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I.A.3

RPG II
DESGN OBXECTIVES

RS

The RPG II compiler is being developed to allow the Memorex B and C
machines to compete with the BV SYSTEM/3 and BM 360/20. In order
to accomplish this objective, the RPG II product will duolicate
SYSTEM/3 RPG II as closely as reasonably possible. This will provide
compatability with IBM SYSTEM/3 RPG II, as well as with a larqe
number of BM 360/20 RPG programs. RPG II will onerate under
OPSYS/1, and will be upward compatible with 0PSYS/2 RPG II.

CONHGURATION

The RPG II compiler and object proaram it generates will operate
under 0PSYS/1. Minimum confiquration will consist of operator's
console, one disk, CPU, and 8K-byte memory for the compiler or
object proagram (exclusive of O0PSYS/1 support routines). In additian,
it is necessary for the mnimum confiquratior to be capable of
supporting 0PSYS/1, including its Data Management, Linkage Editor,
Loader, and Job Control Lansuage features. Thus 16K bytes of memory
are reauired. The confiquration will also employ the I/0 units
required by the object programs to be used on the machine.

INTERFACE CONSIDERATIONS

RPG IT will interface with the following areas of the operating
system:

Linkage Editor and Overlay Loader
Data Management
Job Control

Sort
Operator Communications

o O O © O
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l.LA.4

1.A5

l.LA.6

Since RPG II will be developed in parallel with the operating system,
RPG 11 will require a development system including an assembler and
simulation and/or emulation of the computer and the above system
facilities.

PERFORMANCE GOALS

The RPG II compiler will operate in an 8K-byte oartition. Minimal
RPG II object nrograms will be able to execute in an 8K-byte partition.

Compilation on a minimum confiquration machine will be almost I/0
bound. Performance on larger confiaurations will benefit from
additional memory (up to some finite limit) and improved I/0
facilities.

STANDARDS

IBM SYSTEM/3 RPG II will be used as the standard for validating the
MEMOREX RPG II implementation.

TECHNICAL SUPPORT REOUIREMENTS

6.1 PUBLISHED DNCUMENTS

RPG 11 Reference Manual (SRL)
RPG II Programmer's Guide (SRL)
RPG II Systems Manual, (PLY)
RPG 11 Reference Card

o O O o

6.2 RPG 11 UPDATES TO OTHER PUBLICATIONS
System Description Manual (or equivalent) .

Messages and Comnletion Codes
Terminal Services Manual (or eauivalent)
Job Control Lanquage Reference Manual

o O o © o

Linkage Editor Manual (or equivalent)
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6.2 RPG 11 UPDATES TO OTHER PUBLICATIONS (Cont'd)

o Job Control Lanquape Reference Cad
0 Sales & Systems Planninag Guide for "PSYS/1 (or eauivalent)

6.3 MEMOREX INTERNAL EDUCATION
In addition to standard announcement type clases, a one- to two-
we RPG II Internals calss will be necessary in order for the
MEMOREX Education and Product Test grouos to prepare for their
product support requirements.

6.4 INTHRNAL DEVELOPMENT PROGRAMMER TRAINING
No knowmn reauirements currently exist for internal development
programmer traini ng.

PRODUCT TEST REQUIREMENTS

A comprehensive set of well debugged, sel f-checking, and sel f-documenting
test cases for which predefined results exist will be required. This
set of test cases must insure regression testina for future product
reports.

REPORT PROGRAM GENERATOR

GENERAL DESIGN

The following general desian is intended to ow the information flow
through the compiler and the general compiler organization. Since the
compiler should always be Input/Output bound, one can get a good

idea of the speed of the compiler. -

There is also a brief description of each separate module with a rough
size estimate.
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I.B GENERAL DESIGM (Cont'd)

The total compiler should be about 15,000 instructions, plus 2,000
instructions of object time subroutines, plus error messages, plus

0PSYS/1 Data Management, plus table and buffer sizes.
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[.B.I  The Compiler

Ore program will be resident with all phases (sections of it gy
be overlaid). This is the:

EXEQUTIVE PPOGRAM (1000 bytes)

0 This will contain the COMMON variable used by all programs.

* Fixed Table Addresses & limit

* Control Section Address Counters

* Control Card Information

* Program Daa used in all phases
0 Itwill also contain all I/0 interfaces
0 Table lookup routine
0
o

Phase Overlay Control
B]g&king/Deb] ocking

— The rest of the compiler will be broken into four man phases
each of which mey consist of several overlays.

|.B.1.1 Syntax Checking Phases

a. Header Cad Scan (2000 bytes)
‘Moves information from control card to commm area
'‘Gets System information (date, Time)
'‘Opens & assigns RPG System files
‘Any other initialization/housekeeping

b. File Description Scan (3000 bytes)
‘Error checks file description card
'‘Builds resident file & file disc table
'Write out encoded file description record
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c. File Extension Scan (2000 bytes)
'‘Builds RAF table entries in file description table
‘Writes table lookup/array coded records (in final format)
‘Error checkin
'Calculates field name table size 6 puts in PAGE, PAGE 1, PAGE 2

d. Line Counter Scan (1000 bytes)
'Writes line counter table on disc
'Error checking

~e. Input Specifications Scan (4000 bytes)
'Initiates building field name & description table
‘Writes record, identification & field description records
'Error checking

f. Calculation Specifications Scan (4000 bytes)
'‘Write calculation coded record on disk
‘Error checki nqg
'‘Adds to field name & description tables

g. Output Specifications Scan (4000 bytes)
'Writes record ID & field description records
"Transforms edit picture to edit control characters
*Error checking

1.B.1.2 Table Overflow Phase (Optional) (1000 bytes)

If the resident field table overflows durina the snecification phase
processing continues but no more entries are added to the table, with
all references to entries in the table resolved. A special pass then
takes place, which takes the output of the first pass and builds table
entries for those fields not entered in the first pass - this continues
until all entries have been entered in the table once.
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|.B.1.3 Code Generation Phase
a. Object Control Program Generation* (2000 bytes)
'Decides which parts of object control program are necessary and
include them in object proaram
'‘Generates part of object time cammm region

* The actual object time subroUti'nes include (7000 bytes)
Basic control program

Lok ahead routine

Record identification

Field moving input

Field moving output

Level break test

Matching record

Record selection

Table lookup

Sore calculations (Divide, multiply, subroutine linkage)
11. Output record selection

© 00N ok~ wd =

=
©

b. Input/Output aeneration (6000 bytes) '
‘Generates interface between logical 0 and compiler
'Decides which logical 0 routines are to be called
‘Processes compile time tables & puts their address in control table
'‘Processes file extensions & line counter

c. File Extension - Alt Cdlatina Seg.-Tables-Li ne Counter
'Processes file extension records
'Reads and generates alternate collating seauence tables

'Reads and senerates tables/arrays
'Processes line counter

d. Record Hand1ling Generator (5000 bytes)
‘Generates record identification table
'‘Generates code to move data from input to work area including
conversion from binary or unpacked decimal.
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e. Calculation Generator (6000 bytes)
‘Eliminate duolicate indicator testing
'‘Generates indicator testing & settina
'‘Generates claculation code
'Selects needed subroutines

f. Output Generation (5000 bytes)
'‘Output record selection table
'‘Generate field moving/editing code

I.B.1.4 Code Formatter Phase (3000 bytes & messages)

'Produce object disk

'List error messages

Memay & indicator mg

'‘Debugging code dump

'Load and meke part of object program compile time tables/arrays

I.B. 1.5 Cross Reference Phase (1000 bytes)
'Cross Reference |ist
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Size in Bytes
Phase 0 11K 2K 13K 4K 5K l6K | 7K
KA. Syntax Phase
1. Compiler Executive
2. Buffers ;%
3. Fixed Table Snace
4. a. Header Scan
b. File Description
c. File Extension
d. Line Counter
e. Input Specifications
f. Calculation Specifications 4000
g. Output Specifications 4,000
B. Table Overlay Phase
1. Compiler Executive 1,000 ;
2. ,Buffers 730 340467
3. 'Fixed Table Space 256 2 -
4. Table Overlay Program 1,000 I,
C. Code Generation Phase
1. Compiler Executive 1,000 KZZZZ;
2. Buffers 560 45,
3. Fixed Table Space 256 %
4. a. Control Program Generator 2,000 i
b. Input/Output Generator 6,000 N AN T A A
c. File Extension-Line Counter2,000 A
d. Input Record Handling 5,000 W T 7 VA R CAR 0 s €
e. Calculations 6,000 A
f. Output Record Handling 5,000 B S S A Ao s |
D. Code Formatter
1. Compler Executive 1,000 giiZe
2. Buffers 994 |73
3. Fixed Table Space 256 72
4. Code Formatter 3,000 BAAIZR ALY,
E.  Cross Reference
1. Compiler Executive 1,000 pZZZz
2. Buffers 470 s
3. Cross Reference Program 1,000 kAL
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I.C Meamy Overflow Contingencies

1. In a Syntax Checking Phase
These will all be fairly small programs with little likelihood
of exceeding the size estimates given. If one or two are laraer
than expected, then the oossibility of moving some error checking
to the generator phase will be looked at (the aenerator phase must
have room available), or the available table space will be reduced
for field names.

2. Field Nare Table Overflow
' The Field Nare and Description table occupies all the space between
the largest syntax scan overlay and the bottom of the file descrip-
tion table. If all the available entries are filled and there are
more left to put in, the table overflow phase is called after all
the syntax overlays are processed.

The table overflow phase reads the condensed description records
outputted by the Syntax checking phase and checks field, tag ad
subroutine names not nrocessed by the syntax phase. Undefined and
duplicate names are diagnosed, and a mav condensed description file
IS written.

The table overflow phase reprecesses the rev condensed description
file as may times as necessary.

3. Code Generation Programs

The Calculation Gaaator will have the most difficult fit in core.
To cover the possibility that it mey not fit in core, it will be
coded in isolated subroutines corresponding to Calculation operator
types. If it will not fit as a whole in one overlay, the least used
options can be made into an overlay to be pirg-ponged with the more
popular options.
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II.

RPG Coding Conventions

A. A1l entry points and program names begin with 3RG (this does not
apply to regular labels in a program).

B The compiler communication region will be in common (DCOM), and all
fields in it will begin with X3.

A1l programs will use the same common definitions which will be
stored in the system macro library and referenced by the macro
name.

X3COM
C Linkage within compiler will use registers as follows:

Register Use
0 Work register, not saved
c 1 Work register, not saved
2 Must be saved if used
3 Must be saved if used
4 Must be saved if used
5 Must be saved if used
RP 6 Parameter list pointer
RR 7 Return address

Note: Registers 0 and 7 will become available when the final machine
does (1972). At that time we can switch to using register 7 as
the return address and 0-1 will be work registers

D. Linkage registers and 6 will be referred to as RR and RP.

E A1l linkage to Compiler Executive Subroutines (e.g. $RGLUP, $RGIND,
SRGPUT) will be with the LINK macro.

operator operand] operand 2 (optional)
LINK BRGLUP  / PARLST

operand 1 is the subroutine name, operand 2 is the'pointer to the
parametor 1ist
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A11 Input/Output records will be addressed symbolically (Instead of using
a displacement to a field it will have a name). All names begin with the
character at the beginning of the record followed by a 8.

For example the file number in the Output Record ldentification record
could be called:

0gFILN
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III. A RPG Indicator Processing

Indicators can be both defined and referenced. |1t will be one of the error
checking functions of the compiler to diagnosed when a referenced indicator
has not been defined (has never had possibility of being set on by being
predefined, a result or record indicator). For this purpose the SRGIND

is provided and must be used to process indicators, for it keeps two bit
mgxs of referenced and defined indicators.

Only those indicators used (with the possible exception of HO-H9, LO-L9,
LR, MR, OA-0V and 1F) will be assigned locations in the object program.
Those locations will not be assigned until the code for_matter phase.
Internally the indicators will be assigned as follows:

Hex | ndicator
00 Not used
01-63 01-99
64-6D HO-H9
6E-77 LOL9

8 LR

79 MR

7A-81 OA-QV

82 1P

83-8A U1l-us
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III. B Subroutine name. 3RGLUP

Functions:

| nputs:

Outputs:

1) To look up the Field Definition Table and verify if
a given nare occurs there;

2) To stash an entry in the table if requested and if o
duplicate is found.

RG points to the parameter 1ist that contains the following
information:

Byte
0-1 request coding one of the following values:
0 = only look-up
2 = look-up and stash
2-3 = pointer to the entry
4-7 - used to return information

The following information is placed in the parameter |ist
starting at byte 4:

4-5  return code; one of the following valves:

0 = o duplicate entry/name not found
2 = duplicate entry/name found
table overflow (only used for stash request)

6-7 = points to either the old entry located in the
table or to the location where the rav entry
has been stored.

Notes: 1) The rare field is contained in bytes 0-4 of the entry.
2) The entry is assumed to be 12 bytes long. The subroutine

does not store array appendages with array entries.

3) If a nare already occurs in the table, code 2 is returned

together with the address of the old entry. In this case
it does not matter if the request is look-up or stash.

4) If entry is stashed, bit 1 of ZgSWT2 is set indicating

entry has been mede in table.
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Nare of subroutine: BRGCKS

Function:

I nput:

Outputs:

to scan variable length string(s) and check for invalid EBCDIC
characters.

RG points to the parameter |ist containing the following information:

Byte

0-1 pointer to beginning of field to scan
2-3 Iesggth of field in bytes

4 - u to return information

The f_oIIowin% information will be placed in the parameter |i st
starting at byte 4:

4-5 return code; one of the following values:

0 - filed blank

2 - aphameric string starting with an alphabetic character

4 - field starts with a quote, +, -, or numeric

6 = leading blank or imbedded blank found; ro illegal characters
8 - illegal character found

6-7 number of synificant characters in the string.
8-11 the same information as in bytes 4-7 for the second string if

there is one. (Note: if there are two strings, they must be
separated by a comma).

Description:  The string is scanned and each character is inspected. [If an'

illegal EBADIC character is found (other than A-Z, 0-9, # $ or @)
the scan is terminated and the return code is set to -2. If a
blank is found, the rest of the field is checked. If there is a
character other than blank following an initial blank, the return
code is set to -1. |If there are two strings on the field,
separated by a commg both strings are checked. If a string
starts with a quote, o further check is mede on the field.

Numba of synificant characters will be returned only with return
code 1 or 2.

Auxi Tiary Subroutine: gRGCKA

Function:

I nput:
Output:

R1

RO
RO

to check 1 character for Alphabetic A-Z,#,%,@
= character to be checked

o valid character
2 invalid
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Subroutine nane  ZRGIND

Functions: 1) To check an BBCDIC indicator and convert it to the appropriate
binary code.

2) To set the pertinent list for the indicator in the definition
mgp or the reference map.

Inputs: RG points to the parameter 1ist containing the following
information.

Byte
0-1 indicator with one of the following values:
0 - reference
1 - definition
2-3 pointer to two-character field containing indicator in EBADIC
4-7 used to return information

Outputs: the following information will be placed in the parameter

- list starting at byte 4:
Byte
4-5 return code; one of the following values:
0 - blank

2 = valid indicator
4 = invalid indicator

6-7 binary code for the indicator

Description:  BRGIND checks a 2-character field to determine if it contains a
valid indicator. If it does the pertinent binary code is obtained
and used as an index to set on a bit in either the indicator
reference mg or the indicator definition mep.

Note: if the indicator is expressed is a 1-digit number, it must
be right adjusted'in the field.
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Subroutine name - $RGCKN

Function: to verify a variable length EBCDI C numeric string and to convert
it to binary.

Inputs: RG points to the parameter |ist containing the following information:

Byte
0-1 pointer to Eginning of string
2-3 size of field in bytes

| 4-7 used to return information
|

Outputs: the following information is placed in the parameter 1ist starting
at byte 4:

Byte
4-5 return code; one of the following values:

0 - field is blank
2 = vaid number
4 = not a valid number

6-7 numeric value of the string converted to binary.

Notes: 1) sign or decimal point are not allowed.
2) the string must be right adjusted in the field.
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Subroutine name = SRGLFN

Function:

Inputs:

Outputs:

To look up the File Description Table for a given file name.

RG points to the parameter list that contains the following information
Byte

0-1 pointer to 1-8 character file name (left adjusted, padded
with EBCDI C blanks)

2-3  Unused

4-7 used to return information

The following information is placed in the parameter list starting
at byte 4.

4-5 return code; one of the following values:

0 = name not found
2 = name found

6-7 pointer to entry if found.
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Subroutine name = ZRGCND

Function: To condense a string of EBCDIC characters by stripping off the
high order 2 bits and packing the reduced six-bit characters
next to each other.

Inputs: RG points to the parameter list that contains the following
| information:

Byte

0-1 pointer to the EBCDIC string

2-3  number of characters in the string

4-5 pointer to work area where the condensed characters are to
be placed (calling routine must initialize this area to zero)

Outputs: Condensed string in the specified work area.

f Note: The input characters are not checked for validity.
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SUBROUTINE NAME:  $RGETC
FUNCTION:  To read a card from card reader.

INFUT: RG points to a parameter |ist in which the following information
will be placed.

OUTPUT:  Byte
0-1 Return code; one of the following

0 - successful
1-ed of file

2-3 Buffer address

DESCRIPTION: A card is read from the card reader into a physical
buffer whose address is placed in bytes 2-3 of the
parameter |ist.

-~
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SUBROUTINE NAME:  $RGDMP
FUNCTION:  To meke readable dump of resident tables

INFUT: RG contains one of the following:

zero - Dump all of file table
Dump all of field table

non-zero - pointer to field name table entry to dump
OUTPUT:  Output goes to printer - dump of tables

DECRIPTION:  The file description table will be printed as follows:

cols 1-2  hex file number
4-11 file name
14-17 switches (hex)
19-20 file type (hex)
22-23 linked file (hex)
25-28 pointer (hex)
30-31 seg limit on overflow in (hex)
33-34 high match red level (hex)
36-39 record length (hex)

The field description table will be printed as follows:

cols 1-4 table address (hex)
- field name (uncondensed)

13-18 field type and switches in hex

20-23 blank or zero ind and field size in hex
25-28 storage address in hex

30-33 hex FF and table entry in hex

35-38 number of table entries (hex)

40-43 storage address (hex)
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SUBROUTINE NAVE $RGET
FUNCTION: TO READ A RECORD FROM DISC.

INPUT: RP points to parameter list which contains following information:

Byte

0-1 FILE IDENTIFICATION NO.
1 = Condensed Record Descriptions

2 = Source Records
3 = Entries and Extrns ‘
‘ 4 = Condensed Record Descriptions (pingponged with #1)
| 5 = Preliminary Object Code
5 2-3  RECORD ADDRESS
pUTPUT: 4-5 RECORD LENGTH IN BYTES
i 6-7 RETURN CODE
0 = Successful
1 - EOF

2 = Unsuccessful
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SUBROUTINE NAME: $RGPUT
FUNCTION: WRITE A RECORD TO SPECIFIED DISC FILE
INPUT: ng points to parameter list that contains the following information:
Byte

0-1 FILE IDENTIFICATION NO..
1 - Condensed Record Descriptions
= Source Records
Entries and Extrns
= Condensed Record Descriptions (pingponged with #1)
= Preliminary Object Code
3 RECORD LENGTH IN BYTES
5 ADDRESS

ab~rwN

2-
4-

:
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SBROUTINE NAME:  $RGING

FUNCTIONS 1. Return relative address of indicator in Object code
group 21 (see page VI(7)).
2 Return status showing whether indicator is undefined
or unreferenced.

INFUT: RG points to the parameter |ist that contains the following
information

Byte
0-1 Indicator (as defined on page I1I1(0)).

OUTPUT:  The following information is placed in the parameter 1ist
starting at byte 2:

2-3 Return code; one of the following values

0 = Indicator defined and referenced
2 = Indicator not defined
4 = Indicator not referenced

4-5 Relative address of indicator in code group 21.

DESCRIPTION:  $RGING checks the defined and referenced indicator bit
maps (X$INDF and X$INRF) to determine if the indicator
had been defined and referenced. It then OR's the two
indicator maps together and computes the number of bits
on before it gets to the one currently being converted
and that number is the relative address in the indicator
group (21) for the current indicator.
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V. A Resident File Name and Description Table

Column Field

YENAME 0 File Name

YZSWT16&2 8 Switches

YZTYPE 10 File Type

YSLINK 1 Linked File (RAF or ADDROUT)

YZRID 12 Record ID or Line Counter Chain
YBSEQL 14 Sequence Limit or Overflow Indicator
YSMTCH 15 High Matching Record Level

’YBRCDL 16 Record Length

This table is built down from the top of core.

Length

‘NI—‘I—‘N'—‘I—‘NCO

18 bytes

It is created bv the

File Description Scan, added to by the File Extension and Input
Specification Scans and used by the Calculaticn Scan, Output Scan and
Input/Output Generator. Some fields contain different information
depending on whether it is an inout or an output file.

Field Descriptions

Columns Description
Y BANAME 0-7 File Name - same as it appears on File Description Form
YZSWT1 8-9 Switches
Column 8 Rit Primary File
Secondary File
) Chained
RAF/ADDROUT
Table/Array
Demand
Print File
Variable Lenqgth File
YBSWT2 Column 9 Bit Ascending Seauence

~NoOoO TR WN~DIOTRWNRO

LT T 1 T T | O O I VI R T T B T Y|

el el ol el e e g e il T

Card file

Descending Seauence

File Extensions necessary

Line Counter Neeessary

New record will be added to file
Alphanumeric keys

Packed decimal keys
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YZTYPE 10 File type 0 = Input
2 = Output
4 = Update
6 = Display
8 = (Combined) not implemented
YZLINK 11 Linked File (for RAF or ADDROUT files)
File Table Entry Number (by order of entrv into table)
that this file is linked to by the File Extension Spec.
YZRID 12-13 Record ldentification pointer (for Input files) or line
counter pointer (for output files)
- a minus one indicates not used
= initialize to minus one
This entry is filled in by the Input Specifications Scan
or the Line Counter Scan, with the relative address of
the record identification table/line counter table for
this file
7'\ This is used by the Input/Output generator to help build
the File Control Table
’ N
YASEQL 14 \f.D,E,.DSPLLﬁJ es is set to zero when referenced, Key field

Tength for indexed files or overflow indicator.

The overflow indicator and key field length both come from
the file description scan.

_YBMTCH 15 High Matching Record level - from Input specifications.

YBRCDL 16-17 Record Length - for checking maximum record positions in
input and output specifications
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Subject RESDENT TABLES

IV.B. Resident Field Nare and Description Table

Col umn Field Length
ZINAME 0 Field Nare (compressed) 5
Z3TYPE 5 Field Type 1
Z3SWT1 6 Switches 1
ZESWT2 7 Switches 1
Z8BZ1 8 Blank or Zero Indicator . 1
Z3SI1ZE 9 Field Size 1
Z3ADDR 10 Storage Address 2
T2 bytes
The Field Nare and Description Table i s a randomly addressable table
occupying all the area available below the File Table. It is built and
referenced by the Input Specification, File Extension and Calculation
Scans, and referenced by the Qutput Scan. If this table fills up before
all newv field names are processed then a special field Table overflow
routine is used.
Field Descriptions
Columns Description
Z3NAME 0-4 Field Nare (condensed) Ca. 7
The field name is packed 6 bits to a character (total of
36 bits or 4 1/2 bytes) by simply removina the high order
2 bits of each character (e.g. A, which in binary is 11000001
becomes simply 000001 )
Z8TYPE 5 Field Type

A

Bit 0=1 Numeric L
1=1 Alpha
2=1 Tag name
3=1 Subroutine Nare

4=1 Code formatter is not to create adcon
e e e
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Z3SWTI 6 Switches
Bit 0 =1 Table Name
1 =1 Array Name
2 =1 Table in Ascending Order
3 =1 Table in Descending Order
z 4 =1 Extrn
5 =1 Field used-as array index (must have zero decimal
positions)
6 =1 Input Data tvpe - packed decimal
[ 7 =1 Input Data type - binary
ZBSWT2 7 Swit ches
§ Bit 0 =1 Redefinable field (PAGE, PAGEL, PAGE2)
| These 3 entries are made by FE scan in field name

table-but may be redefined by input specs or calc spec,s.

1 =1 Entry has been madein table (set when a new field name
is putin field name table)

ﬁ 2 =1 Name is defined

3 =1 Name is referenced

4 =1 RLABL

5 =1 RLABL indicator (INXX) Indicator is in storage address
(right justified)

6 =1 Non Redefinable and Non Alterable field (UDATE, UMONTH,
UDAY, UYEAR or Lookahead)

7 =1 Page Redefined.

-Z$BZI 8 Blank or Zero Indicator
For fields from input specifications or calculation specifications
that have a blank or zero indicator associated with them, that
indicator number is put here. (Code is generated to cause this
indicator to he reskt for a blank after of this field name

on output)
Z3SIZE 9 Field Size _
Alphameric - Lenath of field (1-255)
7~ Numeric - Bits 0-3 Decimal Positions (0-9)

Bits 4-7 Number of diaits in field (1-15)

(for packed decimal or binary fields this is
not the same as field size)
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Z$ADDR

ZSEXT
Z$TABN

Z$ENTS
Z$THLD

I$CTL

To compute the number of bytes the field will occupy in the
work area from this field size use the following:

for Alphameric - field size

for Numeric - field size/2+1

10-11 Storage Address
Relative address of field in work area (where numeric fields
are in packed format) This address is assigned by the scan
phase overlays
If RLABL indicator byte 11 holds indicator number
I[f EXIT orULABL name contains EXTRN ordinal*or Label processing
or SECAL processing
or Table Chain for Table and/or Array fields
If Table/Array, bytes 10-11 point to a 6 byte table entry with
the following format.
Cd umn Description
0 binary 255 (FF) identifies this as a table/array extension
1 Table file entry number (1-60) consecutively assigned in order
of definition
2-3 Numbe of table entries (maximum index val ue)
4-5 Storage Address
For tables this points to last found table element hold
area - The hold area if followed by table proper
For Arrays this points to beginning of array.
For RLABL, EXIT, ULABL or file processing EXTRN see Z$ADDR
description
¥ EXTRN Ordinal - for EXIT or ULABL to get indirect address of field use ordinal
#2 as-displacement in code group (CSECT) 02.

TAG entry:

Bvte
6 Control level on which TAG is defined

6E - 77 LO-L9
/8 LR
FF SR
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Byte
Z$STI 7 Status indicator
Bit1 =1 entry mede in the table
Bit 2 =1 label defined
Bit 3 =1 label referenced
ZSNUMR 8-9 Numba of references to this TAG
Z$CODE 10-11 TAG ordinal
Subroutine entry:
Byte
Z$CTL 6 SR
Z$STI 7 Status indicator
Bit 1 =1 entry mede in the table
Bit 2 =1 label defined
Bit 3 =1 label referenced
Z$NUMR 8-9 Numba of references to this name

Z$CODE

10-11

Subroutine identification code.
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DISK RECORDS

The records kent on Disk are encoded forms of the input records, written by
the scans, and read by the table overflow phase, code generating phases and

cross reference

phase.

Each record begins with information identifying the record type and the
associated input line number as fol 1ows:

Byte 0 - Record Type

X

F
T
L
I
N
C
0
U
G
E

Error Record

File Description

Table and Array Description
Line Counter

Input Record Identification
Input Field Description
Calculations

Output Record Identification
Output Field Descriptions
Generated Code

= Entries and Extrns

Byte 1  Blank not used
Bytes 2-3 = Input Line Numbe
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v.‘A. Field Descriptions in Intermediate Records
| Applies to Record types T, N, C and U
The condensed field descriptions in intermediate records have exactly the

same 12 byte format as the Resident Field Table except for the case of
Tables/Arrays, which is:

TABLE/ARRAY  Intermediate record condensed field description - 16 bytes
Bytes Description

0-9 Sare as Resident Field Table
10 FF
| l 1 Table/Array entry number (1-60)
| 12-13 Numba of table entries

14-15 Storage address

For tables this points to last found table element hold
area. The hold area is followed by the table proper. For arrays
this points to beginning of array.
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X = Error Record

Error records are written for all errors, whether they have been
printed out when found or not.

Columns Description

0 X - Error record

2-3 Record number

4-6 EBCDIC PHASE ID

0=warning, l=serious, 2=disastrous (Binary 0, 1 or 2)

8-9 Phase Numbar in binary (see Schedule for phase number)
10-11 Error number
12-n variable field data - (defined as needed)

CLo 1%
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F = File Description

The file descriptions are created by the File Description Scan and used hy

the 1/0 Generator.

Cad ums Field
0 F - File descriptions
2-3 Record number
4 File type 1=0 Input file
0=2 Output file
U=4 Update file
D=6 Display file
=8 Combined file
5 File designation
P=0 Primary
=l Secondary
C=2 Chained
=3 Record address
T=4 Table or array
D=5 Damad
p=6 No designation
6 Bd of file = N end
= E specified
7 Sequence = N sequence
= Ascendi ng sequence
= Descending sequence
8-9 Block length in binary 1 = 32,767 Bytes) maxi mum depends
10-11 Record length in binary 1 - 32,767 Bytes on device
12 File format 0= Fixed length records
1= variable length records
13 Made of processing
L=0 Sequential within [imits
R=I Random
B=2 Sequential
14-15 Langth of Key or record 'address field in binary (O-?)
16 Record address typ
A=0 Record keys are used
I=1 ADDROUT processing
p=2 other
K=3 360/20 option (Assume A)
17 File organi ration
1=0 Indexed file

11 ADDROUT file

Additional 1/0 areas
0 Us one 1/0 area
2 360/20 option (Assume 1)
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18 Overflow indicator
Blank=0
OA =1
0B =2
06 =7
oV = 8
19 Extension code
p=0 N extensions
E=l File extensions
L=2 Line counter used
20-21 Key field starting location in binary
22 Device 0 - PRINTER
1 = READ
2 = TAPE
3 - DIC
4 - CONSOLE
5 = PUNCH
6 - SECIAL
S 23 Labels §=0 No labels
S=| Standard labels
E=2 Standard labels followed by user labels
N=3 Non standard labels
24-25 CRONAL of label exit from file description card or user's written
subroutine name (if device = special )
26 FHle addi tion/unordered
B=0
A=l Nsv records will be added to file
U=2 Load in unordered sequence
27 Tape rewind
p=0 Rewind only
N=I M rewind
U=2 Rewind and unload
28-29 Core (ijndex - number of bytes (in binary) reserved for core
index
30 File condition indicator or zero
blank = 0
Ul =1
U2 =
U3 =
8 =8
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T = Table and Array Descriptions
These records are built by the file extension scan and used by the
Input-Output generator to generate table lookup and control tables.
Columns Field
0 T - table and array descriptions
1 Blank (Bit 7=1:do hot generate code)
2-3 Record number
4 Fom file nare table entry (1-20) (0O=compile or execution time
5 To file name table entry (1-20) (0=no run time output)
6-7 Entries per record in binary
8-9 Entry length in binary
10-25 Condensed field description entry
26 Switches
0 = execution time array
1 = pre-execution time table/array
2 = compile time table/array
27 Not used
28-29 Alternating table entry length in binary
A zero entry here indicates end of record
(0=no condensed field description follows)
30-45 Condensed Field description entry
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(r~

L - Line Counter Descriptions - -
Built by Line Counter Scan and used by the Input/Output generator

0 L = Line Counter Description

2-3 Record number

4-5 File name table entry (relative pointer)
6-7 Line Numba

8-9

Channd Numba (1=top of page, 12=overflow line) 14=lines per page

Repeat 6-9 as often as necessary. A zero entry signified end of record.
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| - Input Record Identification

These records are created by the Input Specification Scan from the record

identification portion of the Input Specifications.

Record Handling Generator.

0

2-3

CO SOy O o et

10

1
12-13
14-15

| = Input record identification
(Bit 7=1 DO NOT generate code)

Blank

Record number

They are used by the

AND-O, OR=2, Bd of Alphas-set for first numeric equiv. to AND,

Bd of Table=6, Trailer=8

Option - 0=2, blank=0
Stacker sel ect
Indicator associated with record
Number

0=Not applicable

2=0nly one record permissabl e

4=More than one record OK
Not

0=blank

2=N
Portion of character to test

O=character

2=numeric

4=zone

6=no character to test
Character or portion of to be tested

Displacement within record of character to be tested

File number
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N = Input Field Descriptions

These records are built by the Input Specifications Scan from the field
description portion of the records, and are used by the Record Handling

Generator.
0 N-Input field descriptions
1 blank

2-3 Record number

4-5 Displ acement of field within record
6-7 Input field length

8 Level (0-9)

9 Matching record number (0-9)

10 Field record relation-indicator associated with field
11 Plus indicator
12 M nus indicator

13 Blank or zero indicator
— 11 Switches
1T 0=1 Packed Field
1=1 Binary field
15 Field type
2=Regular field (12 byte entry follows)
_4=Table or Array (16 byte entry follows)
16-n  Condensed field description
ntl zero
nt2 Field type
O0=end of record (no entry fol lows)
2=Index is regular field (12 byte entry follows)
4=Index is table name (16 byte entry follows)
6=Index is constant (2 byte entry follows)
n+3  Condensed field description or 2 byte binary constant

(r

A
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C - Calculation Description Record

Built during calculation snecification scan and used by the following
routines:

1) Table Overflow phase
2) Code Generator

0 C for record type
1 blank not used
2-3 statement number
4 control level indicator
0=detail calculation
6E=L0
6F=L1I
77=19
78=LR
FF=SR
Y
e A Switch
C. 0 =1 operation record
1 =1 indicator record
2 =1 do not aenerate code

3 =1 half adjust . o
Indicator. recards: only one record is written for a set if conditioning

indicators even If AN/OR statements are used.
v o L e JordLeded Gy Iecs |

6-n 8 byte fields for groups of 1-3 indicators as follows:
0 Not switch for indicator 1 (bit 0=1 for NOT)
1 Indicator 1
2 Ma switch for indicator 2
3 Indicator 2
4 Not switch far indicetor 3
5 Indicator 3 o
6-7 AN/OR/end of record [ e R AL R
0 - end of record
X'FD' - AND
X'FE' = OR
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ul &
Calcasfi tion records: one to one correspondence between statements and records.

6 Operation code.
~1-ADD

- 3-BITOF
A ~ 4-BITON
* ~E-CHAIN
_ 6-COMP
2 7-DEBUG
Z8-DIV.. e e T
T~ a-nspLY T
\ - 10-ENDSR /
1-EXCPT ~ -
12-EXIT - .
~ 13-EXSR 7~ /
.« V4-FORCE ~ ;
/2 15-60T0 - | o i
, <16 OKUP— | ;
: [ 17-MHHZO i
e | L~ 18-MHLZ0 o
{ . 19-MLHZO j
7 20-MLLZO
_ 21410VE )
| 22-MOVEL C o
—/ 23-MULT |
~ 24-MVR '
¢ 25-READ
26-RLABL
- 27—5 ETOF
. 28-SETON
~ 29-SQRT .
- ~30-S UB ' -

e

L 31-TAG
.~ 32-TESTB
. 33-TESTZ
- 34-ULABL
 35-XFOOT
. 36-7-ADD
/ 37-7-5UB

{Q N ) A\
L . ; - \r‘!\’}
~
X .
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7-§ Result indicators - high, low, equal
10-1315” Program control (switches for moving error checking to generate or)
16 Y4=n Variable length subfields as follows:
0 I ndicator
bit 0=1 literal
1=1 file name
2=1 other
3=1 factor 1
4=1 factor 2
5=1 result
=1 index for one of the above
P VY 4 o S a4
If all hits are zero, this is the end of the record
1 unused
Literal
2 indicator
bit 0=1 alphameric
1=1 packed decimal
| - 2=1 bit map (1 byte) for BITON/BITOF
L .3 length of literal
4 number of digits
5 number of decimal positions N
6-13 literal (left-adjusted for alpha & 8.byte packed decima for numeric. ’
File name <
2-3 relative location of pertinent entry in the resident file
description table.
Field, table, array, tag or subroutine name
2-13 (2-19 for an array) - dunlicate of the related entry in the
resident field description table.
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0 - Output Record Identification

This is built by the output description scan and used by the Output
Hand1i ng Generator

Columns Field
0 0-Output Record ldentification
1 7 D not generate code
2-3  Record number
4  ANDI/OR relationship with previous record
0=1 OR
1=1 ADD
2=print file
3=card file
4=variable length record
5=file name entered on output spec.
5 Stacker select/Fetched Overflow
for stacker select is hopper number
for fetched overflow = 15
6  Space before
7  Space after
8 Skip before
9  Skip after
10-11  Record length
12-13 File number
14 Group 1=First page
2=Headers and details not conditioned by overflow & and chained
3=Totals not condi tioned by overflow & not chained
4=Totals conditioned by overflow or chained
5=Headers and detai 1s condi tionea by overflow or chained
6=Exception records
15 Nurbe of Indicator sets
16 Output indicator set
bits 0-1 indicator 1 0O=not used
I=must be on
2=must be off
2-3 indicator 2, usage as in bits 0-1
4-5 indicator 3, usage as in bits 0-1
17 Indicator 1
18 Indi cator 2
19 Indicator 3
20+ Sare as 16-19 for each set of 'AND' indicators.

DEVELOPMENT DIVISION SANTA CLARA SYSTEMS PROGRAMMING
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U = Output Field Descriptions

This is built by the Output Description Scan and used by the Output
Generator.

0 U=Output Field Descriptions
-1 Dbit 7 do not generate code for this record
2-3 record number
4-7 Field Conditioni ng Indicators - See Output Record Identification

bytes 16-19
8-9 End position in record
10 Switches

0=1 *ARACE speci fied

1=1 Blank after

2=1 P-Packed format

3=1 G-Binar% format
|

4=1 2 byte binary format
' 5=1 Cad print oPtlon
ie

T 6=1 *FRINT speci
i 7=1 4 byte blnary format
11 Edit code from column 38 OQutput Description Specification
: " bits 0-5 bits 2-7 of edit code
bit 6 '§!
PR bit, 7 '*!
( 12 Descriptor
O0=end of record
\ —2=condensed field name description
‘ L— 4=index condensed field neme description
| 6=literal index
\ 8=Titeral
\, 10=edit word
13 Length of following
.—-14n Condensed field description, literal, edit word, or binary index
ntl Repeat 14n as needed

("\

DEVELOPMENT DIViSION SANTA CLARA SYSTEMS PRO GRAMMING
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i
E - Entries and Extrns Record
Entries and Extrns records are written for all fields defined as external
to the RPG or are RPG fields used by external routines. This applies to
exits specified on file description specifications and EXITs, RLABLs, and ULABLs
on Calculation Specifications.
Columns Description
0 E - Entries and Extrns Record
1 Not Usd
2-3 Record N: o
14-15-0r-15 Condensed Field Description Entry for field
L-s5 H-(9
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E = Entries and Extrns Record

Entries and Extrns records are written,for all fields defined as external

to the RPG or are RPG fields used by external routines. This applies to
exits specified on file description specifications and EXITs, RLABLs, and ULABLs

on Calculation Specifications.

Columns Description

0 E - Entries and Extrns Record
1 Not Usd
2-3 Record

14-15 or 19 Condensed Field Description Entry for field
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G = Generated Code Record

Generated code records are written by the generators and contain a
preliminary version of the generated program. Control section addresses
are not yet defined. These will be resolved in the code formatter phase.
Note: error records are passed on as x records by the generator.

Columrs Field
0 G - Generated Code Record
1 Blank
2-3 Record Number
4 Group (
5 Length (Group Size - accumulated text length
6-7 Address (Relative)
8 Text Relocation Group 0 = end of record
1-253 = relocation group
254 = The following byte is not to be
relocated and is to be propagated
as indicated the repeat count
255 = The following bytes are absolute
9 Repeat Count either the number of following text words/bytes
(words for 1-253, byte for 255 text relocation
?roup which share the relocation attribute speci-
ied the TEXT relocation group, or the number
of bytes to be propagated
Special case - if repeat count = 255 then reloca-
tion group refers to an external ordinal and the
implied length is two.
10-n Text

n+l = Sare as 8-n
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VI.

RPG_GENERATED OBECT PROGRAM

The RPG generated code consists of a man control routine, several
optional subroutines, interpreted table and in line code.

A.  Man Control Routine

The RPG built in logic is in this routine, |t determines when
records are read, when to do detail and total calculations and
output and calls various subroutines.

|t operates chiefly on the File Control Table. Fom the informa-
tion in this table it controls the RPG program's files.

There are pointers in the File Control Table to other generated
tables (e.g. Record ID, Field moves etc). The control oroaram
passes the addresses of these tables to the appropriate subroutine.

B. Subroutines
1. 1/0 routines - Open, Close, Get, Put, Position

2. Table building - will read a table/array file and usina the
table description(s) in the File Control table will build
the table.

3. Table Output - will write out an array/table according to
File Control table entries.

4. Record ldentification - Processes the record identification
table to identify input records-when a match is found it stores
the record identification table address in the file control
table for future reference.

5. Field moving (Input) - Processes the input field move table
to move fields from input record to work areas.
a. Test field record relation to see if field should be moved.
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b. Pack a decima field, movwe a packed decimal or alpha
field, convert binary fields to packed decima (for
matching field moves-sign in forced to prositive)

(for matching field alpha moves with alternate collating
sequence-translate field after moving it).

c. Set field indicators as needed

6. Field moving (output) - Process the output field move table
to create an output record.
a. Test output field indicators.
b. Perform noe (edit).
c. [ blank.

7. Line counter table processing.
8. Leve break test.
9. Matching Record test.

10. Calculation subroutines (divide, multiply, sguare root, etc.
see Cac code section).
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Do First
Page Qutput

Do Headina, Detai:\\\\ :

and Fetched Overflow
Qutput /////

@
©

Set off overflow
indicators for total
OQutput & if on for 2nd
time throuah look-set
of detail Output over-
flow indicators.

yes Halt?

Operator
Option

yes

Continue?

no

Set off record ID !
& 1P, L1-L9, H1-H9 |

-

yes

ast Record

no

Read from file just
Processed -

*1st time only-move

all look ahead fields
*Identify record read

*If record just processed
has look ahead - do not
read now
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(ﬁalt—Operatoﬁ} no
Option /

no En;\;;>\\
: (iif;~"“ Job?
7N

. ‘ yes

%
r\

o Controlled m
' W/

7 yes tehi > Y
- MatéHYng Fiel no
Perform Table t of Sequence2—">
and Array _ N d/,//”/ﬁpf/
Output ' '
/ Turn on Record yes
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equence Erro
Halt
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Priority record
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Content

I~

O
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( End of Job ) |1eve1 Indicator
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Generated Code Groups

Each of the generation overlays generates code in one or more of the
compile time Groups. The size of each Group is kent track of and the
code formatter assigns the correct address to generated code b,
resolving the starting location of each Group.

Bdow is a list of each Group by the number that identifies it in the
generated code. Included with each Group is a 1ist of all the
generators that produce code in that Group. The generators are
identified as follows:

Control Program Generator <+ s<nie
Input/Output Generator

Fil e Extension/Line Counter Generator
Input Handling Generator
Calculations Generator

Output Handling Generator

The CECIS are as follows:

)
ouhwnhE

Na  Description Generated by
1 2 3 456
] ubject Time Communications Region X X X X X X
2 Not Usd
3 1/0/8BDT X
4 File Control Table X X X X
5 Table Lookup/Line Counter Table X
6 Input Field Moves-Level/Matching Field X
7 Input Field Moves-Other X
8 Input Record ID Table X
9 Calculation X
10 Output Moves X
11 Not Used
12 Constants, Literals X X
13 Output ldentification Table - Group 1 X
14 Output ldentification Table = Group 2 X
15 Output ldentification Table - Group 3 X
16 Output Identification Table = Group 4 X
, 17 Output Identification Table - Group 5 X
% 18 Output Identification Table - Group 6 X
19 Data Hod Area X X X
20 Forviard References S X
21 Indicators X X X X \X

22 Buffers and record area , X
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i SUBJECT R. P. G, Generated Object Program_ ORIGINAL DATE 11/17/71
REVISED DATE 4/31/73
1. HLE CONTROL TABLE
Oe per file - fixed length 40 bytes each.
The File Control Table has a different format for Input, Output, Update,
Record Address and Tables/Arrays.
Following is the portion of the table that applies to all file types.
Filled in T0 BY
TO v=variable
Bytes Description BY ph?s? number (see pg.
VI(7
F$TYPE O File Type Switches - Mare than one bit mey be on
Bit 0=1 Input file v 2
1=1 OQutput file _ o v 2
2=1 Record Address File (Limits) v 2
i 3=1 Record Address File (Record Numbeas or keys) v 2
— 4=1 RAFed file - file RAF links to vooo2
5=1 Chaned File v 2
6=1 Combined/Update file v 2
7=1 MFCU File v 2
F$TYPZ 1 File Type Switches (continued)
Bit 0=1 Table/Array File v 2
1=1 Console File v 2
2=1 Dearad File v 2
3=1 Rawom by keys v 2
4=1 Radom by Record Number v 2
5=1 Unusd 0 2
6=1 E Specified (when all E's reach end of file-LR) v 2
7=1 End of file reached 0 2
F$TYP3 2 H1le Type SmM tches
Bit 0=1 Cad File v 2
1=1 Print File v 2
2=1 Special File v 2
3=1 Matching Records Specified vooo2
4=1 Matching F1d in current RCD 0 2
5=1 Matching Records found 0 2
6=1 Trailer in current RCD 0 2
7=1 Lev 1 Flds in current RCD 0 2
["‘\

DEVELOPMENT DIVISION
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SECTION PAGE VI(8a)
SuBJECT RPG_Generated Object Program ORIGINAL pDATE __11/17/71
REVISED DATE 4/21)77
Bytes Description Filled In 10 _B_Y_
F$TYP4 3 Level 2-9 Present Switches
Bit 0=1 Lev 2 FLDS in current RCD 0 2
1=1 Lev 3 FLDS in current RCD
2=1 Lev 4 FLDS in current RCD
3=1 Lev 5 FLDS in current RCD
4=1 Lev 6 FLDS in current RCD
5=1 Lev 7 FLDS in current RCD
6=1 Lev 8 FLDS in current RCD
7=1 Lev 9 ADS in current RCD
F$BDT 4-5 Buffer Description Table (BDT) address or address of
SFECIAL device support routine v 2
F$LRAD;6—7 Logical Record Address v 2
FSRLEN 8-9  Record Length (Madmum for Variable Length Records) At
| object time this is changed to actual record length v 2
~ "F$TRAN 10-11 File Translation Table Pointer v 3
FSUSER 12-13 User Indicator Address v 2
FSLINK 14-15 Pointer to next input or prnt FCT v 2
" F$UNT  16-17 Unused 0 2
F$UN2 18  Unused 0 2
FSUN3 19 Unused 0 2
Bdow the portions referring to Input and Output files combine for
update files. .
Following is the portion of the table that pertains to Input files.
(except RAF and Table/Array files.)
Bytes Description Filled in To By
F$PRI 20-21 FHle Priority (0=Primary, 1-19=Secondary) Vv 2
F$RID 22-23 Record ldentification Table Address v 2
F$LOOK 24-25 Lok ahead field Mowe Pointer T v o4
e F$MACH 26-27 Matching Record Hold Area Pointer v 4
g 4

FSLEV 23-29 Levd Control Fields hold area Pointer v

]
DEVELOPMENT DIVISION » SANTA CLARA SYSTEMS PROGRAMMING
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%

SUBJECT _RPG Generated Object Program ORIGINAL DATE 11/17/71

REVISED DATE 12/9/77 & 4/21]72

Byte Description Filled in 10 BY
F$CRID 30-31 Current Record Identification Table Entry Pointer 0 4
F$RAFP 38-39 RAF File Pointer (from RAFed File)

Following is the portion of the table that pertains to output files.
FSLINE 20-21 Line Counter Table Pointer v 3
FSHAD 22-23 Output Record Identification Table chaining pointer -
Header and Detail Records v 6
FST 24-25 Output Record Identification Table chaining pointer -
Total Records v 6
) F$UPT 26-31 Left for possible update file
FSMFCU 32-33 MFCU interpret area address v 2
F$WORK 34-35 Wak area - Last Line Numbe (Print files only) 0 6
or relative key location in record (indexed files only)
F§SKIP 36 Switches
Bit 0=1 Last Line had a skip after 0 6
or 36-37 Pointer to Law Trailer Displacement
F$STAT 37  Oveflow Status 0 6
0=0Overflow work not yet done
1=Fetched overf Tav done _
Output will change this to 2 instead of doing norma overflow
2=A11 overflow work done - exec should turn off overflow
indicator and this switch set by output routines after
overflow processing.
F$OVER 38-39 Pointer to Overflow Indicator v 2

or Trai ler Displacement

Following is the portion of the table that pertains to Record Address Files (RAF)

F$ELEN 20-21 RAF Element Length - v
~l F$CLOC 22-23 RAF current location in record 0
F$FPTR 24-40 RAF FHle FCT Pointer v

DEVELOPMENT DIVISION SANTA CLARA SYSTEMS PROGRAMMING
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£~ secTioN pace (VI(8c)
sussect RPG Generated Object Program ORIGINAL DATE 1717771
REVISED DATE 4/21/72

Following is the portion of the table that pertains to Table/Array files.

-

Byte Description ' Filled in 10 BY
26-27 Pointer to Table Control {alternate v 3
table pointed to by TACT chain)
)
F§TCON<%W€M%W&W¢M»%M)* v—3_

SANTA CLAM SYSTEMS PROGRAMMING

DEVELOPMENT DIiVISION
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SUBJECT RPGﬁGEHERATED CBECT PROGRAM

ORIGINAL 3/2/71
REVISED DATE 12/8/7

2. Input Record Identification

The input record identification routine must:
A, Identify Record Type _
B. Check for proper sequence of input records

To accomplish this the Input Record ldentification routine interpretively
processes the Input Record Identification Table.

The beginning of the table is pointed to by a field in the file control
table. Also there is a wok area in the file control table for saving the
location of the last identified record identification entry, and a switch to
indicate whether alpha or numeric sequence is being processed.

Processing of the table always resumes where it had last left off. |If the

alpha sequences are being processed, all of them must be checked in a

circular chain before going to the numeric sequences. The numeric sequences
directly follow the alphas - when numeric sequences are reached, the position

Is marked and the routine returns to the beginning of the table, when all alphas
~ are processed, the routine tnen goes to the numeric sequences. If a non-
optional numeric sequence is passed in the table an error switch is turned on but
the search continues till all table entries are checked.

INRUT RECORD IDENTIHCATION TABLE
Bytes Description

R e O Type of record
0

= AND
2 = OR
4 = First Numeric Entry (an assumed OR)

6 = End of Table
8 = Trailer Description

T 1-2  Switches
R fsw Bit O=1 Option = 0
1=1 Numeric Entry
2=1 Only O Record Permissable

3=1 Not = N _
d=4 3e PRAThA of reword id
edlss 3 Stacker Select

edlznn 4-5 Pointer to Indicator associated with record

{@i»oN% 6 Portion of Character to test

0 = Character
2 = Numeric
4 = Zone

6 =

N Character to test - Record Identified i

DEVELOPMENT DIVISION : , SANTA CLARA SYSTEMS PROGRAMMING
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supECT PG GENERATED OBJECT ORIGINAL DATE ,/f:/
REVISED DATE __ '¢/8//1

Qslcﬂmz 7 Character or Portion to be tested .

R3$Ipzsg  8-9 Displacement within record of character to be tested
e¢lmeve  10-11 Pointer to field moves table

R3MV  12-13 Pointer to level/MR moves table

i

DEVELOPMENT DIVISION : ’ SANTA CLARA SYSTEMS PROGRAMMING
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CONPUIE SPECIFICATION Date 872771

Subject _ RPG GENERATED CBECT PROGRAM

3. Output Record ldentification Table

1 And/Or relationship with previous table entry
Bit 0=1, And, Bit 1=1, OR, Bit 2=1 ADD, Bit 3=1 End of Table

Field description pointer for this record type
File control table pointer

3% {‘1 l=presence is required, 2=must be off (NOT)

1 Indicator to be tested

1 Stacked Select/Fetched overflow, 15=Fetched overflow
1 Space before

1 Space after

1 Skip before

1 Skip after

2

2

4, Input Field Moe

This table is in three sections:

a. Level/Matching fields move (10 bytes entries)
b. Regular field moves (10-13 byte entries

c. Lok Ahed field moves (10-13 byte entries)

1 Levd Moe
1 Matching Field Moe
1 Array Moe - constant index
1 Array Moe - variable Index
1 Packed Decimd
1 Bytes 2-3 of this entry point to TR (trailer) moves?
1 Field indicator trailers
= 1 End of table (no entries follow)

[] Field Record relation indicator (or zero)

Instruction 1 Moe operation code (PACK, MOVX, binary)

[ L O U U I I | B N1 |

~NOoOuoTh~hwWNE

image for\ 1 507 (M=5, R=0)
all but Index 5 will contain the address of the input record
binary 2 Fam displacement in record
Imoves 2 To address
1 Fam length
1 To length

‘ Array, index (present only for array move)
group of 1 Plus field indicator or zero
3 is 91 Minus field indicator or zero
optional 1 Zero/blank field indicator orzero
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5. Output Field Moves

Type of data in table entry

value = 0 Field conditioning indicators

2 Edit (edit word must be moved to OP then edit operation)

4 Binary OP field

6 Regular move

8 Unpack

10 Blank after

12 Array element
| Full array loop control
1 8 *piace
| 18 End of moves

The above precedes each of the following formats

~--- Field conditioning indicators

3 Bit 0 =1 Not specified (N)
1-7 = Indicator
The above is repeated 3 times zero means no indicator to test.
--~- Edit
1 Switches

Bit 0 =1 floating dollar sign

From location

to location

Edit word pointer
From length

Edit word length

P RFRPDNDDN

---= Binary field
From length

1
2 From location
2 To location
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==== Regular move or Unpack

1 Not used
1 Qé:)eratlon Code
1 16 - Register 6 is record base
2 Fom location
2 To displacement in record
1 Fom length
1 To length
Blank after
1 Blank after indicator

---~ Array Element

1

Switches _ _ .
Bit 7=1 Immediate Binary value i s index

Bit 6=1 Pointer to binary value is index

Address from - (Address of array table)

Indes (Immediate value or pointer to binary or decimal index)
(Note - result of this operation is the Fon Address
for the next move entry in table - the result of this
array operation will be put in a work area - which will
be pointed to by the next operation).

---- Full Array Loop Control

1

NN

- ¥ PLACE

1

Not Usd

Array index increment in binary

Pointer to array index (in previous table entry)
Madamum index value

Transfer address

Sm tch
Bit 6=1 * PLACE currently in process (set at execution time -
if off then register 6 must be incrernented, if on
register 6 must be decremented).
Increment/Decrement to register 6 in binary
Transfer address -
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SUBJECT_BEG_Q_QDB_QQQ_QDLQQL_&QQKQH__; ORIGINAL DATE 11/5/71
REVISED DATE 12/9/71
Table and Array Processing
Tables and arrays require a run time control table in Code Group 5. The
location in Group 5 of the control table for a table/array can be found
by taking the table file entry number (from the field description table)
minus one times 24. The result is the relative location in Code Group 5
The format of the table/array control table is:
Bytes Description
T$TYFP 0 Bit 0=0 Table Nare
~ 0=1 Array Nare
1=1 Ascendi ng
2-1 Descending _
3-1 Input Data - packed decimal
4-1 Input Data - binary
5-1 Numeric
6-1 Alpha
7-1 Alternati g table
TiILE’\) 1 Not=tsed Pgter y inp? (ew)ﬂ\ QA\
T§STRT  2-3 Pointer to beginning of table/array
TdNExT_ 4-5 Pointer to byte fol Towmg table/array
TILENL  6-7 Entry length :
Ttent 1 8-9 Number of entries
Siteim  10-11 Pointer to last element found area
TeNUm  12-13 Numba of entries per record
TN 14-15 Chaining input TACT address
TdouT  16-17 Chaining output TACT address
TALAST  18-19 Last entry address of upper search table
TsuPER 20 Power 2 of upper table length +1
T bWk 21 Power 2 of lower table length +1
TEFRST 22-23 First entry address of lower search table

DEVELOPMENT DIVISION SANTA CLARA SYSTEMS PROGRAMMING
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< V'suBJECT RPG GENERATED CBECT PROGRAM ORIGINAL DATE 1719172

REVISED DATE

MEM@REX Design Specification L.$
WRITER

| =

Object time line counter table.

The Object time Line Counter Table is pointed to by FELINE in the File
Control Table. The Line Counter table has the following format.

Byte Description
, 0-1 Line Numbe

| 2-3 Channd number (1 = top of page, 12 = overflow line, 14 = line
number contains lines per page.)

i
|0-3 are repeated as often as necessary (a madmum of 11 times)
5 the terminating entry is a word of zeros.

vl n L
i :

— o LINE  NUMBER

+2 CHANME L thpses

LiNE  numdid @

e

CoMEORIIT L , N EER

~

DEVELOPMENT DIVISION SANTA CLARA SYSTEMS PROGRAMMING
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SUBJECT SPECIAL FILE LINKAGE ORIGINAL DATE 3/8/72
‘ REVISED DATE

SECAL HLE LINKAGE
Special Device types are read in a program external to the RPG. This
external program must provide all the interfaces with data management and
the record buffer(s) and GET logical record area.
Linkage to the external routine from the RPG uses the standard linkage.

¢ the parameter |ist address will be in register six (6)

e the save area address wi11 be set in register seven (7)
e the return address will be set in the first word of the save area.

The format of the parameter list is:

Wad Contents
1 Length of List (always 11)

2 Bits 0 - 7 - function code
=0 GET 4 = OPEN
=1 PUT 5=-0CE
Bit 12 = 1 variable length records are specified,
and word 7 must point to the record size.
Bit 13 =1 end of file return address specified in word 9.
3 Error return code - set by the external routine
(if non-zero the job wi11 be stopped and the error return code
printed out)
4-6  Not used.
7 Record size address - Points to a one word (2 byte) location which
will contain the record size.
(Bit 12 of word 2 must te = 1)
For GET, the record size address and record size are set hy
the external program. For PUT they are set by the RPG.
8 . not used
9 End of file return address (always specified - bit 13 of word 2
will always be = 1)
& 10-11 not used.

DEVELOPMENT DIVISION SANTA CLARA SYSTEMS PROGRAMMING
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7 SECTION VI PAGE 16

SUBJECT ORIGINAL DATE _3/8/72

REVISED DATE

Wad Contents

12 Address of record
o For Get this address is supplied by the external routine.

e For Put this addres's is supplied by the RPG compiler.
The Save Area (pointed to by register seven) format is:

Wad Contents
1 Return address

2-9 Usd by called program to save registers.

¥

DEVELOPMENT DIVISION SANTA CLARA SYSTEMS PROGRAMMING
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7~ SECTION PAGE 17
{ SUBJECT Run Time Error Message ORIGINAL DATE 3/17/72
REVISED DATE
The Linkage to the run time error routine is:
LODD error number F6 -
LOD variable field (or ptr) Rl
JSR W$ERR R7
~If the operator specifies the continue option, control w11 be returned
) ' to the instruction following the JSR.
k If there is no optional field, R1 need not be initialized.
A tentative list of run time error messages follows. Please supply ne with
any changes or addi tions.
f",'
_ _ Cntld Immed.
Err No Message Variable Field Continue By Pass Cancel  Cancel
1 Indicator—— is on HO-H9 X X X
2 Negative Square Root line number X X X
at line number . (in binary)
3 Arithmetic Overflow 1ine number X | ' X X
at line number (in binary)
4 Divide by zero line number X X X
at line number——_. (in binary)
5 Variable index is not line number X X X
within array bounds (in binary)
(zero,minus or too
large) at 1ine number—
6 Table/Array out of ptr to 6 byte X X X
sequence, from file field with
TIA number file ID ptr
within fi Ie and T/A number
') record number Within  in files 8
T/A record #

DEVELOPMENT DIVISION SANTA CLARA SYSTEMS PROGRAMMING
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RPG GENERATED OBECT PROGRAM

PAGE 18

SUBJECT _Run Time Error Message

ORIGINAL DATE 3/17/72

REVISED DATE

Err No Message

7

10
11

12

13

14
15

16

Table/Array not found
from file s
T/IA number wi thin
file

Too may entries for
a table/array

Available partition
size exceeded

P Forms Alignment

Record out of
Sequence for file

File Out of Matching
Record sequence for
file

Unidentified Record
from file

Invalid Numerica
Data at iine

Channd not defined
on Line Counter for
file

Binary conversion
overflow at
Tine number

17-n 10 Errors (not defined) ptr to

_ ) ) Cutld  Immed.
Variable Field Continue By Pass Cance Cancel
ptr to 4 byte X X X
field with file
ID ptr & TA
number in file.

(same as for 7) X X X
none ) X
none X X

ptr to X X X
file name

ptr to X X X
file name

ptr to X X X
file name

line number X X X
(in binary)

ptr to X X
filename

line number X X
(in binary)

filename

¥
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0000
0004

0C0s
00086
0008

- 000A

0006C

- 000

0C10
o012
B0l4

0016

0018
NnolA
001C
O0C1E
0020
0022
0024
0026
oozs
002A
oo2cC
Q02€
0030
0032
0034
0036
0038
C03aA
Cco3c
003+
0040
0047

%

ﬂﬁi

+ %

+%

%

+%
+WIFA
+WESWT
+ %

3%

+ %

+%

+ 3k

+ %

+ %

4+ 3
+WISWTZ
+WEFCT
+WHWFCTE
+WIHALT
+WL0nG1
+Wi0DG2
+Wi0G3
+4Ut0G4
+HW G055
+WiNG6
+WiLFEVH
+WHEMTCL
+WHIMTCH
+4 1IN0
+WHDATE
+WsTACT
+WHCALC
+WLLO
+Wall
+W L2
+Wil 3
+Wil 4
+Wtl S
+Whl 6
+WeL7
+WSLR
+WiLO
+WELR
+WOMNPUT
+WEPRNT
+WEFORC
+WHALTS

atQuU
aEQU

AEQU

DEGU
o EQU
a &)
aEQU
BEQU
FIRRINY!
abtQu
aEQU
DFQU
ot QU
Aoy
AEQU
abu
arnQu
aEQU
aEQU
LU
aENY
atou
aEGU
2 EQU
aEOU
akCu
2EQU
afbou
atQU
atnu
wFO
aEOU
AEOU
DEQY

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38

40

42
44
46
48
50
52
54
56
58
6EC
62
64
66

OBJECT TIMEC COMMUNICATijS AREA

FOLLOWING ARE FILLFD IN

JUN $RGE

SWITCHES

BIT 0=1

1=1 SIGN FORCING

1]

7=1

SWITCHES

oWV N WN
oo
PR e

RY GENERATORS 09 FORMATTER

XEC — 1ST EXECUTABLE RPG INS

MATCHING FIELDS IN CUR KCD
ON INPUT TEBLS
HALT ON OVERFLOW

FIRST CYCLE

LOW SEQ MTCH FLDS PRI FILE
(ONE OF MTCH FLUS SEC FILE
MTCH FILES IN OESC SEQ

NOT DCMESTIC FORMAT

HEGINNING FCT POINTER
NUMBER OF FCT ENTRIES

POINTER
POINTER
POINTER
POIYTFK
POIYTEK
POIMTER
PGINTER
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REACTIVE DESIGN Pege VII G (1)
COMPUTER SPECIFICATION Dae 8/2/721

SYSTEMS : . . : e
Subject Detail Design - Calculation Specifications

VIlI. G Calculation Specification Scan

Internal tables:

Parameter Definition Table (PDT)

Numbea of entries = 35
Entry size = 12 bytes

Byte Bit Description

0-4 Cammad name
5 Index into BT (0 = o special processing)
6 Bit mgp. Meaning of each bit: bit=0, field must

be blank; bit=1, field does not have to be blank.
conditioning 1ind.

field length

decimal position

half-adjust

result indicator

factor 1

factor 2

result field

7 Bit'map. Meaning of each bit: bit=0, field my be
blank; bit=1, field must be present, .

0-7 For bit assignment see byte 6.

8 Indicators for factor 1. Meaning of each bit:
bit=0, type not allowed; bit=1, type allowed.

literal

field or element

entire table or array

special name

TAG or subroutine name

file name

alphameric

numeric

9 Indicators for factor 2. For specifics, see byte 8.
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Page VII G (2)

REACTI VE DESIGN
COMPUTER 8/2/7——

Subject Detail Design - Calculation Specifications

10 Indicators for.result field. For specifics, see byte 8.

1 Miscellaneous indicators
0=1 control level must be SR
1=1 only AN/OR is acceptable

Special Requirement Branch Table (SRBT)

Nunber of entries: 15
Entry size: 2 bytes

Branch addres:es to routines that perform specific command-related processing.

For details, see flow chart pp. 10-16.
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RPG MODULE DESCRIPTIONS
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Run Time Executive Root
Run Time Executive - Initialization Place
Run Time Executive - Run Phase
Run Time Executive - End of Job Phase
Matching Record Processing
Level Processing
Binary to Packed Conversion
Numberic Field Test Routine
Alpha Field Test Routine
Array Processing
Finish Pack Routine
Field Indicator Processing
Convert to Binary Routine
Array Output Routine
*PLACE Processing
ADD/SUB with half adjust
Z-ADD/Z-SUB with half adjust
Sign forcing for unpacked decimal
Half adjust routine
Test bit routine
Test zone routine
Chaining routine

processing
Divide routine
Multi ply routine
Display Routine
Read routine (from cal culations)
Binary Lookup of table/array
Sequential Tookup of table/array
Square Root Routine
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RPG MODULE DESCRIPTIONS
Compiler Modules - $SYSLODLIB

Load Library Object Library Source -
Mamba Mamba indicates Description
same
RPG $RGCNTL - Compi Ter Executi ve
e $RGHSN - Gomm Initial ization
- $RGHSI - Header Card Scan, File Allocations
- $RGSES EX s - Scan Govmn Subroutines
$RGFDS - - File Description Scan
$RGXLS - - File Extension /Line Counter Scan
$RGIPS - - Input Description Scan
$RGCLS - - Calculation Description Scan
$RGOPS - - Output Description Scan
$RGOVF - - Table Overflav Phase
$RGIOG $RGBES Xy - Generation Gamm Subroutines
"o $RGIOG - Input/OQutput Generator
$RGTBG - - Table/Array Generator
$RGIPG - - Input Processing Generator
$RGGLG - = - - Calculation Generator - Pass 1
$RGGLET <+ - - Calculation Generator - Pass 2
$RGOPG - - Output Generator
v $RGCFM $RGCFF M - Code Formatter - Root
- $SRGCFY i1 4. - Code Formatter - Listing
- $RGCFE Mt - Code Formatter - tna of job processing
- $REBLG s - Buffered Library Generator
$RGXRF - - Cross Reference - Pass 1
$RGXRP - - Cross Reference - Pass 2
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MIEMQIREX

SECTION PAGE _ VI (8)
SUBJECT R. P. G. Generated Object Program ORIGINAL DATE 11/17/71
REVISED DATE 4/21/72

1. FLE CONTROL TABLE
Ore per file - fixed length 40 bytes each.

The File Control Table has a different format for Input, Output, Update,
Record Address and Tables/Arrays.

Following is the portion of the table that applies to all file types.

Filled in T0  BY

TO v=variable

Bytes Descri ption BY phfiS()e number (see pg.
M (7

FSTYPT O File Type Switches - More than one bit mey be on
Bit O=1 Input file
1=1 OQutput file _ o
L 2=1 Record Address File (Limits)

< g < <<
PPN MNP N

=1 Record Address File (Record Numbers)
=1 RAFed file - file RAF links to
5=1 Chained File
6=1 Combined/Update file
7=1 MFCU File
F$TYP2 1 File Type Switches (continued)

Bit 0=1 Table/Array File v 2
1=1 Console File v 2
2=1 Demad File v 2
3=1 Rendom by keys v 2
4=1 Random by Record Number v 2
5=1 Unused 0 2
6=1 E Specified (when all E's reach end of file-LR) v 2
7=1 Bd of file reached 0 2

FSTYP3 2 File Type Switches

Bit 0=1 Cad File v 2
1=1 Print File v 2
2=1 Special File v 2
3=1 Matching Records Specified v 2
4=1 Matching FId in current RCD 0 2
5=1 Matching Records found 0 2
6=1 Trailer in current RCD 0 2
7=1 Lev 1 Flds in current RCD 0 2

DEVELOPMENT DIVISION ' SANTA CLARA SYSTEMS PROGRAMMING



AMIEMIOREEX
(" SECTION PAGE VI(8a)
suBJECT RPG_Generated Object Program ORIGINAL DATE 11/17/71
REVISED DATE _4/21172
Bytes Description Filled In 10 BY
F$TYP4 3 Level 2-9 Present Switches
Bit 0=1 Lev 2 FLDS in current RCD 0 2
1=1 Lev 3 FLDS in current RCD
2=1 Lev 4 FLDS in current RCD
3=1 Lev 5 FLDS in current RCD
4=1 Lev 6 FLDS in current RCD
5=1 Lev 7 HDS in current RCD
6=1 Lev 8 HDS in current RCD
7=1 Lev 9 HDS in current RCD
F$BDT 4-5 Buffer Description Table (BDT) address or address of
SFECAL device support routine v 2
FSLRAD 6-7 Logica Record Address v o2
FSRLEN 8-9 Record Length (Maximum for Variable Length Records) At
object time this is changed to actual record length v 2
¢~ F$TRAN 10-11 File Translation Table Pointer v 3
F$USER 12-13 User Indicator Address v 2
F$LINK 14-15 Pointer to next input or prnt FCT v 2
FSUN1  16-17 Unusd 0 2 .
F§UN2 18  Unusd 0 2
FSUN3 19 Unused 0 2
Bdow the portions referring to Input and Output files combine for
update files. .
Following is the portion of the table that pertains to Input files.
(except RAF and Table/Array files.)
Bytes Descri pti on Filled in I
F$PRI 20-21 Fle Priority (0=Primary, 1-19=Secondary) v 2
F$RID 22-23 Record ldentification Table Address v 2
F$LOOK 24-25 Look ahead field Moe Pointer v
f" F$MACH 26-27 Matching Record Hold Area Pointer v 4
FSLIV 28-29 Level Control Fields hold area Pointer v 4
1

DEVELOPMENT DIVISION

SANTA CLARA SYSTEMS PRO GRAMMING



AMIEMOCREX
¢ SECTION paGE  VI(8b)
SUBECT _RPG Generated Object Program ORIGINAL DATE _11/17/71
REVISED DATE 13/9/71 & 4/21]72
Byte Description Filled in I0 BY
F$CRID 30-31 Current Record Identification Table Entry Pointer 0 4
F$RAFP 38-39 RAF File Pointer (from RAFed H le)
Following is the portion of the table that pertains to output files.
FSLINE 20-21 Line Counter Table Pointer v 3
FSHAD 22-23 Output Record Identification Table chaining pointer -
Header and Detail Records v 6
FSr 24-25 Output Record Identification Table chaining pointer -
Total Records v 6
F$UPT 26-31 Left for possible update file
FSMFCU 32-33 MFCU interpret area address v 2
FSWORK 34-35 Wak area - Last Line Numba (Print files only) 0O 6
F$SKIP 36 Switches
Bit 0=1 Last Line had a skip after 0 6
F$STAT 37 Overflow Status 0 6
0=Overflow work not yet done
1=Fetched overflow done
Output w11 change this to 2 instead of doing norma overflow
2=A11 overflow work done - exec should turn off overflow
indicator and this switch set by output routines after
overflow processing.
FSOVER 38-39 Pointer to Overflav Indicator v 2
Following is the portion of the table that pertains to Record Address Files (RAF)
FSELEN 20-21 RAF Element Length v 2
F$CLOC 22-23 RAF current location in record 0 2
FSFPTR 24-40 RAF File FCT Pointer v 2

DEVELOPMENT DIVISION SANTA CLARA SYSTEMS PROGRAMMING
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MEMIOREX
r“\
"~ SECTION pace (VI(8c)
' RPG Generated Object Program ORIGINAL DATE 11/17/71
' REVISED DATE 4/21/72
Following is the portion of the table that pertains to Table/Array files.
Byte Description * Filled in T0 BY
(2/6 27 Pointer to Table Control (alternate v 3
table pointed to by TACT chain)
FSTCON{ 26=27Pointer—to—FtAET{tabtetarray—control-tabte)- 3

DEVELOPMENT DIVISION

SANTA CLARA SYSTEMS PROGRAMMING



MEM@REX

WR!TER SECTION
| SUBJECT

PAGE

ORIGINAL DATE

REVISED DATE

Generated Code Summary

tables. In line code consists of

Description

File Control Table

Buffer Description Table

Line Counter Table

Table/Array Control Table
Compile Time Tables/Arrays

Input Record ldentification Table
Input Field Moves

Level /Matching Field Moves

Cd cul ations

Output Moves

Constants

Output Record ldentification Table

© O N Ok wDdE

B
N B2

There are two major categories of %enerated code; In line code and interpreted
oth subroutine calls-and ‘straight line code.

Interpreted tables require run time subroutines to process them.

Following is a short summay of code generated by RPG Compiler:

Type  Generated By

T 1/0 Generator
T 1/0 Generator
T FE/Line Counter Generator
T FE/Line Counter Generator
T FE/Line Counter Generator

T Input Handling Generator
IL Input Handling Generator
IL Input Handling Generator
IL Cd cul ati on Generator

IL Output Generator

T Calc. & Output Generators
T Output Generator

Sl Tl B I B I S L Rt




E REACTIVE DESIGN Page _ VI(7)

COMPUTER
SYSTEMS SPECIFICATION Date —8/2/71

Subject _RPG GENERATED OBECT PROGRAM

Generated Code Groups

Each of the generation overlays generates code in one or more of the
compile time Groups. The size of each Group is kent track of and the
code formatter assigns the correct address to generated code b,
resolving the starting location of each Group.

Bdow is a lis't of each Group by the number that identifies it in the
generated code. Included with each Group is a list of all the
generators that produce code in that Group. The aenerators are
identified as follows:

Control Program Generator
Input/Output Generator

File Extension/Line Counter Generator
Input Handling Generator
Calculations Generator

Output Handling Generator

The CECTS are as follows:

ouklrwnE

No. Descrintion Generated hy

1 2 3 45 6
1 Object Time Communications Region X x X X X X
2 Not Usd
3 1/0/BDT X
4 File Control Table X X X X
5 Table Lookup/Line Counter Table X
6 Input Field Moves-Level/Matching Field X
7 Input Field Moves-Other X
8 Input Record ID Table X
9 Calculation X
10 Output Moves X
11 Not Usxd
12 Constants, Literals X X
13  Output ldentification Table - Group 1 X
14 output ldentification Table - Group 2 X
15 Output ldentification Table - Group 3 X
16 Output Identification Table - Group 4 X
17 Output Identification Table - Crouo 5 X
18 Output ldentification Table - Group 6 X
19 Daa Hold Area X X X
20 Not Usd
21 Indicators X X X X X

22 Buffers and record area X
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BLOCK DIAGRAM OF R.P. G. COMALERS

[ ' Source Input )
SYNTAX PHASE (builds resident field nare & file
(one overlay for each card type) description tables)

condensed - -

record : (Source

descriptions . To Code

\ 7y Formatting
r-»%, Entries ?i?étﬁgécgqg@ions (} Phase

TABLE OVERFLOW PHASE and Calculations

(optional - only of table overflow)

o e e i o
—— e o §,

-’

- —— m— - . w— g ]

) condensed - * Alternate Collatina Seauence
' . record .| * File Translation Tables
\ ' descriptions * Compile Time Talblles & Arrays
SE—— ] , ”
i d ‘ ) [N}
CODE GENERATION PHASE _ I/0,FE, Red Yoves, (uses resident' file
(5 overlays-Subrouti ne Generation, Calcs, OP) { description table)
_____________ 41
/ Prelimi nary ENTRIES
Object And ource
Code : XTRNS
\ Y
. ¥ 4
CODE FORMATTING RHAE
J ¢ .
. Source
%tr’gef;m Meamay ?lap
q o Error” Messages
1 L ‘
CROSS REFERENCE PHASE
- ‘ "] cross Reference
List




#ANPUT Cards
~~ Program Overlay in"Source Size Read _
MAX Normal(%) Bytes (Size) Write (Size)

Phase 1 - Scan
Compiler Executive 2,000 Open 0,1,2,3
Header Card Scan 1 1 750 0(80) 2(84)
#INS=1050/1i ne
File Description Scan 20 2or3 4,400 - 0(80) 1(40,2(84),3(20)
#INS-1230/1i ne pnts very few=0
File Extension Scan 60 0 to 2 )orer™d 0(80) 1(46),2(84)
#INS-1000/1i ne 3,900
Line Counter Scan 8 1 0(80) 1(20),2(84)
#INS=700/11ine
Input Spec. Scan o (33) 4,200 0(80) 1(27),2(84)
#INS=1000/1ine
Calculation Spec. Scan = (33) 4,164 0(80) 1(50),2(84),3(20)
#INS=1200/11ne very few=0
Output Spec. Scan 0o (33) 3,770 0(80) 1(28),2(84)
#INS=1000/1i ne (*Note: Close 3.keading and writing 1&2is a
1—1 relationship)
Phase 2
Overflow Phase (Optional) 2,000 1(as above) 4(Same as input length)
Phase 3 = Code Generation
1/0 Generator 3 3 4,000 1(40 5(300)in 8 geconds
#INS=1500/1i ne » open 5
Table/Array/Line counter Gen 3 3 2,000 0(80),1(46),1(20)  s5(50)
#INS=600/}]ne C|ose 2’0
Input Hand1ing Generator < (33) 4.168 1(27) 5(40),2(84)
#INS’—'800/]1H@ open 6
CALC.GEN,SUB. FHASE | o
#INS=700/11ine (33) 3,876 1(50)  6(50)
Calc.Gen.Sub.Phase | @ (33
SIS 600711 ne (33) 5,356 6(50)  5(50)
Output Handl}'ng Generator <« (33) 5.630 ](28) 5(60) in 2 records
#INS=700/1i ne closel,6: OPEN 2,3, OBECT & PRINTER
Phase 4 .
Code Formatter 4,500 5(50),2(84),3(20) , OP(50),List(132)
#INS=600/11ne close 2,3,5
Phase 5
Cross Reference (optional)
Not used

¢~ FILES: 1,2,3,4,5,6 = work files; 0 = source™file; OP = object program; |ist = source liting

4

(Reads in any compile time tables or arrays)



Iv.

MEMORY ALLOCATION

A. Minmunm buffer sizes

File:

0 Esource input)* - 84
1 [intermediate output)** -140
2 ésource intermediate) - 84
3 (extrns, entries) 24
4 (alternate intermedi a’ce}k 140
5 5generated code; -140
6 (Inter. gen.code -140

* 1 or 4is closed at end of Overflow
reopen 1 or 4.

Header Scan T/A,LCGen.

Header Scan Output G

Header Scan T/A,LC Gen.
Header Scan Output Scan
Overf 1av Phase * %k

1/0 G End of Job

Calc G | Output Gen.

Phase cross reference must

** The size buffer needed for file 0 (source input) is gotten from
data management. ,

| nput Source Buffer Size Init.
Card Reader 84
Teletype 124
Spooled Dynamic Nore
Library Dynamic Nore

|
]

1.

Init first 4 bytes as CSD header
Init first 4 bytes as C® header

‘B Memay Allocation - Partition Size greater than &.

Available free storage for tables and buffers =

High core address - 7000 bytes

Allocate other buffer sizes as:

File:

Allocate File 0 (source input buffer) same as & system

1 =16% of available free storage

2 =16% of available free storage

3 = 48 bytes ava

4 =168%00f available free storage
5 =/6% of available free storage
6 = ¥50f available free storage

Allocate remainder of available space to tables:



~92

768t)

min.

thytes

6580

2400

1580

Y

C Memory Allocation = Partition Size = 8K

SCANS

JCT, FDT
System Tables

BUFFER FILE 1
BUFFER FILE 2
BUFFER FILE 3
BUFFER FILE O

-

FILE NAME/DESC TABLE

FIELD DESCRIPTION
TABLE

SCAN
OVERLAYS

SCAN
COMMOM
SUBROUTINES

COMPILER
EXECUTIVE

COMMUNICATIONS AREA

8192

7680

4540
4400

2400

180

OVERFLOW
JCT, FDT
Systern Tables
BUFFER FILE 1 = (140)
'BUFFER FILE 2 = (84)
BUFFER FILE 3 = €24)
BUFFER FILE 0 = (?)

FILE NAME/DESC TABLE

FIELD DESCRIPTION
TABLE

BUFFER - FILE 4 (140)

OVERFLOW
PHASE

SCAN
GOMMON
SUBROUTINES

COMPILER
EXECUTIVE

”
“

COMMUNICATIONS AREA

8192

7680

7230

6380

1780
1580

180

GENERATORS

JCT,FDT
Systern Tables

BUFFER FILE 1 = (140)
BUFFER FILE § = (140)
BUFFER FILE 6 = (140)

FILE NAME/DESC TABLE

BUFFER FILE O
BUFFER FILE 2

GENERATOR
OVERLAYS

GEN. COMMON SUBROUTINES

COMPILER
EXECUTIVE

COMMUNICATIONS AREA




C. (Continued)

8192
7680

7432

1780
1580

CODE FORMATTER

JCT, FDT, PDT

BUFFER FILE 2

BUFFER FILE 3
BUFFER FILE 5

(84)
(24)
(140)

o

-

CODE
FORMATTER

(contains own buffer:;
for print and object
output-includes 600
byte BLIGEN sub-
routine)

GEN GOMMCN SUBROUTINES

COMP LER
EXECUTIVE

COMMUNI CATIONS AREA

CROSS REFERENCE

8192 ﬂ

JCT, FDT, PDT

7680

BUFFER FILE 1 = (140)
BUFFER FILE 5 = (140)
BUFFER FILE 6 = (140j

1780

CROSS
REFERENCE

(contains own buffer
for print file)

1580

GEN QOMMON SUBROUTINES

COMPILER
EXECUTIVE

COMMUNICATIONS AREA
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Preface

intent of the Manual

Thispublicationisintended asareferencefor programmers
writing RPG II specificationsfor the IBM System/3, Disk
System. Before using this manual, the reader must under-
stand the concepts and terms described in the following
publications:

1. IBM System/3 Disk System Introduction

2. IBM System/3 Card and Disk System RPG I
Fundamental sProgrammer’'s Guide

Division of Chapters

This publication hasten chapters. Chapter 1 isthe intro-
duction. Chapter 2 containsinformation commonto al
RPG coding sheets. Chapters 3-9 describe the seven types
of RPG specificationsin the order required by the RPG I
compiler. Chapter 10 contains supplementary information
on subjectsreferenced in other chapters. The subjects
presented in thislast chapter arein alphabetical order.

First Edition

Column Descriptions

Specificationsfor each coding sheet are described column
by column asa programmer would write them. Informa-
tion in every column descriptionis presentedin thisorder:

1. Lig of possibleentries.

2. Generd discussionof use of columnand considera
tionsfor al possbleentries.

3. Specificdiscussion of each entry

4.  Chartsand examples.

Page and Figure Numbers

Figure numbersand page numbersconsist of two numbers
separated by ahyphen. Thefirst number identifiesthe
chapter, and the second number identifiesthe figure or
peage within the chapter. For example, Figure 4-10 refers
to the tenth figurein Chapter 4.

Someillustrationsin thismanual have acode number in the lower comer. Thisisa publish-
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FUNCTION CF RPG Il

The RPG II language consistsof a symbolic programming
language and a compiler program. The RPG II symbolic
language is designed asa highly flexible, problem-solving
language. It alows programming solutionsto a wide variety
of data processingproblems. The compiler program trans-
lates the symboliclanguage program (source program) into
amachinelanguage program (object program). The object
program is used by System/3 to processinformation
according to the programmer's specifications.

Basicdly, then the program you have written undergoes
two basic processes.

Chapter 1. Introduction

1. Compilation (source program translated into object
program).

2. Execution (object program used to processdata).

In the first case, program specificationsdefined by the
programmer are used to produce machine-languageinstruc-
tions. Storage areasare automatically assigned, constants
or other referencefactors areincluded, and program rou-
tinesfor checking, for input/output operations, and for
other functions are produced.

In the second case, the machine-languageinstructions are
combined with the input data filesand both are processed
through the system to produce the desired reports and
output files.
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USING RPG i

The preparation of areport by meansof RPG 11 consists of
the general operationsillustrated in Figure 1-1 and
described asfollows. (The circled numbersin Figure 1-1
refer to the numbersin the following text.)

1.

1-2

The programmer evauates the report requirementsto
determine the format of the input filesand the layout
of thefinished report. For example, he determines
what fieldsin theinput recordsare to be used, what
calculationsare to take place, where the dataisto be
located in the output recordsand how many and
what kind of totals must be accumulated.

After the programmer hasevaluated the requirements
of the report, he providesthe RPG I1 program with
information about these requirements.

a. He describesdl files used by the object program
(input files, output files, table files, etc.) by
making entries on the File Description Specifica
tions sheet.

b. If the programmer uses record address files, tables,
or arraysin hisobject program, he furnishesin-
formation about them through entries on the
Extension Specificationssheet.

¢. He describeshisinput (record layout fieldsused,
etc). Thisisdone by making entries on the Input
Specificationssheet.

d. He states what processingisto be done (add,
subtract, multiply, divide, etc.) by meansof entries
on a Calcul ation Specificationssheet.

e. He definesthe layout of the desired report (print
positions, carriage control, etc). Thisisaccom-
plished by making entries on the Output-Format
Specificationssheet.

After the specificationshave been written on the
appropriate forms, the data on the formsis recorded
in punched cards. Each line on the form is punched
into one card.

These punched cards(called a source deck) are
preceded by the RPG II control card. The source
deck and the control card are placed into a card-read-
ing device and processed by the RPG II compiler
under control of the Disk System. At the end of this
processing run (referred to asthe compilation run),
the object program is produced and stored in the
working storage areaof the disk. Thisprogram
contains al! the machine instructions required to pre-
pare the desired report.

The programmer may now have the object program
punched into cardsfor storage or he may proceed
directly to processingof the object program.

The input filesare then read into the system and
production of the report begins. Thisisknown as
the object run.

MACHINE REQUIREMENTS

The minimum Syster/3, Disk System machine require-
ments for use of the RPG 11 language are;

® 12K bytesof core storage

5424 Multi-Function Card Unit

5203 Printer

5444 Di Storage Drive
5410 Processing Unit

The optional machine devices alowed are;

¢ 16K, 24K, or 32K bytes of core storage

® Two 5444 Disk Storage Drives

® 5471 Printer Keyboard

RPG Specification Sheets

The RPC specification sheets are used when coding an

RPG II program. The format and column headingson each
of these sheetsguide you in making the appropriate entries.
The sheetsare designed so that one card is keypunched
from each specificationline. There are five specification
sheets:

1.

Control Card and File Description Sheet. Thissheet
containstwo types of specifications:

a. Control card specificationsprovideinformation to
the RPG 11 compiler.

b. File description specificationsprovide information
about al files used in the program.
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Compiler Program
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Source Program
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source program into an object program.

) | l Object program in
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Figure 1-1. Reparation of a Report Using RPG 11
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RPG Controt
Card

Extension and Line Counter Sheet. Thissheet con-
tainstwo typesof specifications:

a. Extension specificationsprovide information
about tables, arrays, and record addressfiles.

b. Line counter specificationsprovideinformation
about the number of linesto be printed on the
formsthat are used.

Input Sheet. Thissheet isused to describe the records
inaninput file.

Output

Calculation
Specifications

input
Specifications

Extension and
Line Counter
Specifications

Description
Specifications

Figure 1-2. Card Arrangementin the RPG II SourceDeck

14

File Translation
Specifications

Specifications

Calculation Sheet. Thissheetisused to describeall
operations that are to be performed on the data.

Output-Format Sheet. Thissheet isused to specify
the arrangement and type of data that will be written
or punched on printed reports or cards, or stored on
disk.

Theinformation on the specification sheetsis
recorded in punched cardsto form your source
program. The arrangement of the cardsin asource
program deck isshown in Figure 1-2.

Table or Array
Loaded at
Compilation Time

Alternate
Cottating Sequence
Specifications

4 = blank

Some of these specifications
are optional, dependingon the
requirements of your program.



Thischapter definesthe entries which are common to all
RPG coding sheets. Each coding sheet containsthe follow-
ing entries:

1.  Columnsl1-2 (PAGE)

2. Columns3-5(LINE)

3. Column 6 (FORM TYPE)
4.  Column 7 (COMMENTYS)

5. Columns75-80 (PROGRAM IDENTIFICATION)

COLUMNS 1-2 (PAGE)

Entry Explanation

01-99 Page number

Columns 1-2 in the upper right corner of each sheet are used
to number the specificationssheetsfor your job. 'Y ou may
use more than one of each type of sheet if you need to, but
keep dl sheetsof the same type together. When all the
specifications sheets are filled out, arrangethem in the
followingorder:

1. Control Card and File Description

2. Extension and Line Counter

Chapter 2. Common Entries

3. Input
4. Calculation
5. Output-Format

Number the sheetsin ascendingorder.

COLUMNS 3-5 (LINE)

Entry Explanation

Any numbers Line numbers

Columns 3-5 are used to number the lineson each page.
Columns 3-4 are preprinted on each sheet, so in most cases
line numberingisaready done for you. For instance, the
Control Card and File Descriptions sheet containsline
numbersfor lines01-07. If you need more than 7 lines

on one sheet, enter 08 in columns 3-4 below line07. Then
09 can be entered if it isrequired. The blank areas below
the preprinted numbers can be used to insert aline between
two linesyou have completed (see Example).

The control card specification lineisawaysline 01. Any
other lineson the sheets can be skipped. The line numbers
you use need not be consecutive, but should be in ascending
order.
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Example

Figure 2-1 showsthe insertion of aline between two lines

that are already written. To show that aline belongs

between line 02 and line 03, a5 is placed in column 5 (any

number 1-9 can be used). Line 025 should be inserted
between 02 and 03. All lines inserted between existing
lines should be written after the last line with a printed
line number.

Note: After the source cards have been punched, cards
frominsert lines must be placed in proper sequence.

COLUMN 6 (FORM TYPE)

Entry Explanation

Entry

m

—

Explanation

Extension specifications
Line counter specifications
Input specifications
Calculation specifications

Output-Format specifications

Column 6 contains a pre-printed letter on al sheets. The
letter identifies the type of specificationsfor each line of
coding. TheH entry in column 6 of the Control Card

H Header card (control card specification)
P standsfor header card. The header card must dwaysbe the
, - N first card in the RPG II source program deck (Figure 1-2).
F File Description specifications
IBM International Business Machines Corpatation Form X21-8082
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Figure2-1. Insertion of Lines
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COLUMN 7 (COMMENTS)

Entry Explanation

#* Comment line

Y ou often want to write comments that will help you
understand or remember what you are doing in a certain
section of coding. RPG II alowsyou to use an entireline
for these comments. The comment line isidentified by
placing an asterisk in column 7. Any charactersin the
character set may be used in acomment line. A cardis
punched from thisline and the comments appear in the
source program listing.

Commentsare not instructionsto the RPG II program.

They serve only asameansof documenting your program.

A comment line cannot be written in the Control Card
specificationsline.

Note: To be compatible with other RPG systems, the
specification sheets show only 80 card columns that are
used for RPG I coding.

COLUMNS 7580 (PROGRAM IDENTIFICATION)

Entry Explanation

Any Programidentification.

characters

Blank RPGOBJ is assumed.
Control Cards

Columns 75-80 of the control card are used to name your
object program. This nameisused in a program directory
which containsthe location of your programon disk. You
may use any combination of charactersin these columns.
The compiler placesthe first four characters (columns
75-78) into positions 89-92 of each record in your object
program. If columns 75-80 are left blank, the compiler
assumesthe entry isRPGOBJ. (The compiler uses columns
93-96 of each abject program record for consecutive num-
bering of the records.)

All Other Source Cards

Columns 75-80 on al source program cards, except the
control card, may contain any characters. These columns
may use the program name in the control card, or the
column may contain any other charactersto identify a
certain portion of the program. Theseentries are ignored
by the compiler, but will appear in the source program
listing.






One control card isrequired for every program. It provides
specid information about your program and describesyour
system to the RPG H compiler. Without thisinformation
your source program cannot be tranglated into an RPG 1I
object program. To help you code the control card, one
specificationlineis provided on the Control Card and File
Description sheet (Figure 3-1).

COLUMNS 1-2 (PAGE)

See Chapter 2.

Chapter 3. Control Card Specifications

COLUMNS 35 (LINE)

See Chapter 2.

COLUMN 6 (FORM TYPE)

An H must appear in column 6. A control card with an /7
in column 6 must be entered for every program even if dl
the other control card columnsareleft blank.

International Business Machines Corparation Form X2% 9002
IBM Printed m US.A,
¢
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COLUMNS 7-9 (CORE SIZE TO COMPILE)

Columns 7-9 are not used. Leavethem blank. Any entry
in these columnsisignored by the compiler. The program
iscompiled in the available core storage.

COLUMN 10 (OBJECT OUTPUT)

Entry Explanation
Blank Object program iswritten temporarily in
the object library.
{/‘« A
L c o . Object programiswritten permanently
e in the object library.
P Object programis punched into cards.

Column 10 isused to indicate the output you want asa

result of compilingthe source program. The object program

isalwayswritten in the same object library in which the
compiler resides.

Y ou will usualy want the object program written tem-
porarily in the object library until you have corrected any
severe errorsin your program. When a program iswritten

Column 11 providesfor listing optionsat the time your
source program is compiled. Compilation will cease after
the program ligting is complete if any severe errorsare
found.

The blank entry isthe usual case, producing an object
program (if no severe errorsare found), an object program
listing, and acore map. The program listing consists of the
source program and error messages. The core map lists
relative addresses of fields, constants, 1/O areas, etc.

The D entry meansthat no object program will be
produced; however, a program listing with error messages
and acore map are printed. Thisentry can be used if you
think the program has many initial errors. In such acase,
it isnot advisable to produce an object program until these
errorsare reduced in number. The D entry overridesany
entry made in column 10 of the Control Card Specifica
tionsline.

temporarily in the object library, it will be overlaid by the ..i _coLumns 12-14 (CORE gjzg TO EXECUTE)

next program written in the object library.

COLUMN 11 (LISTING OPTIONS)

Entry Explanation
Blank . Theobject programis produced (if
no severe errors are found).
2. A programlistingis printed.
3. Acoremapisprinted.
D 1 The object programisnot produced.

(The D entry overridesany entry in
column 10 of the Control Card
Specifications.)

2. Theprogramlistingis printed.

3. A core mapisprinted.

Entry Explanation

Blank The core storage available for object pro-
gram execution isthe same asthat used to
compilethe program.

001-029 The core storage availablefor program

execution (if different from core storage
availablefor object program generation).

Columns 12-14 define the core storage availablefor program
execution. Theentry must end in column 14. The entry
issomemultiple of 1K bytesof storage(K=1,024).

Thisentry may be different from the core storage avail-
ablefor object program generation for two reasons: |)

Y our program may be executed on a different system from
the one that compiled your program, or 2) You are using
the Dual Program Feature.

If the system used for program execution is different from
that used for compilation, subtract the amount of core
storage occupied by the supervisor from the total core
storage of the system used for execution.

If you are using the Dud Program Feature, subtract the
amount of core storage occupied by the second object
program and the supervisor from the total core storage of
the system used for program execution.



COLUMN 15 (DEBUG)

Entry  Explanation
Blank  DEBUG operation is not performed.
1 DEBUG operation is performed.

Use column 15 to indicate whether or not the DEBUG opera
operation is performed. In order to perform a DEBUG
operation:

1 A I must appear in column 15 when the source pro-
gram is compiled,

2.  The DEBUG operation code must appear in calcula
tion specifications.

See Operation Codes, Debug Operationin Chapter 10 for
more information.
COLUMN 16

Column 16 isnot used. Leaveit blank.

~ - COLUMNS 17-20 (STERLING)

Columns 17-20 are used to describe the format of the
sterling fields used in sterling currency. |If you are not using
sterling, these columns must be left blank. See Serlingin
Chapter 10 for more information.

- . COLUMN 17 (INPUT—SHILLINGS)

Entry Explanation

Blank Sterling currency is not being used.
1 Input shilling fieldisin IBM format.
2 Input shilling field isin BS (British

Standards institute) format.

wu ... COLUMN 18 (INPUT—PENCE)

Entry Explanation

Blank Sterling currency is not being used.
1 Input pencefieldisin IBM format.
2 Input pencefieldisin BS format.

COLUMN 19 (OUTPUT—SHILLINGS)

Entry Explanation

Blank Sterling currency is not being used.

0 Output shilling field is to be printed only.

1 Output shillingfield isto be punched in
IBM format.

2 Output shilling field isto be punched in
BSI format.

COLUMN 20 (OUTPUT-PENCE)

Entry Explanation

Blank Sterling currency isnot being used.

0 Output pencefield isto be printed only.

1 Output pencefieldisto be punched in
IBM format.

2 Output pencefieldisto be punched in
BY format.

The same fieldsmay be both punched and printed. Although
they are dwayspunched in the selected format (IBM or

BSl), the printed output is not affected by the selected
format. Printed fields always have two positions in both the
penceand shilling fields. See Serlingin Chapter 10 for
more information.

".~COLUMN 21 (INVERTED PRINT)

Entry Explanation

Blank Domestic format.

I World Trade format.

J World Trade format (leading zero remains
for zero balances).

D United Kingdom format.

Use column 21 to describe the format and punctuation used
in numeric and UDATE fields. The blank entry specifies
the domestic format of month/day/vear for UDATE fields
(10/15/69), and a decimal point for numeric fields (183.55).
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Thel entry specifiesthe World Trade format of
day.month.year for UDATE fields(15.10.69), and adecimal
commafor numeric fields(183,55).

The J entry specifies the same World Trade format asthe
| entry with one exception. When the Jentry isused, zero
balancesare alwayswritten or punched with one zero to
the left of the decima comma(such as0,00). Also this
leading zero appearsfor the Jentry when there is somevaue
in the field, but thereisno value to the | eft of the decimal
comma(such as0,04 or 0,10). The Jentry overridesany
edit codes used for zero suppression; that is, the leading zero
that appearsfor the J entry cannot be removed by an edit
code.

The D entry specifiesthe United Kingdom format of
day/month/year for UDATE fields(15/10/69), and a
decimal point for numeric fields(183.55).

COLUMNS 22-25

Columns 22-25 are not used. Leave them blank.

COLUMN 26 (ALTERNATE COLLATING SEQUENCE)

Entry Explanation
Blank Normal collating sequenceis used.
S Alternate collating sequenceis used.

Use column 26 only if you are altering the normal collating
sequencefor thisjob. See Alternate Collating Sequencein
Chapter 10 for more information.

COLUMNS 27-36

Columns 27-36 are not used. Leave them blank.

COLUMN 37 (RPG INQUIRY SUPPORT)

Entry Explanation

Blank This program cannot be interrupted (does
not recognize an inquiry request).

B This program can be interrupted (does

recognize an inquiry request).
This programisan inquiry program that

can only be executed when an inquiry
request is made.

34

System/3 Disk System allowscertain programsto be
interrupted while they are being processed. A request for
interruption iscalled an inquiry request (made by depres-
sion of theinquiry key on the printer-keyboard). Programs
are usualy interrupted to permit another programto run
and then control isgiven back to the first program.

A blank entry in column 37 indicates that the program
cannot be interrupted (does not recognize an inquiry
request).

A ""B" entry indicates that the program can be interrupted
(will recognizean inquiry request).

An I entry indicates that the programisan inquiry pro-
gram that isexecuted only when the inquiry request is
made. Usudly thistype of programisreadin only whena
B type programisinterrupted. In thiscasethel type pro-
gramwill not recognizean inquiry request. However,if an
| type program isloaded in the normal manner (not because
of aprograminterrupt) it can only be executed when an
inquiry request ismade. Whilethis programisrunning, it
will not recognizean inquiry regquest.

The RPG inquiry request isoutlined in these steps:

1. Only aBtype programwill recognize an inquiry
request.

2. When the program recognizeson inquiry request,
a""Roll-Out" routine movesthe interrupted program
from main storageto disk.

3. The programfor which the interrupt was requested
isprocessed. Theinterrupting program may be any
type (blank, B, or I). Thisinterrupting program can-
not be interrupted no matter what type it may be.

4.  After theinterrupting programisexecuted, the
interrupted program movesback into main storage
using a'* Roll-In" routine. Theinterrupted program
beginsexecution at the point of interruption and
terminatesin anorma manner.

Note: In the dual program mode the same specifications

apply except that only level | programscan be interrupted
and "' Rolled-Out™.

COLUMNS 38-40

Columns 38-40 are not used. Leave them blank.



COLUMN 41 (FORMS POSITIONING)

Entry Explanation

Blank

P

I First 1P line can be printed repeatedly.

First 1P lineisprinted only once.

When formsarefirst inserted in the printer, they may not
alwaysbein perfect dignment. Sometimesit requiresthe
printing of several linesto determine the correct positioning
of the form. Sinceyou do not want to print severd lines of
your report before you get the forms positioned correctly,
you have the option of repeatedly printing the first line
conditioned by the first page (1P) indicator. Each time the
1P lineis printed, the program halts so you may reposition
the forms if needed.

COLUMN 42

Column 42 isnot used. Leaveit blank.

COLUMN 43 (FILE TRANSLATION TABLES)

Entry Explanation
Blank No file translation is needed.
F Input, output, update, or combined files

are to be trandlated.

Use column 43 only when information contained in an
input, output, combined, or update file isin aform which
isnot usable by your program. When file trandation is
specified for an update or combined file, both the input
and output portion of thefileistrandated.

An Fin column 43 indicates either or both of the follow-
ing: The character code used in the input data must be
trandlated into aform that can be used by your program,
or the output data must be in a character code different
from that used by your program.

The specificationsfor forming afile trandation table are
discussed under File Trandation in Chapter 10.

COLUMN 44 (LEADING ZERO SUPPRESSION]

Entry Explanation
Blank Leading zeros are removed.
1 Leading zerosare used.

Thiscolumn appliesonly to output on the MFCU. If the
column isleft blank, al numeric output fields on the MFCU
will have leading zeros removed. Enter a 7 in column 44
when you wish to have leading zeros on fields punched or
printed by the MFCU.

If an edit word or edit code isdefined for recordstc be
printed or punched on the MFCU, the edit word cr code
will override column 44. See Editing in Chapter 10 for the
other waysin which to suppressleading zeros.

| COLUMN 45 (UNPRINTABLE CWARACTER OPTION}

Entry Explanation

Blank Program haltsif an unprintable character
isto be printed.

1 No program halt for such unprintable
characters.

Column 45 isused to bypass machine halts for unprintable
characters. Thiscolumn appliesto the printer and the
printer keyboard, All charactersare known to the system
by a numeric code. if a numeric code isformed whichis
not known to your system (not in your character set) and
that character isto be printed. the machine will halt with-
out attempting to print.

If you wish to bypassthishalt, enter 1 in column 45. An
unprintable character will be printed asablank and no halt
will occur. Note, however, that this option could make
sometypes of output data meaningless.

COLUMNS 46-74

Columns46-74 are not used. Leave then blank.

COLUMNS 75-80 (PROGRAM IDENTIFICATION)

See Chapter 2.
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Chapter 4. File Description Specifications

File description specificationsare required for every file COLUMNS 1-2 (PAGE)
used by a program. Write these specifications on the Con-
trol Card and File Description sheet (Figure 4-1). Only one
lineis needed to describeafile.

At the end of this chapter isaseriesof charts showing
dl possiblefilesthat can be defined on the File Description
sheet (see Figures4-14 through 4-20). The chartsare
arranged by device, showing the basic entries for all possible
disk, card, console, and printer files.

See Chapter 2.

COLUMNS 3-5 (LINE)

See Chapter 2.
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COLUMN 6 (FORM TYPE)

An F must appear in column 6.

COLUMNS 7-14 (FILENAME)

Use columns 7-14 to assign a unique name to every file used
inyour program. Every file must be named, with two
exceptions:

1. Compiletimetablesor arraysare not described, and
must not be named on the File Description sheet.
Compile time tablesor arrays are described on the
Extension sheet.

2. Execution time tables and arrays are described on the
File Description sheet. However, if more than one
execution time table or array isassigned to the MFCU,
only one of the tables or arrays need be named and
described on the File Description sheet. Note, how-
ever, that all execution time tables and arrays must
have a unique name and must be further described on
the Extension sheet.

The filename can be from 1-8 characters long, and must
beginin column 7. Thefirst character must be an alpha
betic character. The remaining characters can be any com-
bination of alphabetic and numeric characters (specia
characters are not allowed). Blanksmay not appear between
characters in the filename.

COLUMN 15 (FILETYPE)

Entry Explanation

| Input file

O Output file

U Update file
“c Combined file

D Display file

Use column 15 to identify the way in which your program
uses the file,

4-2

Input files are recordsthat a program usesasa source of
data. When input filesare described in a program it indi-
cates that records are to be read from the file. All Input
filesmust be further described on the Input sheet with two
exceptions: Table filesand Record Addressfiles must be
further described in the Extension sheet.

QOutput files are records that are written, punched, or
printed by a program. All Output files, except table output
files, must be further described on the Output-Format sheet.

Update filesare disk filesfrom which a program reads a
record, updates fields in the record, and writes the record
back in the location from which it wasread. Updatefiles
must be further described on both the Input and Output-
Format sheets,

A Combined file isafile which isboth an input file and an
output file. A combined file must be assigned to the MFCU
or the console. A program reads records from a combined
fileand includes output data on the recordsin the file.

The result isone file that contains both input and output
data. Combined filesmust be further described on both
the Input and Output-Format sheets.

ADisplay file isa collection of information from fields
used by a program. The DSPLY operation code must be
used on the Calculation sheet in order to print afield or
record directly from storage and/or key datainto afield
or record in storage. Display filesneed only be described
on the File Description sheet. The device associated with
adisplay file must be a console. See Operation Codes,
Display, in Chapter 10 for more information.

COLUMN 16 (FILE DESIGNATION)

Entry Explanation

P Primary file

S Secondary file

C Chained file

R Record address file

T Tablefife (execution time tables or
arrays)

D Demand file

Use column 16 to further identify the use of input, update,
and combined files. Leave the column blank for display
files,and dl output filesexcept chained output files(direct
load).



Primary File

Aprimary fileisthe main file from which a program reads
records. In multifile processingthe primary fileisused to
control the order in which records are selected for process-
ing. It canbeaninput, update, or combined file. In pro-
gramsthat read records from only one file, that file isthe
primary file. Every program must have one, and only one,
primary file. If more than orié primary file is specified, all
but thefirst primary file named are considered secondary
files.

If no Pentry ismade in the file description specifications,

the first Secondary file defined will be taken as the Primary
file. When no Secondary filesare present in the program,
the first Demand file will be used asthe Primary file. If
none of the above are present, awarning isissued and the
program cannot be executed.

Secondary Files

Secondary filesapply to programsthat do multifile proc-
essing. All of the filesinvolved in multifile processing
except the primary file are secondary files. A secondary
file can be an input, update, or combined file. Secondary
filesare processed in the order in which they are written
in the file description specifications.

Note that table, chained, record address, and demand
filesare not involved in record selection in multifile proc-
essing.

See Multifile Processingin Chapter 10 for more informa-
tion on primary and secondary files.

Chained Files

A chained file isa disk file that uses the CHAIN operation
code to:

1. read records fandomly"

2. loada {iirect file

A chained file can be an Input, Output, or Update file.
See Column 28 /Mode of Processing), Random, in this
chapter, and OperationCodes, CHAIN, in Chapter 10.

Record Address Files

Arecord address file 1s an input file that indicates (1}
which records are to be read from a disk fileand (2) the
order in which the records are to be read from the disk file.
You cannot use more than one record address file in a pro-
gram. All record address files must be further. defmed in
extension specifications. -

Record address files contain record-key limits or disk
addresses. Record address files that contain record-key
limits can be disk files, card files, or can be entered by the
printer-keyboard.

Record address files that contain disk addresses can only
be disk files. Those files that contain limits are used with
indexed files only. See Column 28 (Mode of Processing),
Sequential Within Limits in this Chapter for more informa-
tion.

Record address files on disk that contain disk addresses
are called ADDROUT {address outpui) files. They are
produced by the Disk Sort program and can be used with
any type of disk file. See Column 28 {Mode of Processing),
By ADDROUT File in this chapter for more information.

Table Files

A table file is an input file that contains table entries. The
entries can be read into the program during the compilation
or execution of the program. Only execution time : tables
are described on the File Description sheet. However “both
execution and compile time tables must be described in
extension specifications.

Entries read during compilation become a permanent
part of the program. Both compile and execution time
tables may be changed at execution time. Compile time
tables, however, can be permanently altered only by
recompiling the program. Execution time tables can be
permanently altered each time the program is executed.

Table files are not involved in record selection and proc-
essing. They are only a means ¢ of supplying entries for o
tables used by the program. | When table files are read dur- |
fing /“ing the execution of the pmgram the program reads all of |

| the entries from the table files before it begins record
: _ processing. I table filesmust be further defined in
extension spemﬁcatzom

e

Demand Files

Demand files can be Input, Update, or Combined files.
The FORCE operation code must be used in calculation
specifications in order to read from a Demand file. See
Operation Codes, FORCE, in Chapter 10.
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COLUMN 17 (END OF FILE)

Entry Explanation

E All records from the file must be proc-
essed before the program can end.

Blank I.  Theprogram can end whether or

not all of the records from the file
have been processed.

[

if column 17 is blank for dl of the
files, al recordsfrom every fiie
must be processed before the pro-
gram can end.

Columan 17 applies to programs that perform multifile
processing. Use it to indicate whether or not the program

can end before all of the records from the file are processed.

It applies only to input, update, and combined files that
are used as primary and secondary files.

A program that performs multifile processing could reach
the end of one file before reaching the end of the others,
It therefore needs some indication of whether it is to con-
tinue reading records from the other files or end the pro-
gram. An entry in column 17 in the descriptions of the
files provides that indication.

if the records from all of the files must be processed,
column 17 must be blank for all files, or contain £’s for all
files.

COLUMN 18 (SEQUENCE)

Entry Explanation

A Sequence checking isto be done. Records
in the file are in ascending order.

D Sequence checking is to be done. Records
in the file are in descending order.

Blank No seguence checking Is to be done.

Column 18 applies to update files, combined files, and all
input files except table files. Leave column 18 blank for
output, display, record address, or table files, and for all
random processing (R in column 28). Use it to indicate
whether or not the program is to check the sequence of the
records. Use columns 61-62 on the Input sheet to identify
the record fields containing the sequence information.

Sequence checking is required when match fields are used
in the records from the file. When a record from a match-
ing input file is found to be out of sequence, the program
halts, and the operator will have three options:

44

1. bypassthe record out of sequence and read the next
record from the same file, or

2. bypassthe record out of sequence, turn on the LR
indicator and perform al end-of4ob and final total
procedures, or

3. cancel the entire program.

If column 18 is blank and matchingfieldsare used, the
compiler assumes that the entry is4 and prints a warning
message. For more information, see Columns 61-62
(Matching Fields) in Chapter 7.

COLUMN 19 (FILE FORMAT)

Entry Explanation

F Fixed-length records
Column 19 must contain an F entry. Thisentry indicates

that dl of the recordsin the file are of the samelength. A
blank entry isassumed as 7.

COLUMNS 20-23 (BLOCK LENGTH}

Entry Expl anati on

A number Recordsare blocked. The number is
that isa some multiple of the record length.
multiple of

record length

A number Records are unblocked. The block
that equals length equalsthe record length.
record length

Use columns 20-23 to indicate the block length. An entry
must be made in these columnsfor every disk file. For

the MFCU, printer, or console enter avalue equal to

record length. The block length isa multiple of record
length, indicating the number of recordsyou want the
programto read or write on disk at one time. If the record
length is 120, you might have a block length of 480,
indicating that you want 4 recordsread or written on disk
a onetime. The program runsmore quickly when records
are blocked. Blockingdoesnot affect the order of records
stored on disk. The entry must end in column 23, and
leading zeros may be omitted.



The block length must be amultiple of the record length.
If the record length is 120, the block length must be 240 or
360 or 480 and so on. However, the system must read and
write data from the disk in multiplesof 256 characters. If
your block length is 80, the system must actually read in
256 characters. If your block iength is 260, the system must
read in 512 characters (2 x 256).

Therefore, the most efficient blocking you can do isto
have your block length as close as possibleto a multiple
of 256. For arecord length of 120,240 isamore efficient
block length than 120, since 240 iscloser to 256. Also, for
the same record length, 480 isamore efficient block length
than 360 because 480 is closer to amultiple of 256 (512).
If you specified 360 asa block length, 512 characters must
be read in by the system, so you might aswell include
another record, making your block length 480.

COLUMNS 24-27 (RECORD LENGTH])

Entry Explanation

1-4096 The number of charactersin each record,
limited by the device used.

Blank The maximum record length of the device

isassumed.

Use columns 24-27 to indicate the length of the recordsin
the file. Any entry must be madein these columnsfor a
disk file.

All of the recordsin one file must be the same length.
(For update files, the length of a record after the record is
updated must be the same asit was before the record was
updated.) The maximum length allowed depends upon the
device assigned to the file.

Device Maximum Length

MFCU 96

Printer 96,120, or 132 (depending on the size
of the print positions)

Disk 4096

Console 125

The record length may be shorter than the maximum
length for the device, but not longer.

The entry you placein these columns must end in column
27. Leading zeroscan be omitted. If columns 24-27 are
left blank for adisk file, awarning isissued and the program
will not be executed. If these columnsare |eft blank for
any other devices, the maximum record length of the device
is assumed.

COLUMN 28 (MODE OF PROCESSING)

Entry Explanation
L Sequential Within Limits
R 1 Random By Relative Record
Number
2. Random By Key
1}*‘5 By ADDROUT File

4.  Direct fileload (random load)

Blank 1. Sequential By Key

2. Consecutive
Use column 28 to indicate the method by which records

areto be read from the file or to indicate that a direct file
load (random load) is to take place.
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.\ For disk files specified as primary, secondary, or chained
| files, the possible methods depend upon the organizations
of the files (Figure 4-2). For the other types of files, conseC-
~utive processing is the only possible method.
" Column 31 is used to further identify the method for the
program. See Column 31 (Record Address Type) in this
chapter.

To indicate a direct file load (random load) enter an R ~__
in column 28.

i
|
¢
<.

Consecutive

The consecutivemethod appliesonly to sequential and
direct files. During consecutiveprocessing recordsare
read in the order in which they physically appear in the
file. The contentsof spacesleft for missing recordsin
direct filesare read asthough the records were there.
(When adirect file isloaded, such spaces are filled with
blanks.)

PRIMARY AND SECONDARY FILES

Organization Possibie Methods
Sequential 1. Consecutively
2. By ADDROUT file

Direct 1. Consecutively
2. By ADDROUT fife

Indexed 1 By ADDROUT file
2 Sequentially by key
3. Sequentially within limits.

CHAINED FiLES

Qrganization Possible Methods

Sequential Randomly by relative
record number

Direct Randomiy by relative
record number

indexed Randomly by key

Figure 4-2. Possible Record-Retrieval Methods for Disk Files
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The program readsrecordsfrom the file until either the
end of that fieisreached or the program ends dueto the
end of file condition of another fie. SeeColumn 17, End
of Filein thischapter for more information about the
second condition.

By ADDROUT File

An ADDROUT (addressoutput) fileisa record address
file on disk produced by the Disk Sort program. It contains
addressesof recordsin adisk file.

When an RPG II program usesan ADDROUT file, it reads
adisk addressfrom the ADDROUT file. The program then
locatesand readsrecordslocated at that addressin the
original disk file. Recordsare read in this manner until
either the end of the ADDROUT fileisreached or the
program ends due to the end of file condition of another
file. SeeColumn17, End of Filein this chapter for more
information about the second condition.

Sequential By Key

The sequential-by-key method of processing appliesonly
to indexed disk files that are used as primary or secondary
files

Recordsare read in ascending key sequence (the order in
which the record keys are arranged in the index portion of
thefile). The programreadsrecordsuntil al recordsin the
fieare processed or the program ends due to the end of
fiecondition of another file. See Colunn 17, End of File
for more information about the second condition.

Sequential Within Limits

The sequential-within-limitsmethod appliesonly to indexed
disk filesthat are used as primary and secondary files.
Recordsthat areidentified in certain segmentsof theindex
areread. The segmentsareidentified by setsof limitsin
recordsfrom arecord addressfile. A record addressfile
using limitscan be located on disk, punched in cards, or
entered by the printer-keyboard. A set of limitsidentifying
asegment consistsof the lowest record key and the highest
record key from the segment.

The program usesone set of limitsat atime. Records
are read in the order in which the record keys are arranged
in the segment of theindex identified by the limits. When
the recordsidentified in one segment have been read, the
program readsanother set of limitsfrom the record address
file. The program continues reading recordsin this manner
until either the end of the record addressfile is reached or
the program ends due to the end of file condition of another
file. SeeColumn 17, End of Filein thischapter for more
infomation about the second condition.



The format of the recordsin arecord addressfile contain-
ing limits must conform to these rules:

1.  Onlyoneset of limitsisallowed per record in the
record addressfile. Thelength of the RAF record,
therefore, must be twice the length of the record key.

2. Thelow record key must begin in position one of the
record. The high record key must immediately follow
the low record key. A record key can be from 1-29
charactersin length. No blanksare alowed between
the two keys.

3.  Thelow record key and the high record key must be
equa in length and each key must be equal in length
to the key field length specified in columns 29-30.
Therefore, leading zeros may be necessary in speci-
fying numeric record keys.

4.  Anaphamericrecord key may contain blanks.

The same set of limitscan appear in more than one record
addressrecord, Datarecords, therefore, can be processed as
many times asyou wish.

The two record keysin a set of limits can be equal. The
segment of the index in this case contains only one record

key.

Random

The two methods, random by relative record number and
random by key, apply to chained files only. They require
the use of the CHAIN operation code. The recordsof afile
to be read or written must be processed by the CHAIN
operation code. The recordsare read or written only when
the CHAIN statementsthat identify them are executed.

For sequential and direct files, relative record numbers
must be used to identify the records. Relative record num-
bersidentify the positionsof the recordsrelativeto the
beginning of thefile. For example, the relative record num-
bersof the first, fifth, and seventh recordsin afile are 1,
5, and 7 respectively.

For indexed filer;,record keysmust be used to identify
the records. A record key isthe information from the key
field of arecord. Theinformation isused in the index por-
tion of the file to identify the record.

Records are read during the calculation phase of the pro-
gram. Therefore, they can be executed during detail or
total calculation. Note then, that fields of recordsread
from chained update files can be read and atered during
total calculationsand the recordscan be updated (written
back on the file with alterations) during total output; the
same aso appliesto detail calculationsand detail output.

COLUMNS 29-30 (LENGTHOF KEY FIELD OR
RECORD ADDRESSFIELD)

Entry ==  Explanation
Number Length of record key or disk address

Columns 29-30 appiy only to indexed disk filesand record
addressfiles. Useit to indicate:

1. Thelength of the record keysin indexed files and
record addressfilesthat contain limits.

2.  Thelength of the disk addressesin ADDROUT files.

Sy

“ All of the key fieldsin the recordsin an indexed file
.._must be the same length. The maximum is 29 characters. |

“All of the disk addressescontained in an ADDROUT file
are three characterslong.

COLUMN 31 (RECORD ADDRESS TYPE)

Entry Explanation
A Record keysare used in processing and
loading indexed files.

Thefileisbeing processed by using disk
addressesfrom the ADDROUT file or the
fileisan ADDROUT file consisting of
disk addresses.

Rdlative record numbersare used in
processing sequential and direct files.

Blank 3.
2. A sequential or direct fileisbeing
loaded.
3. Recordsare read consecutively.
Column 31 applies to disk files specified asinput, update,
or chained output files. It indicates the way in which
records in the file are identified (see Figure 4-3). Together,
columns 28 and 31 indicate:
1. themethod by which recordsare read from thefile

2. adirect fileload.

For ADDROUT files, column 31 must containan I. It
indicatesthat disk addressesare used in processing.




PRIMARY AND SECONDARY FILES
Method Column 28 Column 31
Consecutive Blank Blank
By ADDROUT R 1
Sequential By Key  Blank A
Sequential Within L A
Limits

CHAINED FILES

Method Column 28 Column 31
Random By Relative R Blank
Record Number
Random By Key R A
Direct File Load R Blank *
(Random Load) .

* A direct file load requires an O in column 15 and a € in column 16.

Figure 4-3. Specificationsldentifying Methods for Retrieving Records

COLUMN 32 (FILE ORGANIZATION OR ADDITIONAL
1/0 AREA)

Entry Explanation

| Indexed file

T ADDROUT file

19 Sequential file or direct file. Use two
input/output areasfor the file.

Blank Sequential file or direct file. Use one

input/output areafor thefile.

» in ascending sequence or keysin non-ascending sequence.

Use column 32 to (1) identify the organization of dl files
except ADDROUT files(2) identify ADDROUT files, and
(3) indicate whether one or two input/output areasare to

be used for sequential filesor direct files.

File Organization

File organization is the arrangement of recordsin afile.
The three types are indexed, direct, and sequential. Files
organizedin these waysare called indexed files, direct files,
and sequential files, respectively.

Indexed Files

An indexed fileisadisk filein which the location of records
isrecorded in a separate portion of the file called an index.
The index and its associated file occupy adjacent positions
on disk. Theindex contains the record key and disk address
of every record (Figure 4-4).

A record key isthe information from the key field of a
record. The record key can be used to identify the records
of anindexed file. Record keysare dwaysrequired in an

_indexed file. {Indexed filesmay beloaded with the keys ~ 7

" After afileisloaded in non-ascendingkey sequence, the
" keysin theindex are placed in ascendingsequence. See
Column 66 of the File Description sheet for a definition of
the unordered load function.

g |



Record Key

Records are stored in the data portion of the
file in the same order in which they are read.
When a record is stored in the data portion,
an entry for the record is made in the index.
After the last entry has been made in the
index, the entries are sorted into ascending
order according to the record keys.

7/
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//
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rd
rd
//
///
//
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V4
} { 1 | i |
8/01 | 5/D2 | 2/D3 | 1/D4 | 3/D5 | 4/D6 6 115t Record | 51! 2nd 2§ 3rd 11 4th 31 5th 4 ) 6th
[ : i i I {
e @l\ D2 D3 D4 D5 D6
t T e e T A Disk Location
Y '
Index* Data

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

The order of the records in the data portion remains
unchanged when the entries in the index are sorted.

{ | ] I
1/D4 | 2/D3 |3/D5 {4/D6 | 6/D2 |6/D1 6 | 1st Record 5‘12nd 24 3rd 1, 4th 3j 5th 416th
I | | ! :
D1 D2 D3 D4 D5 D6
L AN
Y Y
Data

Index

Figure4-4. Indexed File Organization



Direct Files

Direct files are disk filesin which records are assigned
specific record positions. Regardlessof the order in which
the records are put in the file, they awaysoccupy a speci-
fic position (a specific disk addres~) Relative record num-
bers identify the relative position of arecord within the
file.

Before a direct file is loaded the entire disk areafor the
direct file is cleared to blanks. Spacesarereservedin a
direct file for records not available at the time thefileis
loaded. (See Figure 4-5.)

Sequential Files

Sequential filesarefilesin which the order of the records
is determined by the order in which the recordsare put in
the file. For example, the tenrh record put in thefile
occupiesthe tenth record position.

Filesother than disk filesare dwayssequentia files.
Disk filescan be sequential, direct, or indexed files, except
when the filesare used as demand files. Demand filesmust
be sequential files.

Hetative Record Number® // \

* The programmer usually derives relative record numbers from information in the records.

Figure 4-5. Direct File Organization

416

Additional input/Output Area

Normally the program usesone input/output areafor each
file. A second area, however, can be used for sequentia
and direct disk fifesand non-disk files, specified asinput

or output filesin column 15. Additional input/output
areas cannot be used for table or demand files. The devices
associated with these filescan be the disk and MFCU for
input or output files, and the printer for output filesonly.
If you want two areasto be used for acard file, do not
specify stacker selection for the recordsin the file. Stacker
selection is described under Column 42, Stacker Select

in Chapter 7.

The use of two 1/O areasincreasesthe efficiency of the
program. However, it aso increasesthe size of the program.
Therefore, before you indicate that two areasare to be used
for afile, be surethat the increasein sizewll not make
your program exceed the capacity of your system.

ADDROUT Files

When describingan ADDROUT file, you must placeaTin
column 32. The ADDROUT file must be adisk file.

Records are gored an disk in the arder indicated by the
relative record nunber s. Spaces are feft an disk for missing
records {in this case, records Sand 7).




COLUMNS 33-34 (OVERFLOW INDICATORS)

Entry Explanation

OA-OG,0V  Anoverflowindicator is used to condition
recordsin thefile. Theindicator specified
isthe one used.

Blank No overflow indicator is used.

Columns 33-34 apply to output filesassigned to the printer.
Use these columnsto indicate that you are using an overflow
indicator to condition records being printed in the file. Any
overflow indicators used in a program must be unique for
each output file assigned to the printer. The use of overflow
indicatorsis described under Overflow | ndicatorsin Chapter
10. Note that only one overflow indicator can be assigned
toafile. Do not assgn overflowindicators to a consolefile.

COLUMNS 35-38 (KEY FIELD STARTING LOCATION)

Entry Explanation

1-4096 Record position in which the key field

begins.

Columns 35-38 apply to indexed disk filesonly. An entry
must be made in these columnsfor an indexed disk file.
Use them to identify the record position in which the key
Gdd begins. The key field of arecord isthe field that con-
tains the information that identifies the record. The infor-
mation isused in the index portion of thefile. The key
Gdd must bein the same location in &l of the recordsin
thefile.

The number you place in these columns must end in
column 38. Leading zeroscan be omitted.

COLUMN 39 (EXTENSION CODE)

Entry Explénazion

E Extension specificationsfurther describe
thefile.

L Line counter specificationsfurther

describe the file.

Column 39 appliesonly to (1) table and array filesthat

are to be read during programexecution and (2) record
addressfilesand (3) output filesthat are assignedto the
printer. Useit to indicate whether the fileisfurther
described on the Extension sheet or the Line Counter sheet.
Output filesthat are assigned to the printer must be
described on the Line Counter sheet. Table, array, and
record addressfiles must be described on the Extension
sheet.

COLUMNS 40-46 (DEVICE)

Entry Explanation

MFCUI1 Multi-Function Card Unit.
The cardsare in the primary hopper.

MFCU2 Multi-Function Card Unit.
The cards are in the secondary hopper.

PRINTER Printer (whole carriage). If the dual car-
riage feature is used, thisentry refersto
the left carriage.

PRINTR2 Right carriage of the printer (dual carriage
feature only).

CONSOLE Printer-keyboard,

DISK Disk unit.

4-11




Use columns 40-46 to identify the input/output deviceto
be used for thefile. All entries must beginin column 40.
The devicesthat can be used depend upon the form of the
records (Figure 4-6).

Conscle

Records entered from a consolefile will be treated as any
other records. Every character to be entered must be keyed
in. Key theinformation into the fieldsasyou would into
acard. Fieldsmust be properly right-justified and left-
justified by you. The system does not do thisfor you.

Y ou must space where blanks appear in arecord.

If the operator hitsthe " cancel™ key, those characters of
the record already accepted will be " erased”, the keying
element will return to column |, and the operator may
begin to key the recordin again.

If the operator keysin more characters than are specified
possiblefor arecord, the record isautomatically ** cancelled”
and the operator isnotified to key it in again.

Printer Files

The dual carriagefeature alowsyou to produce two
separate printer output filesin one program. The two out-
put filesassigned to the printer must be named PRINTER
and PRINTR2. Theforms used for the two filesare
specia forms that are both narrower than the regular form
for your printer (such as checksor invoices). Oneform is
controlled by the left carriage of the printer (device name
PRINTER) and the other form is controlled by the right
carriage (device name PRINTR2). Thetwo printer files
are considered as separate output filesand must be de-
scribed as such. There are no programming restrictions for
thesefilesthat are different fromanormal printer file
(spacing and skipping are independent for each carriage).
Note, however, that care must be taken when describing the
location (end position) of output fields, to avoid printing
in positions where there isno form.

Figure 4-7 showsthe columnsthat cannot be used for the
devicesnamed. The shaded columns must be blank for the
device named in the specificationline. (MFCUisMFCUI
or MFCU?2, and PRINTER isPRINTER or PRINTR2.)
COLUMNS 47-59

Columns47-59 are not used. Leave them blank.
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POSSIBLE DEVICES

FILE FORM
Primary or Secondary Cards MFCU1 or MFCU2
Input Files
Disk DISK
Keyed in by CONSOLE
operator*
Record Address Files Cards MFCU1 or MFCU2
Zontaining Record-Key
Limits
Disk DISK
Keyed in by CONSOLE
operator*
Record Address Files Disk DISK
(Zontaining Disk Addresses
(ADDROUT File)
Demand Files Cards MFCU1 or MFCU2
Disk DISK
Keyed in by CONSOLE
operator*
Table Files Cards MFCU1 or MFCU2
Disk DISK
Keyed inby CONSOLE
operator*
Chained Input Files Disk DISK
Update Files (Primary, Disk DISK
Secondary, or Chained)
Combined Files (Primary Cards MFCU1 or MFCU2
or Secondary)
Keyed in by CONSOLE
operator**
Qutput Files Cards MFCU1 or MFCU2
Disk DISK
Printed PRINTER, PRINTR2,
pages or CONSOLE
Display File Printed CONSOLE
pages

* Records are not typed when they are keyed into the program.
** Records are typed when they are keyed into the program.

Figure 4-6. Device Assgnment



Fite Description Specifications
Fite Type Mode of Processing Fite Addition/Uncrdersd
- - tengtn of Key Field or . i Number of Tracks
File Designation of Record Address Fisid Braont Exit for Cylinder Overfiow
€nd of File Record Address Type Number of Extents
Type of File Symboii N £ Tape
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Figure 4-7. ColumnsThat Do Not Apply to Device Named

COLUMNS 60-65 (CYLINDER INDEX IN CORE) Cylinder Track Record Keys
. 10 20 1-30
Entry Explanation 21 3160
1-9999 Number of bytes reserved for the cylinder 1 29 61-90
index 23 91-120
Columns60-65 apply only to indexed files processed ran- 12 g; :g::gg
domly. Entries must be right-justified. Leadingzerosare .

not required. An entry should be madein columns 60-65 if
you are processing an indexed file randomly. Y ou can
specify up to 9999 bytesfor the cylinder index in core.

The cylinder index isatable containing entries for tracks
in the index portion of a datafile. Each entry containsa
track number and the highest key field associated with that
track. Figures4-8 through 4-10 show the layout of an
indexed file, INDEXT, and its associated cylinder index.
Figure 4-8 shows how the index portion of the file, INDEXT,
might be laid out on disk. Thelocation of specific record
keys by cylinder and track isshownin Figure 4-9.

Figure4-9. Location of Recordsfor INDEXT by Cylinder and Track

Highest Key

Track Number

lind
inder 0 1 a2 30 20(60 21|90 221120 23y150 24{180 25
Track 20 |22 | 24
e —— T — N — ~— " —"
21123125 Cylinder 10 Cylinder 11 Cylinder 12
Figure 4-8. Disk Layout Form for INDEXT Figure4-10. Cylinder Index in Corefor INDEXT
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The use of the cylinder index significantly reducesthe
amount of time needed to processan indexed file because
it enablesthe system to go more directly to the specific
record you want. With the cylinder index, the system can
find a specific record by searchingonly asmall portion of
the fileindex. Without the cylinder index, however, dl
index entries which precede the record you want must be
searched. Using the cylinder index shown in Figure 4-10
the record with key field 125 can be found in this manner:

& Searchthe cylinder index until the first key field higher
than 125 islocated. In thisinstance that key is 150; it
hastrack 24 associated withit.

e Search track 24 in the fileindex until key 125 islocated.
@ Chain directly to the associated data record.

In columns 60-65 you specify the number of storage
positions (bytes) you wish reserved for the cylinder index.
Using the amount of core storage you specify, the system
buildsthe most efficient cylinder index it can for you. The
cylinder index is built immediately before your RPG 1t
program is executed.

For efficient processing the cylinder index should be large
enough to contain one entry (key and track number) for
each track of index in the datafile. Eachentry isequal to
key field length plus 2 multiplied by the number of tracks
in the fileindex. Therefore, for an indexed file having akey
length of 4 and 10 tracks of fileindex, the most efficient
cylinder index requires 60 bytes of storage (4 plus 2 times
10).

If the storage space you specify in columns 60-65 is not
large enough to contain one entry for each track of file
index, the system will construct d table containing one entry
for every cylinder of fileindex. Or the cylinder index might

only contain one entry for every other cylinder. Asthe num-

ber of entriesin the cylinder index become fewer, the
amount of processing time increases.
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COLUMN 66 (FILE ADDITION)

Entry Explanation

A New recordswill be added to thefile.

U Recordsare to be loaded for an indexed
filein unordered sequence (non-ascending
sequence),

Column 66 appliesto sequential disk and indexed disk files
only. Thiscolumn indicates:

1.  you want the programto add new records to the file,
or

2. recordsareloaded in unordered (non-ascending)
sequence.

Records added to a sequential file are added at the end of
thefile. Recordsadded to an indexed file are added at the
end of the file and entries for the new records are madein
theindex. Theindex isthen reorganized so that the record
keys(including the new ones) are in ascendingorder.

File additionin column 66 cannot be specified for (1)
direct files, or (2) indexed filesfrom which recordsare
read using the sequential-within-limitsmethod. (New
recordsmay be inserted in adirect file by specifyingthe
file as an update file processed consecutively or by the
CHAIN operation code.)

After afile has been loaded on disk, it may become
necessary to add recordsto the file. Records can be added
at detail, total, or exception time during the program cycle.
The records to be added may:

1. Contain keysthat are above the highest key presently
in the file (in this case, the records constitute an
extension of thefile), or



2. Contain keysthat are either lower than the lowest key
presently in the file, or fall between keys already in

Column 18 Column 66 Function

thefile. O Blank Load records in ascending
key sequenceto an
indexed file.
o] U Load records in unordered
To add arecord, the program searchesthe index of the file key sequence to an indexed
to determine if the record ison thefile. If the record is on file.
the file a halt occurs; otherwise, the record isadded. The .
. . . . ! O A Add recordsto an
following optionswill be given if ahalt occurs: existing indexed file.
1. Bypassthe duplicate record, or | Blank Read records of an indexed

file without adding new
records or updating records.

2. Bypassthe duplicate record and turn on the LR indi-

cator and perform all end-ofob and final total pro- | A Read records of an indexed file
CedureS, or and add new records to the
file that are not presently
3 Cancd the enti rejob there. No updating is performed.
U Blank Update records of an

indexed file without
adding new records.

U A" Update records of an
indexed file and add new
| recordsto the file.

An A in column 66 requiresan ADD entry in
columns 16-18 of the Output-Format sheet.
In Figure 4-11, combinations of entriesin File type (column
15) and File Addition (column 66) show the functions that

: . . Figure 4-11. Various Functions Performed on Indexed Fil
can be performed for indexed files(I in column 32]. gure arious FUnctions Ferformed on fhdexed Hies
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Example There may be recordsin CARDIN that do not belongin
that file, or some records may have a keypunch error. These
Figure 4-12 shows how records can be added to an indexed records are identified on the Input sheet as not having the

disk file. The new records are contained in acard file, character A in position 80. These recordswill turn on
CARDIN. Thefile INDEXED isthe existing disk file to indicator 02, and are not to be added to the disk file
which new recordswill be added. A printer file, PRINT, INDEXED. However, these records are printed on the file
will provide areport showing al the recordsin CARDIN, PRINT for avisual report, but they must be identified in
with an indication of which records were added to INDEXED  the printed report as recordsthat were not added to the
and which records were not added. disk file INDEXED. On the Output sheet, the constant
On the File Description sheet, an A must appear in column  'RECORD NOT ADDED' is printed only on indicator 02,
66 for the file INDEXED, and on the Output sheet ADD indicating a record that was not added to the disk file. In
must appear in columns 16-18 for the new record to be this manner, there will be a printed report of al records
added. in CARDIN, and the records not added to INDEXED are
Asdefined on the Input sheet, dl the cardsin CARDIN identified by the constant'RECORD NOT ADDED'.

should have an A in position 80. The code identifies a
record to be added to the disk file, and this record typeis
assigned indicator 01. On the Output sheet, notice that

when Ol ison, the data from the card is written on the COLUMN 67
disk file INDEXED and isaso printed on the file PRINT
to keep avisua report of new records. Column 67 isnot used. Leaveit blank.

File Description Specifications
Fite Type Made of Processing Fife Addition/Unordered
. y N Length of Key Fieid or Exi Number of Tracks
File Designation of Recard Address Field Dxtent Exit for Cylinder Overfiow
£nd of File Record Address Type Number of Extents
Type of File 8 Name of Tape
i ;i Sequen ol " Symbolic iame of
Line Filename Squence Organization w Device Device o Label Exit Rewind
R Fite Format mcrAddnmnalAreﬂ : 5] File
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Figure 4-12. File Addition (Part 1 of 2)
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Figure4-12. File Addition (Part 2of 2)
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COLUMNS 68-69 (NUMBER OF EXTENTS)

Entry Explanation

01-80 Number of volumes(disks) that contain

the disk file.

Columns 68-69 must contain an entry for each disk file.
The entry must end in column 69. These columns define
the number of volumes(disks) on which the disk fileis
located. A disk file must occupy consecutive cylinderson
eachvolume. For instance, adisk file could not occupy
cylinders 20-30 and 41-50 on one volume. The file could
occupy cylinders 20-40 on that volume, or the datain
cylinders41-50 could be placed on another volume.

The number of volumesyou can use dependson the mode
of processing and number of drives used. For singlevolume
filesthe entry in columns 68-69 isalways01. For multi-
volumefiles, determine the entry asfollows:

1. Consecutive processng. All disk files processed
consecutively must be located on removable disks.
If amulti-volumefileis to be processed consecutively,
the entry in columns 68-69 can be from 2-80. (If 1
driveis used for multi-volumefiles, only 1 volume
can be on-lineat any given time; and if 2 drivesare
used, only 2 volumescan be on-line at any given time.)

2. Sequential or RandomProcessng. Adisk fileto be
processed sequentially or randomly can be located
on afixed disk, aremovable disk, or both. To process
amulti-volumedisk file sequentialy or randomly, the
entire file must be availableto the system at any given
time. Therefore, the entire file must be on-line. (This
is unlike consecutive processing of multi-volumefiles
in which portionsof the file can be off-line.) If 1 drive
isused for multi-volumefiles, the entry in columns
68-69is2. If 2 drivesare used for multi-volumefiles
the entry in columns 68-69 can be 3or 4 Figure4-13
shows the maximum number of volumesallowed for
each processing method and number of drives available

COLUMN 70

Column 70isnot used. Leaveit blank.

4-18

ONE DRIVE TWO DRIVES

Maximum | Maximum }| Maximum | Maximum
number of | number of || number of | number of
volumes volumes volumes volumes
allowed on-line allowed on-line

Consecutive

processing 80

(removable 1 80 2

disks only)

Sequential

or Random

Processing 2 2 4 4

(removable

or fixed

disks) {

Figure 4-13. Number of Volumes Allowed for Multi-Volume Files

COLUMNS 71-72 (FILE CONDITION)

Entry Explanation

Ul1-us Thefileisconditioned by the specified
external indicator.

Blank The fileis not conditioned by an external

indicator.

Columns 71-72 apply to input (excluding table input files),
update, output, and combined files. These columnsindicate
whether or not thefile is conditioned by an external indi-
cator. A fileconditioned by an external indicator is used
only when theindicator ison. When the indicator is off,
thefileistreated asthough the end of the file had been
reached. (No records can be read from or written in the
file) Seelndicators, External Indicators, in Chapter 10 for
more information.

COLUMNS 73-74

Columns 73-74 are not used. Leave them blank.

COLUMNS 75-80 (PROGRAM IDENTIFICATION)

See Chapter 2.



FILE DESCRIPTION CHARTS

The File Description charts in the following pagesare for:

1

Disk files, presented by disk file organization and
processing method.

MFCU, Console, and Printer files.

e Theentriesin the chart must be made for the
processing method and type of file describedon
that line.

® The shaded columnsmust be blank for the file
described on that line.

® The other columnsmay be required or optional,
but cannot be indicated on the chart because the
entries represent information that changesfrom
program to program.

Example

If you are updating an indexed disk file using the CHAIN
operation code, look at the chart for: indexed disk files,
random processing by CHAIN operation code. Then choose
the chained update file with or without record addition.

The entries on the chart must be made for the file you are
describing. The shaded columnsmust be blank for that file.

The remaining columns represent information that changes
from program to program. For instance, in thisexample
these columnsare required but may change from one pro-
gramto another: Line, Filename, Block Length, Record
Length, Length of Key Field, Key Field Starting L ocation,
and Number of Extents. Optional entriesare: End of File,
Sequence, and File Condition.
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Chapter 5. Extension Specifications

Extension specificationsare needed to describe the record COLUMNS 1-2 (PAGE)
addressfiles, tables, and arrays you may usein your job.
Enter these specificationson the Extension and Line See Chapter 2.

Counter sheet (Figure 5-1). Record address files require
eatrieson the Extension sheet in columns11-26.
Execution time tablesand arraysare describedin columns  ~ COLUMNS 35 (LINE)
11-45. Compiletime tablesand arraysare describedin
columns 19-45. If an dternating table or array isto be See Chapter 2.
specitied with another table or array, it is described in
columns 45-57 of the sameline asthefirst.
A chart showing possible Extension sheet entriesisat the COLUMN 6 (FORM TYPE)
end of this chapter (see Figure 5-6).

See Arraysin Chapter 10 for moreinformation about An E must appear in column 6.
arrays.
sM P& Business Machines Corporation Form Xavao.
#PG EXTENSIONANDLINE COUNTER SPECIFICATIONS
i 2 7% Y6 77 1B 19 B0
Do e Punching | Graphic Fage rﬂ ngr?r.“ ; TII :
Pr Instruction | punch —
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Record Sequence of the Chaining File o~ o] .
B 1RE
Number of the Chaining Field Number | Nomber 9 g% Length oie %
) Table or of |of kength ol o) 8] Tabloor Array | oot (5121 8
f Entries . @ Name {Alternatinig| of etz e y
Lo 8 To Fitenerme Array Name | per Entries of gl é H Forma‘r) ™8] Eatry 3|8 % Cormments
& § Record | Per Table | Enty [¥]%]3 i
£ From Filename or Array FlEla ElEle
£ e 1515
e L8 {2 354 L% 3 1o
3 4 5F617 B9 10§11 12 13 14 15 18 17 18 1920212223242‘.'5%?728&&&3233&15_.%3738&340"42[43'444566174869505152_5_3_5“‘56'56575859606!82636465866758697071727374
i E
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1 2 3 4 5 & 7 8 4 10 11 12
H
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Figure 5-1. Extension and Line Counter Sheer
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COLUMNS 7-10

Columns 7-10 are not used. Leave them blank.

COLUMNS 11-18 (FROM FILENAME)

Entry Explanation

Record The name of the Record Addressfde.

Address

filename

TableArray 1 Tableloaded at execution time.

filename

2 Array loaded at execution timeif

thereisan entry in Number of
Entries per Record (columns 33-
35).

Blank 1. Tableloaded at compilation time.

2 Arrayloaded at compilation time
if thereisan entry in Number of
Entries per Record (columns
33-35).

3. Arrayloaded viainput or calcu-
lations specificationsif thereisno
entry in Number of entries per
Record (columns 33-35).

Columns 11-18 are used to name a table file, array file, or
record addressfile. Filenames must beginin column 11.
The record addressfilename must alwaysbe entered in
these columnsand in the file description specifications.
Leave columns 11-18 blank for compile time tables or
arraysor for arraysloaded viainput or calculations
specifications.

These columns must contain the table or array filename
of every execution time table or array used in your pro-
gram. When the table or array isloaded at compilation
time, it is compiled aong with the source program and
included in the object program. Thus, atable deck is not
needed in addition to the object deck every time the pro-
gramisrun. Only those tablesand arrays which do not
change often should be compiled with the program.

When tablesor arrays are being compiled with the pro-
gram, table fde records must alwaysfollow the RPG II
source program. A record with /* in columns 1 and 2 must
follow the table file input records. A record with **p in
columns 1-3isalso needed to separate the table or array
records from the RPG II source program. Tablesor arrays
must be separated from each other by records with **p in
columns 1-3 (Figure 1-2).

Each table or array loaded at execution time must be
followed by arecord with /* in columns 1-2. Short tables
(tables which are not full) may be compiled with the pro-
gram but awarningisissued. See Columns 36-39in this
chapter for moreinformation.

COLUMNS 1926 (TO FILENAME)

Entry Explanation

Nameof an  Thefile processed viathe Record

input or up-  Addressfile named under From File-
datefile name.

Nameof an  Theoutput fileto whichatable or array
output file isto be written or punched.

Columns 19-26 define the relationship between afile named
in these columnsand afile named in columns 11-18. File
names must begin in column 19.



If arecord addressfileis named under From Filename,
columns 11-18, the followingentry should be made under
To Filename, columns 19-26; the name of the input or
update filethat containsthe data recordsto be processed.
Do not enter the record addressfilenamein these columns.

If you wish atable or array to be written or punched,
use columns 19-26 to enter the filename of the output file
you will use to do this. Thisoutput file must have been
previousy named in the file description specifications. A
table or array can be written on only one output device.
Leave columns 19-26 blank if you do not want the table
or array written or punched.

If atable or array isto be written or punched, it isauto-
matically written or punched at the end of the job after all
other records have been written or punched.

Sincethe table or array will be written or punched in the
same format in whichiswas entered, you may want to re-
arrangethe output table or array through output-format
specifications. Y ou may format table or array output by
using exception linesto write out one item at atime (see
Operation Codes, Exception in Chapter 10). Tablesor
arrays should be written or punched only after dl records
have been processed (Last Record indicator ison).

COLUMNS 27-32 (TABLE OR ARRAY NAME)

Entry Explanation

Table or
Array name

Name of eachtable or array usedin the
program.

Use columns 27-32 to name your table or array. No two
tables or arrays may have the same name. The name can
be from 1-6 characterslong, and must beginin column 27.
Thefirst character must be aphabetic. The remaining
characters can be any combination of alphabeticand
numeric characters (no specia characters are alowed).
Blanks may not appear between charactersin the name.

Table Name

Every table used in your program must be given a name be-
ginning with the letters TAB. Any namein these columns
which does not begin with TAB is considered an array name.
Thistable nameis used throughout the program. However,
different results can be obtained depending upon how the
table name is used. When the table name isusedin Factor 2
or Result Field (on the Calculation sheet) with LOKUP
operation, it refersto the entiretable. When the table name
is used with any other operation code, it refersto the table
item last selected from the table by a LOKUP operation.

See Operation Codes, Lookup in Chapter 10 for morein-
formation.

Table filesare processed in the same order asthey are
specified on the Extension sheet. Therefore, if you have
more than one tablefile, remember the files are to be load-
ed in the same order asthey appear on the sheet. When
you have only one short table, you should specify it after
al other tables.

If two related tables are in aternating form in one table
file, the table whoseitem appearsfirst must be namedin
columns 27-32. The second tableis named in columns
46-51 (see Example).



Arvay Name

Every array used in your program must be givena name.
Anarray name cannot begin with the letters TAB. This
array nameis used throughout the program. See Arrays
in Chapter 10 for moreinformation.

Example

Figure5-2, insert A, shows two related tables (TABA and
TABB) described in alternating form on a table input card.
Anitem for TABA appearsfirst. Thus, in insert B, TABA is
named in columns 27-32 of the Extension sheet: TARB IS
named in columns 46-51.

Table A Table B h
{account number) (amountdue) T2 302 % 6 7 8 9 %0 Gi E T3 WIS W 17 I8 W 2021 2 I3 XIS M 27N BN R
........... — Corresponding 33 34 35 36 37 S8 3 40 €1 42 &3 44 45 48 &7 4B 4% 5O 51 52 53 54 9% 56 5Y 56 89 60 €1 62 €3 &4
03240 39.00 Table Items 65 65 67 SR A9 TOTE T2 YI VA TS VE 77 TH T 80 K B2 83 84 85 85 87 35 66 90 ¥ ¥2 63 84 53 94
B 87 95 99 500 101 107 100 104 KIS K08 107 108 108 N0 TR N2 NI N4 15 TN 1T M BB U0 U W2 1l 140 6T R B
03648 156.72 p 1 2 2 A
8 , Mms
<« TAB , TAB , TAB | TAB | TAB4
16632 17.98 Al 8 toA B 1 I B 2
1 i ' 1, i,
52345070: nxxuuuun'umtoz\zzzsu 2% 3% 27 M 3R 30 M 32
A
28887 2,97 " _— ,\ ~ o s
s TAB , TAB TAB TAB TAB 4
29821 290.98 2 g ! ! ' : ! H
‘B333‘JS!&IJ?!03!(0‘5'42‘)4445“‘7“'1)505\52!354555‘ !7“59655‘62&1.48
6 7 A
30001 579.95 B e e A
4y TAB \ TAB ¢ TAB 4
2
I i RN S ?: B : A : B : ]
65 66 67 68 69 73 71 72 TS T4 TS U 77 TR 76 BO S BZ 8% B4 43 86 87 @5 89 90 ¥ B2 93 64 8% 9%
5. i 7 . % TN 376 j
Positions Positions
The corresponding items from the related
tables are punched in alternating format on
@ the table input card. The corresponding
items from the two related tables are
consideredas one entry.
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Table whose items are punched first on the card
is pamed in columns 27 32

®

Figure 5-2. Related Tables
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Tabe whose items are punched second on the card
is named in columns 46-51.

®

This entry indicates the number of table entries
on each card. Remember the correspondingitems
from two related tables are considered as one entry.



COLUMNS 33-35 (NUMBER OF ENTRIES PER RECORD)

Entry Explanation

1-999 Number of table or array entries found

in each table or array input record.

Indicate in columns 33-35 the exact number of table en-
triesin each table or array input record. Every table or
array input record except the last must contain the same
number of entries asindicated in columns 33-35. Thelast
record may contain fewer entries than indicated, but never
more.

When two related tablesare described in one file, each
table input record must contain the corresponding items
from each table written in alternating form. These table
items are considered as one entry (see Example). The num-
ber entered must end in column 35. Corresponding items
from related tables must be on the same record. If there is
room, comments may be entered on table input record in
columnsfollowing table entries.

When loading an array the following must be considered:

1. Toloadan array at execution time, a filename must
be entered in columns 11-18 and an entry must be
madein Number of Entries per record (columns 33-
35).

2.  Toload an array at compiletime, the filename entry
(columns 11-18) must be blank, but an entry must
be made in Number of Entries per Record (columns
33-35).

3. Toload an array viathe input and/or calculations
specifications, the filename(columns 11-18) entry
must be blank and the Number of Entries per
Record (columns 33-35) must be blank.

Example

Figure 5-2, insert B, showstable entries for the two re-
lated tables, A and B. A1 and BI, the corresponding
itemsin tables A and B, are considered one entry. Even
though there are 14 tableitemson the card, there are
only 7 table entries.

COLUMNS 36-39 (NUMBER OF ENTRIES PER TABLE
OR ARRAY)

Entry Explanation

1-9999 Maximum number of table or array
entries.

Use columns 36-39 to indicate the maximum number of
table items which can be contained in the table named in
columns 27-32, or the maximum number of array items
which can be contained in the array named in columns
27-32. Thisnumber may apply to one table or to two re-
lated tables. Any number entered in these columns must
end in column 39.

5-5



If your tableor array isfull, thisentry givesthe exact
number of itemsinit. However, if the table or array is
not full, the entry givesthe number of itemsthat can be
put into it (Figure 5-3). A tablethat isnot full isknown as
a short table.

TABPRT TABAMT TABPRT TABAMT
(Part Number )  (Price) (Part Number)  (Price)
001 127.62 001 127.62
002 198.32 002 198.32
003 .27 003 77
004 .01 004 01
005 1.98 005 1.98
009 3.79
010 5.67
014 2.33
026 14.67
045 29.33
096 29.34
097 .05
098 .09
099 1.19
100 2.22
101 126.73
110 536.74
115 393.75
126 697.75
137 1.92

If this datais punched
on table input cards
and entered into the
machine, TABPRT and
TABAMT will be full
(20entriesfill the
table).

If this datais punched

on table input cards and
entered into the machine,
TABPRT and TABAMT
will not be full.

International Business Machines Corporation

RPG EXTENSIONAND LINE COUNTER SPECHCATIONS

g
|

Punching Graphic
instruction | Pynch

Extension Specifications

Number
f Table or Array Length
Name {Alternating] of
ormat} Entry

46 4?;48 45 58!51 52 B3 54155156
TABAMT | 5 2
:

I

Table or
Array Name

of
Entries

per
Record

P = Packed/B = Binar
Table Sequence {A/D)
P = Packed/8 = Binary
Decimal Positions
Table Sequence (A/D}

Decimal Positions

@
9

26127 28 2 30 31 32la3 34 35)a6; 58 50-6

TIABPIRT 12 ks

This entry indicatesthat TABPRT and TABAMT may both havea
maximum of 20 entries.

&
&
i
&

Figure5-3. Table Entries(Number per Table)
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Since the number of table itemsfor two related tables
must be the same, the entry in these columns aso givesthe
number of table itemsin a second table (columns 46-51).

If atableisto be compiled, it should be afull table. How-
ever, if itisnot afull table (a short table), the table is com-
piled with the program and awarning isissued. The short
table is completed in storage by fillingin with blanksor
zeros(for alphameric or numeric table, respectively). An
execution time table need not be afull table. All execu-
tion time tablesand arrays must be followed by a record
with /* in columns 1 and 2 when they are |oaded.

COLUMNS 40-42 (LENGTHOF ENTRY)

Entry Explanation

1-999 Length of entry.

Use columns 40-42 to give the length of each entry in the
table or array named in columns 27-32. The humber
entered must end in column 42. For numeric tablesor
arraysin packed decimal format, enter the unpacked decimal
length in columns 40-42. For numeric tables or arraysin
binary format, enter the number of bytes required in storage
for the binary field. For a2 character binary field, the entry
in columns 40-42 is4; for a4 character binary field the
entry is9.

Al tableitemsmust have the same number of characters.
It isalmost impossible, however, for every item to bethe
samelength. Therefore, add zerosor blanksto the front
of numericitemsto makethem the samelength and add
blanksto aphameric items. For alphameric items, blanks
may be added either before or after theitem (see Examples,
Examplel).

If two related tables are described in one table file, the
specification in columns 40-42 appliesto the table whose
item appearsfirst on the record (see Examples, Example 2).

The maximum length of anumeric tableitemis 15
characters. The maximum length of an aphameric table
item is 256 characters. However, the use of table or array
input cardslimits you to alength of 96 characters per table
item. SeeArraysin Chapter 10 for more information.

Examples

Example1l: Figure5-4showsatable, caled TABMO,
whichliststhe months of the year. The name SEPTEMBER,
having nine characters, isthe longest entry. Becausethe
lengths of the entries must be the same, blanksare added

to the remaining namesto make each of them nine charac-
terslong.



JANUARY
FEBRUARY :éggﬁiz\?g All entries must
MARCH MARCHbbbb have the same
w APRILDbbbb length, Those
INE ’jg;gggggg items that are
Iy not as long as
JULYbbbbb
AUGUST bbb the longest
SEPTEVBER N
OCTOBER SEPTEMBER item must be
NOVEVBER OCTOBERDD added with
NOVEMBERD B
DECEMBER b lanks (b).
List of Months Table of Months
Figure 5-4. Length of Table Entries
2 6
\
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Example 2 Figure5-5 showsentriesin atableinput card
for related tables, C and D. Eachitemin table C istwo
characterslong; each itemin table D issix characterslong.
Since table C appearsfirst on the card, itslength, 2,is
specified in columns 40-42. Thelength of itemsin table D
isindicated in columns 52-54.

Business Machines C

RPG EXTENSONAND LINE COUNTER SPECHCATIONS

Punching Graphic Page Dj

instruction | pynch

Extension Specifications
— B
F M
Number | Number 4 B CI B3 A
Table or of of 21 8] Table or Array Length 14 .2 g
e able Entries ) %1 §] Name {Adternating] of 35
Array Name | per Entries of & | &] Format) Entry 1E1& g
Record | Per Table BIE g P x|
or Array Eise Elw
F18-] LK
S afo|r
(XX kR R R as a6 47 48 49 50 51182 53 salssiselnrles 5o 60 @
Tlal2)e 7 7] ; TIABD
; P’

The length Of the table item which appeared first
on the table input card is entered in columns 40-42,

Figure 5-5. Length of Corresponding Table Items
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COLUMN 43 (PACKED OR BINARY FIELD)

Entry Explanation

Blank Datafor table or array isin unpacked
decimal format or is aphameric.

P Data for table or array isin packed
decimal format.

B Datafor table or array isin binary for-
mat.

COLUMN 44 (DECIMAL POSITIONS)

Entry Explanation
Blank Alphamerictable or array.
0-9 Number of positionsto theright of the

decimal in numeric table or array items.

Column 44 must alwayshave an entry for a numeric table
or array. If theitemsin atable or array have no decimal
positions, enter a 0.

If two related tablesare described in one table file, the
specification in this column appliesto the table contain-
ing the item which appearsfirst on the record.

5-8

COLUMN 45 (SEQUENCE)

Entry Explanation

Blank No particular order.
A Ascending order.

D Descending order.

Use column 45 to describe the sequence (either ascending
or descending) of the datain atable or array file.

When an entry is madein column 45, the table or array
is checked for the specified sequence. If acompiletime
table or array isout of sequence, a severeerror occurs.

The program will halt after compilation. If an execution
time table or array isout of sequence, a severe error occurs
and the program halts immediately,

Ascending order meansthat the table or array itemsare
entered starting with the lowest data item (according to
the collating sequence) and proceedingto the highest.
Descending order meansthat the table or array itemsare
entered starting with the highest data item and proceeding
to the lowest.

If two related tables or two related arrays are described
in one file, the entry in column 45 appliesto the table or
array containing the item which appearsfirst on the record.

When you are searchinga table or array for anitem
(LOKUP) and wishto know if the itemis high or low com-
pared with the search word, your table or array must bein
either ascendingor descendingorder. See Operation Codes,
Lookup in Chapter 10 for more information. When a spec-
ific sequence has been specified, RPG II checksthe datain
the table or array to seeif it really isin that sequence.



COLUMNS 46-57

Use columns 45-57 only when describinga second table or
array which relates to and corresponds with the table or
array named in columns 27-32. All fieldsin thissection
have the same significance and require the same entries as
the fieldswith corresponding titlesin columns 27-45. See
the previousdiscussion on those columns for information
about correct specifications.
Leave these columns blank for asingle table or array.

COLUMMS 58-74 {COMMENTS)

Enter any information you wish in columns 58-74. The
comments you use should help you understand or remem-
ber what you are doing in each specification line. Com-
ments are not instructionsto the RPG II program; they
serve only asa means of documenting your program.

COLUMRNS 75-80 (PROGRAM IDENTIFICATION)

See Chapter 2.

Form 5798081
m“ intemations Business Machines Corporation Printed i GRA,
.
APG EXTENSIONAND LINE COUNTER SPECIFICATIONS
i 2 75 7 77 % 7% 8¢
Date 1
Punching | Graphic Page Program r [ ] I |
P instruction | punch
Extension Specifications
Record Sequence of the Chaining File E § g é.
Number of the Chaining Field Number | Numiber afefs = RS
) Table or of  lof tength | i 2 ?T“"“‘(’j\"“‘“‘f Ll 2 28
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olz| [efEE utput fileP<Execution time table description Alternating tabl
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C 5 B inti i av
o]+ Jef Output file}-{<}-Gompile time array description{»te1-Alternating array Arrays
ofs| e Output file Execution time array descriptionse~Alternating array-»
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nput or -
ojs . file . Record Address Files
update fi
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(3] E
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1 2 3 4 5 6 7 8 9 10 1 12
& B
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: eS8 e R o] cE(BE| LEEE SERE LBRE LEIRE LEIRE| EIBE| LEIRE 1lEY .2t
£ 52 |22| 52|82 52 (63| S2 (62| 52 (82| 52 |82 52|82 52183 Sz2163| 52 182] 52|82 52 {62
3 4 516 17 8 9 10 1% 12 13 14]16 16 17 |819|20_Z_1_22l23242532??322]’@31323334L3§36373€39m4\42464445%47 48 45§50 51 52)53 54] 55 55 57)6H 5960 61 62]63 64156 66 €7j6e 6070 VI T2V M4
] o
]2 L
NEIRD

® The shaded columns must be blank for the file named.

® [or tables and arrays, columns 1426 and columns 46-57 are always optional.

® For record address files, columns 11-26 must have entries.

Figures-6. PossbleFile Entriesfor Extension Specifications
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Chapter 6. Line Counter Specifications

Line counter specificationsmust be used for each printer COLUMNS 35 (LINE)
file in your program. If the dual carriage feature is used.
two specification lines must be completed. Line counter See Chapter 2

specificationsindicate at what line printingisto begin and
end on forms used in a printer. Write these specifications
on the Extension and Line Counter sheet (Figure 6-1).

COLUMNS 1-2 (PAGE) COLUMN 6 (FORMTYPE)

See Chapter 2 AnL must appear in column 6.

5 Form X21-9091
IBM International Business Machines Corporation Printed in USA.
RPG EXTENSIONAND LINE COUNTER SPECIFICATIONS
12 75 76 77 718 79 80
te ... ——
o Punching | Gronie e [[] o
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Figure6-1. Extenson and Line Counter Sheet
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COLUMNS 7-14 (FILENAME)

Use columns 7-14 to identify the output file to be written
on the printer. Thefilename must beginin column 7.

Any filename entered in these columns must be afilename
previously defined on the File Description sheet. The out-
put deviceassigned to the file on the File Description sheet
must be a printer.

COLUMNS 15-17 (LINE NUMBER-NUMBER OF LINES
PER PAGE)

Entry Explanation
Blank Number of printing linesavailableis66.
1-112 Number of printing linesavailableis

from 1-112.

Columnsi15-17 specify the exact number of linesavailable
on theform or pageto be used. Theentry must endin
column 17. Leadingzerosare not necessary.

COLUMNS 18-19 (FORM LENGTH)

Entry Explanation

FL Form length

Columns18-19 must contain the entry FL. Thisentry in-
dicatesthat the precedingentry (columns 15-17) isthe
form length.

CQLUMNS 20-22 (LINE NUMBER)

Entry Explanation
Blank Line60isthe overflowline.
i-112 A line number from 1-112 isthe overflow

line.

6-2

Columns 2822 specify the line number that isthe overflow
line. Theentry must endin column 22. Leadingzeros
may be omitted.

When the line which you have specified as the overflow
lineis printed, the overflowindicator turnson to indicate
that the end of the pageis near. When the overflow
indicator ison, the following occur before formsadvanceto
the next page:

1  Detall linesare printed (if this part of the program
cycle hasnot aready been completed).

2 Totad linesare printed.

3. Total linesconditioned by the overflow indicator are
printed.

Because dl these linesare printed on the page after the
overflowline, you haveto specify the overflow line high
enough on the pageto allow al these linesto print. You
know the data you will be printing out after the overflow
lineisreached. Thus, you can judge what line should be
the overflow line on thisbass. See Overflow Indicators
in Chapter 10for more information.

COLUMNS 2324 (OVERFLOW LINE)

Entry Explanation

OL Overflowline

Columns 23-24 must contain the entry OL. Thisentry
indicates that the precedingentry (columns 20-22) isthe
overflow line.

COLUMNS 2574

Columns 25-74 are not used. Leave them blank.

COLUMNS 7580 (PROGRAM IDENTIFICATION)

See Chapter 2



Chapter 7. input Specifications

Input specificationsdescribe the data files, records, and COLUMNS 1.2 (PAGE)
fieldsof the recordsto be used by your program. These
specificationsmay be divided into two categories: See Chapter 2.

1. Fileand record type identification (columns 7-42)
describesthe input record and its relationship to
other recordsin thefile, COLUMNS 3-5 (LiNE}

2. Field description entries (columns 43-74) describe See Chapter 2,
the fieldsin the records.

The specificationsare written on the Input sheet (Fi gare COLUMN & (FORM TYPE)
7-1). Thefield description entries must start oneline

lower than file and record type identification entries. An i must appear in column 6.
IBM international Business Machines Corparation
4
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Figure 7-1. Input Sheet




COLUNMNS 7-14 (FILENAME}

Columns 7-14 identify the input file you are describing.
The input filename must beginin column 7. Use the same
filename given in the file description specifications. The
name of every input file described in the file description
specifications must be entered at least once on this sheet.
The filename must appear on the first line that contains
mformation concerning the cardsm that file. If the file-
same is omitted. the last filename entered is assumed to be
the file being described.

COLUMNS 15-16 {SEQUENCE])

Entry Explanation

Any two Do not check for special sequence.
alphabetic

characters

Any two-digit Check for special sequence.
number

Columns 15-26 may contain a numeric entry which assigns
aspecial sequencero different record types in a file.

If different typesof records do not need to be in any
special order, use two aphabetic characters (see Examples,
Example ). Alphabetic characters must be used for
chained files. Do not use alphabetic entriesND and R
{Rblank) because the computer may mistake them for the
ND or R in an AND or OR line. Within one file, al record
types having alphabetic entries in columns 15-16 must be
specified before those types with numeric entries.

Use colunins 15-16 to assign sequence numbers to
different typesof records within afile. Your job may re-
quire that one record type (identified by arecord identifi-
cation code) must appear before another record type with-
in asequenced group. For instance, you may want a name
record before an addressrecord. You must provideare-
cord identification code for each type of record and then
number the record typesin the order that they should
appear. The program will check this order asthe records
areread, Thefirst record type must have the lowest
sequence number (01}, the next record type should be
given a higher number, etc. (See Examples, Example 2.)

Numeric sequence numbersonly ensurethat al records
of record type 01 precedeal records of record type 02,
etc,, in any sequenced group. The sequence numbers do
not ensure that records within a record type arein any
certain order. Numeric sequence numbers have no relation-
ship with control levels, nor do they providefor sequence
checkingof datain fieldsof arecord (see Examples,
Example 3).

Capsin sequence numbers are allowed, but the numbers
used must be kept in ascending order, The first sequence
number must be O1.

A record type out of sequence causesthe programto
stop. The program may be restarted by pressingthe start
key on the Processing Unit. The record that causesthe
halt is bypassed and the next record is read from the same
file

Recordsinan ORline cannot have aseguence entry in
these columns. The entry in these columnsfrom the
previousline aso appliesto the card in the OR line. See
Columns53-58in this chapter for information on OR re-
lationships.

Examples

ExampleI: Figure 7-2, insert A, showsa file havingtwo
types of records(part number and item number) which may
appear in any order. Sincethey are not to be checked for
sequencing, they are assigned two alphabetic characters (AA
and BC, respectively) instead of numbers. See Figure 7-2,
insert B, for the coding of thisexample.

Example2 Figure 7-3, insert A showsthe order of four
different types of recordswithin afile. The recordsare
arranged in groupsaccording to some control field.

The name record isfirst in each group and is assgned
sequence number 01. Street record is next and isassigned
02. City/state record is03. ltem numberislast andis
assigned 07. (Remember gapsare dlowed.) See Figure
7-3, insert B for the coding of this example.
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Figure 7-3. Sequence Checking of Record Types
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Example 3: Figure7-4 showsthree groupsof four different
record types. Each groupisin proper sequence according
to the assigned sequence numbers (01, 02, 03 and 07).
Notice, however, that the city/state record for group B is
ingroup C and vice versa, The sequence entry which you
specify in columns 15-16 will not catch this mistake since
the sequence entry does not cause the data on the record
to be checked.

COLUMN 17 (NUMBER)

Entry Explanation

Blank Record typesare not being sequence
checked (columns 15-16 have alphabetic
entries).

1 Only one record of thistypeispresentin
the sequenced group.

N One or more records of thistype may be

present in the sequenced group.

C ttem Number (07}

B City/State (03}
C Street {02) l

C Name (01)

These two cards, even though in the proper
sequence, are in the wrong data group.

A sequence entry in columns 1516 does
not check for this type of ervor.

8 1tem Number (07)

C City/State {03)

B Street (02)

B Name (01)

A item Number (07}

A City/State {03}

A Name (01)

' 51611

Figure 7-4. Correct Card Sequence (Incorrect Data in Each Group)
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Use column 17 only if sequence checkingisto be done
(columns 15-16 contain numbers). Often, when sequence
checking, you may have more than one record of a par-
ticular type within the sequenced group (see Example).
Thus you must indicate by an entry in column 17 that a
certain number of records of one type may befound in
the sequence group.

OR lines(columns 14-15 have the letters OR) should not
have an entry in this column. It isassumed that the num-
ber of records of thistype to be found in the sequenced
group is the same as the number entered in column 17 of
the previousline. See Columns 53-58in this chapter for
more information on OR lines.

Example

Figure 7-5 shows a sequencedrecord filein which there is
more than one record per type in agroup. The record type
called item number appears three times.

Thereisno reason for a name, street, or city/state record
to appear more than once in one group. A I isentered in
column 17 toindicate that these record typesappear only
oncein each group. However, sSince one person may have
purchased more than one item, there may be two or more
item number records per group; an vV isentered in
column 17 for thisfield. SeeFigure 7-3, insert B, for the
coding of thisexample.

B {tem Number (07}
B item Number {07}

B ttem Number (07}
B City/State {03)

B Street {02}

8 Name (01)

‘ 51612

Figure 7-5. Sequenced Card File (Morethan One Record per
Typein a Group)



COLUMN 18 (OPTION)

Entry  Explanation

Blank  Record type must be present (if sequence
checkingis specified).

0O Option. Record type may or may not be

present.

Column 18 is used when record types are being sequence
checked. A blank entry specifiesthat a record of this
record type must be present in each sequenced group.

The O entry specifiesthat a record of this record type may
or may not be present in each sequenced group (see
Example). If al record typesare optional, no sequence
errors will be found.

OR lines should not have an entry in thiscolumn. The
entry in this column on the previousline also appliesto
thisrecord in the OR relationship. See Columns53-58in
thischapter for moreinformation on OR lines.

Example

Figure 7-6 showsa sequenced card filein whicha card
type may beoptional. For instance, the street or item
number records may not beincluded. Sinceitisnot a-
way's necessary to havea street address, this record is op-
tional. Suppose thisjob required alist of al items purchas-
ed during one month by the individual named in the name
record. Itispossiblethat a person might not buy anything
during the month. In this case, there would be noitem
record; therefore, the item record would also be optional.
(See Figure 7-3, insert B for a coding example.)

B City/State {03}

B Name (01)

A ttem Number (07}

A City/State {03}

A Street (02}

I 51613

Figure 7-6. Sequenced Card File (Optional Record Types)

COLUMNS 19-20 (RECORD IDENTIFYING INDICATOR,

**)

Entry  Explanation

01-99  Record identifying indicatozr.

L1-L9  Control Ievel indicator, used for arecord identi-
fying indicator when arecord type rather than
acontrol field signalsthe start of a new con-
trol group.

LR Last record indicator.

H1-H9 Halt indicator, used for arecord identifying
indicator when checking for a record type
that causesan error condition.

*k Look ahead field,

Columns 19-20 may be used for two purposes:
1. to specify record identifying indicators, or

2 toindicate alook ahead field.

Record identifying Indicators

Use columins 19-20 to assign an indicator to each record
type. When you have different typesd recordswithina
file, you often want to do different operationsfor each
record type. Therefore, you must have some way of know-
ing which type of record hasjust been read. To do this,
you assign different record identifying indicators to each
record type. Whenever arecord typeis selected to be pro-
cessed next, Its corresponding identifying indicator is turned
on (al other record identifying indicators are off at this
time). Thisindicator signasthroughout the rest of the
program cycle which record type hasjust been selected.

Because the record identifying indicator ison for the rest
of the program cycle, you may useit to condition calcu-
lation operations(see Columns 917 in Chapter 8) and
output operations (see Columns 23-31in Chapter 9).

Record identifying indicators do not have to be assigned
in any order.

You may assign the same indicator to two or more
different record types provided you want the same opera-
tions performed on thesetypes. Do this by using the OR
relationship (see Columns 21-41 in this chapter)

No record identifying indicator may be specified in the
AND lineof an AND relationship, Resulting indicators
for OR lines may be specified for every record type in the
OR relationship that requires special processing. See
Columns21-41 in this chapter for information on AND
lines, See Columns 53-58 in this chapter for information
on OR lines.
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Look Ahead Fields

Use asterisksin columns 39-70to indicate that fields named
in columns 53-55in following specificationsare look ahead
fields. Alook ahead field alowsyou to look at information
m afield on the next record that isavailable for processing
in any input, update, or combined file. Because of this
capability vou are ableto usethe information from the
fook ahead field to determine what operations should be
done next.

Through the use of alook ahead ficid, you are able to:

I.  Determine when you are processing the last card of a
control group.

2. Do jobswhich the RPG I marching record capability
cannot do.

SeeLook 4kead in Chapter 10 for information on when
and how to use thelook ahead fidds.

COLUMNS 21-41 (RECORD IDENTIFICATION CODES)

Use columns 21-41 to describe the information that
identifies a record type.

When you have many record typesin one fiie, you often
want to perform different operations for each type. There-
tore, you must identify each type by giving each a special
code consistingof a combination of characters in certain
positions in the record. Thiscode must be described in
columns 21-41 so0 that when arecord is read the record
type can be determined by these specifications.

When more than one record type is used in a file, only
one record type will be selected for processing in each
cycle. The récord identifyingindicator for that record type
will be turned on at the time of selection. When all records
are t0 be processed dlike regardlessof their type, or if
there isonly one type, leave columns 21-41 blank.

AND Relationship

A maximum of three identifying characters may be des-
cribed in one specification Iine, Thus, if the identification
code consists of more than three characters, an AND line
must be used. This means that the first three identifying
characters are described in the first line. The additional
identifying characters are described in as many following
linesasare needed. Write the word AND in columns 14-16
toindicate an AND line (see Examples, Exemple 1).

You may specify as many AND linesas you need in order
to describe the record identifying code. The record must
contain all the charactersindicated asits record identifica-
tion code before the record identifying indicator will turn
on.

76

OR Relationship

A particular record type may be identified by two different
codes. If thisisthe case, OR lines must be used to indicate
that either one of the codesmay be present to identify the
record. A maximum of twenty OR lines may appear for
each record sequence. Write the word OR in columns
14-15 to indicate an OR line (see Examples, Example 2).

Seven columnsare set asidefor the description of one
character in the record identification code. Each specifica
tion line contains three setsof seven columns: columns21-
27, 28-34, and 35-41. Each set consists of 4 fields:
Position, Not, C/Z/D, and Character. Codingisthe same
for al three sts.

Position
Entry Explanation
Blank No record identification code is needed.
1-4096 Record position of one character in the

record identification code.

Use columns 21-24, 28-31, and 35-38 to give the location
in the record of every character in the identification code.
Entriesin these columns must end in columns 24, 31, and
38 respectively.

Not (N}
Entry Explanation
Blank Character is present in the specified
column.
N Character is not present in the specified
column.

Use columns 25, 32, and 39 to indicate that acertain
character should not be present in the specified posticin.

C/Z/D
Entry Explanation
C Entire character.
z Zone portion of character.
D Digit portion of character.



Use columns 26, 33, and 40 to indicate what portion of a
character is used as part of the record identifying code.
Only the zone portion, only the digit portion, or both
portions (the whole character) may be used (see Examples,
Example 3, and Example 4). When establishing record
identifying codes, remember that many characters have
either ths same zone or the same digit portion. For alist
of charactersthat have identical zoneor digit portions see
Character Sructurein Chapter 10.

Character

Use any alphabetic character, specia character, or digitin
columns 27, 34, and 41 to identify the character that was
used in the record to serve asthe code or part of the code.

Note: If none of theidentifying codesyou have specified
isfound on arecord, processingstops. You may continue,
however, by pressing the start key on the Processing Unit.
Therecord that caused the halt is not processed, and the
next record in that file is read.

Examples

Example I. Figure 7-7, insert A showsa record identifica
tion code consisting of five characters. The first character
islocated in position 1, the other four in positions93, 94,
95and 96. Sinceonly three identifying characters may be
described on one line, the word AND must be used on the
next line to indicate that the last two characters of the cade
are part of the preceding record identification entries.

Example 2. Figure 7-7, insert B, showsthe use of an OR
lineto describerecord type identification codes. The
record assgned resultingindicator 12 can be identified by
two different codes. The record can beidentified by a code
consistingof a5in position 1 and a6 in position 2 or a
code consistingof a6in position 1.

Example 3: In Figure 7-7, insert A, the entry in column 32
indicatesthat the digit 9 must not be present in position
93 for record type 12.
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Example 4. Figure 7-7, insert A, showsthat only the zone
portion of the character 7' tocated in position 94 is part of

the identifying code. In position 96 only the digit portion
of the character Eispart of the code.

COLUMN 42 (STACKER SELECT)

Entry Explanation

Blank Cardsautomatically fall into a predeter-
mined stacker.

1-4 Stacker into which the card type is

stacked.

Column 42 is used to indicate that certain types of input
cardsmust be stacked in a specificstacker. If you make no
entry, all cards will go into a predetermined stacker
{primary hopper--stacker |, secondary hopper--stacker 4).
Only input file and combined file cards may be stacker
selectedin the input specifications.

Y ou may stacker select cardsfrom theinput fileininput
specificationsonly. However, cardsfrom a combined file
may be stacker selectedin either input specificationsor
output-format specifications(see Column 16 in Chapter 9).

Any card type that is stacker selected on the input
specificationsshould not have an output operation specified
for it. If an output operation isspecified, however, the
input stacker selection specification isoverridden (see
Column 16 in Chapter 9} if the output is performed.

When the same stacker is indicated for both input and
output files, a card from the output file is put in the stacker
before a card from the input file. Thisprocedureisreversed
(input card before output card) if Look Ahead Fieldsor
dual 1/O areas are specified for the input file.

The card typein an OR line may be sel ected for a specid
stacker by an entry in column 42. If the card typein an OR
line has no entry in column 42, the card goes into the pre-
determined stacker. {See Column 53-58 in this chapter for
more information on OR lines.} AND lines may not have
an entry in stacker select.

COLUMN 43 (PACKED OR BINARY FIELD)

Entry Explanation

Blank Field is in unpacked decimal format or
is alphameric.

P Field is in packed decimal format.

B Field is in binary format.

7-8

Column 43isusedto indicate that an input fieldisin
packed decimal or binary format. Packed decima and
binary fieldsare converted into unpacked decimal format
for use by the system. The conversion ignores decimal
points.

Column 43 must contain aPif theinput field namedin
columns53-58isin packed decimal format.

Column 43 must contain a B if theinput field named in
columns53-58isin binary format. Binary fieldscan only
bereadin from disk. The binary input field can only be
2 or 4 charactersin length. The highest decimal number
that can be expressed with 2 binary charactersis 32,767,
thus, 4 bytes of storage are set aside for a two-character
binary field. The highest decimal number that can be ex-
pressed with 4 binary charactersis 2,197,483,608; thus, 9
bytes of storageare set aside for afour-character binary
fidd.

Note Column 43 beginsthe field description entries
(columns 43-74) which must begin one line below thefile
and record identification entries (columns 7-42) for each
file.

COLUMNS 44-51 (FIELD LOCATION)

Entry Explanation
Two 1-4 digit Beginning of afield (From) and end of a
numbers field (To).

Use columns44-51 (From and To) to describethelocation
on the record of eachfield containinginput data namedin
columns53-58 (Field Name). Enter the number of the
record positionin which the field beginsin columns44-47.
Enter the number of the record positionin which the field
endsin columns48-51.

A single position field is defined by putting the same
number in both From (columns 44-47) and To (columns
48-51). If afield of morethan one position is defined, the
number entered in From (columns 44-47) must be smaller
than the number entered in To (columns 48-51).

The maximumfield length for a numericfield is 15 digits.
The maximum field length for an alphamericfield is 256
characters.

Entriesin these columns must end in columns47 and 51.
Leading zeros may be omitted.



COLUMN 52 (DECIMAL POSITION)

Entry Explanation

Blank Alphamericfield.

0-9 Number of decimal positionsin numeric
fied.

Use column 52 to indicate the number of positionsto the
right of the decimal in any numeric field named in columns
53-58. Column 52 must aways have an entry when the
field named m columns 53-58 is numeric. If you wish to
define afield as numeric with no decimal position, enter
ao. If afieldisto be used in arithmetic operationsor isto
be edited, it must be numeric. If the number of decimal
positions specified for afield exceedsthe length of that
field, the number of decimal positionsisassumed equal to
the length of the field.

COLUMNS 53-58 (FIELD NAME)

Entry Explanation
1-6 aphameric Field name, array name, or array element.
characters

PAGE

PAGE1 Specia words

PAGE2

Use columns 53-58 to name a field, array, or array element
found on your input records. If you are referencingan array,
additional entries may be needed in these columns (see
Arrays in Chapter 10). Use this name throughout the pro-
gram whenever you refer to thisfield. You must indicate
the names of the fieldsfor ali types of records. However, you
should name only the fieldsthat you will use.

A field name can be from 1-6 characters long, and must
begin in column 53. The first character must be an
alphabetic character. The remainingcharacters can be any
combination of aphabetic and numeric characters (specia
charactersare not dlowed). Blanksmay not appear
between charactersin the name.

All fieldsin one type of record should have different
names. If two or more fieldson the same record type have
the same name, only the field described last isused. How-
ever, fieldsfrom different record types may have the same
name if the fieldsare the samelength and contain the same
typeof data. Thisappliesevenif the fieldsarefound in
different locationsin each record type. Duplicate field
names should not be used if matching fieldsare specified
in your program.

Numericfields may havea maximum length of 15 charac-
ters. Alphamericfields may have a maximum length of 256
characters. However, fieldswhich are read in from acard
arelimited to the length of one punched card.

Fieldsthat are used in arithmetic operations (see Oper-
ation Codesin Chapter 10) or fieldsthat are edited or
zero suppressed (see Editingin Chapter 10) must be defin-
ed as numeric. This meansthat column 52 must have a
decimal position entry.

A separate lineisused for each field description.

OR Relationship: Even though two or more record types
contain identical fields, you must describe each field. This
may require duplicate coding. To eliminate duplicate cod-
ing of identical fieldsfrom different record types, you may
use the OR relationship. A maximum of twenty OR lines
may be used for each record sequence group.

An OR relationship meansthat the fields named may be
found in either one of the record types. You may use OR
lines when:

1 Two or morerecord types have the samefieldsin the
same positions (see Example).

2. Two or more record types have somefieldswhich are
identical and somefieldswhich differ in location,
length, or type of data. See Columns 63-64 in this
chapter for sample coding of such record types.

Writethe word OR in columns 14 and 15 to indicate an OR
line (see Example). If there are several AND or OR lines,
field description linesstart after the last record identification
line,

PAGE: If your printed report has severd pages, you may
want to number the pages. The special word PAGE alows
you to indicate that page numberingis to be done. When
you use a PAGE entry on the Output-Format sheet, page
numbering automatically startswith 1 (see Columns32-37
in Chapter 9).
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If you want to start at a page number other than 1, you
can enter that page number in afield of an input record
and namethat field PAGE in columns 53-58. The number
you enter in the PAGE field of theinput record should be
one number lessthan the starting page number. If your
numbering should start with 24, enter a 23in the PAGE
field. The PAGE field can be of any length, but cannot
have decimal positions (Figure 7-8). Any entry you make
in the PAGE field should be right justified, such as 0023.

Page numbering can be restarted during a program run
by entering a number in a PAGE field of any input record.
The PAGE field can be defined and used in calculations
like any other field.

The three possible PAGE entries. PAGE, PAGE1, and
PAGE2, are provided for naming different output files.

Do not use the same entry for two different output files.

Example

Figure 7-9 shows how the use of OR lines can save dupli-
cate coding. Thetwo different record types (one identified
by a5 in column 1, the other by a6 in column 1) both
have identical fieldswhich must be described. Figure 7-9,
insert A, shows one way of doingthis. Figure 7-9, insert B,
showsthe use of OR linesto do the same thing with less
coding. Thecodingin Figure 7-9, insert B, saysthat all
four fieldscan be found on either the record type identified
by the5in column 1 or the record type with a6 in column
1.

COLUMNS 59-60 (CONTROL LEVEL)

Entry Explanation

Li-L9 Any control level indicator.

Use columns 59-60 to assign control level indicators to in-
put fields. (Control level indicators may not be associated
with achained file.) Control level indicators are used to
specify the point at which specified operationsare to be
done. You may assgnacontrol level indicator to any field;
thisfield isthen known asacontrol field. 1t ischecked for
achangeininformation. When information in the control
field changes, a control break occurs. All records havingthe
sameinformation in the control field are known asa control
group.

Whenever arecord containing a control fieldisread, the
datain the control field is compared with data in the same
control field from the previous record. When a control
break occurs, the control level indicator turnson. Operations
conditioned by the control level indicator are then done (see
Columns 917 in Chapter 8 or Columns23-31 in Chapter
9.

There are nine different control levels (L1-1L9). Whena
certain control leve indicator turnson, al control level
indicators lower than it aso turn on. For example, if con-
trol level indicator 3 turnson, control leve indicators 1 and
2dsoturnon.

Figure 7-8. Page Record Description
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re ranked in order of importance. The
larger numbers mﬁ}: higher than lower numbers. L4 hasa
higher rank than L1, The importance of a control field in
relation to others should determine how you assign indica-
tors. For example, the type of data which demands a sub-
total has a lower control level indicator than data which
qeeds 2 grand total. A field containing department numbers
is given a higher control level indicator than a field contain-
ing employee numbers. (See Examples, Example I).
Control level indicator L0, since it is always on, cannot
be assigned to a control field. Nevertheless, you may use it
to condition operations (see Columns 7-8 in Chapter 8).
Normally control level indicators are used to:

The indicators

ot

1. Condition certain calculations to be performed when
the information in the control field changes.

2. Condition certain punching {summary punching) or
printing {total printing} to be done after totals have
been found for one control group.

3, Condition certain operations to be done on the
record that causes a change in s control field (first
record of anew control grougp).

When assigning contro! level indicators, remember:

same control level indicator is used in different

types or in different files, the control fields

f the
ord
ociated with that control level indicator must be
san

o
m w: o

o

?‘8

m

ae Fxamples, Fxample 2,

2. In the same record type, record columns in control
fields asagﬁci different control level indicators may
overlap (Figure 7-10), However the total number of
colurmnns assigned as control fields {counting each
control level only once) must not be greater than
144, In Figure 7-10 for example, a total of 15
columms is assigned to control levels.

3. Field names are ignored in control level operations.
Therefore, fields from different record types which
have been assigned the same control level indicator
may have the same name,

Lo

. Control levels need not be written in any sequence.
L2 entry can appear before L1, Also, there may be
gaps in the control levels assigned.

5. When numeric control fields with decimal positions
are compared fo see if a control break has occurred,
they are always treated as if they have no decimal
positions.

/ Pz 3 & 5 8 F & % W I 2 95 M iF W 7 o M YO IY JE U3 X4 28 56 27 28 I8 50 3 R

33 BE 35 36 YT 38 2B AU 41 K2 43 &4 35 46 &7 AF 43 30 91 37 53 54 S5 56 37 38 59 63 1 67 43 &4
45 65 67 W8 B YT 7T T2 VX G4 VS P IV VM TR OO & &2 35 84 G5 BE 87 48 99 30 W UZ 43 K 95

Y OB PR W KR KR 03 K4 K5 0% 07 K 0B IO W ONE N3 i RS NG BT BB WG GO 12 BZ 123124 128 128 T UR

Control Field 1
/\'//\\,‘

P2 03 4 05 6 7 8 5 0N 12D KIS K TS W 20N 2B NIMITHHNH N
N

Control
Field 2
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1 length and same type {alphabetic or numeric).

" 1M 3700 /

Figure 7-10. Overlapping Control Fields

6 If afieldisspecifiedas numeric, only the digit
portion is used to determine if acontrol break has
oceurred. Thismeansthat afield isalwaysconsider-
ed to be positive. A -5isconsidered equal to a+5s.

7. Ali control fieldsgiven the same control leve indi-
cator are considered numericif any one of those con-
trol fieldsis described as numeric (column 52 hasan
entry). This meansthat when numeric control fields
are compared to seeif the information has changed,
only the digit portion of each character is compared.

8.  Control fields areinitialized to hexadecimal zeros.

9. Acontrol break is highly probable after the first
record containing acontrol fieldisread. The control
fieldsin this record are compared to an areain
storage which isvoid of any type of data. Since
fields from two different recordsare not being com-
pared, total calculationsand total output operations
are bypassed for thiscycle. A control break does
occur, then, but it isnot considered to be a true con-
trol break.

Total calculations and total output operationsare
bypassed until the first cycle following a cycle involv-
ing arecord with control fieldsspecified.



Split Control Fields

If acontrol field is made up of more than one field of are-
cord, it isthen known asasplit control field. A split con-
trol field is created when the same indicator isassigned to
two or more connected or unconnected fieldson the same
record type.

Al fieldsin one record that have the same control level
indicators are combined by the programin the order
specified in the input specificationsand treated as one con-
trol field (see Examples, Example 3). Some special rules
for split control fieldsare:

1 For onecontrol leve indicator, afield may be split
in some record typesand not in othersif the field
namesare different. However, the length of the field,
whether split or not, must be the same in dl record

types.

2.  Thelength of the portionsof a split control field may
vary for different record typesif the field namesare
different. However, the total length of the portions
must alwaysbe the same.

3. Noother specification lines may come between lines
which describe split control fields.

4 If one section of asplit control field is numeric, the
wholefield is considered numeric.

5. A numeric split control field may have more than 15
charactersif any one portion of the split field does
not exceed 15 characters and the sum of &l control
fields(counting each control level only once) is not
greater than 144 characters.

6. Agplit control field cannot be made up of a packed
decimal field and an unpacked decimal field. Both
portions of the control field must be packed, or
both unpacked.

Note: Additional rulesapplying to control leve indicators
when used with indicators in the Field Record Relation
columnsare discussed in Columns 63-64 in this chapter.

Examples

Example1: Figure7-11 showsthe assignment of three
indicators. The namesof the control fields(DIVSON, DEPT,
EMPLNO) give an indication of their relative importance.
The divison (DIVSON) is the most important group. It is
given the highest control level indicator used (L3). The de-
partment (DEPT) ranks below the corporation; L2 isassign
edtoit. Theemployeefield hasthe lowest control level
indicator (L.1) assigned.
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Figure 7-11. Control Level Indicators(Two Record Types)
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Example 2. Figure 7-11 showsthat the same control level
indicators may be used for different record types. Notice,
however, that the control fields having the same indicators
arethe samelength. EMPLNO, in both cases, is6 columns
inlength, DEPT is4, and DIVSON isone.

Example 3. Figure 7-12 showsa split control field made up
of three portions. The control level indicator (L4) whichis
used for all three portionsindicatesthat they aredl to be
treated as one control field. Thefield can be pictured as
follows:

CUSNO ACCTNO REGNO

1 679 8 6 53917 111

Thefirst field assigned the same control level indicator
beginsthe control field; the last endsit.

COLUMNS 61-62 (MATCHING FIELDS)

Use columns 61-62 to specify matching fieldsand sequence
checking. Matching fieldsand sequence checking cannot
be specified for chained files.

An entry in columns 61-62 indicates:

1 Matchingfieldsand sequence checking when you have
two or more input or combined fileswith match
fields.

2. Sequence checking only when you havejust onein-
put or combined file.

Matching Fields

Make an entry in columns 61-62 when you wishto compare
recordsfrom two or moreinput or combined filesin order
to determine when records match. Records can be matched
by matching one field, many fields, or entire records. You
can indicate as many as nine matching fields(M1-M9).
Whenever the contents of the match fieldsfrom recordsof
the primary file are the same as the contents of the match
fieldsfrom a secondary file, the matching record (MR)
indicator turnson. M1-M9 are used only to identify fields
by which recordsare matched. The valuesM1-M9 are not
indicators, but do cause MR to turn on when a match occurs.
You can then use the MR indicator to condition those

Enery Explanation operations which are to be done only when records match
(see Columns 9-1 7 in Chapter 8 and Columns 23-31 in
MI1-M9 Any matching level Chapter 9).
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When assigning matching field values, remember:

1. Sequence checkingisautomatically done for all
record types with matching field specifications.
The contents of the fieldsto which M1-M9 have been
assigned are checked for correct sequence. An error
in sequence stopsthe program. The record which
caused the halt is not processed. When the machine
isrestarted, the next record from the samefileis
read, Thus, al matching fields must bein the same
order, either all ascending or all descending (see
Column18in Chapter 4).

2. Notal files used in the job must have matching fields.
Not al record types within one file must have match-
ing fields either. But at least one record type from
two filesmust have matching fieldsif filesare ever
to be matched.

3. Thesame number of matching fields must be
specified for al record typeswhich are used in match-
ing. The same matching record values must aso be
used for all types (see Examples, Example 1).

4. All match fields given the same matching record
value (MI-M9) must be the same length and type
(alphameric or numeric).

5. Record columns of different matching fields may
overlap, but the total length of all fields must not ex-
ceed 144 characters.

6. If morethan one matchingfield is specified for a
record type, dl the fields are combined and treated
as one continuous matching field (see Examples,
Example 2). They are combined according to ascend-
ing sequence of matching record values.

7. Matching fields may not be split. This means that the
same matching field value cannot be used twice for
one type of card.

8.  Matchingfields may be either alphameric or numeric.
However, al matching fields given the same matching
record value (M1-M9) are considered numericif any
one of those matching fieldsis described as numeric.

9.  When numeric fields having decimal positions are
matched, they are treated asif they had no decimal
position.

10.  Only thedigit portions of numeric match fieldsare
compared. Even though afield isnegativeitiscon-
sidered to be positive since the sign of the numeric
fieldisignored. Thus, a-5 will match with a+35.

1. Whenever more than one matching record value is
used, al match fields must match before the MR in-
dicator turnson. For example, if matching fields M1,
M2, M3 are specified, all three fieldsfrom one record
must match al three fields from the other record. A
match on only theM1 and M2 fieldswill not turn on
the MR indicator (see Examples, Example I).

12. Field namesareignored in matching record operations.
Therefore, fields from different record types which
have been assigned the same match level may have the
same name.

13. If you have defined an alternate collating sequence
for your program, alphameric fields are matched
according to the sequence you have specified.

Note: Additional rules applying to matching records when
used with entriesin the Field Record Relation columns are
discussed in Columns 63-64 in this chapter.

Matching records for two or more files are processed in
the following manner:

1. Whenever arecord from the primary file matchesa
record from the secondary file the primary file re-
cord is processed first. Then the matching secondary
filerecord is processed. (Remember, the record
identifyingindicator which identifies the record type
just selected ison at the time the record is processed.
Thisindicator isoften used to control the type of
processing that takes place.)

2. Whenever records from ascending files do not match,
the record having the lowest match field content is
processed first (Figure 7-13). Whenever records from
descending filesdo not match, the record having the
highest match field content is processed first.

3. Arecord type which has no matching field specifi-
cation is processed immediately after the record it
follows. The MR indicator isoff. If this record
typeisfirstin thefile, it is processed first even if
itisnotin the primary file (see Figure 7-13).

4. The matching of filesmakesit possible to enter data
from primary recordsinto their matching secondary
recordssince the primary record is processed before
the matching secondary record. However, the trans-
fer of datafrom secondary records into matching
primary records can only be done through look
ahead fields(see Look Ahead in Chapter 10).

For additional information on matching recordsfrom more
than two files see Operation Codes, Force, in Chapter 10.
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No Match Field

Match Field

;S

Primary File Secondary File

Last Record Pr

The recordsfrom the two files are processed
in the order shown here. The single, merged
card deck is shown mainly for iliustration
purposes Aithough the decks could be
merged, they are usually separated by the
stackers.

is processed immediately after
the card it follows, regardless
of file.

When cards have no match.
(7)) the cardwith the lowest

) " sequence number is processed
4_'1_ ‘r_/ ________ ) first, regardless of file.

-..-/—----—\
The card with no match field
g (D is processedimmedietely after
... the cardit follows, regardiess
of file.

— o——————— -

First Record Processed

Figure7-13. ProcessngOrder Accordingto MatchingRecords
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Sequence Checking

Make an entry in columns 61-62 when you want to sequence

check records within one input or combined file. This entry
causes sequence checking of the data in the fieldsto which
M1-M9 have been assigned (see Columns 15-16 in this
chapter for sequence checking of record types). You may
use as many as nine fields(M1-M9} to sequence check, The
sequence (ascending or descending) of your record file

must be specifiedin the file description specifications(see
Column 18in Chapter 4). An entry in columns 61-62 indi-
catesthat the recordsare to be checked to seeif they really

are in the sequence specified (see Examples, Example 3).

Examples

Example 1. Figure 7-14 showsthree record types that
are used in matching records. All record types have three
matching fields specifiedand al use the samevaues(M1,

M2, M3} to indicate which fields must match. The MR
indicator turnson only if al three match fieldsin either
of the record typesfrom the MASTER file are the same
asall three fields from the record in the WEEKLY file.

Example 2 Figure 7-14 indicates three matching fieldson
onerecord. Thesethree are combined and treated as one
matchingfield organized asfollows:

DIVSON DEPT EMPLNO

M3 M2 M1

The order in which the fieldsare specified on the input
specifications does not affect the organization of the
match fieldsin the computer.
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Figure 7-14. Match Fields
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Example3: Aninput file called MASTERisto besequence ~ COLUMNS 63-64 (FIELD RECORD RELATION)
checked using three fields (Figure 7-15). Data from two

cardsis shown below: Entry Explanation
01-99 Record identifying indicator assgned to
arecord type.
i L1-L9 Control level indicator previoudy used.
Data fromFirst Card Data from Second Card
MR Matching record indicator.
DEPT 008 DEPT 003
U1-U8 External indicator previously set.
REGION 051 REGION 025
HI-H9 Halt indicator previously used.
DIVSON 003 DIVSON 005

Columns 63-64 have severd uses which are discussed
after these generd rules:

1 All fields, including matching or control fields, that
have no field record relation specification should
come before those that do.

I'n sequence checking, all fieldsare treated as one contin-
uousfield. Thus, the matchingfieldslook like:

2. Allfieldsrelated to one record type (that is, having

M3 M2 Mi the same Field Record Relation entry) should be
entered asa group in specification linesfollowing one
card 1 003 051 008 another for more efficient use of core storage. These
card 2 005 025 003 fieldscould, however, be entered in any order.
3 All portionsof asplit control field must be assigned
The matching field from card 1 iscompared with the match- the samefield record relation indicator and must be
ingfield from card 2 If thefileisspecified to be in ascend- entered asa group in specification linesfollowing
ing sequence, the cardsare in order since 005025003 is one another (see Examples, Example ). For more
higher than 003051008. However, if thefileis specifiedas information on split control fields, see Columns
having a descendingsequence, card 2 isout of order. 59-60in this chapter.
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Figure 7-15. Match Fidlds(Sequence CheckingWithin a File)
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Record Identifying indicators (01-99)

Columns63-64 are commonly used when several record
types have been specifiedin an OR relationship. Fields
which have no field record relation indicator are associat-
ed with dl the record typesin the OR relationship. Thisis
fine when al record types have the same fields. But if the
record typesin the OR relationship have somefieldsthat
are the same and some that are not the same, you do not
want to associate every field with dl records. Therefore,
you must have some way of relatingafield to acertain
record. To do this, placein columns 63-64 the record
identifying indicator found in columns 19-20 of the record

type on whichthe field isfound (see Examples, Example 2).

Control fields(indicated by entriesin columns 59-60)
and matching fields (indicated by entriesin columns 61-62)
may also be related to a particular record typein an OR
relationship by afield record relation entry. Control fields
or matching fieldsthat are not related to any particular
record type in the OR relationship by the field record rela
tionindicator are used with al record typesin the OR re-
lationship.

When two control fields have the same control level indi-
cator or two matching fields have the same matching level
entry, it ispossibleto assgn afield record relation indicator
to just one of the control fieldsor to just one of the match-
ing fields. In this case, only the specification havingthe
field record relation indicator isused when that indicator is
on. If none of the field record relation indicators are on for
that control field or matching field, the specification with-
out afield record relation indicator isused. Control fields
and matching fieldscannot havean L1-L9 or MR entry in
columns 63-64.

Control Level {L1-L9) and Matching Record {MR)
Indicators

Another situation for which you may use these columnsis
when you wish to accept and use data from a particular
field only when a certain condition (such as matching
records or a control break) occurs. You indicate the con-
ditions under which you accept datafrom afield by
indicator L1-1.9 or MR. Data from the field named in
columns 53-58 isaccepted only when the indicator ison
(see Examples, Example 3).

External Indicators (U1-U8)

Y ou may also use these columns to condition a specification
by an external indicator (U1-U8). The external indicator,
whichyou set prior to processing, controls whether or not
the specification isdone. When the indicator ison, the
specification is done; when it is off, the specification is not
done.

Externa indicators are primarily used when file condition-
ingis done by an entry in columns 71-72 in the file descrip-
tion specifications. However, they may also be used to
condition when a specification should or should not be done
even though file conditioning is not specified. See
Indicators, External Indicators, in Chapter 10.

Halt Indicators {H1-H9)
A halt indicator isused to relate afield to arecord that is

inan OR relationship and also hasa halt indicator specified
in columns 19-20.
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Examples

Example 1: Split control fieldson one record type must

have the same record relation entry. Figure 7-16, insert A,

showssevera record types with split control fieldsin each.

The record identified by al in column 95 hastwo split
control fields:

FLDI Aand FLD1B
FDL2A and FLD2B

Therecord witha 2 in column 95 hasthree split control
fields.

FLD1A and FLDI B
FLD2A and FLD2B
FLD3A, FLD3B, and FLD3C

The third record type, identified by the 3in column 95,
also hasthree split control fields:

FLDI Aand FLD B
FLD2A and FLD2B
FLD3D and FLD3E

/ T2 3 4 5 6 7 8 9 0 IZ 13 W 516 17 18 19 20 21 22 23 24 25 26 27 26 29 30 31 32 / T2 03 4 5 6 7T 8 9 W N 13 M S 16 17 18 19 20 21 22 23 24 IS 26 ¥7 28 28 39 W 32

53 34 35 36 27 38 30 40 4t 42 43 44 45 46 47 4B 49 30 51 52 53 54 55 56 57 58 59 60 61 62 63 64
65 66 67 68 69 G 7 T2 Y3 74 75 76 Y7 R 7O BO 81 82 B3 64 85 86 87 85 89 90 % 82 93 S4 95 9
§7 96 99 W0 101 K02 103 104 105 106 107108 109 B0 B 12 WA N4 M5 HE WY NG NS 120 WY W2 123 124 125 126 1T 128

»-\.A,; ‘—s*-"\ Ve
12 3 4 8 8 7 B 5 10 M 1213145 K17 19 20 21 22 23 24 25 26 27 28 29 30 by 32

s

FLb2B FLDIB FLD2A
SN P

3334:\53537zaasw’nczuuns«nuwsous 525354555657505960'6\ 62 63 64

PENE NN ER VY- BN, JRUIINEC A

©5 66 §7 6B €8 70 YV Y2 73 Y& 75 76 77 7€ 79 BO 81 82 83 B4 85 86 £7 BS 89 50 97 62 93 94 °5 96

N 1BM 3700

“RNAOCPITRNPOBPD«NDODM

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 4B 49 50 5! 52 53 54 55 56 57 58 59 60 61 §Z 63 &4

€% 66 67 68 §9 70 Yt JZ 73 T4 Y5 Y6 YT 78 7% 60 8 82 83 64 BS 86 87 88 89 90 ¥ 52 93 94 ¥S §6

97 96 98 100 101 102 103 104 105 106 107 108 108 N0 IN 12 13 1 145 16 N 1B w9 120 N w2 123 128 28 176 w7 128

a B
A A
8 8
+ FLDIA FLDA FLDC FLD3B ;
iy e P -
1 l( 2 3 4 5 6 9 B 1w ‘ll 12 XS‘ 4015 K 17 B W 20 .Z‘ EI 23 24 25{2:;‘ 28 2% 3¢ 13‘ 32 é
A A
8
§ FLp28  FLD3C FLDIB FLD2A 2
2 2
B N . P, T N N 1
1B 23 34 35 36 37 38 38 ‘0' At AT A3 A4 A5 46 47 4B &9 Q'E\ 52 53 54 85 56 57 SB 5% 50",\1 62 63 64
A A
8 8
4 FLDB  FLD3A ;
2 P 2
‘ 65 66 & BE 69 70‘7\ T2 I3 A 73'?5 F7 T8 73 BC B 82 83 B4 85 86 87 88 89 90 91 92 93 G4 95 96 1
/ . 1BM 3700 7

Record identificationcode = 1

Record identificationcode = 2

/ T2 3 4 % € 7 B B o0 H R OTF WIS 16 7 N8 19 20 21 27 23 24 25 26 27 28 2% 3¢ 3 32

33 3% 35 36 37 38 39 40 4% 42 43 44 43 46 47 4B 43 SO0 B 52 53 54 55 56 57 55 5% 60 61 §2 63 64

i L #,

FLD2B

SRR PD NP -NIOPE

et 1BME 27O

85 66 67 68 6¢ TG 7t TZ 73 74 75 76 7 76 79 80 i 82 83 84 B5 86 BY 8§ 9 90 91 02 93 94 95 96

¥7 9B 95 100 101 107 103 104 105 106 107 108 06 HC M N2 W3 14 WS N6 WY 6B 69 120 W RE 123 124 125 126 127 26

FLD1A FLD3D FLDA FLD3E

el gl St B, el

H

v 23 a s 7 6 s 0 2 ’ha s e v ow e 2ola 222 zaas e a0ty 32

— e N ol
335 34 3% 36 37 36 39 ‘ﬁ“? A2 A3 A4 JS"S &7 A A So,!!d 52 5% B4 55 5¢ 87 5B X9 66‘55 62 63 64

65 66 67 68 & 70 Ttz 73 74 TS V6 77 T8 19 BO &1 B2 83 B4 85 86 67 BF 69 90 ST 82 93 %4 95 96

|

“RICPPTHRNIOPTI~RIOPT

¥

FLD1B FLD2A

Record identification code = 3

®

Figure 7-16. Field Record Relation (Split Control Fields) (part 1 of 2)
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All portions of the split control field must be assigned the
same control leve indicator and all must have the same
field record relation entry. Figure 7-16, insert B, showsthe
field record relation required for the three record types.
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Example 2 Figure 7-17 shows how record identifying
indicators are used to relate afield to arecord. Thefile
contains two different typesof records, one identified

by a5 in column 1 and the other by a6 in column 1.
FLDC isrelated by record identifying indicator 14 to the
record type which isidentified by a5in column |. FLDD
isrelated to the record type havinga6 in column 1 by re-
cord identifying indicator 16. Thismeansthat FLDC is
found on only one type of record (that identified by 5in
column 1) and FLDD isfound only on the other type.
FLDA and FLDB are found on both typessince they are
not related to any one type by arecord identifying
indicator.

Example 3. Suppose you were printing a monthly report
showingall itemssold in each department in your company.
Y ou also want the report tolist the name of the manager

of each department. Eachinput record then hasthe depart-
ment number {DEPT), the manager's name (MANAGR),
and oneitem (ITEM) that wassold by that department.
Fieldsare described asshown in Figure 7-18. The records
are arranged in order by department.

In the report it is not necessary to print the manager's
name for every item that was sold in hisdepartment. In-
stead, it should be printed only when the first record con-
taining an item sold in a different department isread. The
field called DEPT is established as a control field.

Remember that the manager's name is printed only when
information in the control field changes. Thustheinfor-
mation from thefield called MANAGR is not used often.

It would be wasted time to accept that information every
timearecord isread. TheL1 entry in columns63-64
indicatesthat the data from the field caled MANAGR isto
be accepted and used only when a control break occurs.

COLUMNS 65-70 (FIELD INDICATORS)

Entry Explanation
01-99 Field indicator.
H1-H9 Halt indicator (when checkingfor an

error condition in the data).

Usefield indicators 01-99 when you wish to test afield
for a condition of either plus, minus, zero, or blank. The
indicator specified turnson if the condition istrue;it re-
mains off or turnsoff if the conditionis not true. You
usually use these same indicatorsto control certain calcu-
lation or output operations(see Columns 9-17 in Chapter
8 or Columns23-31 in Chapter 9).
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Figure7-18. Field Record Relation: Accepting Data From a Field
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The three conditions you may check for are:

1. Plus{columns 65-66). Any validindicator entered
hereisturned on if the numericfield named in
columns53-58 isgreater than zero.

2. Minus(columns 67-68). Any vdid indicator entered
hereisturned on if the numericfield in columns
53-58islessthan zero.

3, Zeroor blank (columns69-70). Any vdid indicator
entered hereisturned on if a numericfidld namedin
columns53-58isall zerosor if an aphamericfield
isall blanks.

A numericfield whichisall blankswill turn on an
indicator specifiedfor al zeros. However,if an
alphamericfieldisall zeros, the field will not turn on
anindicator specifiedfor al blanks.

In the input specifications, you specify theindicators that
will be used to condition operations. 1n the calculation
specificationsand output-format specifications, you
actually use theseindicators. When conditioning operations,
you must know when the indicators will be off and when
they will beon. When assigning and usingfield indicators
in columns 65-70 remember:

1. Indicatorsfor plusor minusare off at the beginning
of the program. They are not turned on until the
condition (plus or minus) is satisfied by the field be-
ing tested on the card just read.

2. Anindicator assgned to zero or blank is off at the
beginningof the program. It remains off until the
field being tested iszero or blank.

3. Oneinput field may be assigned two or three field
indicators. However, only the one which signasthe
result of the test turnson; the othersare turned off.

4,  If thesamefieldindicator isassigned to fieldsin
different record types, its statusis aways based
on thelast record type selected.

5. When different field indicators are assigned to fields
in different record types, afield indicator turned on
will remain on until another record of that typeis
read. Similarly, afield indicator assigned to more
than onefield within a single record type will always
reflect the status of the last field defined.

6. Fedindicatorsassigned in these columnsmay be
SETON or SETOF in calculation specifications.

7-24

Halt Indicators

Specify any halt indicator (H1-H9) in columns 65-70 when
you wish to check for an error condition in your data. For
example, if afield should not be zero, you can specify a
halt indicator to check for that zero condition. If azero
fieldisfound, the halt indicator turnson and the job stops
after the record with the zero field has been processed.

Indicators H1-H9 cause the program to halt after the
record which caused the indicator to turn on is completely
processed.

COLUMNS 71-74 (STERLING SIGN POSITION)

Entry Explanation

Blank Sterlinginput is not being used.

S Sgnisin normal position.

1-4096 Number of the column which containsthe

dgnif thesgnisnot in normal position.

Use columns 71-74 only when processing sterling currency
amounts. The position of thesgn (+ or -) for thefield
named in columns 53-58 must be indicated in these columns.
The normal position of thesgnin afield having decimal
positionsisin the rightmost decimal position of the pence
fidd. If thefield hasno decima positions, the normal

sgn positionisin the last column (units position) of the
poundsfield. See Sterling in Chapter 10 for more infor-
mation.

COLUMNS 75-80 (PROGRAM IDENTIFICATION)

See Chapter 2.



Chapter 8. Calculation Specifications

Calculation specifications describe the calculationsyou 3 Wha testsare to be made on the resultsof the

want performed on your dataand the order in which you operation (columns 54-59). Theindicatorsentered

want them performed. Each calculation specification can here signal the result of the operation and may

be dividedinto three parts: serve to condition other operations.

1. Whentheoperation isto be performed (columns Write these specificationson the Cal cul ation sheet
7-17). Theindicators entered in these columns (Figure 8-1).

determine under what conditions the operation
specifiedisto be done.

2 What kind of operation isto be performed (columns

18-53). Entriesin these fieldsdescribe the kind of COLUMNS 1-2 (PAGE)
operation to be done. They also specify the data
upon which the operation is to be performed. See Chapter 2
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COLUMNS 3-5 (LINE)

See Chapter 2.

COLUMN 6 (FORM TYPE)

A C must appear in column 6.,

COLUMNS 7-8 (CONTROL LEVEL)

Entry Explanation

Blank Calculation operation is not part of a
subroutine and may only be performed
for detail calculations.

10, L1-19 Calculation operation is done when the
appropriate control break occurs:

LR Calculation operation is done after the
last record has been processed.

SR Calculation operation is part of asub-
routine.

AN, OR Establishes AND and OR relationships

between linesof indicators.

If you leave columns 7-8 blank, the operation specified
on the samelineis done every time arecord isread, pro-
vided indicatorsin columns9-17 alow it (see Columns
9-17in this chapter).

Control Level Indicators (LO, L1-L9)

The LOindicator ison during the entire program. Y ou need
never assign thisindicator, but you may useit. The
indicator isoften used when no control fields have been
assigned. Remember that when a control break occurs,

all operations conditioned by control level indicatorsare
done before those that are not conditioned. If you have no
control field but want total calculationsto be done and
total output recordsto be written or punched, you may use
the LOindicator to condition those operations (see
Examples, Example ). Linesconditioned by LO must
appear beforelinesconditioned by L1-L9 or LR.

Use control level indicators L1-L9 to sgnal when certain
operationsare to occur. If you specify a control level
indicator (L1-L9) in columns 7-8, the operation described
on the same specificationslineis done only when that
indicator ison. Remember that a control level indicator
turnson when information in a control field changes(see
Columns59-60in Chapter 7).

82

A control break for a certain level causesall lower con-
trol level indicatorsto turn on. Thus, if you used indicators
L3, L2, and L1 inyour program, and L3 turnson, L1 and
L2 will dsoturnon. All operations conditioned by L3, L2,
and L1 will be done.

An exception isasfollows. when acontrol level indicator
used asa record identifying indicator turnson to reflect
the type of record read or when a control level indicator
turns on by the SETON instruction, only that one control
levd indicator turnson. All lower level indicators remain
off.

Last Record Indicator (LR)

Thelast record (LR) indicator automatically turnson
when thelast recordisread and processed. You may
have certain operations which are to be done only when
the last record has been read. Condition these operations
with the LR indicator. Thelast record causesthe LR
indicator and al other control level indicators specified
(LI1-L9) toturn on.

Subroutine Lines {SR)

Use columns 7-8 to indicate that alineis part of asub-
routine (see Subroutinesin Chapter 10). Subroutine lines
must be specified last.

AND/OR Lines (AN,OR)

Columns 7-8 can be used to specify that linesof indicators
arein an AND/OR relationship. By usingthe AND/OR
relationship, many linesof indicators may be grouped
together to condition an operation. A maximum of
twenty OR linesmay be used to condition an operation.
Thereisno limit to the number of AND linesthat can be
used.

Thefirst line of such agroup contains blanksin columns
7-8, 0or an LO-L9, LR, or SR entry if the group of linesis
conditioned by a control leve indicator or is part of a
subroutine. All linesafter the first linein the group must
have an AN or OR entry in columns7-8. Thelast line of
the group contains the operation and the necessary
operands. All linesin the group prior to the last line must
contain blanksin the columnsfor Factor 1, Factor 2,
Operation, Result Field, and Resulting Indicator (see
Examples, Examples2and 3).



Examples

Example 1. Figure 8-2 showsthe format of the report
printed by the job describedin Figure 8-3. The job
showshow total operationscan be performed even though
there isno control field (no L1-L9 indicators). Thejob

requires:
1.  Alist of itemssold in each district.
2 A total of dl sdesfor each district.

3  Agrandtotal of al sdesinal districts.

The input records have ITEM and COST fieldsand a
one column record identification field. The recordsare
grouped in ascending sequence by district. The record
identification code is used to tell which district arecord
isfrom. For example, recordsfrom district one are
identified either by a7 or an M in column 1. Records
from district two areidentified by either a2 or an N in
column 1 (Figure 8-3, insert A).

No field on the records can serve asa control field.
Certainly, ITEM and COST cannot. The record identi-
fying field cannot either since one district can beidenti-
fied by two different codes. Thismeansthat the contents
of thisone column identifying field can change even
though the district number cannot. Therefore, in order

J102 4.50

J202 37
K450 298
B231 9.08
031 *
G10H 9279
G1OK  98.89
Al126 429
195.97 *
216.28 **

Figure8-2. Format of a Printed Report

to get total operationswithout the use of acontrol field,
LO must be used (see line 05 of Figure 8-3, insert B).
Assume that the five records shown in Figure 8-4 are read.
Refer to Figure 8-3 as you read the description of opera
tions performed for each record read.

®

Figure8-3. Usedf theLO Indicator (Part1cof 2)
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Figure 8-3. Use of the LO Indicator (Past 2 of 2)
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tdentifying l

Code |

M l
e J

Figure 8-4. Data Cardswith No Contral Fields

Record  IndicatorsOn  Operations Performed

(1) LO 01 turnson.
No total operations are

performed because condi-

tionsinlines5 and 6 (Calcu-

lation sheet) are not met.
(Remember that operations
conditioned by control

level indicatorsin columns
7-8 are performed first.)
COST isadded to DISTOT.
2lisseton.

ITEM and COST are printed
out.

0l isturned off.

21 remainson.

Record

2

3

4

&)

IndicatorsOn

LG 21

LG 21

LO

LR

OperationsPerformed

0l isturned on.

No total operationsare
performed.

COST isadded to DISTOT.
ITEM and COST are printed
out.

01 isturned off.

21 remainson.

02 turnson.
DISTOT isadded to GDTOT.

(Conditionsfor the total
operation in line 5 have been
met.)

DISTOT isprinted out.
COST isaddedto DISTOT.
21 isset off.

ITEM and COST are printed
out.

02isturned off.

02isturned on.

No total operationsare
performed.

COST added to DISTOT.
ITEM and COST are printed
out.

02 isturned off.

DISTOT added to GDTOT
(LR indicator is on).
DISTOT and GDTOT
printed out.

85




Example 2. Figure 8-5, insert A showsthe use of AN Exanmple 3: Figure 8-5, insert B illustrates a case in which
and OR entries to group lines of indicators. When indi- three conditionswill cause the L4 total calculationsto
cators 01, 02, 03 and 04 are on, or when indicators 01, be performed: 01 and 02 are on, but not 03; or 01 and
02, 03 and 05 are on, the calculation will be performed. 03 are on, but not 02; or 02 and 03 are on but not O1.
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Figure 8-5. Use of AND/OR Linesfor Indicators
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COLUMNS 9-17 (INDICATORS)

Explanation

Blank Operation is performed for every card
read.

01-99 Resulting indicators used elsawhere in
the program.

L1-L9 Control level indicators previously
assigned.

LR Last record indicator.

MR Matching record indicator.

H1-H9 Halt indicators assigned elsewhere.

Ui-Us External indicators previously set.

OA-OG,0V  Overflowindicator previoudy assgned.

Use columns 9-17 to assign indicators that control when
an operation isor isnot to be done. You may use from
one to three indicators on aline. By using AN or OR
entries in columns 7-8, many indicators can be used to
condition one operation. A maximum of twenty OR
lines may be used to condition an operation. Thereis
no limit to the number of AND linesthat can be used.

There are three separate fields(9-11, 12-14, and 15-17)
on eachline, one for each indicator. If the indicator must
not be onin order to condition the operation, placean
N before the appropriate indicator (eolumns 9, 12, 15).

All three indicators on oneline arein an AND relation-
ship with each other. The indicators on oneline, or indi-
catorsin grouped lines, plusthe control level indicator
(if usedin columns7-8) must dl be exactly as specified
before the operation isdone. See Examples, Example 1.

Use any record identifying indicators previously speci-
fied in columns 19-20 on the Input sheet to condition
an operation that isto be done only for acertain type of
record (see Examples, Example 2).

Use any field indicators previoudy specifiedin columns
65-70 on the Input sheet to condition an operation that
isto be done only after the status of afield has been
checked and has met certain conditions (see Examples,
Example 3).

Use any resultingindicators specified in columns 54-59
on the Calculation sheet to condition operationsaccording
to the resultsof previous calculation operations(see the
examplein Columns54-59 in this chapter).

Use any halt indicators previously used in columns
65-70 on the Input sheet or in columns 54-59 on the
Calculation sheet to prevent the operation from being
done when a specified error condition has been found in
the input data (see Columns19-20 in Chapter 7) or on
previouscalculations. Thisis necessary because the
record that causesthe halt condition will be completely
processed before your programstops. Thus, if the opera
tion is performed even on an error condition, the results
arein error. Itisdso possbleto useahalt indicator to
condition an operation that isto be done only when an
€rror occurs.

Use the matching record (MR) indicator to condition
an operation that isto be done only when matching
records have been found.

Use any external indicator, includingany previously
specified in columns 71-72 on the File Description sheet,
to condition which operationsshould be done and which
filesshould be used for a specific job.

Usethelast record (LR) indicator to condition all
operations that are to be done at the end of the job.

Use any control level indicators specified in columns
59-60 on the Input sheet, or in columns 54-59 on the
Calculation sheet. If control level indicators are used in
these columnsinstead of in columns 7-8, the operation
is performed on only the first record of anew control
group.

Use any overflow indicators previoudy specifiedin col-
umns 33-34 on the File Description sheet to condition
operationsthat are to be done when the last lineto be
printed on a page has been reached. Seelndicatorsin
Chapter 10for moreinformation.

The relationship between columns 7-8 and columns
9.17 isexplained in the following discussion.

When acontrol level indicator (L1-L9) isspecifiedin
columns 7-8 and MR is specified in columns 9-17, MR
indicates the matching condition of the previousrecord
and not the one just read that caused the control break.
After dl operationsconditioned by control level indicators
(specified in columns 7-8 of the Calculation sheet) are
done, MR then indicates the matching condition of the
record just read.

When a control level indicator isused in columns 9-17
and columns 7-8 are not used, the operation conditioned
by the indicator is done only on the record that causes
that control bresk or any higher level control bresk.

I'n one program cycle all operations conditioned by
control level indicators in columns 7-8 are done before
operationsthat are conditioned by control level indicators

in columns 9-17 (see Examples, Exanples 4).
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Examples

Example4 Figure 8-6 showsthe use of control level
indicatorsto condition calculation operations. The
operationin line 03 may be done when the L 2 indicator
ison provided the other conditionsare met. Indicator 10
must be on. The L3 indicator must not be on.

The operation conditioned by both L 2 and NL3 isdone
only when acontrol level 2 bresk occurs. Thesetwo
indicatorsare used together becausethis operation is not
to be done when acontrol levd 3 break occurs, even
though L2isaso on.

Date ST
Program
P
indicators
5
Line .,335 And And £
3 i}
JES oot
BEH
LRI
2 4 Sf6 17 81 gHoinI234h 517118 18 20 21
ol1} jc 2i8] LY B
ajz) et 1iGINILI3)
i3] jc
6ial |C
015 c

Figure8-6. ConditioningOperations(Control Leve Indicators)



B

Example2 Figure 8-7 showshow arecord identifying
indicator isused to condition an operation. When a
record isread that hasa T in column 1, the Ol indicator
turnson. If thisindicator ison, the field named SAVE is
added to SUM. When arecord havingno T in column 1
isread, the 02 indicator ison. The subtract operation,
sinceit isconditioned by 02, isthen doneinstead of the

add operation.
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Record identifying indicators @1 and 02
are assigned on the input specifications.
They are used here to condition calculation
operations.

Figure 8-7. Conditioning Operations (Resulting Indicators)
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Example 3 Figure 8-8 showsthe use of field indicators
to condition operations. Assume the job isto find weekly
earningsincluding overtime. The overtimefield ischecked
to seeif any overtime hasbeen put in. |f the employee
has worked overtime, the field is positiveand indicator

10 turnson. In all casesthe weekly regular wageis
calculated. However, overtime pay iscalculated only if
indicator 10 ison (lines 03.and 04).

Example 4. Line 02 of Figure 8-8 showsthe use of a
control ievel indicator in columns 9-17. Assume that

indicator 25 representsarecord type and that a control
level 2 break occurred when record type 25 was read.

L1 and L2 are both on. All operations conditioned by
the control level indicatorsin columns 7-8 are performed
before operations conditioned by control level indicators
in columns 9-17. Thus, the operation in line 03 occurs
before the operation in line 02. The operation in line 02
is done on the first record of the new control group
indicated by 25, whereasthe operation inline 03isa
total operation done for al records of the previous control

group.
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\ Field indicator 10 wasassigned on the input specifications.

It isbeing used here to condition calculation oper ations.

Figure 8-8. Conditioning Operation (Field Indicators)
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COLUMNS 18-27 (FACTOR 1) AND COLUMNS 33-42
(FACTOR 2)

Use columns 18-27 and 33-42 to name the fields or to
givethe actual data(literals) on which an operation isto
be performed. Theentriesyou can use are;

1. Thenameof any field that has been defined.
2. Any aphameric or numericliteral.
3. Any subroutine, table, or array name.

4. Any datefield names(UDATE, UMONTH, UDAY,
UYEAR).

5. The specia namesPAGE, PAGE1, or PAGE2.

6.  Alabel for aTAG or ENDSR operation (Factor 1
only). A label for aGOTO operation (Factor 2

only).

7.  Afilenamefor aCHAIN, DEBUG, DSPLY, or
FORCE operation (Factor 2 only).

Anentry in Factor 1 must begin in column 18; an entry
in Factor 2 must begin in column 33.

The entries you use depends upon the operation you
are describing. Some operations need entriesin both
sets of columns, some need entriesin only one, and some

need no entriesat dl. See Columns28-32 in this chapter
for more information on operation codes. If you are
naming a subroutine, see Subroutinesin Chapter 10.

Literals

A literal isthe actual data used in an operation rather
than the field name representing that data. A literal may
be either aphamericor numeric.

Consider the followingrules when using an a phameric
literal (Figure 8-9, insert A):

1. Any combination of characters may be usedin an
alphamericliteral. Blanksare also vaid.

2. The maximumlength of an aphamericlitera is8
characters.

3.  Alphamericliterals must be enclosed by apostrophes
-

4. Anapostrophe required as part of aliteral isrepre-
sented by two apostrophes. For example, the
literal OCLOCK would be written asO”’CLOCK.

5. Alphamericliterals may not be used for arithmetic
operations.
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Consider the followingrules when using a numeric 3. Blanksmay not appear in the literal.
literal (see Figure 8-9, insert B):
4. Thesdgn, if present, must be the leftmost character.

1. Anumericliteral consistsof any combination of An unsignedliteral istreated as a positive number.
the digits0-9. A decimal point or sgn may aso be
included. 5  Numericliterals must not be enclosed by apostro-

phes(’).
2  Themaximumtotal length of aliteral is 10 char-

actersincludingsignsand decimal points. 6. Numeric literals are used in the same way asa
numeric field.
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Figure 8-9. Alphameric and Numeric Literals
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COLUMNS 2832 (OPERATION!

Use columns28-32 to specify the kind of operation to be
performed using Factor 1, Factor 2, and/or the Result
Field. The operation code must begin in column 28,

A specia set of operation codes have been defined which
you must useto indicatethe type of operation desired.
Every operation code used requires certain entrieson

the same specification line. See Figure 8-10 for asummary
of dl possible codesand the additional entries required
for each code. For further information on the operations
that can be performed, see Operations Codes in Chapter
10.

The operations are performed in the order specified on
the Calculation shest.

All operations conditioned by control level indicators
in columns 7-8 (except those which are part of asub-
routine) must follow those that are not conditioned by
control level indicators.

COLUMNS 4548 (RESULT FIELD)

Entry Explanation

Resultfield Field, table, array, or array element.

Use columns43-48 to namethefield, table, array, or
array element that Wl hold the result of the operation
specified in columns 28-32. Y ou may use the name of a
field, table, array, or array element that hasalready been
defined either in the input specificationsor elsewherein
the cal culation specifications. (See Arrays in Chapter 10
for moreinformation on arrays.)

Otherwiseyou may defineanew field by entering a
field name that has not already been used. Any field you
define here Wl be created at the time the program is
compiled. Thefield you name may be either numeric or
alphameric. A field used in arithmetic operations(see
Columns 28-32 in this chapter) or numeric compare,
or afield edited or zero suppressed in output-format
specificationsmust be numeric.

The result field name must begin with an alphabetic
character in column 43 and contain no blanksor specid
characters.

If you are entering the name of afield that has not
been defined e sewhere, columns 49-52 should also contain
entries.

If you are entering the name of afield that has been
defined, entriesin columns49-52 are not necessary but if
specified must agree with the previousdefinition of that
fidd.

COLUMNS 49-51 (FIELD LENGTH)

Entry Explanation

1-256 Result Field length.

Use columns49-51 to give the length of aresult field that
has not been defined previousty. If you are naming a new
field (one that has not been used before), you must con-
sider the form your datawill be in and thelength it wiil
have after the operation has been performed.

Whenever the field length is specified for aresult field,
you should be careful to make the result field long enough
to hold thelargest possibleresult. If theresultfieldis
too small, significant digitsmay belost. For example,
you may wishto add field A (eight characterslong, four
decima places) to field B (ten characterslong, Sx decimal
positions). FieldsA and B havefour charactersto the
left of the decimadl, but the result field, field C, must
aliow for more charactersto theleft of the decimal.

9999.0000 Field A
0001.111111 Field B
10000.111111 Field C (result field)

In this case, Field C wasdefined as 11 characterslong
with 9x decimd positions. Some of the numbersto the
right of the decimal could belost without changing the
meaning of the result greatly. However, if field C were
defined as 10 characterslong with six decimal positions,
adgnificant digit to theleft of the decimal would be
lost. Field C in thiscase would be 0000.111111 and
the meaning of the result has greatly changed.

Numeric fieldshave a maximum length of 15 characters.
Alphamericfieids may be up to 256 characterslong.

Y ou may indicate the length of afield that has been
previoudly described either in the input specificationsor
in calculation specifications. However, if you do so,
you must specify the same field length and number of
decima positionsas was previoudy given to the field.

If the result field contains the name of atable or array,
an entry in these columnsisoptiona. If used, it must
agree with the length described in the extension specifi-
cations.

COLUMN 52 {DECIMAL POSITIONS)

Entry Explanation

Blank Alphameric or numericfield described
elsawhere.

0-9 Number of decimal placesin a numeric
result field.
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Type of Operation _ g -l a . gg
i © = - - T £
Operation z:(:)?jmns §3 g181l¢ :gE Eg’ Eg - g %g
| B | 8| 8| 8225|388 55| 8B
28-32) O] £l |k it lAllTgigE
Arithmetic Add Factor 2 to Factor 1. ADD 0] 0O R R R|]OI10j0}| O
Operations Clear Result Field and add Factor 2. Z-ADD 0} 0} B R RIO!1O0O 10} O
Subtract Factor 2 from Factor 1. SuB 0O 0O R R RIOJ]OJ0O01] O
Clear Result Field and subtract Factor 2. Z-SUB o150 B R R 0|0 0O ;0
Multiply Factor 1 by Factor 2. MULT o] o] R R R 0O 10 010
Divide Factor 1 by Factor 2. DIV O (0] R R R 0010 (o]
Move remainder of preceding division to a Result Field. MVR 0 [o] B B R O (o] R O
Sum elements of an array and put sum in Result Field. XFOOT 0| O B R R Cjo0oj0}| 0O
Derive the square root of Factor 2. SORT 0] 0} B R]R]O}|0O0 ;0B
Move Factor 2 into Result Field, right justified. MOVE O, O.B R R ' O . O . B . B
Operation Move Factor 2 into Result Field, left justified. MOVEL O, 0 B R R O 0 .B.B
Move zone from low-order position of Factor 2 to MLLZO O, O, 6B R . R,O O B B
low-order position of Result Field. l ] l
Move zone from high-order position of alphameric MHHZO O, O B R R.O B B B
Factor 2 to high-order of alphameric Result Field.
Move zone from low-order position of Factor 2 to high- MLHZO {0} B RI RI| O B B B
order position of alphameric Result Field.
Move zone from high-order position of alphameric MHLZO o] (o] B R R (o] (o] B B
Factor 2 to low-order position of Result Fieid.
Compare Compare Factor 1 to Factor 2. COMP ol O R R B B B B R
and Zone Identify the zone in the leftmost position of an TESTZ (0] (0] B B R (o] B B R
Testing alphameric Result Field.
Operations
Binary Set on specified bits. BITON (o2 BN o] B R R o] B B B
Field Set off specified bits. BITOF 00} B R RO | B B B
Operations Test specified bits. TESTB (o] (o] B R R o] B B R
Setting Set one, two, or three specific indicators on, SETON (e Be] B B B B B B R
indicators Set one, two, or three specific indicators off. SETOF 0] (o] B B B8 B B B R
Branching Branch to another RPG il calculation specification line. GOTO o] (o] B R B B B B B
Within ldentify the name in Factor 1 as a destination labe! TAG [0 2 B 1 R B B B B B B8
RPG i to which GOTO may branch.
Lookup Table Lookup. LOKUP (o] o] R R (0] [ Ne B R
QOperations Array Lookup. LOKUP o}l 0 R R B B B B R
Subroutine Beginning of the subroutine. BEGSR * B R B B B B B B
End of the subroutine, ENDSR * B 0! B B B B B B
Call to execute the subroutine, EXSR 10| 8B R B B B B B
Program Forcing record to be read next. FORCE B o] B R B B B B B
Control Forcing output printing. EXCPT O}l 0| B B B B B B B
A field is printed on the printer-keyboard and/or data DSPLY 0O} O0O}|O}|R|O|B |B|B |B
is entered via the printer-keyboard into a field.
A record is read from a disk file. CHAIN 0] O R R B B **
Debug Aid in finding programming errors. DEBUG 0o} 0 R B iB|B | B
Function
O - Optional
R - Required
B - Blank

* Columns 7-8 must have an SR entry for ail subroutine lines.
** See columns 54-59 in this chapter for more information.

Figure 8-10. Operation Codes
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Use column 52 to indicate the number of positionsto COLUMN 53 (HALF ADJUST)
theright of the decimal in anumeric result field. If the

numeric result field contains no decimal positions, enter Entry Explanation
a g (zero).

Thiscolumn must beleft blank if the result fieldis Blank Do not half adjust.
alphameric. Thiscolumn may beleft blank if the result
fieldis numeric but has been previously describedin the H Half adjust.
input or calculationsspecifications.

The number of decimal positionsmust never be greater Use column 53 to indicate that the contents of the result
than thelength of thefield. The number may, however, field are to be half adjusted (rounded). Haf adjustingis
be larger or smaller than the number of decimal positions done by addinga5 (-5 if the field is negative) to the
that actually result from an operation. If the number of number at the right of the last decimal position specified
decimal positions specified isgreater than the number for thisfield. All decimal positionsto the right of the
of decimal placesthat actually result from an operation, position specified for that field are then dropped (see
zerosarefilled in to theright. If the number specified Example).
issmaller that the number that resultsfrom the operation, The hdf adjust entry isalowed only with arithmetic
the rightmost digitsare dropped. operations(see Columns 28-32in this chapter).

Figure 8-11 showshow the contents of aresult field
after amultiplication operation may change according
to the Decima Positions(column 52) and Field Length Example

(columns 49-51) specifications.
Thisexample showsaresult field being haf adjusted to

two decimd positions{2 in column 52 and A in column
53).

Multiplication: 98.76 X 1.234 = 121.86984

Field Length {columns 49-51)
Decimal Positions
{column 52)
10 9 8 7 6 5 4 3 2 1
]
A
8 | Hy
7 121.8698400 | 400 , A, 7
6 0121.869840 | 121.869840 | 21.86984
5 00121.86984 | 0121.86984 {
4 000121.8698 | 00121.8698 | 0121.8698 | 121.8698
3 0000121.869 | 000121.869 | 00121.869 | 0121.869 | 121.869
2 00000121.86 | 0000121.86 | 000121.86 | 00121.86 | 0121.86
1 000000121.8 | 00000121.8 | 0000121.8 | 000121.8 | 00121.8
0 0000000121 | 000000121 | 00000121 | 0000121 | 000121

W / ﬂ Not permitted

Permitted but inaccurate

{ ] Recommended

Figure 8-11. Result Fidld ContentsBased on Various Field Length and Decimal Position Specifications
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2nd Position

35.7968 Result of an add operation.
5 Add 5 to the number at the right of
thelast decimal position specified.

35.80XX Drop dl decimd positionsto the right
at the position specified.
35.80 Result after hdf adjusting.

COLUMNS 54-59 (RESULTING INDICATORS)

Entry Explanation

01-99 Any two digit number.
H1-H9 Any halt indicator.

Li-1.9 Any control level indicator.
LR Last record indicator.
OA-OG,0V  Any overflowindicator.

Columns54-59 are used for three different purposes:

(1) totest the value of the result field after an arithmetic
operation (2) to check the outcome of aCHAIN, LOKUP,
COMP, TESTB, or TESTZ operation (see Operation Codes
in Chapter 10) and (3) to specify which indicatorsto set
on or off.

Test Results

By entering an indicator in columns 54-59, you specify
that the result field isto be tested after the operation
specifiedin columns 28-32 has been performed. (Normally,
only indicators 01-99 and H1-H9 are used for testing.)
The indicator specifiedisturned on only if the result
fidld satisfiesthe condition being tested for. Thisindicator
may then be used to condition following calculations
or output operations(see Example). |If the sameindicator
isused to test the result of more than one operation, the
operation last performed determinesthe setting of the
indicator.

Noticethat three fields{columns 54-55, 56-57, and
58-59) can be used for this purpose. Eachfieldisused
to test for different conditions: columns54-55, plusor
hi gh; columns 56-57, minus or low; columns 58-59, zero
or equal, You may test for any or al conditions at the
sametime.

Columns 54-55 (Plus or High): Place an indicator in
these columnswhen testing to find:

1 If theresultfield in an arithmetic operation is
postive.

2  If factor 1lishigher than Factor 2inacompare
operation.

3,  If factor 2ishigher than Factor 1inatable or
array lookup operation.

4 The resultsof aCHAIN, TESTB, or TESTZ opera
tion.

Columns56-57 (Minus or Low): Placean indicator in
these columnswhen testing the result field to find:

1 If theresultfield in an arithmetic operation is
negetive.

2  If factor 1 islower than Factor 2in a compare
operation.

3 If factor 2 islower than Factor 1in atable or
array lookup operation.

4 Theresultsof aCHAIN, TESTB, or TESTZ
operation.

Columns58-59(Zero or Equal): Placean indicator in
these columns when testing the result field to find:

1 If theresultfield in an arithmetic operation is zero.
2. If factor 1lisequal to Factor 2in acompare operation.

3  If factor 2isequal to Factor | in atableor array
lookup operation.

4.  Theresultsof aCHAIN, TESTB, or TESTZ
operation.

Setting Indicators

Y ou may enter the indicators that you want to turn on

or off by the operations SETON or SETOF. See Operation
Codes, Setting Indicators in Chapter 10 for more informa-
tion on these operations. Any indicators to be turned on
or off by the SETON or SETOF operations are specified
from left to right in the three resulting indicators fields
(Figure 8-12. Column headingsin columns 54-59 have no
meaningfor SETON, or SETOF operations.
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Example

Figure 8-13 showsthe entry of two indicatorsthat are
used to test for the different conditionsin acompare
operation. Theseindicatorsare used to condition the
calculationswhich must be performed for a payroll job.
Indicator 10isturned on if the hours worked (HRSWKD)
are greater than 40 and isthen used to condition all
operations necessary to find overtime pay. Indicator 20
isturned on if HRSWKD islessthan 40. Itisasousedto
condition other operations. Inline 03if 20isnot on
(the employeeworked 40 or more hours), regular pay
based on a40 hour week iscalculated. Inline 06 if 20
ison (employee worked lessthan 40 hours), pay based

COLUMNS 60-74 (COMMENTS)

Enter in columns 60-74 any meaningful information you
wish. The comments you use should help you understand
or remember what you are doing on each specification
line. Commentsare not instructions to the RPG 11
program They serve only asa meansof documenting your

program.

COLUMNS 7580 (PROGRAM IDENTIFICATION)

on lessthan a40 hour week is cal culated. See Chapter 2
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Output-Format specificationsdescribe your output records.
These specificationsmay be divided into two genera cate-
gories.

1. Record description entries (columns 7-31) which
describethe output file records to be written or
punched.

2. Fidd description entries (columns 23-74) whichin-
dicate the position and the format of data on the
output record.

Write the specificationson the Output-Format sheet
(Figure 9-1). Thefield description entriesstart oneline
lower than record description entires.

Chapter 9. Output-Format Specifications

COLUMNS 1-2 (PAGE)

See Chapter 2.

COLUMNS 35({LINE)

See Chapter 2.

COLUMN 6 (FORM TYPE)

An O must appear in column 6.
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COLUMN 7-14 (FILENAME) 1IBM IBM
Use columns 7-14 to identify the output file you will be oo ouse
using. The filename must beginin column 7. Use the same
filename given in the file description specifications. You
need to specify the output filenameonly once. That name,
however, must be on thefirst line that identifies the file.

Program Program

Si

Line Filename Line Filename

Retnre

Type (H/D/T/E}
Before

Type (H/D/T/E}
@ Stacker Select/Fotch Overflow (F)
T %

5. Stacker Select/Fetch Overflow {F)

o

CIOIC{OIQIOIO(QIC|Q OO0 IQ[O{OIO[O[{QO O {a FormType
T

10 11 12 13 14

COLUMN 15 (TYPE) .
LIEA

10011 12 15 14

LE

o

Ol o oo OO0 [OIRIO{O{C[CIO[O[O0{O[{O[C (a0 FomType

Fil ali

Entry Explanation

O _xF

H Heading records.

D Detail records.

T Total records.

E Lines to be written during
calculationtime.
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Use column 15 to indicate the type of record that isto be
written, Thisrecord may be printed, written on disk, or
punched or printed on a card. Perhapsthe clearest method
of describing output filesisto enter the recordsfor each |
filein thisorder: heading, detail, total, and exception
(see Figure9-2, insert A).

Another method isto enter al heading recordsfor dl out- @
put files, then, al detail recordsfor dl output files, etc.
The program is compiled faster when recordsare listed in Figure9-2. Order of Output Record Types
this manner (see Figure 9-2, insert B).

Heading records usually contain unchangingidentifying
information such as column headings, as well as page and
date.

Detail recordsare closely connected with input data. Mogt
datain adetail record comesdirectly from the input record
or isthe result of calculationsperformed on data from the
input record.

Total records usualy contain data that is the end result COLUMNS 16-98 (ADD A RECORD)
of specificcalculations on severa detail records. Total out-
put may not be specified for update files, which are not Entry Explanation
processed randomly.

Exception records are written or punched during calcula ADD Add arecord.
tion time. Thisisan unusual case and can be indicated only
when the operation code EXCPT is used. £ may nhot be Columns 16-18 may be used to specify that arecordisto
specified for acombined file. See OperationCodesin Chapter  be added to an Input, Output, or Updatefile. The output
10 for further information on the EXCPT operation. device for these filesmust be adisk.




COLUMN 16 (STACKER SELECT/FETCH OVERFLOW)

Entry Explanation

Blank Cardsautomatically fall into certain
stackers(primary hopper—stacker 1,
secondary hopper—stacker 4).

14 Indicate stacker you wish.

F Fetch overflow.

Column 16 may be used for two different purposes:

1.  To select aspecid stacker into which certain cards
aretogo.

2. Toindicatethat the overflow routine can be used at
this point for a printer file.

Stacker Select

Use column 16 toindicate that certain cardsare to be
stacked in aspecificstacker. If you make no entry, cards
gointo apredetermined stacker (primary hopper—stacker1;
secondary hopper—stacker 4).

Only combined or output filesmay be stacker selected
in the output-format specifications. If any output operations
areto be performed on cardsfrom a combined file that
are also to be stacker selected, stacker selection should be
done by the output-format specificationsnot by theinput
specifications. Stacker selectionin output specifications
overrides stacker selectionin input specifications.

If stacker selectionisdone on the basis of matching
records, it should only be done for detail output (D in
column 15). Itisonly at thistimethat the MR indicator
signasthe matching status of the card that should be stacker
selected.

OR linesmay have different entriesin column 16; AND
linesmay not. An OR line containing ablank in column 16
causes cards to fall into the normal stacker associated with
the hopper used. The stacker select entry on the previous
lineis not assumed.

Fetch Overflow

When the fetch overflow routine is not used, the following
usually occurswhen the overflow line is sensed:

t.  All remaining detail linesin that program cycleare
printed (if a printer operation spaced or skippedto
the overflow areq).

2. Al remainingtotal linesin that program cycleare
printed.

3. Alllinesconditioned by an overflow indicator are
printed.

4. Formsadvanceto anew pageif askipto anew page
has been specified.

If you do not want dl of the remainingdetail and total
linesprinted on the page before overflowlinesare printed
and forms advance to the new page, you may cause overflow
linesto be printed ahead of the usua time. Thisisknown
asfetching the overflow routine and isindicated by the entry
incolumn 16. Overflow isfetched only if dl conditions
specified by the indicatorsin columns23-31 are met and an
overflow has occurred. See Overflow Indicatorsin Chapter
10for detailed information and examplesof a fetched
overflow routine.

The fetched overflow routine does not automatically cause
formsto advance. A skip toline 01 (new page) must aso
be specified on aline conditioned by the overflow indicator.

Fmust be used in an OR line if you want that line to
condition arecord with the overflow indicator.

COLUMNS 17-22 (SPACE/SKIP)

Columns 17-22 are used to specify spacingand line skipping
for aprinter file. Spacing may be specified for a console
file, but not line skipping. If these columnsare blank, single
spacing occursautomatically after each lineis printed.

Line spacing and skipping may be specified both before
and after printing of aline. There may be as many assix
spaces(three before, three after) between two lines of
printing.

If both spacing and skipping are specified on the same
ling, they are done in this order:

1.  Skip before.
2. Spacebefore.
3. Skip after,

4.  Spaceafter.
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Spacingto or past the overflow line causesthe overflow
indicator to turn on. Skipping past the overflowlinetoa
line on the next page, however, does not cause the overflow
indicator