The three types cf CR rela-
ticnshirs are descrited belcw.

1. TIdentical Fields and Similar
Processing:

The input fields of several card types
are in the same cclumns, have the same
format, and identical field names
apply. V¥No distinction between the card
tyres is required in the field
description entries--each field is
descrited only cnce--and the several
card types are treated throughout as
though they were identical, with cne
rossible exception available: they
can--if desired--te selected to
different stackers by entries in

ccl. U2 of the input specifications (if
no cutput operation is performed on
them). ©Eecause the fields for two or
mcre card tyres are descrited cnly
cnce, ccre storage space is saved.

The EResulting Indicator in cols.
19-20 cf the mair card-tyre identifica-
tion line aprlies alsc to the OR
line (s) where no Resulting Indicator is
entered; alternatively, the sanme
Resulting Indicator may be repeated in
the CE line(s).

This type of CR relationship was
already illustrated in Figure 22:
lines 06 and 07, and lines 12 and 13.
(A different stacker could have been
specified in ccl. 42 for the two card
types in an OR relationship.)

2. Tdentical Fields tut Different
Processing:

Two or more card-types differ only in
their Record Tdentification Ccdles
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{cols. 23-41%1); but their input fields
are in the same columns, have the same
format, and identical field nanmes
apply. No distinction Eketween the card
types is required in the field descrip-
tion entries--each field is descrited
cnly once--but the card types are to ke
processed differently in the calcula-
ticn and/or output-format specifica-
tions. (They can, of course, alsoc be
directed to different stackers.)
Because the fields for two or more card
types are described only once, core
storage space is saved.

Different Resulting Indicators in
cols. 19-20 are assigned to the card-
type specification lines in an OR rela-
tionship, to permit distinction between
the card types in the calculation and/
or output-format specificatioms.

rigure 178, lines 12 and 13; Figure
17C, lines 13 and 14; and Figure 22,
lines 09 and 10 represent this kind of
OR relationship if cols. €3-64 of the
field description lines (not shown) are
tlank.

3. Some Identical and Some Different
Fields for Different Card Types:

See Field-Record Relation,

telow.

OR Relationships are further illustrated in
Figure 26, below.

Stacker Select--Col. 42

If no stacker-select entry is made in input
or output specifications, the cards of that
type enter the normal stacker for the par-
ticular card read and/or punch device. TIf
the device contains more tham a single
stacker, cards can be program-directed to a
non-normal stacker, by an entry in the
input or output specificaticns. Fiqure 24
itemizes the normal and additional stackers
for card input/output units with multigle
stackers, and the pertinent stacker-select
codes. For single-stacker TI/0 devices,
stacker celect should be left blank (how-
ever, any entry is simply ignored by the
progranm) .

|Note: 1In the case of the IBM 2520 Card
Punch or Read-Punch, cards with funch
errors are automatically directed to stack-
er 2--the ncn-normal stacker--by the

systemn.

E INPUT/OUTPUT [STACKER SELECT| STACKER NO

s |UNIT CODE

M

+ |iem 2520

¢ |CARD PUNCH |blank or 1 1 (Normal)

. or

+ |READ-PUNCH 2 2

.

.

E 1BM 2560

H MULTI- Model Al Model A2
¢ [runcmion

¢ lcaro blonk 1 1

¢ |MACHINE (from hopper 1) (Normal Selection)| (Normal Selection)
.

: blank 5 4

s {from hopper Z) | (Nomma! Seleciion)] {Norma! Selection)
: 1 1 1

. 2 2 2

L d

L]

E 3 3 3

: 4 4 4

: 5 5 | 4

:

eFigure 24. Summary of Stacker-Select Spec-
ifications for Multi-Stacker

Card I/0 Devices
Rules for Stacker Selection

OQutput-file cards can only be stacker-
selected in the output-format
specifications.

Input-file cards can only be
stacker-selected in the input
specifications. This is accomplished by
entering the number of the desired stacker
in col. 42 of the card-type identification
line the pertinent card. If a card
type is to enter the normal stacker for the
I/0 device that contains the file, column
42 may either be left tlank or coded with
the number of the normal stacker (which is
always 1, except for the secondary hopper
of the MFCHM).
The preceding Fiqure 23 illustrated, in all
three of its examples, how to select a par-
ticular card type--in this case, invalid
cards—--to stacker 2, while letting all
other card types enter the normal stacker.
Stacker selection of input-file cards is
possible, based on file matching and/or
calculation results. 1In this case, how-
ever, the file must be defined as combined
and the file name entered in the Output-
Format specifications. (See also Rules for
Stacker Selection under Qutput-Format
Specifications.)

for
Iger

Note: It is also possible to perform
stacker selection on input-file cards,
based on file matching and/or calculation
results, by means of the EXIT operation
code and BAL subroutines (see Programping
Tips, Appendix E).
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Combined-file cards may ke selected in the
input. gpecifications--when selection can be

.based on card type alone--cr in the cutput-

format specificaticns. It is permissible
to select some card types within the file
in the input specifications, and others in
the cutput-fcrmat specifications. The cri-
teria to te applied are:

9. A card type must not have stacker-
select instructions in both the input
and cutput-format specificationmns.

2. If any output operaticmn (punching and/
or card-printing) is tc te performed on
cards of a type, any stacker selection
to be specified for this type must be
in the output specifications. (If
stacker selection is srtecified in the
input specifications, but output opera-
tions are also srecified, the outrut is
to the next card and this next card is
never read.)

3. If stacker selection is to be rased on
the results cf calculation specifica-
tions, or on the result of matching
between files (MR indicator), it must
ke designated in the outrut
specifications.

4, While not necessary, it is recommended
that a stacker-selection specification
--even if it is the number of the
normal stacker--be made in the input
specifications fcr any ccmbined-file
card type on which an ocutput operation
is not to be performed--i.e., the card
type will not ke punched or
card-printed (interpreted), nor will it
be stacker-selected on the basis of
calculaticn-specificatiens of -
Matching-Fields results. This
expedites throughput.

The points itemized above are logically
supported thus: For a comtined file, the
program makes provision to read each card,
and then halts it at the pre-punch station,
to await output instructions after comple-
tion of calculations. However, if a stack-
er number (even if that of the normal
stacker) is given in the input specifica-
tions, the program uses this fact to eject
the card immediately after reading and to
read the next card. Processing (calcula-
tions) for one card is then overlapped with
reading of the next card.

Note: When stacker 5 is designated, but
the I/0 device referred to is the 2560 MFCH
Model A2, the card is directed to stacker
4.

AND Lines

When the number of Reccrd Identification
Codes requires AND lines, any Stacker-
Select entry must be in the main (first)
line--never in an AND line.

OR Lines

Stacker-selection is independent for the
main line and each OR line, just as for
different card-type identification limes.

To amplify:

1. If no Stacker-Select entry is made in
the CR line, the card type enters the
normal stacker, regardless of the
stacker for the card type defined in
the main line above the OR line.

2. The card type in the OR line may have a
stacker-select specification different
from that in the main line; or the
stacker—select column in the main line
could be blank, but the OR line could
have a stacker specification; or both
could be blank.

3. The rules for combined-file card types
apply as though OR lines defined total-
ly separate card types.

However, if the main line and the OR
line are not assigned separate card-
type Resulting Indicators, nor is any
distinquishing indicator assigned else-
where--and one specification line (say,
the main line) is designated as an
input type only (by a stacker-select
entry in the inrut specifications) and
the other line (say, the OR line) is
designated as a combined type that is
to receive output (by virtue of the
absence of an input stacker-select™
entry) -—-then output could be into the
following, rather than the relevant,
card.

FIELD DESCRIPTIONS

Field descriptions are required for each
field of an input card that is to be used
in the application (i.e., as data field for
calculations, as Control-lLevel field, as
Matching Field, to set Field Indicators, or
to provide data for output). No field
description is entered in the input speci-
fications for a card field that serves
solely to receive output data, nor for an
input card-type field that is ignored in
the application. (Entries for fields not
needed for data input waste core storage
space and process time.)

A separate line is used for each field
description. Field descriptions for each
card type begin on the line immediately
below the line describing the card type.
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If there are several lines describing cne
card type (AND lines) cor related card types
(OR lines), field descrirticuos begin imme-
diately telow the last of such card-tyge
identificaticn lines. The file and card-
type identificaticn area (ccls. 7-42) must
be left rlank in field descripticn lines.

Input fields are tested fcr setting of
Field Indicatcrs, and transferred toc the
internal process area, in the sequence in
which they are entered. This need concern
the user cnly when unccnventicnal assicn-
ment of indicators, or multiple assignment
of the same indicators, is invclved.

If the aprlication dces nct utilize any
data from fields of a card type, nc field
descripticn is regquired. This cculd ke the
case, for instance, when tle orly cperaticn
rerfcrmed for a card type is stacker selec-
tion based on card type.

Packed--Ccl. 43

Ieave col. 43 blank for normal
input data.

(unpacked)

Enter the letter P in ccl. 43 if the
input data is (already) in packed-decimal
format.

If the same input field appears more
than once in the input srpecificaticns, with
the same name, that inprut field must always
or never te specified as in facked fcrmat
(P in col. 43)--i.e., it cannot ke desig-
nated as packed input for cne card tyrpe and
unpacked fcr another, with the same field
name.

I Packing is a data-storace technique
vhereby twe digits (cr one digit and sign)

| are stored in the space normally required
Ly one _alrhameric character--i.e., cne core
storage tyte or ome card cclumn. The EPG
converts numeric input data to packed for-
rat, if the data is to be tsed in numeric
compare, arithmetic, editing, or Zerc Sup-
press operations (see Decimal Positicns,
col. 52, telcw). The P entered in ccl. 43
prevents PG from racking numeric data
again if it is already in racked format at
time of ingut.

Numeric input data may, fcr example, be
in packed format in crder to get mcre
informaticn intc one card. {This cculd
reduce the number of cards to ke processed
by ur to 50%.) fThe data might have Leen
runched intc the ‘cards as cutput in packed
format in a rrevious oreraticn. Punching
output data in packed format can save
punching time cn a serial punch (e.g., MFCHM
or 1442) if it thereby reduces the number
of the last cclumn tc be punched.
Incidentally--where data is required tc be
in packed format because arithmetic cr

editing orerations are to te performed uron
it--input in packed format saves the pro-
cessing time for packing, and core storage
for the packing routine.

When inrut data is already in packed
format, the RPG program assumes that the

low-crder positicn cf the field ccntains a

punch ccombination whose bit equivalent for
the lower half-byte rerresents a valid
sign. This implies that the punch combina-
tion in the lcw-order position of the field
must te represented in row A, B, C, D, E,
or F of the EBCDIC table (Appendix D,
Figure D1)--B and D are treated as minus,
the cthers as plus. Hence, no tlanks
(X'40') are allowed in the low-crder
(rightmost) byte of a field specified as
packed. Since 0 is an invalid sign, any
arithmetic operation attempted with this
field will result in a non-standard machine
halt (specificaticn error). If the field
is to be used in numeric compare, arith-
metic, or editing (including Zero Suprress)
operaticns, the punch comkinations for the
low-crder column are further confined to
EBCDIC-table columns C-©; the punch combi-
nations for all columns, except the lcw-
order column, are then confined to EBCDIC-
table columns C-9 and rows (-9 (i.e., they
must consist of twe valid digits). Arren-
dix D discusses data formats.

An input field specified as Packed (P in
col. U3) is always considered by the rpro-
gram to be numeric; a specification must
therefore bte entered for such a field in
Decimal Pcsiticns (col. 52)--see below.

Maximum field length for a packed input
field is 8 columns (which corresponds to 15
digits, and sign).

In input specifications, Field Locaticn
(col. 46-47 and 50-51) must reflect the
actual columns that contain the field in
the input data card--not the numter of
digits these columns represent. Decimal
Positions (col. £52) must reflect the number
of digits--not the numkter of columns--to
the right cf the decimal point.

In calculaticn specifications, the field
size must be considered exactly large
enough to accomnmodate the same number of
digits (and sign) in unpacked format. Tf n
represents the number of card columns of
the packed input field, the length of the
field in calculation specifications becomes
2n-1. This also aprlies to output-format
specificaticns for tacked input fields,
unless "Packed Field" is specified in the
cutput-fcrmat specificaticns, too.

Input fields designated as packed (P in
col. 83) cannot be used with Ccntrol-Level
(ccls. 59-60) or Matching-Fields (cols.
61-62) entries. The equivalent effect can,
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however, te achieved by a second field-
descripticn entry for the same input field,
with a different field name, leaving ccl.
43 blank and treating the field this time
as alrhameric (no entry in ccl. 52). If
Matching Fields (ccls. 61-€2) are used with
this seccnd entry, the user must realize
that the sequencing cperations are then
Lased on the field ccntents as cne EBCLIC
character per column--not twc digits per
column. Appendix T explains tte relative
sequence pcsiticn of each cf the 256 FECDIC
characters. Note that, if the second
definiticn of the same field (with a dif-
ferent field name) is vused sclely fcr
Control-Level or Matching-Fields purrpcses,
a diagnostic warning message ("“unreferenced
field names") is printed dvring generatici
of the olkject program; but ceneraticn fro-
ceeds prcrerly.

Note: While, as discussed atove, Packed
format is available as a ccmpaction techni-
gue fcr numeric input (and/cr ocutput) data,
colunmn-binary (card-image) input (or out-
rut) cannct be used with this FPG.

Field Location--Ccls. 46-47 and 50-51
(Cols. 44-45 and 48-49 are nct used in
Model 20 card RPG--they may re left Lklank
or ccded with zeros.)

These cclumns define the lccaticn of each
input field in the card.

The maximum length of an input field is:

a. For a standard (unpacked) numeric
field: 15 cclumns.

.. Fields to be used irn _numeric - ceBpare -
cr arithmetic operaticns, and/or tc ke
edited or zero-suppressed in output
specifications, must bke defined as
numeric--ty an entry in Decimal Posi-
tions (ccl. 52).

b. For a packed field:
Packed, above.)

€ cclumns. (See

c. For an alphameric field: ©Nc limit,
cther than data input-card capacity (80
columns) .

Input fields may be listed in any order,
except when Control lLevels are specified
(see cols. 59-6C, below) or Field-Record
Felation is invclved (see ccls. 63-64).

It is permissible for input-field card
columns tc overlap, if thke fields are civen
different nanmes.

From--Cols. u46-47
The number of the leftmost (high-order)
card cclumn cf the input field. The entry

must be right-justified; a leading zero may
be omitted.

To--Cols. 50-51

The number of the rightmost (low-order)
card column of the input field. The entry
nust be right-justified; a leading zero may
be omitted.

Note: A single-column field is defined by
the same coclumn number in cols. #6-47 and
50-51.

Decimal Positiocns--Coli. 52

For alrhameric fields, leave col. 52 klank.

An entry (0-9) in this colump defines
the associated field (as named in cols.
53-58) as a numeric field. An input field
must be defined as numeric in the input
specifications if any cne cor more of the
following statements apply:

1. The input field is in packed format (P
in col. U43)--see Packed, above.

2. The field will be used as a factor or
result field in numeric compare or
arithmetic oreraticns in the calcula-
ticn specifications. Arithmetic opera-
ticns comprise: additicn, subtractiom,
multiplication, and divisicn--i.e., the
operaticn codes ADD, Z-ADD, SUB, Z-SUB,
MULT, DIV, MVR. (An input field cannot
be defined as numeric--i.e., bave Deci-
mal Positions specified--in calculation
specifications unless it was defined as
numeric in the input specifications.)

3. The field will serve as search arqument
in a lcok-up (LCKUP) creration for an
argument table defined as numeric.

4, EJit or zero-sufppress orerations are
specified for the field in the output-
format specifications.

5. Output is specified to ke in rpacked

Specifications).

For a field that is to te treated as
numeric, enter in ccl. 52 a digit from 0-9
to represent the number of decimal places
in the input data field. For standard
(unpacked) numeric input fields, the
Decimal Positions entry is synonymous with
the number of card cclumns to be considered
to lie to the right of the decimal point.
For packed input fields, it applies to the
number of digit positicns to the right of
the hyrothetical decipal pcint (e.g., a 3
in ccl. £2 for a packed input field
specifies 3 digits to the right of the
decimal foint, contained in the 2
right-hand columns).

The maximum numker cf decimal rositicns
that can be specified for a field is 9; Ftut
the number of decimal positions specified
must nct bc grcater than:
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1. the length of the field--for standard
{(unpacked) numeric input fields; cx

2. the éigit capacity cf tte field--fcr
racked input fields. (Digit capacity =
2n-1, where n = the length of the
racked input field.)

If the entire field rerresents an
integer, withcut any decimal places, enter
0 in col. 52.

An entry (0-9) in col. £2, tesides
designating that field as rumeric, alsc
serves three related purposes for the field
specified in that line:

1. It assigns thke locaticn c¢f the decimal
point, so that the ctject prcgram can
terfcrm autcmatic decimal-tpoint align-
nent during numeric ccmpare and arith-
metic ocperations.

Note : If a field must te defined as
numeric, but will not te used in ccm-

pare cr arithmetic operaticns, any of

the digits 0-9 (within field-size 3.
lipit) may be specified--it need not
conferm to the number cf decimals in

the field.

2. It directs the otject rrecgram tc rack
the field (see Appendix D)--unless
input was already in packed format (P
in Ccl. 43). Packing strips off all
zcnes, except in the lcw-order (right-
most) frositicn of the field, where
racking causes inversicn of the zone
and digit. At the same time, blanks
are ccnverted to zercs.

In numeric ccmpare, arithmetic, and
editing crerations, the program treats
an input field with a 12-overpunch or
the atsence of a zone cverpunch in the
low-crder cclumn as pcsitive (+); and
an input field with an 11-cverpunch in
the lcw-crder cclumn is treated as
negative (-).

Where zones are stripped (i.e., all
tut the low-crder cclumn) all punch
ccnbinaticns that aprear in cne rcw of
the EBCDIC table (see Appendix D,
Figure D') take on tte value that
arpears under the cclumn heading F for
that row (e.g.: 12-9-i4, 1z-11-9-4, D,
M, U, 4, etc., all bteccme 4; », &, -,
12-11-8-1, etc., all tecome 0).

Fcr the lcw-order fposition, zones
are handled by the prcgram as follcws:

a. If the cclumn contained any of the
funch ccmbinations in EBCDIC-tatle
cclumn E or F, the F~- or F-zone
remains and the field is treated as
rositive (or zerc, if entire field
is zerc).

k. If the column contained any of the
runch combinations in EBCDIC-table
column D, or an FECTIC 60, C-zone
is assigned and the field is
treated as negative (or zero, if
entire field is zero).

Cc. All other punch comtinations are
assigned C-zone and the field is
treated as positive (or zero, if
entire field is zeroc and/or tlank).

Once the field teccmes a result
field fcr an arithmetic operation, it
is signed C-zone {not F-zone) for plus

or all zeros, or D-zone for minus.

If the input field is to be used in
numeric compare, arithmetic, or editing
operations, the punch combinations in
all card columns of the field must be
represented in rcws 0-9 of the ERCDIC
table, to yield valid digits when
packed.

It causes zones in any position of that
field (including the low-crder posi-
tion) tc be ignored from data compari-
sons effected by Ccntrol-Level (ccls.
59-60) and Matching-Fields (cols. 61-
62) specificaticns.

Whenever Ccntrol Level or Matching
Fields is specified for a field, the
data from the field is stored separate-
ly in an additional core location for
each of these twc functicns, besides
its storage as a reqular input data
field. The data is stored for the
Ccntrcl-Tevel and/or Matching-Fields
orerations in standard (unpacked) for-
mat; however, if there is a specifica-
tion in col. 52, all positions are
stored as no-zcne (hexadecimal F zone--
see EBCDIC table)--specifically: each
ccde in an ERCLIC-table column lakelled
0-E is converted tc the code in the
same row under column heading F.

If it is desired to treat the field
as numeric for calculaticns and/or
editing--but to retain zones for
Ceontrol-Tevel and/or Matching Fields
cperations (e.g., to distinguish posi-
tive from negative control groups)--
the field pay te srecified twice, with
different field names in the two srpeci-
fication lines. The entries in one
line then include a Decimal Positions
specification (ccl. 52); the field name
in this line is used with numeric com-
pare, arithmetic, and editing opera-
ticns. The other line is blank in Dec-
imal Positions (col. E£2), tut includes
the Control-level (cols. 59-6C) and/or
Matching-Fields (cols. 61-62) specifi-
cations. This thechnique, c¢f course,
consumes additional ccre storage space.
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Note alsc that, if the one field name is
used sclely with Ccntrcl-Level or Matching-
fields srtecificaticns, and nct referred to
for calculation cr output data, a diagnost-
ic warning message ("unreferenced field
names") is printed during prcgram genera-
tion. This dces nct prevent prorer rrcgranm
generaticn.

Note: Once a given Ccntrol Level
(L1-T9) or a given Matching-Fields
level (M1-M3) is specified in an irput
field-descrirtion line that contains a
Deciral Positions entry (ccl. 52),
Contrcl-Level or Matching-Fields
entries cf tke same level (L1-19,
M1-M3) in all card types are treated as
numeric for Ccntrol-Level cr Matching-
Fields operations, respectively. This
arrlies even if the field name is dif-
ferent in the several specificaticn
lines for that Ccntrcl Level or
Matching-Fields level. (A warning mes-
sage is printed during program genera-
tion in the case of control fields for
one level being defined as kcth alrha-
meric and numeric.)

If the field names are different,
they may differ in ferrat--alphameric
versus numeric; if numeric, in pcsition
cf decimal fpoint--but the number of
columns in the field must ke the sanme.
They are then treated as numeric fcr
Ccntrcl-Tevel or Matching-Fields cpera-
tions, respectively (if cne card tyre
was specified as numeric for that Ix or
Mx level); but for other ofperaticns,
cach field is treated in acccrdance
with its own fcrmat specificaticns.

Note: The program does not perferm auto-=.
matic decimal alignment cn numeric fields
in Contrcl Level or Matching Fields
operaticns.

If there is nc need tc define the imfput
field as pumeric (i.e., it will not ke used
in numeric ccmpare, arithmetic, edit, cr
Zero-sUFfress cperaticns)--even thcugh the
data is rnumeric--the rrogrammer has the
opticn cf defining the field as alghameric
(col. 52 left tlank) or defining it as nu-
meric (0-9 in col. S52), deperding cn tte
relative significance, tc his prcgram, of
the factecrs itemized immediately telow,

Defining an input field as numeric
causes the program to pack it for inrut,
and tc unrack it for ouvtrut (unless Packed
Field is specified for outrut).

1. Packing and unpacking ccnsume ctject-
Frcgram prccess time, and core storage
space.

2. Packed data cccupies less ccre stcrage
space than unpacked data.
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3. A field that is to be packed cannot be
lcnger than 15 columns tefore it is
packed.

If the same input field aprpears more
than once, with the same name, in the input
specifications it must always be the same
size, and defined in the same fcrmat:
always standard data format or always
packed; always alphameric or always numer-
ic; if numeric (or racked), then always
with the same number of decimal rositions.
This uniformity of size and format for one
field name applies within and tetween dif-
ferent specificaticns forms (input, calcu-
laticns, output). (However, since the for-
mat of input fields is fully defined in the
input specifications, the number of decimal
positions, together with field length, need
not ke repeated in the calculaticn specifi-
cations if an input field is also used as a
calculation Result Field.)

Field Name-Cols. S3-Z&

Each input field delimited in Field Lcca-
tion must be given a Field Name by the pro-
grammer. Cnce a name has been assianed to
a field, the field is referenced in calcu-
lation and output specifications by its
name. The name is associated by the pro-
gram with an address in core where the data
for that field is stored; tut the user need
not ccncern himself with the actual core
storage location.

The name must begin in cclumn 53 with
cne of the 29 alphatetic characters, may
continue with alrhatetic or numeric charac-
ters, and may be one to six characters
long. {See Dpefiniticn of Terms, fer
"alphatetic" and "numeric" characters--
neither permits emtedded tlanks.) Within
these rules, any Field Name may te assiqgned
to any field in the ingput specificaticns,
with the exception cf

ALTSFQ, or a name beginning with CCNTD
or TAE, or PAGE followed by one or two
characters.

Also, the name PAGE is reserved for a sre-
cial rurrose (see Consecutive Numbering).

The same field name may ke used for any
nunter of fields in different card types
(and as Result Field in calculaticn speci-
fications), provided all fields with the
same name

1. are the same length; and

2. have the same data format: standard or
racked, alphameric or numeric; and

3. if numeric (or packed), have the same
number of decimal positions specified,
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The same core storage lccation is used
for fields with identical rames. Ccre
storage is thus ccnserved by assigning the
same name to fields in different card
types. This has tte further advantage
that, if the same processing is to be ap-
plied to the field fcr different card tyres,
calculaticn or output specificaticns may be
saved. The programmer must ke careful,
however, that data in storage frcm cne card
type is nct superseded by that from ancther
type until it is no longer needed: any
time a card with the particular field pame
is read, its data rerlaces that rrevicusly
stored at the location fcr that field name.
(The actual data substituticn cccurs just
before detail-time calculations--see Figure
6, REG Prcqram_Logic.)

On the other hand, by making a field
name unicue to a card tyre, the data fcr
that field is retained until a card of the
same type is read again. This permits pro-
cessing data from a previcus card with data
from a later card. (For exception, see
Blank After, under Program ILcgic_Fiow, and
under Qutput-Format Specificaticms.)

It is alsc possible tc save ccre stcrage
space, in specialized situations, by
assigning the same name to different fields
within the same input card.
Indicators, "Pcints to Note."M)

Note: While not reccmmended, lecause it
would tend tc ccnfuse, it is permissible
for a file name to be the same as a field
name.

Defining the Same Data Field as Eoth
Alphameric and Numeric

The program assigns a separate ccre stcrage
locaticn fcr data associated with each
field name. The same source-data field
(input-card columns) may thterefore be
defined mcre than cnce and with different
data formats, provided each definiticn cf
the field is on a separate field-
descripticn line and is assigned a dif-
ferent field name.

This technicgue can be used tc advantace
when a nvmeric Ccntrcl-Level field (cr
Matching Field) may contain 11- or 12-
overpunches that are an escential rart of
the ccntrcl-grcup (or matching-group) iden-
tificaticn, and this field is also invclved
in numeric ccmpare, arithmetic and/or edit-
ing cperaticns. Fcr the latter three kinds
of orerations, the field must te defined as
numeric (C-9 in col. 52). However, when a
field is defined as numeric, all zcnes are
strirped for Ccntzrcl-Level and Matching-
Fields ccmpariscns (see Decimal Posgiticns,
col. 52, above). The soluticn is to define
the same input field twice, with two dif-

es:  on cne line as mnumeric (0-9
), with that field name
referenced in calculation and/or editing
operaticns, and no entry in Ccntrol Level
or Matching Fields; on the other line as
alphameric (col. 52 left tlank), with
Contrcl-Level (cols. 59-60) and/or
Matching-Fields (cols. 61-€2) entries in
this line.

This dual definition is also useful if a
field is tc be used in arithmetic opera-
ticns, but it is also desired to test it
for blanks (as distinct from zeros) in the
input specificaticns {see Field Indicators)
or for high-order-tosition zones in calcu-
laticn specificaticns (see IESTZ).

If a field is defined solely tc serve
for Ccntrol Tevel or Matching Field, or
Field Indicators, and not used in calcula-
tion or output specifications, the warnirng
message "unreferenced field names" is
printed during generation of the object
proaram. Generation, however, proceeds
properly. Actually, the field name is not
used at all by the prograr if the field is
defined sclely for Field-Indicator,
Control-Level or Matching-Fields operation.
It must be given, however, to prevent a
diagncstic error stcp for missing field

name.

Using Input Data Fields for Constant Tata
(Heading Cards)

The term "ccnstant" is aprlied here to
information, or an item of data, that does
not change as different data cards are pro-
cessed; it may be reguired to remain fixed
for the entire job cn a given day, remain
fixed for part of the data deck, cr be per-
manently fixed whenever a given report is
run.

Fxamples of constant data might be
report date, report title, identification
for different porticns of a report, and
report-column headings.

The output-format specifications provide
for defining data that remain permanently
constant for the report, such as report
title cr rerort-colurn headings. 2 ccr-
stant defined in the output specifications
is limited to a maximum of Zz4 positions,
although this limit can be circumvented ty
specifying several ccnstants for successive
sets cf print or punch positions. (See
OQutput-Fcrmat Specificaticns chapter.)

The input specificaticns offer a con-
venient means of entering ccnstants that

1. exceed 24 columns--such as a lcng
report title; and/or

Input Specifications (Mandatory) 83



2. may have to be changed each time the
report is run--such as a date; and/or

3. differ for successive secticns of a
report--such as serarate repcrt head-
ings for executive, regular salary, and
hourly-rated payroll rercrts, when
there are ctherwise nc differences in
the rrocessing of the rerorts.

The easiest way tc enter such ccrnstants
is tc identify the card ccntaining the con~
stant data as a serarate irrut-cnly card
type, and assign a field name that is not
repeated for any other field or card type
to the cclumns containing the ccnstant.

The card type ccntaining the ccnstant is
flaced in the data deck wherever desired:
if it is a date card or rerort-heading
card, it would normally te rlaced at the
front of the input-data deck. If there are
separate ccnstants cards fecr different sec-
tions of the report (such as repcrt-section
headings), they can bte placed at the tegin-
ning of the pertinent secticns cf the
input-data deck; when a new constants card
is read, its data will replace the data
frcm the previcus cne--until that foint,
the data is preserved because no other
input card has the same field name
assigned.

When ccrstants cards are intersgpersed in
the data deck (to change constants for dif-
ferent secticns c¢f a repcrt), they may have
control fields and Ccntrcl Levels assicned,
to assure that they are in the correct
group andyseor to make it rpossible tc sort or
merge ther intc the deck mechanically.
Simple calculaticn specificaticns can
ensure that a constants card is always at

- thefremt ¢fits gection. T o

If the constants card ics defined as a
separate file, is should Le designated the
primary file, so that it is read first, and
the constant infermaticn is available
before the first data card.

If multiple input (cr ccmkined) files of
data cards are processed, the ccrstant
card (s) may arpear just ahead cf any file
or file secticn. If no Matching Fields are
srecified for the ccnstants card, it will
te read ahead c¢f Matching-Fields cards in
the cther files. (Fcr srecifics, sece
chapter titled Matching cf Files.)

Consecutive Numbering
Heading Cards

(Page Numbering)--

The cutput-fcrmat specifications provide a
simple methcd for printing ccnsecutive num-
bers on successive pages cf cutput fcrms,
cr printing or runching ccnsecutive numters
in cards, beginning with 1 as the first
nunber.

If numkering is to kegin with a numker
cther than cne (or if it is to tegin again
with 1 at pcints in the data deck that can-
not be specified with conditioning indica-
tors), provision for loading initial page
numbers must be made in the input specifi-
cations. It is accomplished as follows:

1. Input Specifications

a. Define a separate input-only card
type--just as for a constants card
(see secticn immediately above).
(Alternatively, include PAGE data
in a constants heading card.)

b. Assign the field name PAGE to a
four-cclumn card field.

c. Define the field as numeric without
decimal places (0 in col. 52).

2. PAGE (i.e., Consecutive-Number) Card

a. Punch a value cne less than the
desired starting number into the
pertinent fcur-column field of a
card, together with the appropriate
card-type identification punches.
(A positive or negative value is
rermitted, and will be incremented
arithmetically.)

b. Place the card ahead of the data
deck.

For multiple input (or comktined)
files, or tc restart numbering at
numbers higher than 1 at several
roints of the data deck, place
consecutive-number cards as .
explained for constants (heading)
cards.

PAGE cards may also be inserted
in the data deck, even though num-
bering is tc beqgin with 1, if num-
tering is to restart with 1 at
various points in the report that
cannot be ccnveniently identified
by conditioning indicators in the
outrut specifications (i.e., if
this is required at points in the
data deck that cannot ke recognized
ty the program by such occurrences
as a control-level kreak or a cer-
tain card type, etc.). The con-
tents of the ccnsecutive-number
field should then be left blank or
punched with zeros, so that the
starting numter is 1.

Fiqure 2t shows field descrirtion
entries discussed sc far (and a few inci-
dental fpointers). The example is rather
artificial so that ecach entry chosen can
illustrate at least cne of the foregoing
points.
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Figure 25. Field Descrirticns--Fart I

Explanation of Figure 25 fourth card tyre frcm the third; a specifi-
caticn fcr absence cf (-) and (&) in col.

Incidentals: 80 of the fourth card is not needed since
the prcgrar always tests first for cards of

Cols. 3-£ (Line Number). fTc illustrate the the first and second type, tecause they

cpticnal treatment of col. 5, zeros were have alphatetic Seguence codes (see Nature

entered instead cf leaving it tlank. The of the Card-Tyre_Secuence_Cleck).

last line entered (C2E) illustrates how to

handle an insertion: the field RETNAM Field Tescrirticns

(cols. 11-50) in tte first heading card had

been forqotten. The specificaticn is Lines_010, €20, and C2% illustrate how to

assigned any line number tetween 020 and enter ccnstants (e.c., date and report

030. After the specificaticn caxrds have heading) via a card defined as a serparate

teen punched, the card with line numter 025 card tyre. Wherever a card of that tyre

is placed behind that for linme 020. This appears in the data deck--at the fromnt or

methcd otviates copying and shifting the interspersed--new date and report-heading

entries for an entire page. data frcm that card surpersede the previocus
contents of the core storage areas for

Lines_01C and €3C include a specification @DATE and RPTNAMN.

to select the Date and PAGE heading cards

to stacker Z; cther cards enter the ncrmal Iine €20 also illustrates that alphabet-

stacker. ic ctaracters, required in the first column
of Field NWame, include three special cha-

Line_ 130 exemplifies the least numter cof racters (¢ is cne of these three).

Record Identificaticn Codes specificaticns

to make all four card tyres mutually exclu- Date contains nc decimal places; but it

sive: "Nct Character 1" distinguishes the is defined as numeric (0 in col. 52 = nu-
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meric, with 0 decimal places), so that the
printout can be edited.

Line (25 assigns forty rositions (cols.
11-50) tc¢ the report heading (RDPTNAHN).
Entering the report heading via an inrut
card overccmes the limitation of twenty-
four positions maximum per ccmstant in the
output srecificaticns, and allcws insertion
of new rerort headings at any desired rcint
in the data deck. RPTNAM is defined as
alphameric (ccl. 52 left tlank); therefore,
it cannot be edited in the cutput-format
specifications-—~any edit symbols tc be
printed, such as a slash or decimal fpoint,
must be ccntained in the data in cels.
11-50.

Iines 03C and 04C show hcw tc prcvide for
loading cf initial "page" number, if auto-
matic numtering is to be specified (in the
output-fcrmat specificaticrs) tut is nct to
start with 1 (cr is to restart with 1 at
points in the data deck that cannot ke
identified by conditioning indicatcrs).
Wherever a card of the type defined here
(12-punch in ccl. 80) aprears in the data-
card deck, the numter in ccls. 1-84 (cr in
whatever cclumns are specified in Field
Iocation) tecomes the (new) starting num-—
ter. (The number is incremented tefore it
is printed or punched. Therefore, the
number entered should be cne less than the
desired starting number.) Unless and until
a PAGE card is read, ccnsecutive-numtering
(if called for in the outpvt-fcrmat speci-
fications) begins with 1.

The Field Name PACGF must ke usced, fcur
colurns pvst be assigned tc the field, and
the field must be defined as numeric
-without -deciwalTtlaces (0 in ¢¢l. 52).

Line C40 also shows that leading zeros
for "Frce" and "To" column numkers (note
01, 04 in ccls. 46-47 and £0-51) may be
recorded. Other specification lines
illustrate that they need nct ke reccrded.
211 field-descripticn lines shcw that
source-data columns are entered
right-justified.

alphameric input fields (tlank in ccl. 52)
is nct limited. 20 columns were assigned.
Jt alsc illustrates that fields need nct be
defined in the order in which they arpear
in the source~-data cards: ccls. 21-40 are
recorded ahead of ccls. 2-€.

Iines C7C and 080 show a field (input ccls.
2-6) assigned two different names. EMFL#1
is numeric (with zerc decimal fplaces) sc
that it can te vced in nureric ccmrare,
arithmetic, and/or editing cperations--for
example, to suppress leading zeros in
printout. FMPL#2 is alphareric (ccl. 52 is
tlank), sc that Ccntrol Level (L1 in ccls.

'¢ol. 72 represents the siarn).

59-6C) will compare on the full characters
in the field, including zcne overrunches.
If the L1 were placed next to EMPL#1, only
the numeric parts of characters in cols. 2-
6 would ke considered in the Control-Tevel
ccmparisons.

These field names also illustrate that
numeric entries are allowed in Field Nanme,
except in ccl. 53, and that # is not a spe-
cial character (it is cne of the three sym-
tcls defined as alrhabetic).

Line 080 illustrates the maximum size of a
standard (unpacked) numeric field (15
columns), and the maximum number of decimal
places (9) allowed. The entry in col. 52
defines the field as numeric and implies,
for numeric ccmpare and arithmetic opera-
tions, that the data in cols. U41-4€ is to
the left of the decimal pcint, and that in
cols. 47-55 to the right.

Line 100 emrhasizes that the number cf dec-
imal rlaces specified must not be greater
than the digit capacity of the field: the
field is unpacked (nc P in ccl. 43), three
columns long (cols. €2-€4); therefore, it
cannot have more than three decimal places
specified.

Line_110 shows the maximum size (eiqght
columns) for a packed (P in col. 43) input
field. The entry 9 in col. 52 is valid--it
does nct exceed the digit capacity of the
field--because an 8-column packed field
contains 15 digit pcsitions (2n-1 = 2 x &8-1
= 15) . Nine decimal places imrlies ttat
the ccntents cf cols. 65-67 are to the left
of the hypothetical decimal point, and
cols. 68-72 to its right (a half-byte in .
The field is
defined by its actual card columns (ccls.
65-72) --not by the numker of digits it con-
tains (15).

When Packed (P in ccl. 43) is srecified
for a field name, it cannct be used for
Contrcl-Tevel or Matching-Fields
operaticns.

Line_ 120 shows assignment c¢f a different
name to the same source field (ccls. 65-72)
--CNTFPA versus MAX8PA--with the first
entry (line 110) defined as packed and the
second as alphameric (col. 52 tlank). This
illustrates how ccntrol (L2 in ccls.

59-60) may be maintained (ty the entries in
line 120) on the entire FECIIC characters
in a racked field; while the entries in
line 110 permit use of the same packed
input field in arithmetic and/or editing
operaticns and fcr easily legible
(unracked) rprintout.

Iine_140 sbows the assicnment of the same
field name to different source €ields
(cols. 2-¢ versus cols., 7£-79) in two dif-
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ferent card types (see line 080) . When the
name is the =same, the field size and data
fcrmat mevst be identical (ccl. £2 must be
coded identically in all input lines where
the field name afppears). Ncte that, when
either data-card tyre is read, the data
from the new card replaces the previcus
data stored for EMPL#2--the same ccre
storage area argplies tc tcth card tyges.
Only one core storage area is assigned to
data for cne field name, regardless c¢f tow
often that field name apfpears in the
specifications.

us a 4di re ame in the
second card type for the came scurce field
cshown in line 120 for the first card type.
Lata in the storage locaticns fcr DIFNAM
and CNTEP2 is thus ccnserved until ancther
card of the same type is read.

o m

As shcewn in lines 080 and 140, and 120
and 150, it is immaterial for the Control-
TLevel operation whether the field name is
the same cr different for the same Ccntrol
Tevel (ccls. 59-6C). This is alsc true for
Matching Fields (ccls. 61-62). However, a
Control-Tevel field or a Matching Field of
a given level (tere, 12) must always be the
same length in all card types--in this
example, it is 8 cclumns lcng in bceth card
types (line 12C and line 1£C).

Iines 16C and 100 have a Matching-Fields
specification (M1 in cols. 61-€2). Tif-
ferent field names are assigned to equiva-
lent source fields in the twc card types.
This perrits difference in fcrmat: Line
100 specifies the field as numeric, with 3
decimal places; line 160 defines the field
as alpharmeric.

Line 160 is presented tc emthasize that,
notwithstanding the different field names
in the twc card types, certain restricticns
exist when Ccntrcl Tevel or Matching Fields
is srecified:

1. The field length must te the same. It
is three cclumns in tkcth card tyres.

Z. Once a Control Level or Matching-Fields
level has been defined as numeric in

cne specification, all Ccntrcl-Level or
Matching-Fields cperaticms, respective-
ly, fcr that level igncre 2cne tunches,

Therefcre, although line 16C is tklark in
ccl., 52 (i.e., the field is defined as
alphameric), the sequence check (or match-
ing of cards, if the different card types
were in different files) is perfcrmed on
the numeric pcrticn of the field cnly--
since TEC3MX in 1iné 100 is defined as nu-
meric (ccl. 52 is ccded). Fcr cther uses of
these fields (nct Control-Level or
Matching-Fields cperations), tte format
confecrms tc the differing specifications in

col. E2--DECNC data is treated as alphamer-
ic; DEC3MX as numeric, with 3 decimal
places.

Line 170 illustrates that the same source-
data field in twec card types (MX15AL in
line 17C and ¥MAX15 in line C990) may be spec-
ified with a different numter of decimal
places (8 and 9, respectively), provided

the fields are assigned different names.

Note: As discussed with columns 59-60,
Contrcl-Tevel fields must ke recorded in
ascending sequence of significance within
card type: I.1 must appear in an earlier
specification line than 12, etc. See lines
080 and 120, and 140 and 150. Note parti-
cularly lines 140 and 150 where the fields
had to be specified in a sequence different
from that in which they arpear in the
source-data cards--TIFNAM is in data-card
columns ahead of EMPLI#2, but had to be
defined on a lower line btecause 1.2 is high-
er than 11.

Control Ievel--Cols. 59-60

Any of the indicators I1-19 may be entered
in these cclumns. This establishes the
field defimed in that specification 1line as
a contrcl field (as the term is known in
Unit Record parlance--see also Definition
of Terms), and designates that L-indicator
‘as a resulting indicator. Nine distinct
control and total levels (besides LR for
final total) are thus available--1L9 is the
highest level, L1 the lowest.

Whenever a card with an L-indicatcr spec-
ified in cols. 59-60 is read, the data in
the card columns defined in that specifica-
tion line (in cols. #46-47 and 50-51) is
compared with that stored from the last
card with the same I-indicator specified.
If the data differs, the I-indicator speci-
fied in ccls. 59-6C turns on; all T-
indicators cf lower number also turn on.
These indicators turn cn just before total-
time rrocessing for the new card (i.e.,
after the previous card has been completely
processed) , and are set off by the prcgram
after detail-time rrccessing of the new
card (see Fiqure 6, RPG_Program_Logic).

The I-indicators are thus availakle to ccn-
diticn calculations and output at total
time following the last card of a control
grcufp and/or to ccndition detail-time cal-
culaticns and output fcr the first card of
a control group. (See also references to
Control Tevels under Decipal Positions,
Col. 52.)

Normally, L-indicatcrs are used to:
1. Condition certain calculations tc be

rerfcrmed only at the end of a comntrol
groug
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2. Condition certain punching tc be per-
formed cnly fcr grcur tctals of parti-
cular levels (sumrmary punching)

3. Condition certain printing tc take
rlace cnly at the end cf ccntrecl groups
of particular levels (total rrinting)

4., cConditicning certain calculaticne and/
or output operations tc cccur cnly on
the first card of a ccrtrcl grcup cf a
particular level (e.g., grcur
indication) .

See tte Calculaticn Specificaticns and
the Output-Fcrmat Specifications fcr appli-
cation of the I-indicators as conditicning
indicators.

Note: ©Nc automatic deciral alignment is
perfcrmed in Ccntrcl-Level oferaticns c¢n
numeric fields.

Split Ccntrol Fields

Ccontrol fields may be split; i.e., cne Ccn-
trecl Level may be assigned tc tuwc cr mere
areas c¢f the same input card. The program
then ccmkines the data, frcm the several
sets of cclumns with ttke same I-indicator
assigned, into cne ccntinucus ccntrcl
field--in the order in which the porticns
appear in the input specifications. Thus,
the rporticn (subfield) of a split ccntrol
field reccrded first is stcred in the
Control-Tevel data storage area tc the left
of the pcrticn in the next specificaticn
line.

Stecial rules fcr split Ccntrcl-Level
fields:
1. a. The length of the rcrticmns cf split
ccntrol fields may vary for dif-
ferent card types (if the field
names differ), ard

b.x A field may be s=plit for scme card
types and not for cthers (if the
field names differ), but:

the aqgregate numter of columns for
cne Ccntrcl Tevel must be unifcrm
fcr all card types. :

2.% The aggregate number cf columns cf all
rcrticns (sutbtfields) cf cne split nu-
meric ccntrol field may exceed 15
cclumns--provided:

a. No individual fporticn
exceeds

(subfield)
15 cclumns, and

E. The sum of all ccnticl fields dces
nct exceed 144 cclvunmns (with each L
level specified ccunted cnce)

3. If one portion of a split Control-ILevel
field is defined as numeric (i.e., col.
5z has an entry), the entire field is
treated as numeric (zones stripped) for
Ccntrol-Level creraticns in all card
tyres.

4. ©No other Control-Level entry may inter-
vene in the input specifications
tetween the several specification lines
for rorticns of cne ccntrol level.

(For compatibility with other RPGs, no
other field-description lines should
intervene, either.)

*Note: Figure 26B illustrates that several
numeric data fields--each not longer than
15 columns--nay be portions of a single
Control-rLevel field lcnger than 15 columns.
It also shows that the same Control Level
may ke assigned in another card type to a
single non-split field longer than 15
columns, provided it is defined there as
alphameric and assioned a different name.

General Rules for Control Fields

1. If several Ccntreol Tevels are specified
(in cols. 59-6C) fcr one card type they
must ke recorded in the input specifi-
caticns in ascending seguence cf level:
the specification line with L1 must
precede the line with 12, etc. This
may require specifying input fields in
a sequence that differs from the crder
in which the data appears in the input-
data cards.

However, the specification lines for
different Ccntrcl Levels need not ke
ccnsecutive--lines for cther fields,
without Ccntrol-level srecifications,
may intervene.

2. The numkter of columns (i.e., the field
size) that constitute a Control-level
field must be uniform in all card types
where that Control TLevel is specified.

3. The card cclumns fcr ccntrcl fields cf
different Contrcl Tevels in the same
card type may cverlar; but the
aggregate number of cclumns for all
Ccntrol Levels must nct exceed 144
(with each L level specified counted
once) .

4. There is no requirement that, if a cer-
tain Ccntrol Tevel higher than L1 is
assigned, all lcwer-numbered levels
must also be assigned.

Note: Additicnal rules arpply tc Ccntrol
Levels usged in conjunction with Field-
Record Relation (cols. €3-€U), and are dis-
cussed in that secticn.

88 System/360 Model 20 CES kerort Proaram Generator



Ccntrcl-Level resulting indicatcr sreci-
ficaticneg in ccls. 59-60 were already illus-
trated and explained in Figures 5, 11, 13,
and 25; additicnal examples follcw discus-
sicn of Field-Record Relaticn. Astects of
T-indicator operations were fully explained
in the secticons Program_logic Flow (and
Fiqgure 6), Indicators, Packed (Input Speci-
ficaticns, col. 43), Decimal Positicns
(Input Specifications, ccl. £2), and Field
Name (Input Specifications, cols. £3-5€).

To refresh the reader's memcry, scme
roints are repeated here in condensed form:

l 1. Control operation for a given Control

Level is on a numeric tasis (all zcnes
stripped) for all card types if any"
contrcl field or Split-Centrcl portion
for that Ccntrcl Level is defined as
numeric (i.e., if col. £2 has an
entry)--even though the field names may
differ. (But consider defining the
same field twice for the same card
type, with different names--as
discussed previously.)

2. Field names are ignored by Ccntrecl-
Level operaticns--contents cf specified
data-card cclumns are ccmpared with
data stored frcm a previcus card at the
location assigned to that Control
ILevel. Therefore, field names fcr the
same Ccntrol Level in different card
types may be the same cr different.

3. A Cortrcl-Level specificaticr cannct be
assigned to an inppt field defined as
Packed (P in ccl. 43). (But ccnsider
defining the same field twice for the
same card type, with different names—-
as discussed previously.)

4. A Contrcl-level field défined as numer-
ic is limited to a maximum cf 15
cclumns. (See stecial case under Split
Control Fields, above.)

5. The same or different Ccntrol Levels
may te assigned to different card
types; or ncne may be assigned tc some
card types.

Ccmparing on ccntrcl fields cccurs
cnly fcr the card tyres and fields with
Control Level specified. When a card
for which a given Contrcl lLevel is not
specified is processed, the data fcr
that Ccntrcl Level in storage from a
previous card remains urndisturbed.

6. Control-level compare creraticns are
perfcrmed for cards in the crder in
which they are processed, regardless of
the file from which they ccne.

Note: While Control-lLevel indicators may
be equated in purpose with control breaks
on Unit Reccord acccunting machines, the twce
cperaticns are quite different. No auto-
matic "ccntrol break", with its attendant
total-print and group-indicate cycles,
occurs cn Mcdel 20. 1Instead, indicators
are made availatle to perform any desired
operations at the end of a control group
and at the beginning of a new one.

Matching Fields—--Ccls. 61-62

Any of the codes M1, M2, or M3 may be
entered in these columns, with these
effects:

1. If the proqram rrovides for processing
cf only a single input (or combined)
file, entry of ¥1, M2, or M3 in cols.
61-62 causes sequence checking of the
ccntents of the field(s) defined in the
particular srecification line(s).

However, programming a sequence
check by entries in the calculation
specifications usually consumes less
ccre stecrage space than utilizing the
Matching-Fields entry for that purpose
alone. Sequence checking ty calcula-
ticn specificaticns alsc permits detec-
ticn of duplicates, as well as saving
processing time.

2. If the prcgram rrovides for the prcces-
sing of two or three input (or combi-
ned) files, entry of M1, Mz, or M2
causes

a. sequence checking of the contents
of the fields defined in specifica-
ticrn lines in which Mi, HZ, or i3
is entered, and

b. matching of the ccntents of these
fields

(1) between successive cards in the
same file and

(ii)between cards in the primary
file and cards in the seccndary
and (if applicable) the ter-
tiary file.

This determines thke order in
which cards from the two or three
input (or combined) files are
processede.

When a card frcm the primary
file matches a card from the secon-
dary or tertiary file on all Match-
ing Fields sgpecified, the MR indi-
catcr is on during the processina
of these matched cards. The MR
indicator is on for detail-time
rrocessing of a matching card
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through the total time and overflow
time that follows the card (see RPG
Program_Logic, Figure 6). The sta-
tus of the MR indicator may be used
tc conditicn the executicn of cal-
culaticn and/or cutput stecifica-
tions. (See the Calculatiocn Speci-
ficaticns and the Cutput-Format
Specificaticns fcr applicaticns of
the MR indicator as conditicning
indicatcr.)

One, twc, or three fields may be matched
and/or sequence checked in cne oreraticn.
If more than one field is srecified fcr
matching and/or sequence checking, the M-
levels must te assigned tc ccrrespend te
the significance levels of the fields. For
exanple: if three fields are involved, M3
is assigned to the most significant
(highest-crder) and M1 tc the least signi-
ficant (lcwest—order) field. Tc put it
another way: the contents of the three
fields may te regarded as cne continucus
value, with the M3 value at the left and
the M1 value at the right.

If cnly cne Matching Field is used, it
must be assigned M1; if twc are used, M1
and M2 must be assigned toc them. A Match-
ing Field cannot be split within the same
card; i.e., cne Matching Field (M1, M2, or
M3) must represent a single entry of conti-
quous card cclumns with the field read from
left tc right as high-order to lcw-crder.

Note: VNo autcmatic decimal aligoment is
rerfcrmed in Matching-Fields ofperaticns on
numeric fields.

_Matching-Fields srecificaticns were
already illustrated and discussed in
Figures 13 and 25, and the ME indicatcr in
Figqures 11, 12A, and 13. BAsrects cf Match-

ing Fields and MR-indicatcr cperaticns are

Iogic Flcw (ané Figure 6), Indicatcrs, File
Description Specifications, Packed (Inrut
Specificaticns, ccl. 43), Decimal Pcsiticns

(Input Specifications, ccls. £3-58), and
Matching of Files.
To refresh the reader's memcry, scme

roints are repeated here in condensed form:

1. With multiple input (cr combined)
files, at least one card tyre in each
file must have an entry in Matching
Fields, and seguence cltecking is manda-
tory for card types with Matching
Fields specifications. A sequence
error stcps the rrcgrar. (It can te
restarted.)

card
Fields srecified
sequence in all

2. HWhen Matching Fields are used,
types with Matching
must te in tte same
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files--ascending or descending. (The
direction of sequence is designated in
the File Descripticn Specifications.)

Ccmparing on Matching Fields cccurs
only fcr card types with Matching
Fields specified. Processing of card
types without Matching Fields specified
dces not disturt the Matching-Fields
data stored from a previous card. (The
MR indicator is off during the
processing-—detail time through next
overflow time--of a card type for which
Matching Fields is not specified.)

Card types for which Matching Fields
are specified must all have the same
number of Matching Fields specified.

The numlter
size) that

of columns (i.e., the field
constitutes a Matching Field
of a given level (M1, M2, or M3) must
be uniform for all card types with
Matching Fields specified.

The card columns fcr Matching Fields of
different levels (¥1, M2, M3) in the
same card type may overlap; but the
aggreqgate number of columns for all
Matching Fields in one card type must
not exceed -144.

An input field defined as Packed (P in
ccl. 43) cannot be assigned as Matching
Field. (But consider defining the same
field twice for the same card type,
with different names--as discussed
previously.)

Matching-Fields cperation for a given
level (M1, M2, cr M3) is on.a numeric. .
basis (all zones stripped) for all card
types if any Matching Field of that
level is defined as numeric (i.e., if
ccl. 52 has an entry)--even though the
field names may differ. (But consider
defining the same field twice for the
same card type, with different names--
as discussed previcusly.)

A Matching Field defined as numeric is
limited to a maximum of 15 columns.

Field names are ignored by Matching-
Field operaticns--contents of specified
data-card columns are compared with
data stored from other cards at loca-
ticns assigned by the program to
Matching-Fields data. Therefore, field
names for the same Matching-Fields
level in different card types may be
the same cr different.

The order in which inrut (or combined)
files are entered in the input specifi-
cations determines their order of pre-
cedence when matching two or three
files.
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12. Tata from cards with highor precedence
can be availakle when prccessing match-
ing cards c¢f lovwer precedence, but nct

vice versa.

13. The crder in which specificaticr lines
fcr a card type with Matching Fields
are entered need nct ccnform tc the
level cf the Matching-Fields
specificaticns--e.g., tte line with M3
in ccls. 61-€2 could fall retween the
lines with M1 and M2.

Alsc, specificaticn lines withcut
Matching-Fields entry in ccls. 61-€2
may intervene between lines with
Matching-Fields entry.

14. Matching-Fields (M1, MZ, M3) oreratioms
are independent ¢f Ccntrcl-Tevel
(L1-19) operatioms. (However, they are
related to the extent that ccntrcl-
field ccpparisons are cnly performed
when pertinent cards are piccessed--and
that, in turn, is based on the
Matching-Fields operaticn.)

Note: Additional rules apply to Matching
Fields used in conjunction with Field-
Record Relaticn (ccls. 63-€4), and are dis-
cussed in that--the next--secticnh.

Field-Record Relation—--Ccls. 63-€4

These columns are used in ccnjunction with
records in an OR relatiomnshitg Reccrds
in_ap OR. Relationship) . Entries in cols.
63-64 termit asscciating fields cnly with a
particular cne of several card types in an
OR relationship. The distinction is made
ty entering in ccls. 63-64 the ccde cf one
of the Resulting Indicatcrs assigned in
cols. 19-20 to the several card types in an
OR relaticnshirp.

Field-Record Relaticn can be used when
two cr mcre card types differ in their
Record Identification Codes (ccls. 23-41)
but a majority of their input fields are in
the same columns, have thke same format, and
identical field names arrly--and these
fields are described only cnce. However,
scme of the input fields differ in field
name, location of sounrce cclumns, and/cr
format, and/or size--and each different
field reguires a separate field descrirtion
line. (The field name may te the sane,
rrovided the scle difference fcr that field
between the card types is in lccaticn of
source cclumns; ctherwise the name must
also be different.)

Different card-type Resulting Indicators
are assigned in cols. 19-20 to scme or all
of the several card types in the OF rela-
ticnship. By entry cf tle card-tyre
Resulting Tndicator for the approrpriate
card type in Field-Record Relaticm (ccls.

63-64), a field descrirption is associated
only with a rparticular cne cf the card
types in an OR relationship. . Field
descriptions without an entry in Field-
Record Relaticn aprly to all the card types
in the OR relationship. This saves enter-
ing strecification lines and, if the propor-
tion of identical fields preponderates, it
also saves core stcrage srace.

Contreol-Tevel fields and/or Matching
Fields may alsc te asscciated with particu-
lar card types in an OR relaticnship by
entry of the relevant card-type Resulting
Indicator in Field-Record Relation. An
entry for the same I- or M-indicator ({cols.

59-6C or 61-62, respectively) without a
Field-Record Relaticn entry then applies
only when ncne of the pertiment card-type
Resulting Indicators, in Field-Record Rela-
tion for the L- or M-indicator, is on.

Note: The core storaage saved by the single
entry cf field description lines that apply
to all the card types in an OR relationship
must te weighed against the core sterage
cost toc the object program in having to
test indicators for the field descriptiomns
that differ for the separate card types.
Half the fields commen to all card types in
the OR relaticnshir may be used as e rule
of thumb for the break-even point.

Special Rules for Use of Field-Record Rela-

tion (cols. 63-64)
For each set of card types in an OR

relationshirp:

1. Core storage space is conserved by
grcuring together (i.e., in comnsecutive
linesg) all field descriptions with the
same indicator in Field-Record Relation
(cols. 63-64), and by grouping together
all field descriptions without Field-
Record Relation indicator.

2. When the same Ccntrcl Tevel (L1-L9--
ccls. 59-60) or Matching-Fields level
(M1-M3--cols. €1-62) is assigned toth
tc field descripticn without Field-
Record Relation indicator, and to one
or more field descripticns with Field-
Record Relation indicatocr(s), the
Ccntrol-Level and Matching-Fields
entries without Field-Record Relation
indicator must appear first.

3. In view of (1) and (2) above, all the
ficld-description lines without Field-
Record Relaticn entries shculd aprpear
befcre those with Field-Record
Relaticn.

4., The program treats split ccntrel fields
{cee Control Level, cols. 59-6C) of one
Ccntrol Level as a single entity, for
purpcses of Control-Level operatiomns.
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Therefore, it is nct pcssitle (for
Contrcl-level cperaticns) to assign
different field rorticns of a single
Control Level to different Field-Record
Relaticn indicatcrs, cr to assign a
porticn to a Field-Reccrd Relaticn
indicatcer and have another pcrtion in a
field-description line without Field-
Record Relaticn indicator.

The same result is easily achieved
ty repeating all rerticns cf the split
control field--even that which might
arrly regardless of OR-relation card
type~-for all pertiment Field-Fecord
Relaticn field-descripticn lines.
(Figure 26B, lines 06 and 17, illus-
trates this--see explanaticn in point
3, under Exrlanaticn c¢f Entries in

Figure 26B.)

When the same Ccntrol Tevel or
Matching-Field level is assigned bocth
to field descripticn without Field-
kEecord Relation indicatcr, and tc cne
cr more field descrirpticns with Field-
Record Relation indicator(s), cnly the
specificaticn with the pertinent Field-
Record Relation indicator is used--for
Ccntrol-Level and/or Matching-Fields
creraticns--when that indicator is
turned cn. TIf ncne of the Field-Record
Relation indicators for that Ccntrcl
Level or Matching-Fields level is cn,
the specification withcut Field-Record
Relation indicatcr assigned is used for
that level.

Ccntrcl-Level and Matching-Fields
specificaticns to which no Field-Record
Relations indicator is assigned fcr any
cf the card types-in the OFrelaticn-
ship are used with all card types in
the CR relationship.

The number of Matching Fields specified
{(one, twc, or three) must be uniform
for all card types for which Matching
Fields are csrpecified.

It is nct allowed, therefore, tc
match (or sequence cteck by entry in
ccls. 61-62) on a different number of
fields for different card types in an
OR relaticnship. It is, however,
permissitle tc match (cr seguence-check
ty entry in ccls. 61-62) cn the

appropriate numker of fields for some
card tyres-—and not at all for cthers
in the OR relationship. The latter
implies that all field-descrigticn
lines with Matching Fields specified
contain also a Field-Record Relation
indicator entry; otherwise--as
explained in 5, above--a
Matching-Fields line without
Field-Record Relation indicator is
arrlied whenever nc such indicator is
cn for that level. (See also Matching
61-62,

7. The number of Ccntrol Levels (L1-19)
specified for different card types in
the OR relationshir may differ. It is
alsc rermitted to have no Control Level
for certain card types, and any numker
cf Ccntrol Levels for other card types.

8. While--for Control-level and Matching-
Fields creraticns--entries with Field-
Record Relation indicator assigned take
precedence, when the relevant indicator
is on, over those without an indicator
entry in ccls, €3-6L, this is not true
for other processing c¢f the data in
these fields:

The data from the card field defined
in every field-description line which
has no Field-Record Relatiom entry is
read frcm all card types in the OR
relaticnship. This data is read into
the core storage area assigned by the
rrcgram to that field name, which is
not the same area where Control-Level
or Matching-Fields information--which
ignores field name--is stored.

If it is desired tc read into the
field-name storage area for a field
only frcm certain card types in the OR
relaticnship--cr tc read the same field
frem different card cclumns for the
different card types--then each field-
description line fecr that field must
have an appropriate indicator entered
in Field-Record Relaticn.

Fiqures 262, B, and C illustrate input-
specificaticns entries fcr Control Level,
Matching Fields, Field-Record Relation, and
cther OR relaticnships. (See also Fiqure
25 and earlier ficures.)
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Figure 263. TField Descripticns--Part IT

‘Fxplanation of Entries in Fiqure 26A--
Control Tevels, File Matching, and OR Eela-
tionship Tyres 1 and 2 (see Records in_an
OR_Relationshir)

Tines 01, 02, and 03 show three records in
an OR relaticnshir of Type 1 (see akcve):
Resulting Indicator 80 applies tc all three
tyres (it could have been repeated in each
line). ©Nc distinction can be made (cn the
basis of card type) in the calculation and/
or output-format specificaticns ketween the
three card types, because the same indica-
tor is assigned to all three.

Lines 04_and 05 shcw twec mcre records in an
CR relationship to the first three; tut
they are cf Type-2 OF relaticnship: =sepa-
rate Resulting Indicators are assigned tc
them, tc permit calculaticn-~ and ovtput-
specificaticns distincticn tetween the
fourth card type, the fifth, and the first
three (as a group).

Lines €2-04 alsc illustrate that card
types in any kind of OR relationship--even

when nc distinguishing Resulting Indicator
is assigned--may be directed to non-normal
stackers by entries in the input
specificaticns.

Tines 01-05 illustrate only OR relation-—
ships of Types 1 and 2: the data fields
(lines 06-12) are defined only once, and
none are limited tc a rarticular cne, or
group, of the five card types in the CR
relationship--Field-Fecord Relation (cecls.

63-64) is therefore tlank,

Lines 13 and 14 are another example of AND
relaticnshirs between four criteria for the
definition of one card tyrpe.

Lines 06 and 15 specify that Control ILevel
L1 will e a numeric contrcl only (all
zones stripped), because col. 52 has an
entry.

Lines 06, 10, and 12, and lines 15 and 19
show Ccntrol-Tevel indicators to be in

ascending order cof significance--as they
must ke, even if the data arpears in the
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Fiqure 2€E. Field Descripticns - Part IIT
cards in a different order (note lines (6 in cols. €1-€2) need nct appear in ascend-

and 10) .

assigned, althcugh T2 is ncwhere assigned

in this file. This is permrissitle. Wten

I3 (cor ary higher indicatcr) tvrns cn, 12

and L1 also turn on, even though I2 is not
assigned.

13

_____ assigned tc any
field, although it is assigned in the cther
file. Nc 13 Ccntrcl-level ccmpariscn is,
therefore, made when a card is read frcm
the file SECNFILE. The I3 informaticn from
the last rreceding card frcm tte file
TYPE1OR2 is preserved, and ccmpared acainst
the next card processed frcm that file.

ITf L4 turns on when reading a card from
SECNFILE, 13, T2, and Tt alsc turm cn, even
though T: and 1.2 are not assigred in this
file.

Iines (& and 10 illustrate that the
Matchinc-Fields specificaticrs (%1, ¥z, Hu3

9L

Syst

Regardless of the crder in
which they are recorded, M3 identifies the
hioh-crder (most-sianificant) field, and M1
the lcw-order field. Thus, DIVISN contains
the mcst-significant (leftmost) data for
the card match arnd sequence check, DEPT the
next part, and FMPLNC represents the right-
hand pcrticn.

ing crder.

The entire example alsc shows:

That the numkter cf Matching Fields must
te the same for all card types for
which matching fields are specified
(three fields in all cards of this
example);

That Matchina Fields rneed not be the
came as Control-Tevel fields;

That other field-description lines may
Fe placed tetween Ccntrcl-Tevel and
Matctinag-Fields lines.
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Lines (&, €9, and 18 show how to sgecify
Field Lccaticn (in ccls. 4€-47 and 5C-51)
for single-column fields.

Iines 08 and 12, and_18 and_ 19 show that
fields fcr Contrcl Level and Matching
Fields may cverlap. ULines (€ and 10 show
that fields for different Ccntrol Levels
and for different Matching-Fields levels
may cverlap. .

File TYPE1OR2 is the
primary file, because it is specified zhead
of SFCNFILE. When cards frcm the twc files
match on the data in the three fields spec-
ified as Matching Fields, matched primary
cards are processed ahead cf matched
csecondaries.

File relationship:

Therefore, when processing a card fron
SFCNFILE, data from the last preceding card
from the file labeled TYPE10R2 can ke uti-
lized. For example, gross pay cculd fe
calculated by multiplying HRSWRKX in each
SECNFILE card by PAYRAT frcm the last rre-
ceding card from file TYPE10K2. The ME
indicator is c¢n cnly fcr matched cards.
Conditioning the calculaticn specification
to be performed, at detail time, c¢nly if
the indicators MR and 89 are both on, gross
pay would ke calculated crly on cards from
SECNFILE and only if the last card from the
file TYPE10R2 matched the SECNFILE card on
CIVISN, TLEPT, and EFMFLNO. Grcss pay cculd
not te calculated during the prccessing of
a card from the file TYPE10R2, because all
matching primary cards have completed pro-
cessing ltefcre data (in this case, HRSWRK)
beccmes available frcm a matched secondary
card.

To illustrate the point that data fer
fields with different Field Names is stored
at different lccaticns, regardless of
source cclumns, PAYRAT and HESWEK wuere
assigned the same card cclemns in different
card types.

Explanation of Fntries in Figure 26E--
Split Control Fields, Selective Sequence
Check, and OR Relaticnshir Type 3

the four different card types in an OF
relationshir, and assiagning a different
Resulting Indicator to each. Tndicator 94
is assigned tc cards thtat dc¢ nct satisfy
the criteria fcr indicators 91-93 (i.e.,
not 1, 2, or 3 in col. 80); these cards are
selected to stacker 2. No Record Identifi-
cation Codes are needed in line 04, because
lines in an OR relationship are tested in

af~

sequence; therefore,

guence; card-type Resulting
Indicator 94 turns on only if the card does
not meet the critericn in line €1, €2, or

03.

Fiqure 26C itemizes the card columns frcem
which Ccntrol-Tevel data will te taken for
each c¢f the four card types in the OR rela-
tionship. The follcwing pcints are ncte-
worthy in Figures 2€éB and C with regard to
Control Tevel:

1. When neither indicator ¢1 nor 92 is cn,
L1 Control Level is tased on the 11
entries with no Field-Record Relation
specified (lines 05 and C6). When
indicator 91 or 92 is omn, L% Control-
Tlevel data is tased on the entries in
lines 11-13 or 1€6-17, respectively--
lines 05 and 06 are then iognored for
Ccntrol-Level data.

Similarly, I2 Ccntrcl Level is lased
cn the entries in line 19 (data-card

ccls. 61-63) when indicator 92 is on
(i.e., the seccnd type cf card was
read) ; otherwice, it is based on the

entries in line 08 (cols. 11-13).
Iikewise, L3 Control level is based on
line 14 (data-card columns 51-70) when
indicatcr 91 is cn (first type of
card) ; otherwise it is based on lines
09 and 10 (cols. 51-6C and 31-40) .

— T Al
| Card-Tyre | Card Columns Read for Ccntrol-level Operations |
| Resulting ¢} — - + 1
| Indic. CN | T4 | L3 | 12 i 11 ]
[ 1 3 1 [l _ . |
r 0 T Bl T - T - T 1
| 91 | 21-2¢ ] £1-7C | 11-13 | 71-75 | 26-27 | 48-50 |
b ¢ + ; ¢ : Ao i
| 92 | No T4 | 51-60 | 31-40.| 61-63 | 6-1C | 4e-5C |
| | control | | i | | |
) [ 1 -} 1 s 4 4
T T T 1 T T 1 1
| S3 { No L4 | £1-6C | z1-4C | 11-13 | 1-%¢ | 4e-5C |
1 | control | | t | | |
— 1 + 1 4 1 t |
| 94 | 21-2¢ | £1-6C | Z1-4C | 11-13 | 1-5 | 46-50 |
L 1 A 1 1 - [ J

Figure 26C.

Card Columns frcm which Ccntrol Fields will be Taken when

One of the Card Tyres Defined in Figure 2€B is Read
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Ccntreol Tevel I4 is operative cnly when
indicator 91 or 94 is cn, tecause T4 is
nct specified at all without a Field-
Record Relaticn. Card types to which
Kesulting Indicator S92 c¢r S3 is
assioned therefore dc nct turn on indi-
cator L4. The L4 Contrcl-Ievel data is
preserved frcm the last preceding card
with indicatcr 91 cr ¢4, tc be compared
against the L4 data in the next card of
type ¢1 or 94.

The L1 Ceocntrcl Level is split into
three fields for cards with-indicator
91, and into two fields for the ctter
card types. Note that, in all three
cases, the total length for L1 is
unifcrm (ten cclumns): the aggregate
length of fields fcr a split Ccntrcl
Level must be vniform for all card
types.

Ir lines 06 and 17 the field entries
for the lcw-crder porticn cf the split
T1 Ccntrol Tevel are. identical (FIDA2,
source cols. 4€6-5C). Ncnetheless, the
field description had tc be repeated
fcr Field-Record Relaticn indicatcr 92,
tecause the cther porticn cf Lt differs
tetween card type 92 and cthers (scurce
cols. 6-10 versus 1-5, and Field Name
FLDA6 versus FIDA1): rart of a split
ccntrcl field cannct te conditicred by
a Field-Record Relation indicator
unless all rarts are sc conditicned,
even if this means repetiticn of an
identical entry.

In lines 09 and 10, the fields tc which
Ccontrcl Level L3 is assigned are
defined as numeric (col, 52 has
entries) . Each of the two pcrticns
(subfields) is within the limit of 15
cclumns for a numeric field, althcugh
the aggregate length of the L3 control
field exceeds 15 columns-—it adds up to
20 cclumns. This is permissitle, so
lcng as no individval nrumeric subfield
exceeds 1% cclumns.

Ip line 14, the same L3 Ccntrcl
Level is nct split when card-type
Resulting Indicator 91 is cn. To be
unifcrm for all card types, it must be
20 cclumns lcng--which exceeds the 15-
column limit for a numeric field. ©Note
that FIDC in line 14 is defined as
alrhameric (col. 52 is klapk); it may
therefcre legitimately exceed 15
columns in length.

It is permissible tc designate dif-
ferently named fields for the same Con-
trol Level in different formats (i.e.,
with different Decimal Pcsiticns sfeci-
ficaticn). For processing of the data
in tre fields, fcrmat accords with the
specificaticn in col. £2; for Control-

Level operations, compare is purely
numeric (zones stripped) if one cf the
fields or split portions for that Con-
trol Tevel is defined as numeric. L3
is, therefore, a numeric control field.

5. Ccntrcl-Level entries must be in
ascending order cf significance (i.e.,
11 appears in an earlier line than LZ,
etc.) within Field-Record Relatiocn
grcup, and within the group without
Field-Record Relation specifications.

6. The Control-Tevel entries without
Field-Record Relation specifications
nust appear ahead of those conditioned
by Field-Record Relation.

7. Lines without Control-Tevel specifica-
tion may appear between those with dif-
ferent Control-Tevel specifications,
but (to be compatible with other RPGs)
not between entries for the same split
Ccntrol ILevel.

Lines 05-10, 11-15, 16-19, and 20 illus-
trate that field-description lines should
be groured by Field-Record Relation indica-
tor, to minimize core stcrage requirements.

Lines_11_and 13, and 16_and 19 contain
Matching Fields specifications (in cols.
61-62). The contents of fields FLDA3 and
FLDAS in card type 91, and FITA6 and FLLE2
in card type 92 will be sequence checked.
Card types 93 and S4 are not sequence
checked, because M1 and M2 are not speci-
fied with Field-Reccrd Relaticn 93 or 94;
nor are they specified without any Field-
Record Relation. (If M1 and M2 were also
specified in lines without a Field-Record

Relaticn entry, the fields in these Iines’
would be sequence checked whenever neither
indicator 91 nor 92 is on.)

Note that, for card types for which
Matching Fields are specified, the same
nunber of fields must be specified for
matching, and the field size for each M-
level must be the same in all such cards.

Data-field specifications are not affected
by Field~Record Relation in the same manner
as Contrcl Level or Matching Fields:

As pointed out akove, whenever a
Contrcl-Tevel or Matching-Fields specifica-
tich appears in the same line as a Field-
Record Relation indicator, only the
Control-level or Matching-Fields specifica-
tion in that line aprlies fcr that level--
even if the same Ccntrol-Level or Matching-
Fields code is also specified in a line
without Field-Record Relaticn.

However, the data for the field speci-
fied in a field-description line without
Field-Fecord Relation entry is read into

Systemy/3€0 Model 2C CPS Fercrt Frccram Generator



the core storace area assigned tc that
field, recarcless cf which card-tyre
Resulting Indicator is on {fcr the group in
an ORK relationship). ¢Cn the other hand,
data for fields it lines with Field-Reccrd
Relaticn indicatcr are read into the
storage area for the field cnly when that
rarticular indicatecr is cn.

Therefore, the data for fields in lines
11-15 is read cnly from cards with Result-
ing Indicator 91; that fcr lines 16-19 cnly
when indicater 92 is on; and that fcr line
20 crly frem card type 94. But the =stcrage
areas for the fields defined in lines E-1C.
receive rew data frcm each of the four card

types.
Tc illustrate by a few examples:

1. The stcrage area for the field named
FLDA3 receives new data cnly frcem the
card type to which Resulting Indicator
91 was assigned.

2. The storage area fcr the field named
FLDD receives new data from every card
of tyre 91 or Su.

3. The stcraqe area for MCNTH receives new
data cnly frcm cards cf tyre 92.

4. The storaqe area fcr tte field ramed
FLDA1 receives new data frcm every card
(in the OR-relation grcup of card

types).

5. The field named ¥LDA2 appears in line
06 without Field-Record Relaticn, and
in line 17 with Field-Record Relaticn
indicator 92, although the scurce
cclumns (46-50) are identical. This
was necessary because it is part cf a
split ccntrcl field, and the other part
of the split L1 Contrcl Level is
assigned to different source cclumns
{(cols. 6-10 versus ccls. 1-5).

When a card of type 92 is read, the
data for the field named FIDA2 is
stored twice in the =are rrccess area.
Core storage space is saved Ly usimng
the same field name. (0f ccurse, if
different scurce cclumns applied in
lines C6 and 17, the Jdata descrited on
line 17 would ke availatle fcr rrcces-
sing whenever indicatcr 92 is cn--it
would rerlace data in the field
described in line C(C6.)

Field Indicators--Cols._ €5-7C

Any indicatcr ccde, except 10, may te
placed ir any of these three sets cf twe
columns (ccls. €5-66, 67-68, 69-70). The
correspornding indicator is treated like a
resulting indicator for the contents cf the
field described in that line: the indica-

tor turns cn if the contents cf the field
catisfy the criterion (Plus, Minus, or
Zero/Blank, respectively) to which the par-
ticular indicator was assigned--ctherwise
it turns cff. These indicators can then be
used as conditioning indicators in calcula-
tion and/or output specifications: they
can serve tc condition the execution of a
calculaticn or output specification tc
occur only when a particular input field
was or was not positive, negative, or zero/
blank, or when a particular status combina-
tion cf several input fields ottainms.

Assignment of Field Indicators to a nu-
meric field causes the contents to become
signed (hexadecimal C cE L--see EBCDIC
tatle, LAprendix D, Figure D1) if the input
field was unsigned (hexadecimal E or F). A
-0 field becomes +0.

NOTE: To test a numeric field for Plus,
Minus, or Zero/Blank, each column must con-
tain a valid decimal digit or blank with 'or
without sign; i.e., all entries must be
represented in FBCDIC table rows,0-9 (sce
Appendix D, Figqure D1).

Plus (Ccls. 65-66)

Fnter the code of the indicator that is tc
be turned on whenever the value of the
associated input field is pcsitive.

An input field is treated as pcsitive if
the punch ccmbinaticn in the lcw-crder card
colunn is represented in any of the columns
of the FECDIC tatle (see Appendix D, Figure
D1 ) except D--but excluding EBCDIC 60--and
provided all punch ccmbinations in the
field do not fall in row 0 of the EBCDIC
table.

Expressed in terms of common usage: the
field is treated as positive if the low-
order position does not have an 11-
overpunch, provided the numeric ccntents of
the entire field are nct zero or blank.
(See special rules for packed input data,
under Packed, Column 43.)

Coclumns 65-66 (Plus) may have an entry
only for fields defined as numeric (0-9 in
col. £2).

Minus (Cols. €7-68)

Enter the code of the indicator ttat is to
be turned on whenever the value of the
associated input field is negative.

An input field is treated as negative if
the punch combinaticn in the lcw-crder card
column is equivalent to EBCDIC 60 cr is
represented in column T of the EBCLIC table
(Appendix D, Figure D1), rrcvided all punch
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combinations in the field do nct fall in
row 0 of the EBCDIC table.

Exprecssed in terms cf ccmmon usage: the
field is treated as negative if the lcw-
crder positicn has an 11-overpunch, pro-
vided the numeric ccntents of the entire
field are ncot zero or tlank. (See special
rules for packed input data, under Packed,

col. 43.)

Cclumrs 67-68 (Minus) way have an entry
only for fields defined as numeric (0-9 in

col. 52).
Zero or Elank (Cols. 69-70)--Field Defined
as Alphameric (Ccl. 52 Blank)

Enter the ccde cf the indicator that is to
be turned on whenever the associated inrut
field is completely blank. (Zeros, and 11-
and 12-punches, are not treated as tlanks.)

Zero cr Elank (Cols. 6S-7C)--Field Defined
as Numeric (0-9 in Ccl. 52)

Enter the code of the indicator that is to
be turned on whenever the associated input
field consists entirely cf zercs and/or
tlank cclumns and/or zone fpunches,

Expressed broadly, the indicator
assigned tere is turned cn if all fpunch
combinaticns in the field are represented
in row 0 of the EBCLIC table (Aprendix D,
Fiqure D1). (See special tules for packed

______ 43.) :
Ncte, fcr example, that a field of zeros
with a 12- or 11-overpunch (in the lcw-
order or any other positicn) turns on the
indicator assigned here--not the indicator
assigned tc Plus cr Minwvs.

Therefore, if tte signs are in the high-
order column of input fields, and that
column cculd ccntain zerc fcr its data ror-
tion, the signs shculd ke tested by TEST?Z
in the calculaticn specificaticns--nct by
defining the high—order columrn as a sefa—
rate input field and attempting tc test for
Plus or Minus.

If it is necessary to use the instruc-
tion TESTZ in the calculaticn specifica-
tions (tc identify a sign in the high-crder
positicn of the field), cr if it is desired
to determine whether a field is tlank (as
distinct frcm zero)--yet thke field is to te
used in arithmetic oreraticns--the field
can te defined twice: once as alpbameric
(to be used for TESTZ cr toc test for
blanks) and cnce as numeric (fcr arithretic
operatiors), with different field nanmes.

e AU
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Field Indicators are actually turned on
or off--tased on the status of the asso-
ciated input field--just Lefore detail-time
calculaticns. (See EPG Program logic,
Figure 6.)

An input field may te assigned different
indicators for two, or all three, of the
conditiocons (Plus, Minus, Zero or Blank).
When the program turns on tke indicator for
the ccnditicn that arplies, it turns off
(if they were on) the indicators assigned
for that field to the conditicns that do
nct aprly. Thus, with the exceptions
stated in "Points to Note" below, only one
Field Indicator is on at one time for omne
field.

The same indicator may be assigned to
more than one criterion for the same field
--for example, to Plus and Zero. It is
then turned on if either ccndition is
satisfied.

Points tc Note
1. The indicators normally used as Field

Indicatcrs are 01-99, H1, H2. Use of

any others requires a ccmplete grasp of

the sections Program_logic Flow, Indi-
cato and Indicator_ Hierarchy, in the
chapter Programming for RPG--General

Information.

Assignment of indicator H1 or E2
causes the program to halt after fpro-
cessing of the card for which H1 or H2
is turned on, unless the indicator is
turned off by a prcgrammer's instruc-
ticn in the detail-time calculaticn
specifications for that card. (It can
only be turned cff at detail tinme,
because Field Indicators are not turned
cn until just kefore detail-time calcu-
laticns, and the halt--if H1 or H2 is
on--occurs shortly after detail-time
output (see Fiqure 6, RPG_Program

Iogic) .)

2. Field-Descripticn entries are asso-
ciated with the particular card type
defined above them in cclumns 19-41;
the stecificaticns in a field-descrip-
ticn line are executed only when a card
of that type has been read. Therefore,
the status of a Field Indicator can
change (apart from exceptions itemized
here) cnly after a card of the per-
tinent type has been read. It may,
therefore, remain cn or off while cards
of other types are being processed.
Ccnseguently, different field indica-
tors assigned to fields in different
card types may be cn concurrently.

On the other hand, if the same Field
Indicator is assigned to fields in dif-
ferent card tyres, its status will re
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tased on the contents of the relevant
field in the last card cf a pertirent
type read.

If the same indicator is assigned to
mcre thkan cne field ir the same card
type, the last field entered with which
the indicator is associated determines
its status.

If the same field name is assigned to
two different sets of source cclumns in
the same card--once with Field Indica-
tor and once without--the status of the
indicator will ccrrectly reflect the
ccntents of the field with which it is
associated. Orly cne ccre stcrage area
is assigned to the field name; it wil
contain the contents cf the field

ified last with that name. (Of

course, size and format must be uniform
for toth fields using the same name.)

srec-

This is a technigue fcr setting an
indicatcr based on thte ccntents cf a
field--when the field is nct otherwise
needed for calculaticans cr cutput--
withcut ccnsuming any ccre srace tc
store the data of that field.

The same indicator used as a Field
Indicatcr in tte input srecificaticns
may also be assigned as a Resulting
Indicator, or specified to ke SFTCN or
SETC¥, in the calculaticn specifica-
tions. This may change its statts dur-
ing the rprccessing of a card.

Indicators assigned tc Plus (ccls. 65—
€6) cr Minus (cols. 67-68) are off at
the reginning cf ctject-rrcgrar execu-
ticn. They dc nct turn cn until the
critericn is satisfied when a card of
the rertinent tyre has teen read.

On the other hand, indicators 01-99
--but not B1 or F2--ascicned tc Zerc cr
Blank (ccls. 69-70) are on at the
beginning (1P time) cf rrogram execu-
ticn--tefore tlte first data card is
read (see Fiqure 11, Hierarchy and Sum-
mary_cf Indicators). They remain on
until a card of the pertinent tyre is
read, and the field teing tested fcr
zero ¢r tlank does nct satisfy that
criterion. Thtus, cauticn is called for
in tasing calculaticn ¢r cutput cpera-
ticns sclely on the status of such
indicators.

Exception: If the same indicator is
used koth as card-tyre Resulting Indi-
cator and as Zero-cr-Elank Field Indi-
cator, it is nct on at the beginning of
Frcgram execution (1P time), because
card-type indicators take precedence
and are all off at the teginning (see
Bierarchy and Summary cf Indicatcres).

8.

Chtange cf value in a field during cal-
culaticns or ocutput does not in itself
change the status of a Field Indicator
set on the basis of the value in the
field at time cf input.

However, if Elank-After (B in col.
39) is designated for a field in the
output specifications, the field is set
to blanks (if alphameric) or to zeros
(if numeric) irmediately after the data
is mcved to the output storage area
(the data is then lost to any subse-
guent cutput operation). If a Field
Indicator is assigned tc Zero-or-Blank
fcr that field in the input specifica-
ticns, the indicator turans on at that
pcint during output, regardless of its
prior status (see also Blank-After
under Program_logic Flcw). It is then
on during processing of additional out-
put specificaticn lines and until
turned cff when the field is tested
again in the next input card of the
pertinent type, and found not to satis-
fy the Zero-or-Elank condition.

Note, bowever, that any Field Indi-
cator assigned to Plus cr Minus in the
input specifications does not turn off
(if it was on) when the indicator
assigned to Zero-or-Blank for the same
field is turned on by the Blank-After
instruction.

If Blank-After (B in col. 39) is desig-
nated for a field in the output-fcrmat
srecifications, and mcre than one indi-
cator has teen assigned to that field
tc represent the condition Zerc-or-
Blank, cnly the first-assigned indica-
tor is turned on by Blank-After. For
examrle:

a. An indicatcr (say, 25) is assigned
tc Zero-or-Elank for a field in
Field Indicators of the input spec-
ificaticns; and

b. Another indicator (say, 40) is
assigned tc Zero-cr-Blank as
Resulting Tndicator, for the same
field used as result field in the
calculation specifications (arith-
metic or TESTZ operation); then

c. PRlank-After turns on indicator 25--
the first-assigned indicator--not
indicator uC.

Assianment of Field Indicators causes
an unsigned positive numeric-field
value (EBCDIC-tatle cclumn E or F) to
become signed hexadecimal C.

Fiqure 27 illustrates assignment of

Field Indicators.
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Figure 27. Field Indicatcrs
Fxplanaticn of Entries in Figure 27 blank) . This illustrates assignment of

Specificatiop_line 02 shcws hcw tc turn on
indicator H1 if cols. 1-5 cf the data card
are tlank and/or ccntain zercs and/cr zcne
runches cnly.
as nnneric (col. 52 has an entry), nc dis-
tinction is made in Field Indicators
tetween tlark, zerc, and zcne punches.

(F-indicators assigned tc Zero-cr-Elank are

not on at the teginning--see Figure 11.)

The K1 indicator may be used--1ike indi-

cators 01-99--tc ccnditicn calculaticn and
output specifications; e.g., NH1 may te
designated as a conditicn sc that a rarti-
cular specificaticn is executed cnly when
FMPLNC is not zeros (or tlank). If EMELNC
is zeros (or blank) in a card, the systen
halts after that card has teen rrocessed,
unless H1 is turned off during detail-time
calculaticns ty a prcgrarmer's
¢pecificaticn.

cn if ccls. 11-30 are tlank--but nct if
they contain zeros, since tte field is
defined as alrhameric.
may contain an entry for alrhameric
fields.)

Lipe_ 04 causes indicatcr 01 tc turn cn if

the field in ccls. 321-34 is negative, and
indicator (2 tc turr on if it is zerc (cr

Because the field is defined

(Crly Zerc-cr-Elank

different Field Indicators to two condi-
tions in the same field.

Line 05 causes indicator C3 to turn on if

cols. 7-10 contain zeros (cr are rlank).

Lines 04 _and 05 also illustrate hcw to set
indicators tased on the status of a field
(cols. 31-34) that is not needed for any
cther purpcse, without tying up core
storage space for it. The data in cols. 7-
10 is to be used subsequently, and is
stored at the location for FESWRK. Note
that the format must be urniform for the two
fields that were assigned the same name.

Line 06 specifies indicator H2 if cols.
7-10 are blank-—-as distinct from zero. 1In
line 05, an indicator (03) was specified if
the same field is zero or klank. We have
arbitrarily--to illustrate a point--made
the assumption that hours worked may legi-
timately be zero; but that a tlank field
represents an errcr for which we wish to
bypass processing (by using NH2 as condi-
tioning indicator in calculaticns and out-
fut) and after which we want to halt.
(Perhaps the card was missed by the key-
punch operator.) To recognize the tlank
field, the field had tc be specified as
althameric; to use the data in arithmetic
operaticns, the field nust ke defined as
numeric: herce, the fielfé is described
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twice, with different names., The alrhamer-
ic field alsc allcus testing fer high-crder
zone punches in the calculaticn specifica-
tions; these zcne punches might ke intended
to identify special situaticas.

Iines 02 and (06 used up the availaltle halt
indicatcrs. .Tterefore, althcugh a tlank
NAME field represents an errcr, Bt or E2
cannot te used in line 03:; another indica-
tor (in this case 10) can Le assigned, and
used in the detail-time calculaticn speci-
ficaticns teo turn ¢n HY1 or H2 if a halt is
desired.

If H1 had been assigned tc Elank fcr

NAME, as well as tc Zero-cr-Blank for
EMPLNO, then: when the NAME field is not
blank, BE1 is turned off even if EMPINC is

zero (or tlank); i.e., the later test
supersedes any earlier test for the same
indicator.

Iine_08 again assigns indicator H1 tc zero
(or tlank) in the EMPLNC field. Hcwever,

this line arrlies to a different card tyrpe.

The status of this indicatcr is thus 2.
revised for each card; but the status cf H1

does not conflict for twc fields within the

same card.

ILine 09 shows assignment of three different

indicators for the three pcssible states of
values in one field. :

Line 10 identifies positive values in the
field by cne indicatecr (34) and zeros (or
klank) ty ancther (40).

Line_11 assigns indicator 35 to cards with

a positive value in cols. 15-18, or with
zeros (or tlank) in cols. 15-i&. It wilil,
therefore, be c¢n if either ccnditicn is
satisfied.

ILine 12 illustrates use of the same indica-
tor for different purrocses in different
cards (see line 05). Its status will,
therefore, te revised for each card.

Points tc be Especially Ncted in Figure 27

1. Indicators 01-99 assigned tc Zerc-cr-
Blank {cols. 69-70) are cmn at the
beginning cf object-program execution.
Thus, indicators 02, 03, 10, 33, 35,
and 40 are on during heading-and-
detail-time cutput preceding the read-
ing cf the first card.

Indicaters H1 and H2 are off at the
start ¢f program executicn tecause H1 3.
and B2 take precedence, in the indica-
tor hierarchy (see Figqure 11), cver
Zero-cr~Blank indicators.

The fact that indicatcrs C1-S9
assigned tc Zero-or-Blank are on ini-

tialiy calls for cauticm in two
resgtects:

a. Detail-time cutput operaticns con-
ditioned only by the ON status of
any of these indicators will te
executed bhefcre the first card has
teen read--i.e., during 1P time;
and

b. These indicators remain on until
the first pertinent card has been
read.

For example, with the program-
ring in Figqure 27: If the first
ten cards all happen to be type 25
(i.€., the first tyre listed, to
which card-type Resulting Indicator
25 was assigned), indicators 33,
35, and 40 are on while these cards
are processed--since no pertinent
card (type 28) has yet been read to
test the fields tc which these
indicators are assigned.

Once the status of Field Indicators has
been determined for the fields in a
card, the status is nct revised until
the next card of a pertinent type is
read. (Excertions: Blank-After,
descrited telow; H1 and H2; and chang-
ing the status of a Field Indicator by
an entry in the calculation specifica-
ticns.) For exanmrle:

The status of the Field Indicators
in lines 03 and 04 is revised only
when a card with a card-type
Resulting Indicator 25 has been
read; the status c¢f those in lines
09-11 only when a card with Eesult-
ing Indicator 28 has been read.
This fact must be borne in mind
when conditioning calculation or
outrut srecificaticns by these
indicators.

The H1 and H2 indicators are
always reset by the program before
a new card is processed (after
restart ty means of the CPU START
key), if nct set cff before then by
an instruction in the calculation
specifications.

Indicator 03 appears as Field
Indicater in line G5 and line 12.
Its status is therefore revised for
each card.

Field Indicators for Zero-or-Blank
{ccls. 69-70) are turned on immediately
when the correspending field is set to
blank cr zero by entry of a B in col.
39 (Blank-After) in the cutput-fcrmat
specifications. Any cther Field Indi-
cator previously set (for Plus or
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Minus) for the field is not turned off
therety. For examrle:

If B is entered in ccl. 39 in the
cutput-format specificaticons next
to EMPINC, the H1 indicator turns
cn as soon as the FMELNC data has
teen transferred tc the cutput area
during an cutput operaticn invclv-
ing EMELNC (if HT1 is on at the end
cf detail-outprt time, the systen
halts thereafter). Similarly,
indicators assigned to Zero-or-
Elank for other fields turn cn dur-
ing an output operation if Blank-
After is specified fcr those
fields.

System/36C Model 20 CES Repcrt Prcgram Generatcer

In the case of BCNDS, for
instance, a Elank-After specifica-
tion in conjuncticn with an output
operation turns on indicator 33.
This indicator rerains cn until the
BCNDS field is again tested after a
card of type 28 has been read.
¥ote, however, that--if indicator
31 (Plus) or 32 (Minus) was on for
the BCNDS field, it is not turned
off by the Blank-After operation.
Indicator 33 is then on concurrent-
ly with 31 or 32.



GENEEAL INFORMATION

Three general rules govern the writing

of calculaticn specifications:
The calculaticn specificaticns (see Fiogure
28) rparticularize 1. Fach operation is specified on a sepa-
rate single line cf the form (and,
hence, punched intc a separate specifi-
1. The cgeraticns to be rerformed ty the caticn card).
ckject program urcn
2. Calculation operations to be rerformed
at detail time must all be specified
a. the inrput data, and ahead of those to ke performed at total
time. However, total-time calculaticns
. data obtained as a result cf cther need not be grouped by level cf total
calculaticns (i.e., different L-indicator lines may
be intermixed) .
2. look-ur cf data contained in tables
3. Within the grouring of detail time or
3. The identification of data ccnditicns, total time, calculaticn operations are
to facilitate control cf subsecquent performed in the order in which they
calculations and cf cutput creraticms are specified. (See GOTO, telow, for
kased cn calculaticn resuvlts. excepticn.)
IBM INTERNATIONAL BUSINESS MACHINES CORPORATION ::’:1\‘&:2‘:3:55‘-1
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Note: At the beginning c¢f cbject-prcaram
executicr, fields defired as alrhameric are
klank (hexadecimal 40) and those defined as
numeric ccntain "unsigned" zercs (all
zeros, e€xcept low-crder positicu is hexade-
cimal O0F). Therefore, nc calculaticn spec-
ificaticn is required solely to clear
fields at tte start.

The entries for the Calculaticn Specifi-
cations form are divided intc three cate-
gories, as shown in Figure 28.

1. Conditicring Fields--Cclumns 7-17

Indicator codes entered in these fields
determine the conditicrs under which
the calculation specification in that
line is to be executed.

Note: Grouping specification lines
with identical ccnditicning indicator
entries (in ccls. 7-17) saves core
storacge space and prcocoram e€xecuticn
time.

2. Calculaticn Fields--Columns 18-53

Fntries in these fields define the kind
of oreraticn tc te perfcrmed, the data
involved in the cperaticn, and the
result field.

3. Result-Testing Fields--Columns 5U4-59

Any indicator code may be entered in
any cf these Resulting Indicators
fields. When the operation specified
in a line htas been executed, the indi-
cator (if any) assigned to the ccndi-
ticn that accords with the result is
turned on; those (if any) assigned to
cther result conditicns are turned off.

These Resulting Indicatcrs can te
used as conditicning indicatcrs to con-
diticn tte executicn cf cther calcula-
tion specifications and/or outrput
specificaticns.

CONDITICNING PERFORMANCE CF CALCULATICNS
(CoLs. 7-17)

If the ccnditioning fields (cols. 7-17) are
tlank, the specificaticns in that line are
executed at detail time cf every fprogram
cycle.

The Ccntrcl-Level field (cols. 7-8) pro-
vides for determining whether a calculation
specification is to bte performed at detail
time in the program cycle (i.e., ccls. 7-8
are tlank),.or at total time of a giver
level (i.e., there is an I-indicatcr entry
in ccls. 7-8). The Indicatcr fields (ccls.
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9-17) provide for determining--within the
limits established by the contents of cols.
7-8--which ctker ccnditions, in terms cf
status cf indicators, must be satisfied to
implement the specificaticns in that line.

The fcur fields (cols. 7-8, 9-11, 12-14,
15-17) are in an AND relaticanship; i.e.,
all stated conditions must te satisfied for
the stecifications in thrat line to be
executed.

There is an essential difference Letween
applying indicatcrs as ccnditicning
indicators--as exemplified by cols. 7-17
here, and ccls. 23-31 in the output-format
specifications--and assigning indicatcrs as
Resulting or Field Indicators--as exempli-
fied by cols. 19-20, £59-€C, and 65-7C in
the input srecifications, and cols. 54-59
in the calculation specifications:

A Resulting or Field Indicator changes
status (cn or off) as the condition with
which it is associated is tested, and the
criterion to which it is assigned is either
satisfied or not satisfied.

The same indicatcr, reflecting a crite-
rion previously tested, may then te applied
to ccndition a calculation or cutput speci-
fication tc be executed only if the indica-
tor is on, or if it is not on, as desired.
Applying the indicator as a conditioning
indicator never changes its status (on, or
not c¢n).

e e S e e s e s S e o7 S g e e e

If this field is blank, the operaticn spec-
ified in that line is to ke executed at
detail time--and subject to conditioning
indicators specified in cols. 9-17.

If a Centrol-level indicator code (IO,
L1-19, or LR) is entered in cols. 7-8, the
operation specified in that line is tc be
executed at total time, provided the parti-
cular L-indicatcr specified is on--and sub-
ject to other conditioning indicators spec-
ified in cols. ¢-17.

If a Control-lLevel indicator L1-19 is
turned on in the normal manner--by a con-
trol treak--it is cn from (and including)
the total time follcwing the last card of
the previous contrcl group through detail
time of the first card of the new control
group. The last-record indicator (IR) is
on during total time fcllcwing the last
data card of the aprrorriate file(s). LQ
is normally always on. Any of the indica-
tors LR, L9-I2--if turned cn in the stan-
dard fashion--also turrs on all lower-level
I-indicators (except T0) for the same
pericd.

Generatcr



The operation of L-indicators, and
detail and tctal times in tte rrcqrar
cycle, have teen thoroughly covered else-
where. See EPG_Program Ilogic (Figure €),
Relaticn cf Total Time tc Card Mcvement,
and Total-Time Processing c¢n "Fun-In'--all
under Prcoram_logic Flcw; I1-L9, Srecial
Considerations_for Indicatcrs I1-I9 cn
M"Run-In", L0, LR, and Indéicator Hierarchy
(with Ficure 11)--all under Indicators;
Control Ievels--under Matching cf Files;
Decimal Ecsiticns (col. £2), Field Name
{cols. £3-58): Tefining the Same Data
Field as_Bcth Althameric_and KNumeric, Con—
trol Level (ccls. 59-60), and Field-Record

Relaticn (ccls. 63-64)--all under Input
Specificaticns.

Indicators--Cols. 9-17

If these fields are tlank, the srecifica-
tions in that line are executed in every
Frogram cycle--subject tc the status of any
I-indicatcr that might be specified in
cols. 7-8 {see Contrcl Tevel, ccls. 7-8,
above). If ccls. 7-8 are also tlank, the
specifications are executed at detail time
cf every rrogram cycle.

An indicator code in ccls. 1C-11, 1z-14,
cr 16-17 instructs the prcgram tc execvute
the specificaticns in that line cnly if
that indicator is on. If an N (=Not on) is
entered in the column preceding the indica-
tor code (ccl. 9, 12, cr 15, respectively),
the program is instructed to execute the
specifications in that line cnly if the
associated indicator is rct cn.

Note: Any EECTIC character ctter ttan N in
col. 9, 12, or 15 has ttke same meaning as
| a blank.

Up tc three different ccnditicning indi-
cators may ke designated ty entries in the
three Indicators fields for cne specifica-
tion line. Fach may be required tc ke on
(first cclumn of relevant Indicators field
Flank), cr off (N in first column of rele-
vant Indicators field), as a ccnditicn cf
executicn cf the specificaticns in that
line.

The ttree fields (ccls. 9-11, 12-14,
and 15-17) are identical ir functicn. If
cnly one or two ccnditioning indicatcrs are
assigned, it does not matter which of the
three fields are used. Entries in these
fields are in an AND relaticnshifp to each
other, and tc any I-level indicatcr in
cals. 7-8. MNcre than three conditicning
indicators cannot te specified in an AND
relaticnship directly; ncr can OR relaticn-
ships ke srecified directly. Methcds for
achievinc the equivalent results are shown

Any indicator may te specified in ccls.
9-17. The rrogrammer should remember, how-
ever, that the status of an indicator may
have a different significance at total time
and at detail time--and it is the entry, or
absence cf entry, in ccls. 7-8 that deter-
mines whether the specifications in that
line are executed at tctal cr detail time.
For instance:

1. At total time, the MR indicator
reflects the matching status of the
previocus card--nct that of the new card
that caused the contrcl bkreak. At
detail time, however, MR reflects the
matching status of the card being
processed.

2. With Ccntrol Level (ccls. 7-8) blank,
an L-indicator (IL1-L9) in one of the
fields in cols. 9-17 does not pertain
tc an oreration at tctal time~--it ccn-
ditions the specifications to be
executed only at detail time of the
first card of a new ccntrol grcur cf
that, or higher, level.

Assuming cnly standard methods of assignina
and utilizing Resulting and Field Indica-
tors, the TIndicator codes entered in these
fields (ccls. 9-17) condition execution of
a calculaticn specification based on the

‘following factors:

1. If the indicator was assigned as card-
type Resulting Indicatcr in the input
specifications (cols. 19$-2(), execution
cf the calculaticn specification is
confined to the processing of a parti-
cular card type, or--if N is entered
(in the first cclumn of the relevant
conditicning Indicators field)--to any
card type other than that particular
one.

2. If the indicator was assigned as a
Field Indicator in the input srpecifica-
ticns (cols. 65-70), execution of the
calculation specification is dependent
cn the status of the inrut-data field
with which the indicator was asso-
ciated. The Field Indicator reflects
the input-data status after the field
was last read as input or, if the indi-
cator vwas assigned to Zero-or-Rlank,
the status before the field was read or
after it was cleared by a Blank-After
instruction in the outrut specifica-
tions--whichever occurred most recent-
ly. The status of a Field Indicatcr is
nct altered ty changes in the contents
of the asscciated field that might be
the result of calculation
specifications.
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3. If thte indicator is assigned as a
Resulting Indicator inm this cr ancther
line cof the calculaticn specifications
(ccls., 54-59--discussed later), execu-
tion of the calculaticn specifications
in this line is contrclled Lty the
result of a calculaticn perfcrmed ear-
lier. ©Ncte that:

a. The Resulting Indicator reflects
the result last cbtained. If the
pertinent calculaticn has nct yet
teen performed, the indicatcr is
cff (unless it is assigned tc Zeroc-
or-Blank, when it is omn initially
and is alsc turned cn ty Blank-
After--see Qutrut-Fcrmat
Specifications) .

If the pertinent calculation is
cnly performed urder certain ccndi-
ticns, the indicatcr may still
reflect an earlier--possibly
cksclete--result.

t. If the conditioning Indicatocr
(cols. 9-17) 1is also a Resulting
Indicator in the same line (ccls.
£4-59), its statts is nct changed
ty the instructicrns in that line
until after the specificaticns in
the line have been executed.

Rememker that, at tctal time, a
card-type Resulting Indicatcr is that
of the next card, whereas a Field Indi-
cator is based on a fprevious card.

Indicotors
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Figure 29. Calculation Ccnditicning

Indicatcrs

The operaticon of indicatcrs, and detail
and total times in tte prcgram cycle, tave
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been thoroughly covered elsewhere. See

ming_for RPG--General Information; Result-
ing_Indicators, Control Level, Matching
Fields, and Field Indicators--all under
Input_ Specifications; and Resulting Indica-
tors in Calculaticn Specifications, dis-
cussed in this charter.

Figure 29 illustrates the use c¢f condi-
tioning indicators with calculaticn speci-
fications. Only standard applications of
indicators have teen assumed; non-standard
uses are enccmrassed by the explanaticns
under Indicators in Programming for RPG--
General Infcrmaticn.

Fxplanation of Fntries in Figure 29

detail time (ccls.
{(cols. 9-17 blank).

7-8 tlank) cf all cards

detail time for all cards for which indica-
tor 1€ is on at that point. 1If, for
examrple, indicator 1€ is a card-tyre
Resulting Indicator, the line is executed
at detail time for all cards of type 1€.

detail time for all cards for which indica-
tor 16 is nct on at that point.

detail time for all cards for which indica-
tor 25 is c¢n, and indicatcrs 18 and H1 are
not cn, at that point.

detail time cf the first card cf a ccntrel
group, provided indicator 2% is also cn at
that pcint. If, for example, indicatcr 25
represents a card tyre, the specifications
in the line are executed at detail time of
the first card of a contrcl group, if that
is a card of type 2E.

detail time if the MR indicator and indica-
tor 16 are toth on at that roint.

Fcr example: Assume indicator 16 repre-
sents a detail card with a value that is to
be multirplied ty a factor stcred from a
preceding master card. These Indicators
entries assure that the multiplication
takes rlace only during processing of a
detail card, and only rrovided the detail
card matchted the master card on some cri-
terion field (s)--otherwise the multiplica-
ticn factor cculd ke taken frcm the wreng
master card.

-+
[»]
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total tlme. 8 cspecifies
execution at total time if a Tevel-2, cr
higher, ccntrcl treak cccurred; i.e., fcl-
lowing the rrccessing of the last card of a
Level-2 cr higher control group. The spec-
ificaticns are, however, further ccndi-
ticned tc ke executed cnly if indicator 10
is also cn at that time, and prcvided indi-
cator L3 is not cn. The latter ccondition
(NL3), implies that the specifications are
only executed if there was nc ccntrcl treak
higher than Level 2; the 12 in cols. 7-8
implies that the ccntrol kreak must ke at
least of Level 2. Thus, execution of the
specifications is confined to exactly a
Level-2 ccntrcl treak.

Note that, if indicatcr 10 is a card-
type Resulting Indicator, it refers to the
first card of the new ccntrcl grcup; if it
is a Field Indicator, it reflects the sta-
tus of an input field the last time a per-
tinent card tyre was read rreceding the
control bkreak. The data available at total
time is still that from the last card cf
the centrcl oroup.

Iine_ 08 is executed at tctal time follcwing
the prccessing of the last card cf every

control group: since a ccntrol treak cf

any level turns cn the TL-indicatcr for that
level and for all lcwer levels, L1 turns on
for a ccntrcl break of any level. The data
from the last card of the ccntrcl grcour is

still availakle at this tirme.

Iine 09 illustrates an applicaticn cf the
1.0 indicator. Assumptions are: it is
desired to calculate a value at the end cf
each page, tc te rrinted at the tottcm of
each page, except when a cocntrcl break

occurs at the same pcint.

In order to calculate tefore forms
advance to the new page, yet when it is
already known whether a ccntrcl grcup has
teen ccmpleted and whether carriage-tare
channel 12 was encountered at detail-cutput
time, the calculation must be at total
time: tctal time fprecedes overflcw-time
cutput. I-indicators for the beginning of
a new contrcl groupr are already cn, and the
overflow indicator is also c¢cn if carriage-
tape channel 12 (i.e., the pcint fcr rrint-
ing the calculated value at the bcttcm of
the page) was encountered during the fpre-
ceding detail-time outrput.

Indicator L0 designates that the speci-
fications in the line are to be executed at
total time, provided LO is cm (its normal
state). Indicator OF further designates

hat the rert i

{i.e., channel ountered during pre-
ceding detail-time ocutrut) for the specifi-
caticns in the line to be performed. Since
the calculation is not desired at the end
of a contrcl grcup, NL1 suppresses it vwhen
a ccntrol kreak coincides with the end of a
page. LO--which is defined as a Contrcl-
Level indicator--had to be used to associ-
ate the line with tctal time since, by
definitioncf the protlem, noc cther Centrcl-
Ievel indicator is on when the specifica-
tions in the line are to be executed.

Line 10 specificaticns are executed at
total time following the last data card cf
the input (cr combined) file or, if there
are multiple input (or ccmbined) files, the
last pertinent file. (See File Descrirption
Specifications, col. 17, and Indicators,
LR.) When LR is on, all other Control-
Level indicators (LS-L1) are also cn. The
job terminates follcwing total-time output.

Figure 29 also illustrates that all spec-
ifications to te executed at detail time
must precede those tc te executed at total
time; within tctal-time specifications,
crder need nct be maintained by Ccorntrol
Level.

SPECIFYING THE KINDS OF CALCULATICNS
(COLS. 18-53)

Entries in this section (ccls. 18-53) of
the calculaticn specifications define the
actual calculaticns (or quasi-calculaticns)
to be rerfcrmed. Tte followina ccmponents
of calculation operaticns are designated in

1as
fields:

angrt Fi~at+ian

+l A n
cnese SpTLL LAtV

1. The data fields that enter into the
operaticn: Factcrs 1 and 2.

2. The tyre of operation tc te performed
cn the data: Orperaticn.

3. The form of the result: Result Field
name, length, decimal-pcint locaticn,
half-adjustment.

The fields in this secticn are descrited
in the sequence that lends itself best to a
clear understanding of their relationship,
rather than adhering strictly to the order
of fields in the specifications.

Note: At the beqginning of fprogram execu-
tion, Factor and Result Fields are tlank
(if alphameric) or "unsigned" zero (if
numeric) .
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Factor 1--Ccls. 18-27 and

Factor 1 and Factor 2 ccntain the names cf
the data fields, or the actual data
(literals), that provide the source infor-
maticn fcr the majority of the cperaticms.
Some ofperaticns involve bcth Factors; sore
only utilize one; and a few cperaticns do
not use a Factor field.

Field Narnme

If the Factor contains a field name, the
program ottains the data frcm the core
storage location it has assigned to that
name. The field name must either have been
defined in the input specifications (ccls.
46-58), cr as a result field (ccls. 43-52)
in scme line of the calculation specifica-
tions (this may ke an earlier cr later line
in the calculation specificaticns, or the
same line), cr as a tatle name in.the File
Extensicn Specificatiomns.

If a field whcse name is used in the
calculaticn specificaticns appeared in the
input specifications, it must have been
fully defined there, and cannot ke defined
differently (as to format, size, decigal
Feint) ir thte calculaticn specificaticns.

A field need be defined cnly once, although
an identical redefiniticr is fpermitted.

Field names must be reccrded in the Fac-
tor fields left-justified (i.e., tegin in
col. 18 cr 33, respectively).

literals

A literal is the actual data tc be used in
the calculaticn, rather ttan a field name
representing the location cf the data in
core storage (see also Literals, under
Pefiniticn of Terms). The program is able
to distinguish between literals and field
names bty virtue cf a restricticn on the
initial character (col. 18 cr 33,
respectively):

Thte first character c¢f a numeric_liter-
al is cne of tbte digits 0-9, a decimal
point, a plus sign, cr a minus sign.
(If Furorean notaticn is specified in
the EPG Ccntrol Card, a decimal comma
takes the place of tte decimal peint.)

Tte first character of an alrhameric

literal is preceded Lty an apcstrorte

(*)--card punch-combination £-E€.

Thte first character cf a field rame
is cne of the 29 characters defined as
alrhatetic (the 26 letters of the Eng-
lish alphabet, plus three specific

sywbcls)--sece Tefiniticn cf Terms.

A literal--so lcng as it is always
identical in all respects (including sign
and decimal-point lccation, if any)--is
stored by the program cnly once, no matter
how cften it is used in the program. Nu-
meric literals may have a maximum length of
ten characters, including the symtols (dec-
imal roint and/or sign); alghameric
literals in calculation factors may have a
maximum length of eight characters, plus
two mandatory enclosing apostrophes.
Iiterals must be recorded left-justified
(i.e., begin in col. 18 or 33,
respectively).

Numeric_Iiterals. A numeric literal may
consist of any combination of the digits 0
through 9. One decimal point (decimal
comma, if Eurorean nctaticn) and/or one
sign may also be included, but no cther
characters or symbols. Its maximum total
length is ten characters.

Rules for Forming Numeric Titerals

1. Blanks must not appear within a numeric
literal.

2. If a sign is part of the literal, it
must be the leftmost character.

A plus sign is represented by the
punch-combination 12-€6-8; a minus sign,
by an 11-punch.

An unsigned numeric literal is
treated as positive in arithmetic
operations.

The rositive cr negative status of a
numeric 1iteral is dutomatically taken
into account in arithmetic operations.

3. One decimal point (card punch-combi-
nation 12-3-8) can appear anywhere in
the literal, even ahead of the first
digit. (If European notation, decimal
ccmma applies instead.)

When the literal is used in an
arithmetic or compare operatiomn, the
prcgram perfcrms decimal alignment
according to the position of the deci-
mal pcint. If there is no decimal
pcint in the literal, the progran
assumes the decimal pcint to follow
immediately to the right of the last
digit; i.e., the literal is assumed to
be an integer.

Alphameric Literals. BAn alphameric literal
consists of any comkinaticn of characters,
including blank, from the 256-character
EBCDIC set (see Arpendix D, Figure D1).

An alrhtameric literal must ke enclosed
by arcstrophes ('), card runch-comktination
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E-8. The first apcstropte identifies the
entry as an althameric literal; the termin-
al arostrcrhe signals the end of the liter-
al (since tlanks are valid in alrhameric
literals, the rrcgram tas rc other means of
recognizing the end). The requirement for
initial and terminal apostrophes limits the
Fody of an alphameric literal tc a raximum
of eight characters.

An apcstrcphe required as part cf tte
literal itself is represented ty two agos-
trophes; i.e., two consecutive cclumns,
each punched 5-8, If such a literal is
used for output, cnly cne cf the dual apos-
trophes is punched or printed, and the pcr-
ticn to the right cof the internal agcs-
tropke is shifted left ome pcsiticn sc as
not to introduce a spuricus klank. This
limits an alrhameric literal with cne
internal. apcstrophe to sever meaningful
characters.

Alphameric literals may be used for ccm-
rare, move, test zcne, and table lcok-up
operations; tut they must not ke used in
arithmetic orperations.

Figure 30 depicts scme samples of Factor
entries. While Factcr 1 is shown, Factor 2
would ke equally arpplicatble.

Explanation cf Fntries in Figure 30

Indicators

10-19,
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Form Type
Controf Leval

o
& Not{ &

3 45

~

8 10 11112 13 14]15 16 1718 19 20 21 22 23 24 25 26 27|28

NETAMT
€PAR
125¢4. ¢4

L 25¢¢
.pPp125678
-.91357942
+]
FEBRUARY'
To""crLock’
'rl‘6|
"5/2% DT,

©
“
aln|nlnfaln]alnTa o

e
o

Figure 3C. Factcr Entries

Iine_ 01 shows a field name:
character is alphatetic. The field zust
either have been defined in the input cr
file extersicn specificaticns, cr it nmust
ke defined as a Result Field (cols. U3-48)
somevwhere in the calculaticn
specificaticns.

When the specificatiors ir line 01 are
executed, data is ottained by
the program frcm the core stcrage lccation
assigned tc NETAMT.

+1
the Factor-1

Iine 02 alsc shows a field name: @ is one
of the three symbols defined as alphabetic
(see pefiniticn of Terms).

Lines_03-C7 illustrate numeric literals:
the first character is numeric, or a sign,

or a decimal roint.

The literals will te decimal~aligned by
the rrcgram, in arithmetic and compare
operations, in accordance with their speci-
fied decimal toint. When the literal
includes nc decimal point, it is treated as
an integer. The iiteral in line (&4 is
therefore treated as (12500.), and that in
line 07 as (1.). The plus sign in line 07
must be punched as 12-€-8.

Numeric literals withcut sign are
treated as rositive in arithmetic and com-
pare operations; therefore, the literals in
lines 03, G4, and 05 are positive. VNote
that a sign, if specified, must be leftmost
(lines 06 and 07).

X numeric literal terminates with its
rightmcst character (digit or decimal
point); it cannot ccntain blanks. There-
fore, the literal im line 03 ends with the
zero in ccl. 25; the literal in line 04
ends with the zero in col. 22. ©Note that
(except for a decimal comma in European
notation) ccmmas are not permitted in nu-
meric literals: for example, the number in
line C4 may not be written as 12,500.

Lines 01, 05, €6, C&, 09, and 11 illustrate
the maximum permissikle lengths for the
three types of Factor entries: six posi-
tions for a field name; ten positions,
including sign and/cr decimal pcint, for a
numeric literal; and eight positions, plus
the two delimiting agpostrcphes, for an
alphameric literal.

Lines (08-11 portray alrhameric literals:
the first and last characters are
arostrophes.

Alphameric literals might, for examrle,
be compared against data-field contents,
serve as search arguments in a table look-
up operation, or be printed out after being
moved into a data field. They cannot be
used in arithmetic operations.

Lines_ 09 _and 10 illustrate the two
apostrophes—--independent of the apcstrcphes
defining the alphameric literal--that must
be recorded to sytecify a single apcstrophe
as part of the literal. Line 09 exempli-
fies a literal with an internal apostrophe,
whereas line 10 shcwe hew tc record a lit-
eral that begins with an apcstrophe. The
literal in line 09 is treated as C'CIOCK in
any operation involving it; the literal in
line 10 is treated as '66.
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Line 10 alsc illustrates that an alrha-
meric literal may ccntain digits. If
desired, a numeric value may be exrressed
as an alrhameric literal ty enclcsing it in
apostroptes. (It cannot, tten, ke used in
arithmetic operations.)

_____ shows that an alrhameric literal
may contain spaces and stecial characters.
Throuchcut, ncte that all entries are

left-justified.

Cperation--Cols._28-32

Fntries in these cclumns specify the crera-
ticn tc te performed using the entries in
Factor 1, and/or Factor 2Z, or Result Field.
Fach operaticn is specified ty placing the
appropriate cperation ccde in this field,
left-justified (i.e., beginning in ccl.
28) . Detailed infcrmaticn cn the varicus
operations is given in the secticn titled
Entries in_the Operation Field.

All numeric ccmrare and arithmetic
operations are performed acccrding tc the
rules cf algebra: =signs are taken intc
account, and decimal aligomrent is
automatic.

Result Field--Ccls. 43-48

The field name entered in Fesult Field
(cols. 43-48) is associated ty the rrogranm
with the core location at which the result
of the orperation is to be stored. (In the
case of twc particular oreraticns, TESTZ
and TCKUF, the entry in this field repre-
sents the locaticn of source infcrmaticn
for the creraticn.) The user always
references the field by the mnemcnic nanme
he assiored to it, and need never ccpcern .
himself with the actual ccre stcrage
location.

If the field pare arpeared in tte
or file extensicn specifications, it
have been fully defined there (as to s=ize,
format, pcsition of decimal roint). The
field name in Result Field then suffices to
reference the stcrage locaticn, and no
definiticn cf the field is required in the
calculation specifications. If the field
name did nct arpear in the input cr file
extensicn specificaticns, the field must be
fully defined cnce in the calculation spec-
ificaticns, sc that tte fprcgrar can assign
an arprcrriate ccre sterage lccaticn tc it.
The definition need not te in the first
calculaticn specification line in which the
field name arrears.

input
rust

Defining a field in the calculaticn spec-
ificaticns ccnsists of:

a. Fntering a field name in Result Field

(ccls., 43-48) in any sfpecificaticr line
to which the result field applies.
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The name must tegin in ccl. 43 with
cne of the 29 alrhatetic characters,
may continue with alphabetic or numeric
characters, and may be cne to six cha-
racters long. (See Definiticn of

characters--neither permits embedded
blanks.)

Within
assigned;
with PACGE

these rules, any name may be
except that names starting
and TAR are reserved fcr spe-
cial uses (described later). Names
beginning with IN have a special mean-
ing in RLAET. specifications; when used
in other operations, they must not
duplicate the exact characters INxx in
the Result Field of an RLARL line.

b. Srecifying the length of the field--see
Field Tength (ccls. U49-E1).

c. Defining the format--see Tecimal Posi-
tions (col. 52).

The same field name can te used in any
number of calculaticn specificaticns; but,
once defined in the input, file extension,
or calculation specifications, it must
never te redefined differently. Cnce
defined, it need never be redefined at all
--the field name alcne reccmes an adequate

reference; tut, if it is redefined, it must
be fully and identically redefined: the
contents of Field Length (cols. 49-51) and

Decimal Positions (ccl. 52) must then be
identical wherever the field name is
defined cr redefined and, if the field was
defined in the input or file extension spec-
ifications, Decimal Positions and field
length thtere must corresgcend. (But see

input fields.)

Field Iength--Cols. 49-51

This field is Jleft tlank unless the result
field is tc be defined (cr redefined) in
___________ above.

If the Result Field is tc ke defined (or
redefined) in this line, enter the lengtt
of the result field for which core stcrage
Fositicns are to be assigned. (Leading
zeros may te omitted.) Sc that the user
need not think in terms of internal machine
creraticns, the length is specified in
terms cf number of characters or digits,
regardless of whether the field is defined
as alrhameric cr numeric.

Internally, numeric fields are stored in
packed-decimal fcrmat (see Arpendix D) and
normally ccnsume less core fpositions than
the number of digits in the field; never-
theless, Field Tength is srecified here as
though each dicit cccuried a serarate byte
(full fposition) in ccre. Therefeore, in

it



sed in arn oreraticn, ar input
field that was read in packed fcrmat (P in
col. 43 cf the input specificaticns) nust
be assigned, in the calculaticn specifica-
ticrs, a lengtt equivalent tc its digit
capacity--not its cclumns. For example, a
packed input field cf 5 cclumns must e
treated in the calculaticn specificaticns--
as a factor, when defining a result lased
cn it, or if redefining it--as teing 9
positicne lcng., The general fcrpula is:
field size = 2n~1, where n = number of card
columns in the packed input field.

. oo

Maximur lenaths for factors ard resul
fields ir calculation specifications are:

15 pceiticns fer a numeric field;

256 rositions for an alphameric field;
excert: 40 rositicns each wten ccmpar-
ing twc alrthameric fields, and 80 tosi-
tions for table look-ur.

(For definition cf a field as numeric cr
alrhameric, see Decimal Pcsiticns--Ccl. 52,
below and under Input Specificaticns.)

If the length assigred tc the Result
Field of an arithmetic oreraticn is insuf-
ficient tc acccnmodate the result of the
operaticn, the result is first decimal-
aligned—--as are all arittmetic results--and
then the excess high-crder (most signifi-

cant) rositions are truncated (see Figure
21). Resulting Indicators assigned (see
cols. 54-E59) are then tased cn the retained

dicits crly.

If Half-Adjust is specified (see ccl.
53}, Field Tength aprlies tc the length of
the result field after half-adjustrent has
teen executed (i.e., after the extra pocsi-
tion required for half-adjustment has Lkeen
drcpred) .

Tecimal Fositicns--Ccl. E£2

Column 52 is left tlank if:

The cperation does nct invclve a result
field; or

It ics desired to define the result
field as alptameric; cr

The result field has teen defined else-
where (in the inrut specifications, the
file extension specificaticns, cr
another calculaticn specification
line), and it is not desired to rede-
fine it tere. Once defined, it mneed
never ke redefined (if redefined, the
contents of Decimal Ecsiticns, cecl. 52,
must agree witt the criginal

atove.

An entry (C-9) in TCecimal Positiomns
defines the asscciated result field as nu-
meric and specifies the number of rositions
to the right of the decimal point. If no
deciral places (i.e., cnly whole numlkers)
are tc te retained in the numeric result, 0
is recorded in cocl. 2. If a field that
must te defined as numeric is not used im
compare or arithmetic operations, any digit
C-9 {(within field-size limit) may te speci-
fied, recgardless of actual numkter of deci-
mal rlaces.

Fields used in arithmetic orperaticns or
numeric ccmpare--or to be edited or zero-
suppressed fcr outrut--mnst bhe defined as
numeric. Arithmetic orerations comprise
additicn, subtracticn, multiplication, and
divisicn {(and mcvement of remainder). In
these orerations, the program performs
automatic decimal-foint alignment, in
accordance with the decimal positions that
have been designated fcr the fields
involved. Move operations to a numeric
field alsc require a Decimal Positicns
entry where the result fielid is defined,
but decimal alignment is not automatic (see
MOVE and MCVEL, telcw).

The numkter specified in Tecimal Posi-
tions (col. £52) must neither exceed 9, nor
te greater than the field length specified
for the result field. It may, however, be
greater or less than the numker of decimal
digits that result from the operation, pro-
vided the assigned field length is large
enough. If the Decimal-Positions specifi-
cation is greater than the number of deci-
mal rlaces that result from the arithmetic
operation, an appropriate number of zeros
is aprended at the right; if it is smaller,
the excess right-hand rositions are trun-
cated after completicn of the arithmetic
operation, (If Half-Adjustment is speci-
fied by H in col. £3, truncation takes
place after half-adjustment.)

Figure 21 itemizes the contents of the
result field and the pcsiticn of the deci-
mal rcint for a sample multiplication, for
different Field-Iength and Decimal-
Positicns stecifications. ©Note that it is
not pcssible to truncate the right-hand
position (s) to the left of the decimal
point. For example, 121.86%84 cannot
beccme 12 by specifying 0 Tecimal Positicns
and a Field Length of 2; instead of the
right-hand digit, the most-significant
digit is 1lcst, and 21 (rather than 12) is
retained.

Half-2djust--Col. 53

Tf this cclumn is'left blank, the result is
stored in the Result-Field core storage
location exactly as calculated, retaining
the number of decimal places specified in
column 52. Column 53 must be left blank
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for all ncn-arithmetic oreraticns (and for 2. That pcrtion of the original result
a Divide creraticn that is fcllowed Lty the that is tc be drcpred--i.e., the digits
Move Remainder ofperaticn). in the positions to be dropped--is
added algetraeically, in the same rosi-
tionsg, to the entire criginal result.
If an E (Falf-Adjust) is placed in ccl.
53, the last decimal positicn to be 3. The excess right-hand rcsitions are
retained in the result (fer srecificaticn drorred.
in ccl. £2) is rcunded, Lty the eguivalent
of adding 5 to thte next deciral positicn. 4. This final result, confcrming to Field-~
The excess decimal pcsiticns are then Length and Decimal-Positicns stecifica-
drorred, and the remaining restlt is stored tions, is stored at the locaticn
at the ccre storage locaticn assigned by assigned by the program to the Fesult-
the prcgram to the Result-Field name. The Field name.
program prcvides for prorer rounding cf
toth pcsitive and negative values.
Note: Since half-adjustment operates upon

In this FPG rrogram, half-adjustment is
actually rperformed as fcllcws, althcugh the
effect is the same as thcuoh the leftmcst
rositicn tc te drorred ‘were increased atso-
lutely by 5:

1. The arithmetic operaticn specified in
the line is ccmpleted.

Multiplication: 98.76 x 1,234 = +121,846984

the digits to the right of the last pcsi-
tion to be retained, it is meaningless to
rerform half-adjustment unless the calcu-
lated arithretic result has at least one
more decimal position than is to be
retained. Otherwise, the rpositions to be
retained cannot te affected by the half-
adjustment, since there cannot te a carry.

RESULT FIELD
LENGTH
peCiMAL &I 49-51) 10 9 8 7 6 5 4 3 | 211
POSITIONS
(Col. 52)
9 1.869840000 | . 869840000 NOT PERMITTED:
8 2186984000/ 1.86984000 | ,86984000 |::tiiiaitz Nurpberofdecimal_pllaces specified
7 121,8698400| 21.8698400 | 1,8698400 > field length specified
6 0121,869840 | 121.869840 | 21.869840| 1.869840 | .849840
5 00121.86984 | 0121.86984 |121,86984 | 21.86984 | 1.86984 | .86984
4 000121.8698 | 00121.8698 | 0121.8698 | 121.8498 | 21.8698 | 1.8698 | .8698
3 0000121.869] 000121.869 } 00121.869] 0121.869 | 121.869 | 21.869 | 1.869 | .869
B 27 777 [oo000121.86| 0000121.86 | 000121.86 | 00121,86 | 0121.86 | 121.86 | 21.86 | 1.86 | .86
1 000000121.8] 00000121.8 [ 0000121.8] 000121.8 [ 00121.8 | 0121.8 | 121,87 21.8] 1.87.
0 0000000121 | 000000121 | 00000121 | ooocot121 | 0oot21 | oo121 | o121 121 | 21 |1
NOTE: 1. Shaded area corresponds to number of Decimal Positions (Col. 52) greater than size of result Field Length (Cols. 49-51) -

which is not permitted.

2. Heavy borders outline the combination of Field~Length and Decimal-Positions specifications that provide correct results,
for various numbers of decimal places, and various legitimate Result-Field sizes the user may wish fo retain —
based on the particular factors illustrated.

Figure 31. Result Field Ccntents, after a Multiplication, fcr Cifferent Field-Tenct}t and

Lecimal-Positicns Srecificaticns
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RESULT FIELD v
LENGTH (cols. 49 - 51) 8 6 3
DECIMAL
POSITIONS (col. 52 5 1 0 3 2 3 2 i 0
ﬁi}‘,:{,?f,c +0139,95047% ~00000139.§5047 | +00000013,95047 | -0139.95047 | +00139.95047 | 000139.95047 | -139.95047 [ +0137.95047 [+00139.§5047 | ~137.95047
OPERATION
DIGITS TO BE Half-Adjust
ADDED FOR operation - 45047 | + 95047 | - 7 |+ 47 |- (047 | - '47 + 4047 [ + 5047 - 95047
HALF-ADJUSTMENT not performed
RESULT AFTER Ho"-f_diwf
ADDING ADJUSTMENT operation 14000094 | +000000140,90094 | -0139.9505¢ 139,95094 139.95094 | -139.95094 | +0139.95094 |+00140.G0094 | -140,90094
ADDIN P rartormed 00000140, P09 00 3 54 | +00139.95094 | ~000139.9509 39.9509 9509 009 X
HALF-ADJUSTED
FINAL RESULT +0139,95047 -00000140.0 +000000140 -0139.9505 +00139.950 | -000139.95 -139.950 +0139.95 400140.0 -140
TO BE STORED .

LEGEND: t indicates point to the right of which digits are to be dropped
before final result is stored in accordance with Decimal
Positions specification in column 52,

Figure 3Z. Examples of Half-Adjustment

Fiqure 32 illeustrates half-adjustment by
some exanples. The example in the first
column (Result Field: 9 digits, Decimal
Positions: 5) shows that nothing is acconm-
plished ty half-adjusting when the nurker
cf decimal pcsiticns in the calculated
result is no greater than the number of
decimal rositicns retained: The result
used has £ decimal places (say, a multipli-
er with z decimal rlaces and a multiplicand
with 3 decimal fplaces were multiplied). We
specified (in ccl. 52) retenticn cf 5 deci-
mal rlaces. Therefore, half-adjustment

computaticn wculd te based on a value in
the 6th position--a dummy position without
a significant digit, which could never
cause a carry-cver tc the Sth decimal
Ecsiticn.

Figure 33 aives scme arkitrary exanmrles
of entries in calculation fields--igncring
¢onditioning Indicators entries (cols. 7-
17) . The entries in Resulting Indicatcrs
(cols. 54-59) in Figure 33 are discussed at
the end of the next section.
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Figure 33.
(Resulting Indicatcrs)

Explanaticn of Calculaticn-Fields Entries
in Figure 33

Specification line_01 shcws an operaticn
(Zerc and Add) that uses cnly Factor 2 with

-the Result-Field~ —It-alse—ittustrates

defining a Result Field ir a suksecuent
calculation specification (line 02) --ccls.
49-52 are tlank in lime 01.

Line 02 shows the definiticn of a Result
Field as FSTNET, six digits long, including
two decimral rplaces toc ke retained.

Althcugh the same Result Field was used in
line 01, it is satisfactcry to define it in
a later line. (BCNUS is rpresumed to te
defined in the input specificaticns cr
anotbter calculaticn specificaticn line.)

Line 032 was inserted only tc show that a
Result Field may te defined more than cnce,
rrovided that Field-Length and Decimal-
Positicns entries are identical. (ADVANC
is presured to ke defined in the input spe-
cificaticns cr another calculaticn specifi-
caticn lime.)

that uses Factors 1 and 2, tut dces not
involve Fesult Field. (EXMEIN is rresumed
tc te defired in tte input specificaticns
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IBM INTERNATIONAL BUSINESS MACHINES CORPORATION :z;T':II:ILJSsIJA
REPORT PROGRAM GENERATOR CALCULATION SPECIFICATIONS
IBM System/360
Date
Feogrom punching |_GoPMe | | LT T 11 12 7376 77 7879 80
Instruction } onch I i l ] I —| Poge D] e
$g|  Indicators bt

tine |2 3 Factor 1 Operation Factor 2 Result Field ,f::., 5|2| Compare Comments

5 § And And 3 E High | tow |Equal

% ;, g 1> 21 < 2{1=2

3 4 slel7 8[9 10111213 14[15 161718 19 20 2) 22 23 24 25 26 2728 29 30 3) 32{33 34 35 36 37 3B 39 40 41 4243 44 45 48 47 48|49 50 5152|5354 55|36 57|50 59|60 61 62 63 64 65 68 67 68 69 70 71 72 73 74|
o1 e Z-ADDGRSPAY FSTNET H1
o2 ¢ FSTNET DD |BONUS ESTNE cl2
03 e FSTNET SUB |[ADVANC FSTNET| 6|2
04 e GRSPAY omp lEXMPTN 2
0s e TESTZ DIVSN 1|g2)p1
08 ¢ MOVE |[IDENT NAME 24
07 e Mov £ |1 0844 | NDEX | 5]2
oe o FIELDA WuLT |[FIELOB FIELDC| 15|20
o9 |c DNRALW ADD |BRSPAY GRS PAY| &2
1o e d2N 24 IS ETON 191516
e EMP LNO L OKUPITABE NP TABPAY 2
12 <

Examrles of Fntries in Calculation Fields and in Result-Testing Fields

or ancther calculaticn specificaticn line,
GRSPAY is defined in line (9.)

Line 05 shcws an operation (Test Zcne) that

~involves onty Result Field which, im this " =

case, contains the name of the source-data
field. Decimal Positicns must be tlank,
because TESTZ aprlies only to alphameric
data. The Result Field (DIVSN) is presumed
to be defined in the input specificatiomns
or another calculaticn specification line.
(If DIVSN did not appear in the infput spec-
ificaticns, it could ke defined here by an
entry in Field Tength. It would, however,
have to appear alsc elsewhere in the calcu-
laticn specifications as Result Field,
since TESTZ does nct produce any result
field.)

uses only Factor 2 and Result Field. The
Move is to an alphameric field, because
Decimal Positicns (ccl. 52) is blank.
Field TLength is 24 fpositionmns, which
requires definition c¢f the field as alpha-
meric: numeric fields are limited to 15
digits. (IDENT is presumed to be defined
in the input specificaticns or another cal-
culaticn specificaticn line.)
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Iine_ (7 shows a Move of a
to a Result Field named IND X, defir
dicits lcrng including 2 decimal fplaces.
After the Mcve, INDEX represents 1C0.CC:
the Move creraticn itself dces nct perfcrm

decimal alignment.

Iine (8 shows a Fesult Field (FIELLC)
defined fcr the maximum lergth (15) fper-
mitted fcr numeric data. 1Iwo decimal
rlaces are tc te retained; the seccnd deci-
mal rositicn is tc be rounded (H in ccl.
53) befcre the excess decimal positicns
are dropped. (FIELLA and FIELLE are
assumed tc te defined elsevtere.)

Iine 09 defines GRSPAY as six digits 1lcng,
numeric, with two decimal rlaces. This
field is used as Factor 1 in line (4.
(DNRALW is assumed to ke defined
elsewhere.)

that utlllzec neither Factcr ncr Recult—
Field entries.

Line 11 specifies that a tatle cf emplcyee
numbers (TABEMP) is to be searched fcr the
number matching that stcored for the field
name EMPINC. If and wten a match is fcund,
the corresponding pay-rate entry in the
table TAEPAY is to te made available fcr
processing.

TFSTING THF RESULTS CF CATCUTATICNS
(CCLS. 54-59)

Fntries in the Resulting-Indicatcrs fields
of the calculaticn specificaticns designate
indicators that are to be set cn or off,
tased on results of calculaticn cperaticns
cr cn direct indicatcr-setting instruc-
tions. The status of these indicatcrs may
te used tc ccnditicn the executicn of cal-
culaticn and/or cutput specificaticns. The
Resulting-Indicators fields are used in
five ways:

1. 1To reflect the status cf the result of
an arithmetic operaticr invcliving addi-
ticn, suttracticn, multiplication, or
divisicn (cr Move Remainder).

If the result is ... the indicator (if
any) assigned

to ... turns

{or_remains) ¢n

Positive (excluding 6)--Plus (cols. 54-
55)

--Minug (ccls.
£6-57)

--Zerc cr Rlank
(ccls. 58&-E9)

Negative

Zero {(including 5)

The indicators (if any) assigned to
the ccnditicns that de nct apply,

If the =ame
indicator is assigned to more than one
cf the three alternative Resulting-
Indicatcrs criteria, it turns c¢n if the
result catisfies one cf these criteria.

remain {or turn) off.

Tte setting cf the irdicatcrs ccr-
respcends to the final result--after
half-adjustment (if F is specified in
ccl. 53), and after drcpping cf any
excess decimal rlaces (per Decimal-
Positions entry in col. 52). 1A firal
all-zerc result, alttcugh signed as
plus, causes only the indicator in

Zero-or-Blank {cols. 58-58) tc turn on.

For example:

If the calculated result is -0.099
and 1 is specified in Decimal Fosi-
ticns (col. £2), without half-
adjustment, then the final result
is +0.7

This turrns on any indicator
assigned tc Zero-cr-Blank--not one
assigned to Minus or Plus, although
the value was negative before drop—
tino of excess decinal pcsiticns

and is signed tlus for the flna¢
result.

If H is alsc stecified (in ccl.
£3), then the final result is ~0.1
This turns on any indicator
assigned tc Minus.

A Pesulting Indicatcr assigned to
Flus (cols. 54-55) or Minus (cols. E5é-
57) is cff at the beginning of prooran
executicn. TFach time the calculation
specifications in the line have keen
executed, the status of the indicator--
cn or cff--is revised to reflect the
result of the calculaticn.

A Resulting Indicator 01-92 assigned
tc Zerc-or-RBlank--in specification
lines involving these arithmetic
orerations--is cn at the beginning of
Frogram execution. Its status is then
revised, to reflect the result of the
calculaticn, each time the calculaticn-
specifications in the line have Lteen
executed. If the Result Field is also
an output field, any indicator assigned
tc Zerc-or-Blank is also turned cn (and
the field is cleared) immediately when
that output field is transferred to the
output area for printing, punching, or
interpreting if Rlank-After (B in col.

39) is specified for the field in the
relevant output-format specifications.
If Blank—-After turns on a Resulting
Indicatcr assigned to Zero-or-Elank,
this dces not turn off an indicator
assigned to Plus or Minus in the same
line.
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If different indicatcrs are assigned
to Zerc-cr~Blank for the same field in
several specificaticn lines--as calcu-
laticn Resulting Indicatcr and/or input
Field Indicator--only the earliest-
aprearing Zero-or-Blark indicatcr fcr
the field is turned on by the Blank-
After instruction.

To reflect the rtesult c¢f a ccmpariscn
tetween two fields (see COMP oreration,
telow) .

If ..... the_indicator (if
any) assigned
t¢ ... _turns (or
Iepains) cn
Factor 1 > Factor 2--High (ccls. £4-55)
Factcr 1 < Factor 2--Lcw (ccls. 56-57)
Factcr 1 = Factor 2--Fcual (ccls. 58-59)
The indicators (if any) assigned to

conditicns that dc nct arply, remain
(or turn) off. If the same indicator
is acssigned to more than cne cf the
three alternative Resulting-Indicators
criteria, it turms on if thke result
csatisfies cne of these criteria.

Resulting Indicatcrs assigned tc
Ccmpare cperatiors are off at the
beginning c¢f program execution. Each
time the Ccmpare operaticn has been
executed, the status cf these
indicatcrs--cn or off--is revised to
reflect the result of the ccmpariscn.

To identify the zone ir the high-crder
fositicn cf an alphameric field. For
the specifics, see TESTZ orperaticn,

telowy—Hovwever;-in -sivpiifiedtinmcom="

Flete) terms:

If the _high-crder the_indicator (if

contains ...

A 12-runch Plus (ccls. f£4-55)

An 11-punch Minus (ccls. 56-57)
Neither a 12-

nor 11-punch Blank {(ccls. £8-59)

The indicators (if any) assigned to
ccnditicns that do nct apply, remain
(or turn) off. TIf the same indicatcr
is assigned to more than one of the
three alternative Resulting-Indicators
criteria, it turns on if the test
satisfies cne c¢f these criteria.

A Resulting Indicator 01-9% assigned
to Zerc-or-Blank--in TESTZ srecifica-
ticn lines--is on at the beginning of
rrogram execution. TIts status is then
revised, to reflect the result, each
time the calculaticn sgpecificatiorns in
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the line have teen executed. TIf the
Result Field is also an output field,
any indicator assigned to Zero-or-Blank
is alsc turned on (and the field is
cleared) immediately when that cutrut
field is transferred to the output area
for printing, punching, or interpreting
if Rlank-After (F 21 col. 39) is speci-
fied for the field in the relevant
output-format specifications. If
Blank-After turns on a Fesulting Indi-
cator assigned to Zerc-cr-Blank, this
does not turn off an indicator assigned
to Plus or Minus in the same line.

If different indicatcrs are assigned
tc Zero-or-Blank for the same field in
several specifications lines--as calcu-
laticn Resulting Indicator and/or input
Field Indicator—--only the earliest-
arpearing Zero-or-Blank indicator for
the field is turned on ty the Elank-
After instructicn.

In a table look-up operation:

a. To define whether search is tc be
for a table arqgument that matches
thte search argument, cr for the
nearest higher (or lower)--ltut
unequal--takle arqgument, cr for
either;

b. After the search, to reflect tte
tyre of match (if ary) between
takle and search arquments.

The indicatcr that reflects the
type of match achieved (High, Low,
or Equal) turns (or remains) cnj;
any indicator assianed to the other
CCNAItion TuTtne (¢t Témains) cff.

If indicators are assigned toth tc
Equal, and to High cr tc Low, Fgual
takes rrecedence when an exact match
betvween tabtle and search argument
exists: the equal value is then
selected, and thte indicator assigned to
Equal turns on. If the same Resulting
Indicator is assigned tc two conditions
(High and EFqual, or Tow and Equal), the
indicator turns on if either assigned
critericn is satisfied. An indicator
must be assigned to at least one of the
three Resulting-Indicatcrs fields
(Bigh, 1ow, or Equal). However, if the
takle arguments are nct in seguence by
secarch arqument (ascending or descend-
ing), an indicatcr shculd only ke
assigned to Fqual (cols. 58-59).

For specifics, see ICKUP oreration,
below.

Note: 1B Blank-After instruction in the
output-format srecifications has no
effect on the Result Field or on an
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indicator assigned to Fqual for a ICKUP
creraticnm.

5. To cause designated indicatcrs tc turn
cn or cff by the operaticn ccde SETON
or SETOF, respectively. See SETQON and
SETOF cterations, belcw.

Points_tc Note for Calculaticn-Srecifica-
tions Resulting Indicators

1. Any indicatcrs may ke assicned in
cols. S4-59,

catcrs otter than 01-99, H1,
used, the rrcqgrarmer must be
conversant with the ccntents of the
secticns Program_logic_Flow and
Indicators.

Tf indicator H1 or B2 is turned on,
the rrcgram will halt after processing
of the card has been ccmpleted, unless
that indicatcr has beern turned off
again before then by ancther calcula-
ticn specification. If the progranm is
resterted after an E1 cr H2 halt (ty
rressirtg the CPU START key twice), the
H1 and H2 indicators are turned off by
the rrcqgram.

2. Indicators 01-99 (and FB1, H2 within the
limits mentioned atove) change status
(cn cr cff) cnly when a specification
has teen executed where the rarticular
indicator is assigned as Resulting
Indicator or Field Tndicatcr. (Excep-
ticn: Zero-or-Blark indicatcr in con-
junction with Blank-After instructicn
in outrut specificaticns--already dis-
cussed in this secticn and under Pro-
gram_Logic Flow.) Therefore:

a. TIf tte calculaticn specificaticn is
cnly executed for scme cards (i.e.,
there are conditicning Irdicatcrs
entries in ccls. 7-17), the Result-
ing Indicators in that line may
remain on or off frcm a fprevicus
card.

t. PFcre than cne calculaticn-specifi-
cations Resulting Indicator can be
cn at the same time.

c. If the same indicatcr is assianed
3s a Resulting Irdicatcr in several
calculation specifications, its
status will te revised after each
suchk specificaticn tas been
executed.

d. If a calculation Fesultirg Indica-
tor is also assigned as an input-
specification Resulting Indicator

cr Field Indicator, its status 1is
affected: card-tyre Resulting
Indicators turn off when a new card
has been read, and the one for the
new card turns on before total-time
calculations; Field Indicators
change status tefcre detail-time
calculations. Both take priority
over calculaticn Resulting Indica-
tors (see RPG Frogram logic, Indi-
cators and Indicatcr Hierarchy).

e. The same indicator may be employed
as a calculaticn Resulting Indica-
tor and as a conditioning indicator
(Indicators, cols. 7-17) in the
csame specification line. Execution
of the line is then contingent uron
the status of the indicator as set
by a prior operation (which could
have Leen the rrevicus time the
specifications in the line were
performed).

3. RAlthough results cf arittmetic opera-
ticns are always signed, a result value
of zerc--which carries the equivalent
of a rlus sign--turns cn the Resulting
Indicatcr assigned to Zero (cols. 58-
59), not Plus.

The value in the Result Field of an
arithmetic operaticn in this RPG will
never be -0 (minus zero).

Figure 33, previously used to illustrate
some calculaticn-field entries, alsc
depicts the assignment of calculation
Resulting Indicators of all of the five
tyges:

_____ Indicator H1 turns on if, after
GRSPAY has been placed in the Result Field,
the Result Field (named FSTNET) is nega-

tive. Otherwise, it remains (or turns)
cff.
Iine C4: Indicator 25 turns on, after the

contents of GRSPAY have been compared with
the ccntents of FXMETN, if the former was
found tc te greater than the latter (Factor
1 > Factcer 2). Otherwise it remains (or
turns) off.

Line 05: The zcne in the high-crder fosi-
tion of a field named DIVSN is tested. If
it is equivalent to an 11-punch, indicator
02 turns (cr remains) cn; ctherwise, indi-
cator 02 remains (or turmns) off, and indi-
cator 01 turns (or remaimns) on.

Line 10 demcnstrates how three indicatoers
(e.g.: 10, 15, 16) can be set on Ly means
of the operaticn SETON.
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Columns 54-55 Columns 56-57 Columns 58-59
TYPE OF
OPERATION ZERO OR
4 PLUS HIGH MINUS Low BLANK EQUAL
Arithmetic If the Positive Negative Zero value
Operations Result Field | value - valve - U (6) —
(except compare) contains a: (except 6) (there is no 0)
Compare If the Higher in sequence Lower in sequence Equal in sequence
(COMP) contents of (if alphameric) or (if alphameric) or (if alphameric) or in
Factor 1 . algebraically greater algebraically smaller value (if numeric)
are: in value (if numeric) in value (if numeric) to contents of
than contents of than contents of Factor 2 -
Factor 2 Factor 2
Table If the table The nearest value The nearest valve Equal to the
Look ~Up argument higher than the lower than the search argument
(LOKUP) (Factor 2) search argument search argument (Factor 1)
is: (Factor 1) (Factor 1)

Fiagure 34.
--in Arithmetic, Ccmpare,

Iine_11 specifies a table lcck-up cperation
(LC¥UP). The entry cf an indicatcr ccde
(02) in "Fgual" (Cols. 58-59) instructs the
rrogram tc search the arqument table fcr a
value that exactly matches the ccntents of
the field EMPLNO. If and wten such a ratch

is fcund, indicator 02 turns cn.

Figure 34 is a summary cf conditions--in
arithmetic, ccmpare, and taktle lcok-ur
cperaticns~-that cause Resulting Indicators
assigned in ccls. ES4-59 tc turn cn.

Comments (Ccls. 60-74)

The rser may enter here.
weculd like rrirted cut,
entries in the line, at cbject program
gereraticn time. Arart frcm this printout,
tte data is icncred ty tte program.

next tc the ctter

any. infcrmaticr he .

Summary of Ccnditicns that Cause Calculaticn Resulting Indicators tc Turn CW¥
and Tabtle Tcck-up Orerations

ENTRIES IN THE OPFRATION FIELD
(COLS. 28-32)

The code for the operation to ke performed
is entered left-justified (i.e., beginning
in col. 28). TFioure 3% itemizes, and
briefly describes, the operations that can
te performed, together with the corresgpcnd-
ing mremcnic codes that are to be entered
in cols. 28-32. The orerations are grouped
in Fiqure 35 by type. They are discussed
by grcup, because scme astects of opera-
tions are unique tc a tyre.

Figure € pcrtrays graphically the
calculaticn-specifications fields that
apply tc eachk operation ccde... The.figure.
is repeated in Appendix G, as fiaqure GZ,
for ccnvernient reference.
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| k] T 1
1 | ] Operaticn |
| Type cf Cperaticn | Operaticn | Code |
| | | (Cols. 28-32)]
t + + 4
JArithretic | 3dd Factcr 2 to Factor 1 | ADD |
|Operaticns — + 4
] | Clear Result Field and add Factcr 2 | 7-ADD |
i t 1 4
| | Suktract Factor 2 frcm Factcr 1 | SUB |
| F + a!
| | Clear Result Field and sulktract Factor 2 i Z-SUE i
i 1 1 4
¥ H Bl 1
I | Multirly Factor 1 by Factor 2 ] MULT |
| 3 + 4
| | Tivide Factcr 1 bty Factor 2 | DIV |
| b + 1
| | Mcve Femainder of preceding divisicn tc a i MVR i
1 | Result Field | ]
L .y 1 4
L L L 1
|Move | Mcve Facter 2 into Result Field, right- | MOVE |
|Operaticns | justified | 1
{ t + 1
1 | Move Factor 2 into Result Field, left-Zustified]| MOVEL |
I t + —
| | Mcve Zcne frcem lcw-crder pcsiticn of Factcr 2 | MLLZO |
| | to lcw-crder position of Result Field | |
| t t {
1 | Mcve Zone from high-order pecsiticn of alphamer-| MHHZO |
| | ic Factcr 2 tc high-order position of alphamer-—| |
| | ic FResult Field I l
| b - i -4
| | Move Zone from low-ocrder position of Factor 2 | MIHZC i
i | tc high~crder position of alrhameric Result 1 |
i | Field | |
| b - + 1
1 | Move Zone frcm high-crder pcsiticn of alphamer-| MHLZO |
| | ic Factcr 2 to lcw-order rosition of Result | |
| | Field | }
i | 4 o |
| | s T 1
|Compare and Zone-Testing| Ccmfpare Factor 1 to Factcr 2 i CCOMP H
|Operaticns — } 4
\ | Identify the zone in the high-crder pcsition cf| TESTZ |
| { an alrhameric Result Field | |
i - [] 1 J
L T Bl 1
|Setting Tndicatcrs | Set cne, twc, or three specific indicatcrs on | SETCN |
| b e —
i | Set cne, twc, or three srecific indicatcre cff | SETCTF |
L l 'l o ]
| | T L 1
]Branching within RPC and| Eranch tc ancther RPG calculaticn specification] GOTO |
jtc external B.A.L | line | 1
JRoutines ¢ + ¥
i | Identify the name in Factcr 1 as a destinaticn | TAG |
| | label tc which GOTO may branch i i
| t— + a!
| | Eranch tc an external B.A.L. <rcutine | EXIT |
| t + —
| | Identify tte name in Result Field as a field or| RLARL |
| | Tndicatcr tc be referenced in the external | |
| | E.A.L. routine | |
i 1 1 J
r T L T
|Table Tcck-up Operations| Table Tcok-tur | TC¥UP |
L 1 1 d

Figure 2E&. cCalculaticn C

Feraticns
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IBM INTERNATIONAL BUSINESS MACHINES CORPORATION ::’,.’:.;2.:3:.,5‘»:
’ REPORT PROGRAM GENERATOR CALCULATION SPECIFICATIONS
IBM System.’360
Date
Progrom f chin Graphic ] 12 75 76 77 78 79 80
. Resulting
E_', g Indicators P Indicators
.3 o :Z 3 HullMinmLZ'E::k
lne |5 :; Factor 1 Operation Factor 2 Result Field h':g w |3 3| Compare Comments
El £ £l
R —— * |3l o
3 4 5(6(7 8 f|0||lzf|3\4|251577 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 48 47 "49”5‘3535‘5& ”!75.3960"676364.5“676.6’707‘7773 74
o1 el l__ (N) ADD _
02 |c [ Z~ADD N) N) 1]
03 | (N) SUB N (N) R
04 c — Z - 5 UB N (N)
os lc ! N) MULT (N N}
os e (N) D1v N ) ]
07 || w VR ] N)
- 1 MOVE G7N CVAY)
o |ec o] MoOVEL (A/N) (A7/N)
vo el ool | ___ MLLZ (A/N) A/ N
T e IM HHZ {a) (A)
e el i MLHZO A/N) ()]
13 el e ] MH L Z 0| (A) (A/N)
14 c . (A-N) oMp A-N) 000|000
1 e TESTZ (4) .
c - - SETON 000 |00
< SETOF <
c — COTO [NAME
cl NAME TAG
ef | EXIT [KNAME
c LABL [NAME]
c I (A-N} __lLokvurlrapglA-N T ARALN____|! logojoooleod
Resulting Indicators not reloted to column
heodings; ok leost one required : eoe
::)) : :::::: - Plus Minvs ;::/ Plus/ Minvs|  Blank/
L egand: e Eatey. Requi - W VT R.wuuu,} e Bl Agasheone eqUited oy e~ e
------- Eatry Optional Jof Entry (A-N)* Either, but both same | Indicators ] —-~ -~ -—-=-Optional

* NOTE: The entries designated as required in Field Length and Decimal Posilions are necessary only if the

associated Result Field is not defined elsewhere.

Figure 3€. Fields Pertinent to Fach Operaticn

Exrlanaticn_ocf Symkols Used in Fiqure 36

A so0lid straight line indicates that an
entry is required in that field. A dctted
straight line indicates that an entry in
the field is crtional. ’

In the Resulting-Indicators fields: .

A straight dotted line signifies
cpticnal entries to which the headings
Flus, Minus, and Zerc/EBlank apply.

A line ccnnecting rectangles
(O-00) signifies that an entry is
required in at least cne of the three
fields, and that the headings High,
Low, and Ecgual--or Plus, Minus and
BPlank--arprly.

12¢  System/3€60 Model 20 CES Repcrt Prcgram Ge

Code

A line comnecting circles (QO—0-0)
signifies that an entry is reguired in
at least cne of the three fields, but
that the column headings are not
Eertinent.

Absence of any line, dots, or sym-
tcls signifies that an entry is nct
permitted in that field with that
oreraticn code.

The lenagth of the line always repre-
sents the maximum entry. (It is to te
understood that, where the line extends
through all ten positions in Factor,
this refers to the maximum size of a
literal, but field names are limited to
six characters.) Fntries shown as
required in Field Tength and Deciral

neratcr



elsewhere
|48, above) .

A1l calculaticn specificaticns to te
executed at detail time (ccls.

Positions are necessary only if the
associated Result Field is nct defined
cols. #43-

7-8 blank)

must be entered ahead of all thcose toc te
executed at total time (L-indicatcr in

cols.

7-€). Within this grcuping, the cal-

culation creraticns are executed (cr
typassed--depending cn ccnditicning indica-
tors) in the sequence in which they are

entered--except when branching (see GOCTO
operaticn, belcw).
Note:

1.

Whenever a field that was defined in
the input specificaticns as packed (P
in col. #3) is invclved in an cpera-
ticn, its length must ke considered
tantamount to a standard (unpacked)
numeric input field with tte same digit
capacity. The general fcrmula is:
field length in calculation specifica-
tions = 2n-1, where n = length of
packed field in input specificaticns.

A1l data is cutput in true fcrm--
ccmplements for negative values are not
a consideration.

Arithmetic Cperaticns

General Ecints Arrlicatle to Arithmetic
Operaticns

1.

All source-data and result fields and
all literals involved must ke defined
as numeric.

The‘program rerforms avtcmatic decimal
alignment cf factors and results.

Fields used

tions become signed plus or minus
(i.e., hexadecimal C or D) the first
time an oreraticn is executed with the
field as result field, even if the
field was read as input without a zone
cverpunch in the lcw-crder position (or
with a character in EBCDIC-table column
A, B, or E). Zero totals are signed
flus (EBCCIC-takle column C) ; the
result cf an arithmetic operation is
never minus zero with this ERPG.

M~ T4 3 3 3
Result in arithmetic

If the field is thereafter punched
or printed without editing, zero-
suppression, or first removing the zomne
by a calculation specification (see
MHLZO or MLIZO, telow), a zche occurs
cver the digit in the lcw-order posi-
ticn, as follows:

11-punch if field ccntents are
negatives

12-punch if field contents are
positive or zero.

Similarly, if the low-order position
of such field is later moved into an
alrhameric field, the sign may move
with it (see MOVE or MOVEL instruction,
below). If that position in the new
field is then tested fcr zcnes (see

TESTZ, below), a positive or zero value
will yield Plus (indicator in cols.
54-C¢

The prcgram rerfcrms arithmetic opera-

tions, and signs the results, in accor-
dance with the algetraic laws of signs

--gee Figure 37.
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-——

T T T T 1
| CP. COLE¥ | SIGN IN | SICN IN | SIGN OF | SIGN OF i
| | FACTOR 1 | FACTICR 2 | RESUTT FTELD=x% | REMAINCFE=x |
} } + + + 1
| | + ! + | + i i
i k + - - + 1
| | - i - | - | |
1 ADD — + 4 —— + |
I | + 1 - | Sign c¢f larger atsolute value | ]
| k + + - + 4
| | - | + | Sign of larger atsolute value | |
F* 1 + } + s
| | | + | + | |
I —ADD t + + - + 4
| | | - | - ] |
L 1 1 4 1 o |
L] T T 1 . L ] 1
| | + | + | - if Factor 2 > Factcr 1; otherwise + | |
| F + } - t al
] | - | - |- if JFactor 1} > |Factor 2]; ctherwise +| |
| SUB t + i + |
| | + I - | + | |
| — + + i |
| i - | + | - i |
L 3+ 31 ] 1 H
r T L L] I L
| i | + | - | |
| Z-SUB k { + + !
| | | = | + | |
L 1 1 R — 1 Jd
1) L] L) T T 1
I | + 1 + | + | |

L i l ] J
| L 3 1 T 1 1
| | - | - | + | |
| MULT t + + + %
| l + | - | = | |

[N o 4 1 J
I L Ll Ll 1 1
| | - | + | - | |
[® o - [ 4 1 - |
I T L T } |
| | + | + | + | + I
I L 4 1 '} 4

— t T Bl !
| | - { - | + 1 - l
| DIV F + +- + |
' Pt [ - Y A SN
t ¥ + —+ } 4
| l - | + | - | - |
1 1 1 1 4 i |
¥ ] R R L] t
| | | | + | + |
| MVR F + + + 2!
| | | | = | - |
. AL 1 1 L J
*Note: Excluding a Result of zero.

A recult of zero is always signed plus.

Tegend: | | represents "atsclute value of"

Figure 37.

5.

122

Signs in Arithmetic Cperaticns

A1l arithmetic-oreraticn scurce fields
pust ccntain valid digits: Considering
an input field before it ic racked by
the prcgram, the character in each
column must be represented in rcws 0-9
cf thte EECDIC talkle (Arpendix D, Figqure
L1). For packed input data, thre equi-
valent valid EBCDIC characters wuere
described under Packed (col. 43), inmn

System/2€6C Model 20 CES Repcrt Frcqram

Any characters that do not represent
digits (or, digit plus s=ign in the low-
crder position) cause an atortive rpro-
gram stcp.

The Factors and Result Field in an
arithmetic operaticn may each involve
the same cr different field names.
{(F.g.: A + B =C, or A + C = C', or C
+ E=C'y or C +C=20C', or 3 + & = C,
or R+ E = C.)

Generatcr



7. The executicn of any arithmetic opera-
tion may te made ccntircent cn the sta-
tvs ¢f conditicning indicators speci-
fied in Control Level (ccls. 7-8) and/
cr ir Indicators (ccls. 9-17).

8., FResulting Trdicators may te assigned to
Plus, Mipus, and/or Zerc-or-Elank
(ccls. 54-59) to test the result of any
arithmetic cperaticn.

9. With cne excepticn (DIV, when follcwed
ty MVR), the result of any arithmetic
cperaticn can be half-adjusted (B in

col. 53).

10. Fields that prcvide cnly scurce data--
as ccntrasted with receiving result
data--for an arithmetic operaticn are
not changed in any way (including sign
status) ty tte coreraticn. Even in the
multiplication and division cperatioms,
the criginal values cf Facter 1 and
Factcr 2 are preserved (unless the same
field name i1s used fcr the Result
Field).

11. The Result Field must ke defined in the
same, cr another, calculaticn specifi-
caticn line, or it mtvst have been
defined in the input specificaticns.

Felationshir Between Size c¢f Factcrs and
Results

(See alsc Figures 21 and Z22)

Source-data fields and result fields are
limited tc a maximum lencth cf 15 fcei-
ticns; i.e., 15 digits plus sign. (Internal-
ly, in the CPU, this represents 8 Lytes.)

Hcwever, the irmediate (tempcrary)
result of an arithmetic cperation (in a
work area assigned by the rrcgram)--tefore
it is moved by the program tc the Result-
Field area--may be as large as can ke pro-
duced ty the scurce-data fields and the
operation. This presuppcses that the ini-
tial result ccntains enough decimal rplaces
to drop--and that the Decimal-Positicns
entry (ccl. 52) specifies the aprropriately
reduced numter of decimal places--so tlat
the retained numkter cf digit pcsiticns does
not exceed 15.

If the result pecsiticne tc the left of
the decirmal point, tcgether with the number
of deciral rlaces to be retained (per col.
52), e€xceed the Result-Field Length speci-
fied (ccle. 49-51) --which must not ke
greater than 15--a ccrrespcnding numkter of
high-order pcsiticns is drcrred tefcre
transfer to the Result-Field lccation, and
the status of any Resulting Indicators
assigned reflects the truncated final
result. TIf the Decimal-Fositicns specifi-
caticn is greater than the actual numker of

decimal places that result from the cpera-
ticn, an aprropriate number of zeros is
appended at the right and the number of
high-order positions is reduced according-
ly, to remain within the Field Tength
specified.

Note: 1In the operaticms ADD, SUB, Z-ADD
and Z-SUB, arithmetic cverflcw may cause a
Resulting Indicator assigned to a different
result status (+, -, or 0) to ke turned on
for that specificaticn line, or cause all
the indicators to be turned off. The con-
ditions to which this can apply are those
listed as requiring cnly <six bytes (or 18,
in the case of Z-SUB) or core storage under
Processing of Object Program, Calculation
Specifications, in Appendix A.

Turing program executicn, no indicaticn
of arithmetic overflow is given. (See Pro-
gramming Tips for a technigque to acccmplish
the equivalent, for result-field-length
specificaticns of less than 15.) During
proaram generaticn, a warning message
("Result field may nct be large enough") is
printed if the size of the multiplication
or division factors involved could theoret-
ically cause the result, after proper deci-
mal alignment, to exceed the length speci-
fied for Result Field. The same me=sade is
Jprinted if a Factor field ir an additicn or
subtraction operaticn exceeds the Result
Field size, after decimal alignment.

(Note: This message is nct prcvided for
the MVR cperation.) Cften, by familiarity
with the particular data involved, the user
will kncw that a result field smaller than
the theoretical maximum suffices.

Guarding against exceedinag result-£field
capacity is based cn the rules of algetra:

1. Addition and Suktraction

The maximum number of significant
digits that can result from the ofpera-
ticn is equal tc the number of:

each from the
factor with the
agreater number of
) such places

+ rlaces to the
left of the
decimal rpoint

+ 1

decimal places )
7

For example:

Factor 1: + 9994567898642.0€

-(SUB) Factor 2: - £680975310.25791

= + 1CCCC248873552.31791

Such an oreraticn is legitinmate,
although the initial result exceeds 15
positions--provided the Result-Field-
Length (cols. 4%-51) and Decimal-
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Positicns (ccl. £2) specificaticns have
the prorer relationshir, and the
Result-Field-Length srecificaticn is
not greater than 15. TFor instance:

Specified

- —

— . —

|Result-|mal |
|Field |Posi-|

T -
|Deci-|

|Length |ticns|final Result-Field contents
L 1

1
|
{
|
|
|
(
+ 1
|+10€00248873952.3 OK |
|
|
|
|
|
|
J

T x }

1 15 | 1

| 1t I G [+C1000028€E73S52 OK

[ | 0 |+10CCC248€73352 OFK

I 1= | 2 }+00CC248873952.31fhigh-

| 1z | C |+0CC248873SE2 order

| 1E | 6 }(+248873952.317910\digits

| | | truncated
L 1 i

The preceding exarple illustrates
that any number of decimal fplaces may
te drcrped (ty arprorriate Decimal-
Positicns entry in ccl. 52) to fit the
result within the sprecified Result-
Field Length (ccls. 49-51)--which must
not exceed 15. If the specified
Result-Field Length is then greater
than the retained positicns, the signi-
ficant digits are rreceded in the
Result Field by an arpropriate numter
of leading zeros. If the specified
Fesult-Field Lenoth is tcc spall tc
acccrmcdate the retained positicns--
even if no decimal places are retained
(0 in col. 52) ——a correstonding numker
of the mcst-significant positicne is
lcst. The last entry shows that, if

the numkter of Decimal Positicns speci-
fied exceeds tte sigrificart cnes that

i.e., 15 places x 15 places can result
in 30 rplaces, and 8 decimal places x 11
decimal places always results in 19
decimal places. The total of 3C
tlaces, minus 19 decimal places, eguals
11 non-decimal rlaces.

Thus, in this examrle, any Result-
Field-Tength specification from 11 to
15, with associated Decimal-Positicns
srecification frcm 0 to 4, respective-
ly, prevents lcss of any high-order
position in the result field. For
instance:

I T 1
|Specified | |
% +—— [
| |Deci-| |
f Result-fmal | |
|Field (Posi-| 1
|ILength |ticns]final Result-Field contents]|
In 1 1 o |
T T L) 1
1 15 ] 4 }-12194310126.6076 OK ]
1 1& { 2 1-001219431C126.6C OF |
| 12 } 1 |-121¢431012¢€.€ OFK 1
] 12 ! 0 |-01z194310126 CK ]
| M I 0 |-12194310126 (0).4 |
| 11 | 1 1-2194Z1C012¢€.¢€ high- |
| 1% | 6 |-1943210126.607605{order |
| | i digits |
| | | truncated]
L 1 L i |

The following formula can te used to
determine whether leftmost positions
will be truncated:

Ly - Dy + L, - T, + It = Lt vhere

‘Tr = Result-Field Tenoth specified ™ 7
(cols. 49-51) < 15

can result frcm the cperaticn, an Ly = length of Factor 1
appropriate number of zeros is aprended Dy = numter of decimal glaces in
at tte right and a ccrrespcnding number Factor 1
cf high-order positicns truncated. L. = lenath of Factor 2
D, = number of decimal places in
2. Multirlication Factor 2
: Dr = numbter of decimal rlaces cspecified
The maximum number of significant (col. 52) to te retained in the
digits (including deciral rlaces) that result field (prcduct)
can result frcm the cperaticn is ecual
to the sum of the number of positicns If Tt turns out to be greater than
in the two factors. the specified (ccls. 49-51) Result-
Field Tength:
Tte resulting number cf pcsiticrs
always includes a pumter of decimal a. Fither Ir must be increased (kut it
rlaces equal to the sur cf the numkter must not exceed 15); and/cr
of decimal fplaces in the twc factcrs.
For example: . Dr must ke reduced (but it cannot
he negative) ; and/or
Factcr 1: -9876L18.34255073
c. It must e known, from the nature
X (MULT) of the data, that the product will
contain aprrerriately fewer signi-
Factor 2: + 1234.6€8551027324 ficant high-order dicits than the
= —-1219421C12€6.€CT€EC5E217€CEE1UER2 theoretical maxirmur.
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If ncne © he above three tec
gues can be employed tc satisfy the
equaticn, the multiplicaticn cannot be

performed in its present fcrm.

A pcssible remaining stratagem is to
increase the numter of decimal places
defined for the Factors (elsewhere in
the calculation specifications, or in
the inrput specificaticrs, as the case
may te), without increasing the cverall
length of the Factors. This provides
more decimal places that can be dropped
to fit the product witbin the limit Lz,
by increasing D, and/or Dp. While this
reduces the order of accuracy cf the
result, it prevents truncaticn cf most-
significant tositions. For example:

Factor 1: 13E.8
Factor 2: x ___85.2_
Product = + 11578.68

If ILr = 4 and Dr = 0 (0 in Decimal
Positions, col. £52), the Result Field
would contain 1578--a loss of the most-
significant digit. If a Result Field
greater than 4 positicns cannot be used
for scme reason (say, rocm in the card)
—-—and, of course, the illustratiomn is
similarly applicable where Lr = 15, and
therefore cannot be increased--the
definiticn cf number cf decimal flaces
in the Factors can be changed:

Factor 1: 13.5¢
Factor 2: X_85.2__
+ 1157.&¢€8

If Lt = 4 now, and Pr = 0, cnly the
least-significant digit to the left of
the criginal decimal toint (namely, 8)
is lcst. (With half-adjustrent, tte
result becomes 115€.) In subsequent
creraticns with this result, the user
then tears in mind the misfplaced typo-
thetical decimal point. For instance,
if the field is to be rrinted, a ccn-
stant 0 can be appended in the cutput-
format specificaticns, and the value is
then rrinted as 1157C (cr 1158¢C, if
half-adjested during the multiplication
operation). This prcvides a value of
the rrcper numkter of places, and accu-
rate to four significant digits.

Divisicn

Decimal Positions. The numter of deci-
mal places in the result (guotient) of
a divisicn equals the nunmker of decimal
rlaces in the dividend less thcse in
the divisor. The RPG rrogram pads
either the dividend cr the diviscr with
additional zercs at the right, if this
is necessary to yield the number of
decimal places specified in col. 52
(Decimal Positions)--which cannct Le

negative. If haif-adjustment is srpeci-
fied (H in col. £3), the program auto-
matically modifies padding tc yield one
extra decimal positicn (which is
dropred again after half-adjustment).

Two examples:

1. Half-adjustment not specified: If
the dividend is 123.643 (3 decimal
rlaces), and the divisor is 1.41 (2
decimal rlaces), the quctient con-
tains 1 decimal place (3-2).

If col. 52 specifies 2 decimal
Flaces for the quotient, the pro-
gram adjusts the dividend to
122.6430 {(now, 4 decimal places in
the dividend ~ 2 decimal places in
the divisor = 2 decimal places in
the guotient). If, on the other
hand, 0 is specified in col. 52,
the program leaves the dividend
unaltered at 123.€43, but adjusts
the divisor to 1.410 (now, 3 - 3 =
0) .

2. Half-adjustment srecified (H in
col. 53): TIf the dividend is
579321 (C decimal rlaces), and the
divisor is .46 (2 decimal rlaces),
the number of decimal rlaces in the
result would be negative (0 decimal
places in dividend - 2 in divisor -
1 fer half-adjust), which is not
possible. A minirum of three Os
nust therefore be added to the
dividend by the rroqram.

If col. E2 specifies 0 decimal
places for the result, the prcgranm
adjusts the dividend tc 57¢321.000:
2 decimal rlaces in the dividend +
1 extra dividend place for half-
adjustment of quotient - 2 decimal
tlaces in the divisor = 1 decimal
Flace in tbe initial result. After
half-adjustment, no decimal place
is retained.

If 3 is specified in col. 52,
the program adjusts the dividend to
576321.0C0CCC: 5 decimal rplaces in
the dividend + 1 extra dividend
rlace for half-adjustment of guo-
tient - 2 decimal places in the
divisor = 4 decimal places in the
initial result. After half-
adjustment, 3 decimal places are
retained.

Expressed ty formulas:

1. Without talf-adjustment
specified.

AR +D3 - Dy =Dt (0 <Dr < 9),
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where

Adjustment factcr
1 nunter cf deciral places
in Factor 1 (dividend)

£3 b
nonm

T2 = numter of decimal places
in Factcr 2 (divisor)
Dr = numter of decimal rlaces

specified (in ccl. £52) for
Result Field (quotient).

0 < Dr £ ¢ states that the
nunter of decimal places
in the final quctient must
e zero cr greater btut no
greater thkan pine, Lecause
these are the limits for
the Decimal-Positions
entry in ccl. 52.

If the equation is satisfied
with A = 0, the dividend ard
divisor as stored (under their
field names cr as literals) fit
the result regquirements.

If A > 0, the
rrogram pads
the dividend

of zeros, in

deciral fosi-
>tions at the
If A <0, thes right, cor-
program gads respcnding to
the divisor " the atsolute
value cf A.

l with a number

z. With half-adjustment (roundinq)
specified (H in col. 53)

A+D1-D2=tr+1
9)

(C £ Dr £

"This eguation is identical to~
the previcus cre with this
exception: The dividend must
contain one more decimal place
to yield the same number of
decimal rlaces in the final
result. An extra decimal rcsi-
tion is needed in the initial
calculated quotient for half-
adjustment; thereafter, it is
dropped.

Size Restricticns. The rules pertaining to
decimal pcsiticns in divisicn are defined
above., In addition, total Factcr angd
Result-Field sizes are limited tc a maximum
of 15 rositions each, including any zeros
appended ty the program when padding (see
above) .

Expressed as equaticns related to the
decimal-flaces formulas atcve:

Ly + & (if 2 > 0) < 15,

where
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T, = unpadded (original) length of Factor 1
(dividend)
T, + |A}] (if A < C) < 15,
where

I, = unpadded
(divisor)

(original) length of Factor 2

Alternatively, ccnsidered independently
of the previous formulas, and before
padding by the program, factor sizes and
number of decimal pcsitions must satisfy
both cf the following two eguations for the
division operation to te executed:

L, + Dy - L5, - Dr £ 15, and

11”D1+E2+DI+H515,

where

I, = length of Factor 1 (dividend): < 15

Dy = number of deciral positions in Factor
= <9

L, = length of Factor 2 (divisor): =< 15

D, = numter of decimal positions in Factor
2: =<9

Dr = number of decimal places specified for
result (quotient): < 9

H = 0, if half-adjustment not specified

= 1, if half-adjustment specified
col. E2

(H in

Size cf Cuotient (FKesult). Assuming that
the divisor field always contains a siani-
ficant digit in its highest-order position,
the quctient contains a numbter of positicns
equal to the size of the dividend plus 1,
less the size of the divisor, and less 1 if

" Thalf-adjustwent (rounding) 1§ speciftied.

Dividend and divisor sizes refer to padded
factcrs (see above).

If the divisor field always contains a
significant digit in the hichest-order
rositicn, the formula is:

Ir = 1 + Flp - ¥2p - H,
where

Ir = mpinimum length of Result Field
required to acccmmodate quotient
(after half-adjustment, if any)

Fip= length of Factcr-1 (dividend) field,
after radding (if any)

F2p= length of Factor-2 (divisor) field,
after padding (if any)
0, if balf-adjustment not specified

=]
I

1, if half-adjustment specified
ccl. 53)

(B in

If the position of the hichest-crder
significant digit in the divisor field may
vary, the result-field must be larger to
accommodate all totals. The result-fielgd

Generatcr



length must ke increased by a numker equal
to the maximum numter cf leadirg zercs in
the diviscr field.

Size_of Eemainder. The rerainder (which
can ke salvaged ty an MVR cperaticn--sece
telow) ccntains a number cf positicns equal
to the length cf the diviscr, after padding
(if any). Tts number of decimal places is
equal to that in the dividend, after pad-
ding (if any).

Effects cf Fach Operation Ccde

ADD (A34)

The ccntents of the field in Factor 2 cr
the literal entered in Factcr 2 is added,
algetraically, to the literal or the ccn-
tents cf the field in Factcr 1. The result
cf this additicn is placed intoc the result
field specified in cols. 43-88, and
replaces any previcus data in the result
field. Any excess positicns in the result
field are set to zero.

Factor 1 (say, 4), Factcr 2 (=ay, BR),
and the Fesult Field (say, C) may all te
different fields: A + B = C.

Factor 1 cr Factor 2 may be the same
field (i.e., have the same field name) as
the Result Field. The value of the ccn-
tents of the result field is tten
increased, algebraically, ty the value

rerresented ty Factor 1 cr Factcr 2, res-
pectively: operation A + C = CY ¢cx C + B =
cr.

Factor 1 and Factor 2 may be the same
(i.e., have the same field name), tut may
te different frcm Result Field. Twice the
value cf either Factcr ther reccmes the
result: cperation R + A = C = 2A.

Factor 1, Factor 2, and the Eesult Field
may all te tte same field (i.e., have the
same field name). The absclute value cf
the contents of the result field is tten
doubled: <creration C + C = C' = 2C.

Z-ATT (Zero and Adqd)

The result field is set tc zero before the
contents cf the field or the literal in
Factor 2 is added algetraically intc tte
cleared result field. Factor 1 must be
left blank.

If a literal of 0 is entered in Factor
2, Z-ADD, in effect, causes the result
field tc e cleared to plus zeroc. (How-
ever, sece SUB, below, for a rreferred
methed.)

SUR (Suttract)

The contents of the field in Factor 2 or
the literal in Factor 2 is subtracted alge-
rraically from the literal cr the contents
of the field in Factor 1. The result cf
this suttracticn is rlaced intoc the sreci-
fied result field, and replaces any pre-
vious data in the result field. Any excess
positicns in the result field are set to
Zero.

and the Ekesult Field
A-B=C¢

Factor 1,

Factor 2
may all be differen

a ’
fe 1t fields:

Factor 1 may be the sare field (i.e.,
have the same field name) as the Result
Field. The value in the result field is
then reduced, algetraically, by tte value
in Factcr 2: operation C - B = C!',

Factor 2 may be the same field (i.e.,
have the same field name) as the Result
Field. The mnew result-field value is then
the negative of the original result-field
value, increased algetraically by the value
in Factcr 1: operation A - C = C'