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INTRODUCTION

Burroughs RPG (Report Program Generator) is a machine-independent programming
language suitable for implementation in a wide variety of data processing
applications. B 1800/B 1700 RPG embraces RPG as implemented on IBM 360/20 Sys-
tems and RPG II as implemented on IBM S/3. In addition, Burroughs has taken
advantage of the sophisticated operating system of the B 1800/B 1700 to allow
optional extensions to the above-mentioned implementations.

Burroughs B 1800/B 1700 RPG defaults to that of IBM S/3. A simple control
option signals the compiler to generate code as in 360/20 RPG. Throughout
this manual, reference to 360/20 RPG will be denoted by "RPG 1'".
Burroughs B 1800/B 1700 RPG offers the following advantages to the user:
a. Simple, generative syntax for ease of program implementation.
b. Accelerated programmer training and simplified retraining requirements.
c. Ease of conversion through standard implementation.
d. Ease of program modification.

e. Standardized documentation.

This manual describes Burroughs B 1800/B 1700 RPG, and is a reference to the
RPG Specification Forms together with each of their appropriate fields.

Columns not mentioned in the specifications sections are not used and must be
left blank.

When left and right broken brackets & >) are used in syntax descriptions they

denote that a metalinguistic variable of the language is to be placed at that
point in the syntax.

XX1






SECTION ]

RPG OPERATION

A program written in Burroughs RPG, called a source program, is accepted as
input by the RPG Compiler. The compiler first verifies that the source pro-
gram is syntactically error—free, then converts this source into RPG S-
Language, which is then ready for execution on the system. The S—-Language
generated by the compiler can be executed by using an Interpreter. The
Interpreter causes the system hardware to perform the operations specified
by the S—-Language Program and, thus, by the programmer who wrote the source
program,

For a more detailed description of the function of the S-Language as it re-
lates to the Interpreter and the hardware, refer to B 1800/B 1700 System
Software Operational Guide, Form No. 1068731.

R SOURCE PROGRAM

An RPG Source Program is divided into eight parts which must appear in the
following order:

Control Card Specifications

File Description Specifications
Extension Specifications

Line Counter Specifications
Telecommunications Card Spe01f1cat10ns
Input Specifications

Calculation Specifications
Output—-Format Specificatioms

A description of the above specifications is contained in the paragraphs that
follow.

CONTROL CARD SPECIFICATIONS

These specifications provide certain information about the program to the
B 1800/B 1700 RPG Compiler.

FILE DESCRIPTION SPECIFICATIONS

These specifications provide information about the equipment being used, and
associate files with the hardware devices that will be used. The file types
(i.e., input, output, combined) and blocking factors are also given.

EXTENSION SPECIFICATIONS

These specifications are used to describe tables, arrays, and record address
files that will be used with the program.



LINE COUNTER SPECIFICATIONS

These specifications provide information about the number of lines to be
printed on each page of the output forms that are used. Also, line-channel
equation can be given to associate a print line with a channel punch in a
carriage control tape.

TELECOMMUNICATIONS CARD SPECIFICATION

The Telecommunications card is used to further define a file specified on the
File Description Specifications as a REMOTE, DATACOM, or BSCA file. There is no
special form for coding Telecommunications Specifications, but the format
described in Section 7 must be used.

INPUT SPECIFICATIONS

These specifications are used to describe the record layouts of all input files
used by the program,

CALCULATION SPECIFICATIONS

These specifications define the steps necessary to accomplish the desired task
when operating on data described in the program.

OUTPUT-FORMAT SPECIFICATIONS

These specifications are used to specify the type and arrangement of data that
will be written as output from the program.

DOLLAR CARD SPECIFICATIONS

The Dollar Card ($ Card) Specifications sheet is also defined for Burroughs
RPG. These specifications are used to accommodate machine— and system—
dependent features, and may appear anywhere in a RPG Source Program, unless
otherwise specified (see Chrpter 11).

The above specifications are coded using the following Report Program
Generator forms:

a, Control Card Specifications/File Description Specifications
(Form No. 1055837)

b, Extension Specifications/Line Counter Specifications
(Form No, 1055852)

c. Input Specifications (Form No. 1107562)

d. Calculation Specifications (Form No. 1055878)
e. Output-Format Specifications (Form No. 1055886)
f. Dollar Card Specifications (Form No. 1055845)

RPG SOURCE PROGRAM DECK

The coded information contained on the specification forms is recorded in
punched cards which constitute the source program. The arrangement of these
cards in the source deck is illustrated in figure 1-1,
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Figure 1-1. RPG Source Program Deck

Should source corrections become necessary, appropriate changes can be made
and the program recompiled. Thus, the source program deck always reflects
the S-Language being operationally executed. See ‘Section 12 for operating
instructions.

RPG FORMAT

As mentioned in the introduction to this manual, Burroughs RPG accepts source
statement input in the format of either RPG 1 or RPG II.

The following is a list of exceptions found in B 1700 RPG:

a. The Control Card requires simplified recoding before compiling pro-—
grams from systems other than B 1700.

b. B 1700 RPG allows 511 characters for alpha fields and 31 for numeric.

c. IBM's RPG uses standard right signed numeric fields, whereas
Burroughs B 1700 RPG uses standard left sign. IBM's System 3
standard plus sign is 'F' right sign, the 360/20 standard plus
sign is 'C' right sign, whereas the Burroughs standard plus sign
is 'C' left sign. B 1700 RPG allows the right sign option for
system compatibility. (Refer to $RSIGN option in Chapter 11.)




Numeric fields must be edited if the C zone punch is not wanted on
output. Otherwise, a positive unedited numeric field will contain an
alpha character in the left—most position of the field. For example,
C1FOF1F3 would appear as A01l3 on the printed output. However, if
this field is edited, it will assign a F to the left—-most character,
changing the output to appear as 1013.

96-column devices will not allow packed decimal format,.

The following features and language constructs are not provided for
by Burroughs RPG:

1. Variable length records

2. Sterling data format.

Alternate collating sequence.
Inquiry programs.

Printer keyboard output files.
External assembler subroutines.
Blank after literals.

Redefined field lengths.

© 00 N & o b W

Factor 1 and Factor 2 both literals.
10. Card print feature of IBM's 360/20.

11. File translation.



SECTION 2

RPG LANGUAGE ELEMENTS

Burroughs RPG is a programming language based upon a fixed series of events,

called the RPG 'program cycle",
Due to the strict limitations of the generated program,
must conform to rigid rules of syntax.

which takes place during program execution.
the source language
The following paragraphs and sections

define the rules for writing programs using the RPG language.

CHARACTER SET

The minimum RPG character set consists of the following characters:

-9
-7

x »Oo

¥R

blank or space
ampersand

period or decimal point

minus sign
dollar sign
asterisk
comma
apostrophe

The following RPG characters are optional and may be added to the above list:

.e .\jl

@ %

plus sign

less than sign
greater than sign
left parenthesis
right parenthesis
left bracket
right bracket
logical OR
logical NOT
exclamation point
semicolon

slash (virgule)
percent sign
underscore
question mark
colon

pound sign

at sign

equal sign
quotation mark

CHARACTERS USED FOR NAMES

The character set used to form names consists of the 36 characters: 0 through
9 and A through Z.



CHARACTERS USED FOR EDITING

The character set used for special purposes within edit words in the Output-
Format Specifications consists of the following nine characters:

blank or space
0 Zero
$ dollar sign
decimal point
, comma
CR credit symbol (two characters)
* asterisk (check protect)
& amperand
- minus sign

DEFINITION OF NAMES

A name must be left—justified in the field, must begin with an alphabetic
character, and is ended by a space or the end of the field, whichever comes
first, All characters in a name except the first may be any combination of
alphabetic and numeric characters (special characters are not allowed).
Blanks may not appear between the characters in a name.

RPG defines the following four types of names:

Filenames

Vector names (table or array names)
Field names (variable names)

Labels

FILENAMES

A filename is a collective name or word that designates a set of data items.
The contents of a file are divided into logical records which are made up of
any consecutive set of data items. Filenames cannot exceed eight characters
and the first seven characters must be unique among filenames (e.g., DISKFILE
and DISKFIL are considered by the compiler to be equal). The compiler trun-
cates the eighth character.

VECTOR NAMES

A vector name is used to identify a data item which is actually a table or
an array. The table will be loaded with a number of elementary data items
which are accessed through use of the vector name that identifies the entire
table. Vector names cannot exceed six characters and must be unique among
vector and field names,

FIELD NAMES

A field name is used to identify an individual element of data. Field names
cannot exceed six characters and must be unique among vector and field names.
A separate memory area is reserved for each unique field name which is com-
pletely unrelated to any memory area reserved for any other field name,

LABELS
A label is used only to identify a point in the Calculation Specifications to

which a GOTO operation will branch, or to identify the beginning of a sub-
routine. Labels cannot exceed six characters and must be unique among labels.

2-2



DEFINITION OF LITERALS

A literal is an item of data which contains a value identical to the characters
being described. There are two classes of literals: numeric and alphanumeric.

NUMERIC LITERAL

A numeric literal is defined as an item composed of characters chosen from the
digits O through 9, an optional plus sign (all numeric literals not signed
minus (-) are assumed plus) or minus sign (=), and the decimal point or decimal
comma (see item e below). The rules for the formation of a numeric literal
are:

a. There must be at least one digit in a numeric literal.

b. The sign of a numeric literal must appear as the left—-most character.
If no sign is present, the literal is defined as a positive value,

c. Only one sign character and/or one decimal point may be contained in
a numeric literal,

d. The maximum total length of a numeric literal is 10 characters, in-
cluding sign and decimal point.

e. Decimal commas must be used in place of decimal points if the Inverted
Print Options I or J are used (Control Card, Column 21).

f. Embedded blanks are not allowed.
The following are examples of numeric literals:

13427

.005

+1.808 = 1.808
-.0968

7894 .54

ALPHANUMERIC LITERAL

An alphanumeric literal may be composed of any allowable character., The
beginning and end of an alphanumeric literal is denoted by an apostrophe.

Any character enclosed within apostrophes is part of the alphanumeric literal.
Consequently, all spaces enclosed within the apostrophes are considered part

of the literal, Two consecutive apostrophes within an alphanumeric literal
cause a single apostrophe to be inserted into the literal string. An alpha-
numeric literal which consists only of four consecutive apostrophes results

in a single apostrophe. The rules for the formation of an alphanumeric literal
are:

a. There must be at least one character in an alphanumeric literal.
b. The maximum length of an alphanumeric literal used in the Calculation
Specifications is eight characters, and in the Output-Format Specifi-

cation is 24 characters.

c. Alphanumeric literals may not be used for arithmetic operations.



The following are examples of alphanumeric literals:

Literal on Source Program Level Literal Stored by Compiler
'ACTUAL' ACTUAL
'-1234.56' -1234.56
'WEEK' 'S’ WEEK'S
"TODAY''S DATE' TODAY'S DATE
rrrr '
'A'!B' A'B
VAY'VVB' Ale

DEFINITION OF RESERVED WORDS

Reserved words have a specific function in the RPG syntax and are of two
types: special words and operation codes.

SPECIAL WORDS

Reserved words are used in the Input, Calculation, and Output-Format Speci-

fications, and specify such things as page numbering, date fields, and card
interpreting.

The following special words are reserved for use as variables:

JDATE

PAGE

PAGEn (where n=1-8)
TIME

UDATE

UMONTH

UDAY

UYEAR

*PRINT

*PLACE

Their use is discussed fully in the sections where they are used.

OPERATION CODES

These reserved words are used in the Calculation Specifications, and specify
operations to be performed upon data items. A complete description of the
operation codes is presented in Section 9.

COMMON FIELD DEFINITIONS

The RPG specification forms have certain common fields which have consistent
entries within a RPG Program. These fields and their respective entries are
described below, so that they need not be repeated in subsequent sections.



PAGE

The PAGE entry in the upper left—hand corner of each specification form
is used to number the coding forms sequentially for each source progran,
Normally, only numeric characters in the range 01-99 would be used; how-
ever, any EBCDIC characters (including blanks) are valid entries.

LINE

The LINE entry is used to number the individual lines on each speci-
fication form sequentially. Normally, only numeric characters in the
range 000-999 would be used; however, any EBCDIC characters (including
blanks) are valid entries.

Columns 3-4 are preprinted so that in most cases the entry is already
made, For example, the File Description Specifications form contains
line numbers for lines 02 through 07. If more than six lines are needed,
additional entries may be made below line 07 and numbered 08, 09, etc.
The units position (column 5) may be used to insert a line between two
previously written lines (see figure 2-1),

3 5)617 1415'1617'13 9120 23124 27128129 30131)32]33 34{35 38139440 46147
ol2[ lrlclalRDILIN| | [1lPlElnlE] | lolo] | lglo REMDER NN/
ofs| [rlclaRplelulr] 1o slo] | [slo plun|c Q\//
ofs| [FMinlsi[ElR] | Julc slajo (180 T 1a] Tt Dfsik| | | N\
015 F \\
016 F \x
ol7] |F \
loBBIFIPIRITINT 13121 11312 dF LPRlNﬁERQ\
ozwrns:u““%%n rjslol J1jelo Tn[P[E \

G14004

Figure 2-1, Insertion of Coding Lines

The compiler sequence—checks all input cards on columns 1-5 so that all
lines should be numbered in ascending numerical order, If a sequence
number (page and line number) is encountered that is equal to or less
than the preceding sequence number, a sequence error warning message
(S) will be emitted by the compiler.

FORM TYPE

This entry identifies the type of specification for each line of code,
This entry is preprinted for all but the Telecommunications Card
Specifications.



Valid entries for this field are:

Entry Definition

Header Card (Control Card Specification).
File Description Specification.
Extension Specification.

Line Counter Specification.
Telecommunications Card.

Input Specification.

Calculation Specification.
Output-Format Specification.

Blank Not allowed except for Comment Card or
Dollar Card (depending upon entry in
column 7).

[eNoR N Nallco i -]

7 COMMENTS/DOLLAR CARD

Since it is often necessary to write explanatory statements within the
source program, the Comment Card allows the entire line to the right of
column 7 (which contains an asterisk, "*") to be produced on the source
program listing for documentation clarity. Comments are not instruc-
tions to the RPG Program or Compiler, but serve only as a means of
including program documentation. Any valid EBCDIC characters may be
used in a comment line. An asterisk in column 7 overrides column 6.

An example of comment line coding is illustrated in figure 2-2.

3 51617 1415106117118 119 120 23[24 27128 |29 30131]32]33 34|35 381390 46 4\7‘
ol2| |rie| [riujzls| |zls| [alnl |elx|alipiilel @IF| [Hlgw] [cl@MMIENT] |LlziNjelsy
03] IF¥| IARIE| [civleip].| [AILIL] |LTNIES] IW|I|TiH] [AIN] AISITIEIRIIISIKI N}
ols| |Flsl TNl ICIBILIUMING [T7] [AIRIE] [TIRIEIAITIEID] |AlS] IDlo|CluIMIEN [TIAIR]Y]|ea
olsi [rl¥| Ialnip| lamlel lzlcinllrielp| 18IVl [TIHIE] lclgmlp|1iLiE]R]. \
016 F* ] N
07| |F [3kiok| 2% DK PRIE DEBE DK R oK K 3 | D [ Pl K DK [ DK 136 1K [3€ LK DK DK R % bR kD

F

F - \f
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Figure 2-2. Comment Line Coding

The $ specification in column 7 designates the line to be a Dollar Card
Specification which allows the RPG Compiler to accommodate machine— and
system—dependent features. A dollar sign in column 7 overrides column 6.
Dollar Cards may appear at any point in the RPG Source Program Deck.
Section 11 describes the use of Dollar Card Specifications.

75-80 PROGRAM IDENTIFICATION

The PROGRAM IDENTIFICATION entry in the upper right—hand corner of each
specification form is ignored by the compiler, but will appear on the
source program listing. Thus, it can be used for documentation to
identify different portions of the program, if desired.



SECTION 3
CONTROL CARD SPECIFICATIONS

RPG can use a special card, called a Control Card, to provide certain informa-
tion about the program to the RPG Compiler. The Control Card can transmit to
the compiler such information as type of source input, whether debugging is to
take place, sign positions, and so forth. If columns 7 through 74 are blank,
the Control Card is not required. One line is provided on the Control Card
Specifications and File Description Specifications form for coding of the
Control Card information (see figure 3-1).

FIELD DEFINITIONS

The fields for the Control Card Specification form are defined in the para-
graphs that follow.

1-2 PAGE
Refer to Section 2 for a complete description.
3-5 LINE
Refer to Section 2 for a complete description,
6 FORM TYPE
This field must be coded with the letter H.
15 DEBUG
Column 15 specifies whether or not the DEBUG operation is to be
significant during program compilation. To perform the DEBUG opera-
tion:
a. Column 15 of the Control Card must be coded with a 1.

b. The operation code for DEBUG must appear in the Calculation
Specifications.

If this field is left blank, any DEBUG operations encountered in the
Calculation Specifications will not be executed at run—time, but they
will still be checked syntactically by the compiler,

16 B-INDEXED FILES

Column 16 can be used to specify whether B-Indexed Files are to be
created or used by the program. Valid entries are as follows:

AN
Entry Definition
Blank Indexed file.
B B-Indexed file.




Burroughs B 1700 RPG
PROGRAM ID PAGE OF
PROGRAMMER DATE
12 75 80
eace []] CONTROL CARD SPECIFICATIONS roenmeeanion |11 11T]
r—FORMTYPE
LINE
3 slsp 15 17 19 21 41 51 7
of1] |H
AR ERRRRRRERAREREARERENRRERRRRERRARRERRRRARRRENRINERRRERREREARREEED
1
ABC DE
A. 15 Specifies whether the DEBUG operation is to be used
during compilation. Entries: Blank or 1.
B. 16 Specifies whether B-Indexed files are to be created
or used by the program. Entries: Blank or B.
C. 17 Specifies the location of the sign in all numeric
data items. Entries: Blank or L, or R.
D. 19-20 Specifies the amount of memory in K-bytes to be
allocated for sorting indexed files. The system defaults
to 8000 bytes if these columns are blank. Entry: A two
digit number.
E. 21 Specifies the punctuation (INVERTED PRINT) to be
used for numeric literals. Entries: Blank, I, J, or D
F./ 41 Causes output lines to be conditioned by the 1P
/// indicator. Entries: Blank or 1.
G. 51 Specifies which RPG dialect to use, RPG 1 or
RPG II. Entries: Blank or 1.
G14006

Figure 3-1. Control Card Specifications Summary Sheet

o
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19-20

21

SIGN POSITION

This field specifies the location of the sign in all numeric data items
and may have the following entries:

Entry Definition
Blank or L Sign in left-most (high—order)
character position.
R Sign in right-most (low—order)
character position. AJ

The sign position specified by this field may be overridden by the
RSIGN Dollar Card Specification (refer to Section 11) if different
sign positions are required within the program.

SORT MEMORY SIZE

This field is used to specify the amount of memory to be used for sort-
ing. The number specified is used to allocate memory in thousands of
bytes. An entry of 24 results in the allocation of 24K. bytes of
memory for sorting. The default value of 8K. bytes is used when this
field is blank or no header card is included in the source card deck.

INVERTED PRINT

This field is used to specify the type of punctuation to be used for
numeric literals in the Calculation Specifications, the order of the
system date field, and the edit codes used on output. The valid codes
are:

Entry Definition -
Blank Domestic format.
I International format.
J International format (leading
zeros not suppressed for zero
balances) .
D United Kingdom format.

Table 3-1 shows inverted print specifications and their resulting
formats.



Table 3-1. Inverted Print Specifications
Ngmeric Literal Edit Codes Zero Suppress UDATE With
Column 21 | With a Comma or With a Comma to the Left or a Slash or
Entry a Period as a or a Period as Right of the a Period
Decimal Point a Decimal Point | Decimal Point
Blank 5678.90 7,654,322 .60 Mon/Day/Year
D 5678.90 7,654,32 .60 Day/Mon/Year
I 5678,90 7.654,32 , 60 Day.Mon. Year
J 5678,90 7.654,32 0,60 Day.Mon.Year
41 FORMS POSITIONING

51

75-80

Since it sometimes becomes necessary to align special forms in the line
printer before beginning to print a report, a 1 in column 41 will cause
all output lines conditioned by the 1P indicator to be printed more
than once when the program is executed. Each time the lines are
printed, the program is temporarily suspended to allow the operator

to reposition the forms. Printing of the lines may be requested by

the operator as many times as necessary to align the forms properly.

If this field is left blank, 1P lines are printed only once.

SOURCE INPUT DIALECT

Burroughs RPG supports two dialects. RPG 1 dialect is compatible to

IBM 360/20 RPG. RPG II dialect is compatible to IBM System/3 RPG II.
Both dialects support Burroughs optional extensions. The RPG II dialect
is assumed by default., If it is required to use RPG 1 features, a 1
must be entered in column 51 of the control card, otherwise this column
should be blank. The source program is not checked against the syntax
of the chosen dialect; this option is only used to resolve conflicts
between the dialects. Providing there is no conflict, RPG II features
can be used when RPG 1 dialect is specified and vice versa,

PROGRAM IDENTIFICATION

Refer to Section 2 for a complete description.



SECTION 4
FILE DESCRIPTION SPECIFICATIONS

Every file to be used by an RPG program, except compile-time vector files,
must be described to the RPG compiler through the File Description Specifica-
tions. These specifications are used to provide information about file types,
file names, how the files are used, record and block lengths, and hardware
devices. The information is used to associate files with hardware devices as
well as for other purposes.

The B 1800/B 1700 system provides the facility for the object program to use
the record and block lengths from the header record of existing disk files.
This function can be inhibited by use of the dollar option REFORM.

The maximum number of files allowed in any RPG program is 31. An index file
and its corresponding tag file count as one file.

The lower portion of the Control Card Specifications and File Description

Specifications is used for coding the File Description information. Each
file to be described requires one line on the form.

FIELD DEFINITIONS

Figure 4-1 can be used in conjunction with the following field definitions for
the File Description Specifications.

1-2 PAGE

Refer to Section 2 for a complete description.
3-5 LINE

Refer to Section 2 for a complete description.
6 FORM TYPE

This field must contain a F.
7-14 FILENAME

This field is used to assign a unique name to every file used by the
program. The filename must begin in column 7. Filenames must be
assigned in accordance with the rules outlined in Section 2 of this
manual.




FILE FORMAT

SEQUENCE RECORD ADDRESS TYPE

NOT USED
FILE CONDITION

TAPE REWIND -—l

OVERFLOW INDICATOR
NOT USED

END OF FILE RECORD ADDRESS 7|
FILE DESIGNATION FIELD LENGTH
FILE TYPE -1} PROCESSING MODE —

IAFILE ORGANIZATION TYPE

FORM TYPE — EXTENSION CODE LABELS — FILE ADDITION/UNORDERED —y
i I 222 RN
prrje]
UIN . BLOCK | RECORD TEE NOT NOT
LINE FILENAME LENGTH | LENGTH EE‘EE DEVICE USED USED CORE INDEX
Y59
I H M afisfsp papisto 2204 b2 0 ) 01 3 T R B 46 ) 3 L] I R R
of2f {r T I N v
N W
ols| |r
ols| |7
cls| |=
" \
ols| |F v .
HUNE 3
F ! RN
F I V\QQC )
R EIRE ' Y oroaq
1 YYY OV Yy oy v
A BCDEF G H I J KLM N (¢] P Q R S T U
A. Contains name unique in the first 7 characters for L. 32 Identifies how a file is to be accessed or whether
every file to be used. multiple buffers are required. Entries: I, 1-9, or Blank. -
B. 15 Specifies how each file is to be used. Entries: 1, M. 33-34 Specifies the overflow indicator used to condition
0, U, C, or D. records. Entries: OA-0G, OV or Blank.
C. 16 Describes the use of input, update, and combined N. 35-38 Specifies the key field starting position in each record
files. Entries: Blank, P, S, C, T, or D. for indexed files. Entries: 1-4095, right-justified.
D. 17 Specifies which files are to be checked for End-of- 0. 39 Indicates whether an output table or array file will be
File during multifile processing. Entries: Blank or E. further described on Extension or Line Counter Specifications.
Entries: E, L, or Blank.
E. 18 Specifies the order matching fields are to be
checked. Entries: Blank or A, or D. P. 40-46 Identifies the input/output device to which each file
is assigned. Entries: READER, MFCUl, MFCU2, PUNCH, PRINTER,
F. 19 Specifies whether the file contains fixed- or PRINTR2, TAPE, DISK, CONSOLE, BSCA, DATACOM, REMOTE, QUEUE.
variable-length records. Entries: Blank or F.

G. 20-23 Specifies the block size. Entry is device dependent.

H. 24-27 Specifies the record size. Entry is device dependent.

I. 28 Specifies Record Address or Sequential Processing disk
files only. Entries: Blank, L, or R.

J. 29-30 Specifies the length of the key field. Entries: 1-99,
right-justified.

K. 31 Describes the format of the keys within the records.
Entries: Blank, K or A, P, or N.

G 14007

Figure 4-1.

Q. 53 Entries only meaningful to the B 1700. Entries: U (un-
labelled file), F (special forms), or B (printer backup).

R. 60-65 Specifies number of bytes of memory to be set aside for
an index. Entries: 1-9999 right-justified.

S. 66 For sequential or indexed disk files it specifies addition
to existing file or unordered records to be loaded. Entries:
A, U, or Blank.

T. 70 Specifies action to be taken during close of the file
(tape and disk files). Entries: P, U, N, R, or Blank.

U. 71-72 Indicates whether file is to be conditioned by an
external indicator. Entries: Ul-U8 or Blank.

File Description Specifications Summary Sheet



15 FILE TYPE

This field is used to identify the manner in which the program uses the
file. Valid entries are:

Entry Definition

Input file,
Output file.
Update file.
Combined file,
Display file.

ogoQcOoOmH

1 Input Files

Input files contain records that the program uses as a source of
data., If a file is described as input, it indicates that records
will be read from that file. Input files must be further de-
scribed on the Input Specifications form with the exception of
table files, which must be described on the Extension Specifica-
tions form.

(0] OQutput Files

Output files contain records that are written, printed, or punched
as output from the program., All output files should (not required)
be further described on the Output-Format Specifications form, ex-
cept for output table files., FILE DESIGNATION (column 16) must

be blank for all output files except chained direct files.

U Update Files

Update files are disk files from which a program reads a record,
changes fields in the record, and writes it back into the same
location from which it was read. All update files must be further
described on the Input Specifications and should (not required) be
described on the Output-Format Specifications form. A chained
file or a demand file may be updated at detail time, at total
time, or at exception time., All other disk files can be updated
only at detail time.

C Combined Files

Combined files are card files or remote files that can be used for
both input or output. These files consist of:

a. Cards that are read by the program and are subsequently
punched and/or printed as output- The punching is into the
same cards that have been read, and output may occur only
once per cycle.

b. Remote files that will be written to (SEND) and read from
(RECV) during calculations.

Cgmbined files must be further described on the Input Specifica-
tions and should (not required) be described on the Output-Format
Specifications form.
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D Display Files

Display files are used to print a field or record directly on the
console printer. The DSPLY operation code must be used in the
Calculation Specifications in order to perform the print opera-
tion. Display files are described only on the File Description
Specifications form.

FILE DESIGNATION

This field is used to further describe the use of input, update, and
combined files. It must be left blank for all output files (includ-

ing display files), except for chained output files. Acceptable
entries for this field are:

Entry Definition

Blank Output file.
p Primary sequential file.
S Secondary sequential file.
C Chained (random) file.
T Input table file.
D Demand file.
R Record address file.

P Primary File

A primary file is the principal file from which the program reads
input records, and may be designated as input, update, or combined.
Every RPG program must have one and only one primary file; all
primary files described after the first one named are considered
to be terminal errors. The primary file must be declared before
any secondary files or a warning message is emitted.

If there is no P entry in the File Description Specifications, a
warning message is emitted and the first S (secondary) file de-
fined is assumed to be the primary file. When no primary or
secondary files are present, a syntax error is emitted.

S Secondary Files

Secondary files are all files other than the primary file involved
in record selection during multifile processing. Note that this
excludes table, chained, and demand files. These files are pro-
cessed in the same order in which they are written in the File
Description Specifications., A secondary file must be an input,
update, or combined file.

C Chained File

A chained file may be an input, output, or update file assigned to
a disk that uses the CHAIN operation code to read or write records
randomly. When the chained file is an input file, records are
read from the file. When the chained file is an update file,
records are read from the file and can be modified and rewritten
to the same location in the file.

Chained indexed files may be input or update files only.



Table File

A table file is a sequential input file that contains vector
entries which can be read into the program during pre-execution-
time. Only pre-execution-time vector files are described on the
File Description Specifications form. Pre-execution-time vectors
must be described on the Extension Specifications form.

Table files are only a means for supplying entries for tables
used by the program and are not involved in record selection
during processing at execution time. All records in table files
read during program execution are read before any other data
records.

Both compile—time and pre—-execution—time vectors may be changed
at execution time; however, vector entries read during compila-
tion can be permanently altered only by recompiling the program.

A vector output file, written or punched at End-of-Job, is defined
as a normal output file and does not require an entry in column 16.

Demand File

A demand file may be an update, input, or combined file from which
records are read through use of the READ or RECV operation codes
in the Calculation Specifications. Demand files and indexed disk
files which are read sequentially by key can only be read
sequentially.

Remote devices are accessed on a demand basis through the data
communications facilities of RPG. The RECV and SEND operation
codes are used to cause records to be read from and exception

records to be written to REMOTE files respectively.

Demand files are processed as follows:

a. During input mode, the RPG program reads a record in
calculations and does not depend on the RPG program cycle
to make a record available.

b. During output mode, the RPG program allows exception records
to be written during calculations. The desired output
operation is performed, and program execution continues with
the next calculation statement. The demand file does not
have to wait for the RPG cycle to write the exception record.

Record Address File

A record address file must be an input file and must be described
on the Extension Specifications. No entries are required on the
Input Specifications for a record address file.

A record address file can be either:

a. A limits file that contains records consisting of lower and
upper bound record keys that are used to process indexed
files sequentially within limits, or

b. An addrout file that consists of 4-byte, relative-record
numbers used to randomly process a disk file.
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END OF FILE

This column specifies which files are to be checked for End-of-File
during multifile processing in order to turn the last record indicator
(LR) ON. It applies only to input, update, and combined files declared
as primary or secondary files and also to record address file, and is
used to indicate whether or not the program may end before all of the
records from the file are processed. Valid entries for this field are:

Entry Definition

Blank If this entry is blank for all
files, all records must be read
from all files before the program
may end, If this entry is blank
for only some files the program may
end whether or not all records from
the file have been read.

E All records in the file must be read
and processed before the program may
end.

If all records from all input files must be read and processed before
the LR indicator can be turned ON, this column must be blank (or contain
E) for all files.

Specifying an E in column 17 of the File Description Sheet indicates
that the job is to end after all records are processed from the file
for which the E was specified. In most cases, the job will end at the
time all records from that file are processed. However, under certain
conditions, additional records may be processed after all records from
the file with the E designation are processed. The exceptional situa-~
tion is in matching records when an E is designated for the primary
file and all records from that file have been processed. The job will
end only after all secondary records that match the last primary re-
cord have been processed or the first secondary record without a match
field has been encountered.

Technically, a data file never reaches end-of-file when processed by a
record address file. The program can be forced to go to end-of-job when
the record address file reaches end-of-file by making an entry in column
17 of the File Description Card for the record address file.
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SEQUENCE

This field is used only by primary and secondary files to indicate

whether or not the program is to check the sequence of the input records.

The Input Specifications form (columns 61-62) must be used to specify
the match fields within the input file records. This entry must be
left blank for all files other than primary and secondary files. Ac-
ceptable entries for this field are:

Entry Definition
Blank Records with matching fields
or A are to be sequence—checked in

ascending order.

D Records with matching fields
are to be sequence—checked in
descending order.

Sequence checking is performed when matching fields have been specified
for the records in a file. 1If a record from a matching input file is
found to be out of sequence, the program halts. If the program halts,
the operator may make one of the following entries:

Console Message Definition

<program number> AXGO Ignore the record out of sequence
and read the next record from the
same file.

<program number> AXSTOP | Ignore the record out of sequence,
turn on the LR indicator, and per-
form all final detail and total
calculation procedures.

<program number> DS Discontinue the program.

All sequence checking is performed according to the EBCDIC collating
sequence (see Appendix B)., If any matching file specifies descending
(D) sequence, all files must specify descending sequence.

FILE FORMAT

This field specifies whether the file contains fixed- or variable-length
records. Variable-length records may not be specified.

Entry Definition
Blank Fixed record length.
or F
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BLOCK AND RECORD LENGTH

These fields are used to specify the block and record sizes for the
file. The minimum and maximum record and block length allowed depend
upon the device to which the file is assigned. This information is
detailed for the B 1800/B 1700 in table 4-1.

Table 4-1. The Maximum and Minimum Values Allowed For
Block and Record Sizes
Block Length Record Length
Device — . A X
Minimum Maximum Minimum Maximum
CARD Same as Same as 1 80
(80 col) record length record length
CARD Same as Same as 1 96
(96 col) record length record length
PRINTER Same as Same as 1 132
record length record length
DISK
Data files 1 9999 1 4095
Addrout files 4 180 4 4
.
TAPE 8 9999 1 4095
CONSOLE Same as Same as 1 50
record length record length

Block and record length entries may in certain cases be left blank.
The treatment of the various cases is tabulated in table 4-2.

Table 4-2., Resulting Action of Block Length and
Record Length

Block Record

Length Length Result

Entry Entry The values entered are used.

Blank Blank Block and Record Length are
defaulted to the same value.

Entry Blank Invalid.

Blank Entry Block length is defaulted to
the value specified for Re-
cord Length.

Entries in the BLOCK LENGTH (columns 20-23) and RECORD LENGTH (columns
24-27) fields must be right—justified, and leading zeros may be omitted.
If the BLOCK LENGTH is left blank, it is assumed to be the same as the
RECORD LENGTH. If both the RECORD LENGTH and BLOCK LENGTH entries are
left blank, the default sizes given in table 4-3 are assumed.
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29-30

Table 4-3. Default Block and Record Lengths

Device Block and Record
Length
All Printers 132
DISK
Data file 180
Addrout file 4
DATA 96, MFCU1,
MFCU2 96
All other devices 80

The BLOCK LENGTH must be an integral multiple of the RECORD LENGTH. For
unblocked files (note that card and printer files are unblocked), the
BLOCK LENGTH will be equal to the RECORD LENGTH. For card and printer
files, the RECORD LENGTH specified may be less than the maximum record
length for the device, e.g., printer files may be specified as 96, 120,
or 132 characters in length.

PROCESSING MODE

This field applies to disk files only. The acceptable entries are:

Entry Processing Mode
Blank Sequential by key.
Consecutive.
L Sequential within limits.
R Addrout.

RECORD ADDRESS FIELD LENGTH
This field applies only to indexed files and record address files.
For a record address file, the entry in this field specifies either the
length in bytes of each record in an addrout file or the length in bytes
of each key in a limits file.
For an indexed file, the entry in this field specifies the length of the
key field within the records of the file. All key fields of an indexed
file must be the same length, and the maximum key length is as follows:
a. Indexed files - 29 characters.
b. B-Indexed files - 99 characters.
The maximum key length is the same for a limits file or an indexed file.
The entry in this field must be numeric and must be right-justified.

Leading =zeroes are not required. The numeric entry specifies the length
in bytes of the key field.
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RECORD ADDRESS TYPE

This field is used to provide additional information about the format
of the keys and/or the processing mode of indexed disk files and record
address files. The acceptable entries for this field are:

Entry Definition
K, A Indexed or limits file with alphanumeric keys.
P Indexed or limits file with packed keys.
N Indexed file with numeric keys in alphanumeric
format.
I Addrout file or processed by an addrout file
(refer to note below).
Blank Not an indexed file, a limits file, or an
addrout file. Also, the file is not processed
by an addrout file.

NOTE

If column 31 contains the letter I and
column 16 contains the letter R, the file
is an addrout file. If column 16 does not
contain the letter R, the file is processed
by an addrout file.

A numeric key specified for a limits file may be of a different data
format than the numeric key specified for the associated indexed file.

FILE ORGANIZATION TYPE

Column 32 identifies file organization or indicates whether multiple
buffers are required. Valid entries are:

Entry Definition
I Indexed file.
T Addrout file.
1-9 Sequential or direct file with

1-9 I/O areas.

Blank Sequential or direct file with
a single I/0O area.

NOTE

B 1700 RPG organizational techniques are
such that file accessing and file organi-
zation are independent of each other.
This is not so for other RPG implementa-
tions.

d



Indexed files are assigned to disk. Data keys are required when using
indexed files. For additional information about indexed files, refer
to the description of columns 29-30, RECORD ADDRESS FIELD LENGTH and
columns 35-38, KEY FIELD STARTING LOCATION in this section.

An indexed file can be loaded in ascending key sequence or it may be
loaded in unordered sequence. Refer to the description of column 66,
FILE ADDITION/UNORDERED in this section for additional information.

Sequential and direct files can have multiple I/O areas assigned to
them. Multiple I/O areas may increase the efficiency of execution of
the RPG program, but their use also increases the size of the program.
A good balance between the number of I/O areas and program size must be
found in order to achieve the greatest throughput from the system when
programs are multiprogrammed.

Multiple I/O areas cannot be used with table, cembined, display, demand,
indexed disk, or stacker selected files.

If column 32 contains the letter T specifying an addrout file, column
16 must contain the letter R and the file must be assigned to disk or
magnetic tape.

A limits file is defined by entering a blank or a numeric (1-9) in
column 32 and the letter R in column 16.

File Organization

The following types of file organization can be used with B 1700 RPG:

a. Sequential.
b. Indexed.
c. Direct.

A detailed description of each type of file organization is presented
in the following pages.

Sequential Files

The order in which records appear in a sequential file is determined by
the order in which the records are placed in the file when the file is
created.

Card files and magnetic tape files are sequential files. Disk files
can be sequential, indexed, or direct.

Figure 4-2 shows a card file and the order in which the information
from the cards is stored in a sequential disk file. The contents of
cards A, B, C, D, E, F, G, and H are stored in disk segments 1 through
8 as entries A, B, C, D, E, F, G, and H respectively.
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Figure 4-2. Sequentially Organized Card and Disk Files
Indexed Files
The following type of indexed files can be used with B 1700 RPG:
a. Indexed.
b. B-Indexed.

Only one of the two indexed file types can be used in a given program,
and a file must always use the same indexing method.

A detailed description of both types of indexed files follows:

Indexed. Indexed files are data files on disk that have associated tag

files. The records of the indexed file are in random sequence and are
accessed by use of the tag file. The records of the indexed file
contain record keys and data. The record keys are specified by the
user. The file description for the indexed file contains information
that describes the length, type, and starting position in the record of
the record key. Each record contains one key whose size can range from
one byte to a maximum of 29 bytes.

Indexed files can be created with the record keys in either ascending
or random sequence. When an indexed file is loaded in a random
(unordered) sequence, the tag file is sorted in order to properly
sequence the record keys before the user's program goes to end-of-job.
When an ordered load is specified, the records are checked for proper
sequencing.

A tag file is a sequential file that contains the record keys of the
associated indexed file and indices that reference the data records of
the indexed file.



A tag file record contains a key and a six-digit decimal address. The
key is the same as the key in the record in the indexed file that the
address points to. The tag file records are small, and are blocked
under control of the RPG compiler so that as many records as possible
are placed in 180 byte blocks, thereby contributing to efficient
searching and sorting of the tag file. For example, when the key field
requires seven bytes, the tag file record size is ten bytes, and the
tag file contains 18 records per block.

B-Indexed. When the user enters a B in column 16 of the header card, a
B-Indexed file type is specified. B-indexed files do not have associated
tag files, so their records are normally ordered in ascending sequence
according to the record key specified by the user. The file description
entry for the B-indexed file contains information describing the length,
type, and starting position in the record of the record key.

A B-indexed file can be created with the record keys in random sequence,
in which case the file is sorted according to the specified key before
the user's program goes to end-of-job. When an ordered load is
specified, the records are checked for proper sequencing.

Direct Files

A direct file is a disk file whose records always occupy a specific
position (disk address) in the file, regardless of the order in which
the records are placed in the file. Therefore, direct files are
classified as randomly organized files.

When a direct file is created or accessed, relative record numbers are
used to identify the record locations within the file.

Figure 4-3 shows a card file and a direct file on disk that was
created from the card file. The relative records number of each card
is the relative record number within the disk file that the record

occupies.
RELATIVE
RECORD #
1 NOT ASSIGNED
2 NOT ASSIGNED
RELATIVE A3 3 3
NUMBER ST~ ——/—6 4 NOT ASSIGNED
N 5 5 i
\
~8 6 6
Y
10 o 7 NOT ASSIGNED
fﬂﬂ”’“”——/’_ﬂ,__—arﬂ 8
9 NOT ASSIGNED
=10 10
RELATIVE RECORD NUMBERS ARE USED TO
DETERMINE RECORD LOCATIONS IN THE DIRECT FILE ON DISK
DIRECT FILE ON DISK.
G14009

Figure 4-3. Direct File Qrganization



Note that the card file records do not have to be in sequence by
relative record number when the direct disk file is created. Record
areas in the direct disk file for which no records are assigned remain
the same, but can be overlayed with new data at a later time.

File Processing

The manner in which files are processed is largely independent on the
type of file organization used to create the file.

Files that were not created with the use of keys or relative record
numbers cannot be' read randomly by accessing them through an addrout
file. The four major types of file processing that are described in
the following pages are:

a. Conseputive.
b. Sequential by key.
c. Sequential within limits.
d. Random.
Consecutive

Consecutive file processing refers to the method of reading the records
of a file in the order of their occurrence in the file. Sequential
files are normally processed by consecutive file processing. Direct
files and files designated as demand files can also be processed by use
of consecutive file processing.

When consecutive file processing is used to read a direct file, all of
the records are read from the file, so that embedded records that do
not logically belong to the file must be handled by the user's program.

Sequential By Key

Sequential by key file processing is used for indexed disk files that
are designated as primary, secondary, or demand files. Records are
read from the file in ascending key sequence until all of the records
in the file are processed or the program goes to end of job.
Sequential Within Limits

Sequential within limits file processing is used for processing indexed
disk files by using either:

a. A limits file.
b. A SETLL operation code.

The use of a limits file and SETLL operation code for sequential within
limits file processing are explained in the following pages.



Uge Of A Limits File. Any indexed disk file that is designated a

rimary,

secondary, or demand file can be processed sequentially

within limits by utilizing a limits file. The purpose of the limits
file is to specify the lower and upper limits (bounds) of the indexed
file, so that only the records within those limits are processed. Each
record in the limits file contains two record keys that describe the
lower and upper bounds of the indexed file. The limits file can
contain more than one record, but each record describes only one pair
of lower and upper bounds.

For example, an indexed file that is alphabetically ordered by employee
name can be accessed by using a limits file that has one or more records
specifying the alphabetic range to be accessed. There are no
restrictions on either the number of records or the bounds they specify.

Therefore,

the records in the limits file used to access such an

indexed file could specify the following bounds:

A and J
D and J

A and I
F and Z

A and Z

The 1limits file can be on cards, disk, magnetic tape, or can be entered
from the console printer.

Limits File Requirements And Restrictions. The restrictions and format

requirements for records of a limits file follow:

a.

Each limits file record can contain only one set of limits
(lower and upper bounds).

The same set of limits (lower and upper bounds) can appear
in more than one record of a limits file.

The lower bound key must begin in position one of the record.
The upper bound key must immediately follow the lower bound
key.

The lower bound key and the upper bound key in a limits file
record can be the same. The result is that only the one
data record described by the keys is read.

The length of limits file records must be twice the length
of the record key specified in the index file. Therefore,
the addition of leading zeroes or blanks may be necessary.
If the key length specified in the indexed file is 10 bytes,
the length of the limits file records is 20 bytes.

When the limits file is on disk, either A or P (whichever

is applicable) must be specified for the record address type
in column 31 of the file description of the limits file. A
further description of the use of A and P follows in item g.
When the limits file is not on disk, column 31 must remain
blank, and alphanumeric keys are assumed.




g. The keys of the limits file can have a different format than
the keys of the indexed file that is to be processed within
limits. For example, the indexed file can have packed keys
and the associated limits file can have alphanumeric keys.

When the keys of the indexed file and limits file have dif-
ferent formats, the following limitations apply:

1. The length of alphanumeric key fields must be twice
the length specified for packed key fields, minus 1
or 2.

2. At execution time of the RPG program, the format of
the key in the limits file is changed to the same
format as specified for the key in the associated
indexed file.

3. Only the digit portion of alphanumeric keys is
significant.

h. The normal conventions for specifying the position of signs
(left or right) within packed key fields applies to both
indexed files and limits files. The files can have their
signs in different positions within their key fields. The
appropriate Dollar Card entries must be included in the file
description specifications when necessary.

i. When an indexed file is to be processed within limits with
the use of a limits file and an external indicator is
specified in columns 71 and 72 of the file description, the
external indicator must be coded for the indexed file.

J. When an indexed file is to be processed within limits with
the use of a limits file and an end-of-file specification is
desired, an E should be specified in column 17 of the file
description specifications for the limits file.

File Description Specifications - Indexed File. The following fields

must be coded in the File Description Specifications when the indexed
file is to be processed sequentially within limits, except for the
optional entries for columns 17 and 71-72.



Table 4-3a.

File Description Specifications - Indexed File

Column Function or
Number Field Name Entry Description
15 File type I Input.
U Update.
16 File designation P Primary.
S Secondary.
D Demand.
17 End of file E End of file. This entry
is optional.
28 Processing mode L Processing within limits.
31 Record address type A Alphanumeric keys.
p Packed keys.
40 Device DISK The indexed file is
assigned to disk.
66 File addition/un- Blank Additions to the indexed
ordered file are not allowed.
71-72 File condition Ul-U8 External indicator. This

entry is optional.

File Description Specifications - Limits File.

The following fields

must be coded in the File Description Specifications for a limits file
that is used in conjunction with an indexed file.



Table 4-3b. File Description Specifications - Limits File

Column Function or
Number Field Name Entry Description
15 File type I Input.
16 File designation R Record address file.
17 End of file E End of file. This entry
is optional
19 File format F Fixed length records.
Blank Fixed length records.
20-23 Block length Blank Unblocked records.
nnnn A multiple of the record
length.
24-27 Record length nnnn Record length must be at
least twice key length.
29-30 Record address nn Key length in bytes.
field
31 Record address A Alphanumeric keys.
type p Packed keys.
32 File organization| Blank One buffer.
1-9 Number of buffers.
39 Extension code. E A further description of

the limits file is coded
on the extension specifica-

tions.
40-46 Device CARD
DISK The limits file is assigned
TAPE to the named device.
CONSOLE

Extension Specifications - Limits File. The following fields must be
coded in the Extension Specifications when a limits file is used in
conjunction with an indexed file.

Table 4-3c. Extension Specifications - Limits File

Column

Number Field Name Entry

11-18 From filename The name of the limits file must be
stated as it appears in the File
Description Specifications.

19-26 To filename The name of the indexed file associated
with this limits file must be stated
as it appears in the File
Description Specifications.




Figure 4-4 shows an example program which illustrates the use of limits
file processing. The indexed file name DATA is processed by means of
the limits file named LIMITS. The program reads a record in the limits
file to obtain the first limits pair. A limits pair contains the range
in which the file named DATA is to be processed. There are two values
which make up a limits pair. The first value is the low key and the
second value is the high key. Processing of the data file begins with
the low key and ends with the high key. Once the high key is processed,
the next record in the limits file is read to obtain the next limits
pair. Processing of the data file continues until the high key of the
last record in the limits file is processed.

The program in figure 4-4 updates records in the file named DATA, by
moving the literal UPDATE to the field named VALUE.

Table 4-3d lists the contents of the file named LIMITS.

Table 4-3d. Contents of the File Named LIMITS

Relative Key Values in Hex

Record

Number Low High
1 OA OB
2 2A 2D
3 OH 0I
4 (0))) OE
5 1C 1D

NOTE

For reader convenience, ' the low and high
keys are separated. The two keys are
actually concatenated. For example, "OA"
and "OB" actually appear as ''OAOB'".

Since the keys are alphanumeric, the zone
portion of the right-most character con-
tains the sign. Refer to Appendix B for
the hexadecimal equivalents of B 1800/

B 1700 characters.

Table 4-3e lists the contents of the indexed file named DATA before and
after the program in figure 4-4 is executed.

4-18A




4-18B

Table 4-3e.

Contents of the File Named DATA

Contents of Each
Relative Record in Hex
Record
Number Before After
01 OA OAUPDATE
02 OB OBUPDATE
03 0C 0oC
04 0D ODUPDATE
05 OE OEUPDATE
06 OF OF
07 0G 0G
08 OH OHUPDATE
09 01 OIUPDATE
10 1? % 1? *
11 1A 1A
12 1B 1B
13 1C 1CUPDATE
14 1D 1DUPDATE
15 1E 1E
16 1F 1F
17 1G 1G
18 1H 1H
19 1I 1I
20 2? % 2?2 %
21 2A 2AUPDATE
22 2B 2BUPDATE
23 2C 2CUPDATE
24 2D 2DUPDATE
25 2E 2E

* The question mark character (?)
represents positive zero (+0).

Since the keys are alphanumeric,
portion of the right-most character con-

tains the sign. Refer to Appendix B for

NOTE

the hexadecimal equivalents of B 1800/
B 1700 characters.

the zone
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Figure 4-4. Example Program Illustrating the Use of Limits
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Use of SETLL Operation Code. Indexed files that are designated as
demand files can be processed sequentially within limits by specifying
SETLL in the Calculations Specifications. The indexed file can be
designated as an input or update file, record additions are not
allowed, and the record keys must be either alphanumeric or packed.

NOTE

Indexed files designated as demand files
cannot be processed sequentially within
limits by both a limits file and the
SETLL operation code in the same program.

Calculation Specifications - SETLL. The following fields of the
Calculation Specifications must be coded when the SETLL instruction
is to be used.

Table 4-3f. Calculation Specifications - SETLL
Column . Function or
Number Field Name Entry Description
18-27 Factor 1 Field name or literal.*
28-32 Operation SETLL Operation code.
33-42 Factor 2 File name of indexed file.*
* This entry must be left-justified.

The record keys can be either alphanumeric or packed. When the keys
are alphanumeric, the field or literal length must be equal to the
length of the key specified in the file description specifications
for the indexed file. When the keys are packed, the field or literal
must be numeric and the length should be less than or equal to the
length of the key specified for the indexed file, or truncation
occurs.

When SETLL is specified, the lower limit of the record key for the
indexed file to be processed sequentially within limits is established
by the absolute value contained in a field or literal. The field or
literal is specified in columns 18-27 of the Calculation
Specifications. The upper limit of the record key defaults to the
highest record key that exists in the file.

At execution time of the RPG program, records of the indexed file are
processed consecutively, starting with either the lowest record key in
the file or with the record key specified by the SETLL operation.

File Description Specifications - SETLL. When an indexed disk file is
to be processed sequentially within limits using the SETLL operation,
the following entries are required in the File Description Specifica-
tions. All other fields are coded as they normally are for sequentially
processed indexed files.




Table 4-3g. File Description Specifications - SETLL

Column Function or
Number Field Name Entry Description
15 File type I Input file.
U Update file.
16 File designation D Demand file.
17 End of file Blank
28 Processing mode L Limits processing.
31 Record address A Alphanumeric keys.
type P Packed keys.
40 Device DISK The indexed file is assigned
to disk.
66 File addition/ Blank Additions to the indexed file
Unordered are not allowed.
71-72 File condition U1-U8 External indicator. This
entry is optional.

Record Processing Using SETLL. There is one exception to the normal
convention of reading a demand file, as follows:

When a read is performed on a demand file
that is to be processed sequentially within
limits using SETLL, the entire file can be
read as many times as desired even though
end of file has been reached.

Read operations performed on a demand file prior to execution of a SETLL
instruction are performed consecutively starting with the record having
the lowest record key. When end of file is reached, the file can be
read again starting with the record having the lowest record key.

Read operations performed on a demand file after a SETLL instruction
has been executed are performed consecutively starting with the first
record in the file whose key is equal to or greater than the low record
key established by the SETLL instruction. When end of file is reached,
the file can be processed consecutively starting with either:

a. The record with the lowest record key if a new SETLL
instruction is not executed.

b. The first record in the file whose key is equal to or
greater than the low record key established by a new
SETLL instruction.

When a read operation is specified in the Calculation Specifications,
an indicator should be specified in columns 58-59. The indicator is
turned on when end of file is reached on the indexed file, and remains
on until the program turns it off.



When a read operation is specified in the Calculation Specifications
and no indicator is specified, the following occurs during program
execution:

When an end-of-file condition occurs during
reading of the indexed file, the following
message is displayed on the console printer:

REOF

Following the display of REOF, the
operator must enter either the GO or ST
system control instruction on the console
printer. Entry of GO causes the program
to continue, and reading can be performed
and the records processed consecutively
starting with either:

a. The record with the lowest
record key if a new SETLL
instruction is not executed.

b. The first record in the file
whose key is equal to or
greater than the low record
key established by a new
SETLL instruction.

Random

Random file processing can be used for direct, indexed, and sequential
files. Records are written to or read from the files only when chain
statements are executed that identify the records. During program
execution, records are read during the time that calculations are being
performed, which allows the programmer to use data from the records for
detail or total calculations. When a chained update file is processed
randomly, records can be:

a. Read and modified during the time in which detail or total
calculations are being performed, and rewritten in the file
during the detail or total output phase, or

b. Rewritten during the time in which detail or total calcula-
tions are being performed by use of the EXCPT operation code.



Random Processing - Sequential And Direct Files. When sequential or
direct files are processed randomly, records are selected by the use

of relative record numbers. These relative record numbers identify the
positions of the records in the file relative to the beginning of the
file. For example, the relative record numbers for the first, third,
seventh, and eighth records are 1, 3, 7, and 8 respectively.

Random Processing - Indexed Files. When indexed files are processed
randomly, records are selected on the basis of record key values. An
indexed file that is an input file can be processed randomly by the use
of relative record numbers.

Random Processing - Addrout Files. Addrout files are created by the
tagsort option of SORT, and can be used to randomly process a data file.
The addrout file is comprised of 8-digit, 4-bit, decimal-encoded
relative record numbers that indicate the relative position of the
associated records in the data file.

Any sequential, indexed, or direct organized disk file that is
designated as a primary or secondary file can be randomly processed by
using an addrout file. During program execution, a record containing
a relative record number is read from the addrout file, and the relative
record number is then used to locate and read a record from the data
file that is being randomly processed. Only the records of the data
file whose relative record numbers are in the addrout file are
processed. File processing continues until an end-of-file condition
occurs for the addrout file.

Advantages of Using Addrout Files. The advantages of using addrout
files for random processing of data files are as follows:

a. A data file can be sorted in many different sequences
by using various control fields from the records in
the data file.

b. Addrout files can be used in the processing of files
that are organized sequential, indexed, or direct.

c. Addrout files require less disk space than comparable
tagfiles composed of both record key fields and relative
| — record numbers.




d. More than one addrout file can be used with a
program.

Creating Addrout Files. An addrout file can be created by sorting a
file with the tagsort option of SORT. Specify the same blocking
factgg_lgmgggwjgggort parameters as specified in the File. Description
Specifications for the addrout file. A blocking ‘factor of 45 is

preferred. If the file is not blocked, each 4-byte- relative record
number occupies one disk segment. For_additional information about

SORT and tagsort, refer to the B_1800/B 1700 Systems Software

Operation Guide, Form No. 1068731.

File Description Specifications - Data Files. The following entries
are required in the File Description Specifications for a disk file
that is to be processed randomly by using an addrout file. All other
fields are coded as they normally are for consecutively processed disk
files.

Table 4-3h. File Description Specifications - Data Files
Column Function or
Number Field Name Entry Description
15 File type I Input file.
U Update file.
16 File designation P Primary file.
S Secondary file.

17 End of file E If an end-of-file test is
desired, it should be coded
for the addrout file. This
entry is optional.

19 File format F Fixed length records.

Blank Fixed length records.
20-23 Block length Blank File is to be unblocked.
nnnn Must be a multiple of the
record length.
28 Processing mode R Addrout processing.
31 Record address I Addrout processing.
type

40 Device DISK The data file is assigned
to disk.

66 File addition/ Blank Additions to the data file

Unordered are not allowed.
71-72 File condition U1-U8 External indicator. This
entry is optional.




File Description Specifications - Addrout File. The following entries

are required in the File Description Specifications for an addrout file:

Table 4-3i. File Description Specifications - Addrout File-
Column Function or
Number Field Name Entry Description
15 File type I Input file.

16 File designation R Record address file.

17 End of file E If an end-of-file test is

desired, it should be coded
for the addrout file. This
entry is optional.

19 File format F Fixed length records.
Blank Fixed length records.
20-23 Block length Blank Unblocked.
nnnn Block length in bytes. Must

be a multiple of record length.

24-27 Record length 4 Record length in bytes.
29-30 Record address field 4 Record key length in bytes.
31 Record address type I Addrout file.
32 File organization T Tag records.
39 Extension code E Extension specifications.
40 Device DISK ghekaddrout file is assigned to
: isk.

71-72 File condition Blank Not applicable.

Extension Specifications - Addrout File. The following fields must be
coded in the Extension Specifications when a data file is processed
with the use of an addrout file.

Table 4-3j. Extension Specifications - Addrout File

Column

Number Field Name Entry

11-18 From filename The name of the addrout file must be
stated as it appears in the File
Description Specifications.

19-26 To filename The name of the data file associated
with this addrout file must be stated
as it appears in the File Description
Specifications.

Table 4-3k. shows which combinations of file processing methods and
file organization types can be used with primary, secondary, demand,
and chained files. Allowable combinations are indicated by an X.




Table 4-3k. Valid Combinations of File Types and File Processing

File Processing Primary, Secondary,
Method and Demand Files Chained Files

Consecutive X X X X

Sequential By key X X

Sequential Within Limits X X

Addrout X X X X

Random by Relative Record

Number X X X X

Random By key X X
S D B I S D B I
E I N E I N
Q R I D Q R I D
U E N E U E N E
E C D X E C D X
N T E E N T E E
T X D T X D
I E I E
A D A D
L L

File Organization Type

33-34 OVERFLOW INDICATOR

This field applies only to files assigned to the printer, and is used
to specify the overflow indicator used to condition records being
printed in the file. Each printer file must have a unique overflow
indicator assigned to it, if overflow printing (i.e., the printing of
special lines when the overflow file is fetched) is desired for that
file. Acceptable entries for this field are:

Entry Definition

OA-0G, OV Specified indicator is
used to condition records
in the file.

Blank Specifies automatic skip-
ping. No default overflow
indicator is assigned.

If this field is left blank, no overflow indicator is assigned to the
printer file. Overflow is then handled automatically by the RPG
program.

If this field contains an overflow indicator but no output is condi-
tioned on that indicator, a continuous printer listing is produced.

For additional information concerning overflow, refer to the sub-
section of this manual titled Printer File Handling in Section 10.



35-38

39

40-46

KEY FIELD STARTING LOCATION

This field applies only to indexed files and specifies the character
position within each record where the key field begins. All key
fields in the file must occupy the same position in each record.

entry must be numeric, and right-justified. Leading zeroes may be
omitted.

The

EXTENSION CODE

This field applies to printer output files, table or array files that
are to be read during program execution, and record address files. The
contents of this field indicates whether the file is further described
on the Extension Specifications (table and array files, or record
address files) or the Line Counter Specifications (printer files) form.
Valid entries for this field are:

Entry Definition

E An Extension Specification must
further describe the file. This
entry is only allowed for input
table files and record address files

L A Line Counter Specification must
further describe the file. This

entry is only allowed for printer
files.

Blank No Line Counter or Extension Speci-
fications are required for this

file; however, they may still occur.

DEVICE

This field is used to identify the input/output device to which the file
is assigned, or the data communication entry that indicates that the
file is a Telecommunications file. All entries must be left—justified.
Valid entries for this field are:

Entry Definition
READER 80-column card reader.
MFCU1 96~column MFCU - primary hopper.
MFCU2 96-column MFCU -~ secondary hopper
PUNCH 80<column card punch.
PRINTER or Line printer. (A maximum of 5 printer
PRINTR2 files may be specified).
TAPE Magnetic tape.
DISK Disk file.
CONSOLE* Console printer,
BSCA Telecommunications file.
REMOTE Telecommunications file.
DATACOM Telecommunications file,
*Only one CONSOLE file may be specified and must be
specified as a display file (see DSPLY in Section 9),




Any card device name (i.e., READER, PUNCH, MFCUl, etc.) is considered
only to denote a card file. The actual type (input, output, combined)
is determined by the entry in column 15 of the File Specifications.
Table 4-4 lists the devices available for each of the file types.

Limits files can be assigned to any input device. Addrout files can
only be assigned to an input device that can also be used by the
systems SORT utility for output. Only disk files can be processed
sequentially within limits or by addrout files.

Table 4-4. Device Assignment for Files
File Type Devices
Primary or Secondary Card MFCUl or MFCU2 READER
Input Files Disk DISK
Tape TAPE
Demand Files Card MFCUl or MFCU2 READER
Data Com- REMOTE
munications
Disk DISK
Tape TAPE
Table Files Card MFCUl or MFCU2 READER
Disk DISK
Tape TAPE
Chained Input Files Disk DISK
Updatre Files Disk DISK
Combined Files Card MFCU1 or MFCU2
Data Com- REMOTE
munications
Output Files Card MFCU1l or MFCUZ2 PUNCH
Disk DISK
Listing PRINTER, PRINTR2
Data Com— REMOTE
munications
Display File Console CONSOLE
Printer

The B 1800/B 1700 will also accept the following additional device
names in column 40-46:

READO1 PUNCH20
MFCM1 PUNCH42
MFCM2 PRINTUF
READ20 PRINTLF
READ40 DISK11
READ42 DISK11F
CRP DISK45
CRP20 SPO
DATA96



If communications with a remote device is desired, the entry REMOTE,
DATACOM, or BSCA is used. A Telecommunication Card is required for
each data communications file declared in an RPG program. Refer to
Section 7, Telecommunications Card Specifications, for a detailed des-
cription of the entries required on the Telecommunication Card.

Data communications files can be input, output, or combined files, and
are used to reference Network Definition Language (NDL) files associated
with the network controller. The filename in columns 7-14 of the File
Description Card entry must be the same as the filename of the NDL file
being referenced, or the names should be file-equated with a File state-
ment. For information concerning the Network Definition Language, refer
to the B 1800/B 1700 System Network Definition Language Reference Manual,
Form Number 1073715.

REMOTE

When REMOTE is specified in columns 40-45, the remote devices are
accessed on a demand basis. The fields of the file description specifi-
cations shown in Table 4-4a must be coded with the applicable entry

when REMOTE is specified. The remaining fields must be coded as they
would be for any demand file.

Table 4-4a. File Description Specifications - REMOTE

kColumn Function or
Number Field Name Entry Description
15 File type I Input.
0 Output.
C Combined.
16 File designation D Demand file.
32 File organization Blank One buffer.
1-9 Number of buffers.
40 Device REMOTE Remote devices are to be
accessed on a demand basis.

The SEND and RECV operation codes are used in calculations when REMOTE
is specified, and allow the user to specify indicators to report on:

a. Exception conditions.
b. Incomplete I/0 operations.
c. End-of-file conditions.

Refer to the subsection titled Programmed Control Of Input And Output
in section 9 for detailed information about SEND and RECV.



DATACOM Or BSCA

When DATACOM or BSCA is specified starting in column 40, the fields of
the file description specification shown in Table 4-4b must be coded
as shown.

Table 4-4b. File Description Specifications - DATACOM or BSCA

Column Function or

Number Field Name Entry Description
40 Device DATACOM Telecommunications file.
BSCA Telecommunications file.

53 raBens (*EILE OPEN" P;a\t’%

Any entry is allowed here. Only entries meaningful to the B 1700 will
be used. Meaningful entries are:

Entry Definition ENTE“

——

L ST O fiks- R
- “ ¢ U File is unlabelled. R To L dik
ca\ﬁ \L\E ncs( aoa\la\o\q Y ¥ Special forms ’lgs - ‘M‘\vcdﬂf

o pes. wiile Al duok ’ ' 5" |

1. N B Forces backup. his lﬂe is
PR o(ﬂxz{)\ by \'% (g aveldde Jo sthe
v Blank ! Indicates the B 1700 s Cp T ol

ar S —> Standard Label. PqHS- tor only .

60-65 CORE INDEX

The core index is a rough table in memory which contains entries
representing the key fields of the data file on disk. The use of the
core index may significantly reduce the time needed to process an
indexed file because it allows a more direct access to the specific
record required. The program must search only a portion of the file
instead of all entries in the file preceding the required record. The
core index field must be blank when files other than chained indexed
files are specified.

This field is used only by files accessed using the CHAIN operator (i.e.,
indexed-sequential files) to specify the number of bytes of memory to

be set aside for indexes. The entry must be right-justified, and
leading zeros may be omitted. The maximum size that may be entered

is 9999.

At Beginning-of-Job, the core index is built in memory to speed the
access time to process . ained in

memory is determined by taking the key 1engih_as_speaiiied_ig_gglgmns
59-3 i

= ividing 1t into the core index as ecified in po =
60-65. The program then looks at the End-of-File pointer contained in

e File Information Block to determine the total size of the file.
The program divides the file into even partitions for the allowable
number of keys in memory, and reads every nth record filling the core
table in memory with just the data key fields. If no entry is made,

4-29



a minimum (default) number of 10 of these keys (20 keys if the keys
are in packed or numeric form) is automatically specified.

Once the core index is built, the program will begin processing. As
an access occurs, the code emitted will do a binary search of the core
index to determine in which partition the record should be found. It
calculates the lowest actual address and one greater than the highest
to be used as the area to be searched for the record. At this point
the program reverts to a binary search of the disk.

Record 1
Entry ’ﬂ,,—f~””/’~”#—~’.‘ Record 2
1
Entry Record 3
2 Record 4
Engry Record 5
Entry Record 6
4 Record 7
Entry Record 8
5
Re 9
Entry cord
6 W
Entry i i S
7 Record 55
Engry Record 56
R
Entry ecord 57
9 Record 58
E?gry Record 59
Record 60

Core Index
in Memory Indexed-Sequential

File on Disk
(60 Records)

G14014

Figure 4-5. Core Index Selection of Data Keys

Several considerations should be made in space/time trade—offs when
processing indexed-sequential files. The core index should reflect
the size of the data file to be accessed and the number of accesses to
be performed. When a significant number of accesses are to be per-
formed, the core index should be as large as practical; however, the
core index should be moderate—to—small if only a few accesses are de-—
sired.



66

FILE ADDITION/UNORDERED

This field applies only to sequential disk and indexed disk files and
indicates:

a. New records are to be added to an existing file; or

b. Unordered records are to be loaded into an output file.
When an entry is made in column 66 for an indexed file, it implies that
the tag or data file is to be ordered in ascending sequence according
to the key specified in columns 29-31 and 35-38 of the File Description
Specifications.
For indexed files, the tag file is maintained in ascending sequence.

For B-Indexed files, the data file is maintained in ascending sequence.

Column 66 must be left blank when indexed files that are processed by
record address files are specified.

Valid entries for the file addition/unordered field are:

Entry Definition

A Records are to be added to an
existing sequential output file
or to any indexed disk file.

U Records are to be loaded for an
indexed file in unordered sequence
(creating a new indexed file).

Blank All files other than sequential
output files and indexed disk
files that are processed by
record address files. If the
file is an indexed output file,
the records must be loaded in
ascending key sequence.

.

The letter A must be entered in column 66 if there is an ADD entry in
columns 16-18 of the Output-Format Specifications record description
of the file.

If the letter A is entered in this field for any file other than an
update file, all output records must have ADD specified on the Output-
Format Specifications (columns 16-18). However, the Output-Format
Specifications are optional.

Records can only be added to an existing disk file. When records are
added to a sequential output file or indexed disk file the records are
added at the end of the file. After all records have been added to an
indexed disk file, the tag file or data file is sorted into ascending
key sequence depending on the type of indexed file specified, and the
program then goes to end-of-job.

The coding options for columns 15 and 66 are shown in Table 4-5.
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Table 4-5.

Columns

15 and 66 Coding Options

Column 15

Column 66

Function

I

Blank

Read only file. Records cannot be
added or updated.

Read only file. Existing records
cannot be updated but new records
can be added.

The indexed file is created in the
order in which records are loaded
to the file. It is the user's
responsibility to ensure that
records are in the desired order.
A run-time error occurs if records
are improperly ordered.

Data records are to be added to an
existing file.

An indexed file is created from
data records which may not be in
ascending key sequence. For
B-Indexed files, the data file is
created in ascending key sequence.
For indexed files, the correspond-
ing tag file is created in ascend-
ing key sequence.

Read and update existing records.

Read and update existing records
and add new records.

TAPE REWIND

This field specifies the action to be taken during closing of the file,
and includes the provision for rewind and/or lock for tape reels, where

desired. Valid entries are:

Entry Definition
P Close with purge.
U Close with unload (lock).
N Close with no rewind.
Blank Close with release.
R Close with remove.

To show the effects of the various options,

cussed separately in the paragraphs that follow.

Card Input

All options are ignored.
returned to the MCP.

The input areas are released and the unit is

each type of file is dis-



Card Output

All options are ignored. The output areas are released, the trailer
label is punched, and the unit is returned to the MCP.

Tape Input

The effects of the various options for tape input are:

Entry Effect

U Releases the input areas,
rewinds the tape, and the
MCP marks the unit '"nmot ready".

N The input areas are not
released, the tape is not
rewound, and the device remains
assigned to the program.

Blank Releases the input areas,
rewinds and returns the unit to
the MCP.

Tape Output

The effects of the various options for tape output are:

Entry Effect

b Releases the output areas, writes
the trailer label, rewinds the
tape, and overwrites the label,
thus making the tape a scratch
tape.

U Releases the output areas, writes
the trailer label, rewinds the
tape, and the MCP marks the unit
""not ready".

N Writes the trailer label. The
tape is not rewound, and the
device remains assigned to the
program.

Blank Releases the output areas, writes
the trailer label, rewinds the
tape and returns the unit to the
MCP.

Printer Output

A1l options are ignored. A page is ejected, a trailer label is written,
and the printer is returned to the MCP.



71-72

Disk Files

The effects of the various options assigned to disk are described in
terms of '""old files" and '"'mew files'". An old file is one that already
exists on disk and appears in the MCP Disk Directory. A new file is
one created by the program, and does not appear in the Directory. A
new file may only be referenced by the program which creates it.

Entry Effect

P An old file is removed from
the disk and deleted from the
Directory, or a new file is
removed from disk.

U For an old file, the file re-
mains in the Directory and is
made available. A new file is
entered in the Directory (there-
by making it an old file) and
made available.

N Use of this option is not
permitted with disk files.
Blank Same as for U.
R An old file is removed from the

disk and deleted from the Di-
rectory. The new file is
entered in the Directory and
made available.

FILE CONDITION

This field applies to input (excluding table input files), update,
output, and combined files, and indicates whether or not the file is
conditioned by an external indicator. The entry indicates (at execu-
tion time) whether or not the file is to be used by the program. If
a file is conditioned by an external indicator, the file is used only
when that indicator is ON. When the indicator is OFF, the file is
treated as though End-of-File had been reached, and no records may be
read or written into the file. Valid entries for this field are:

Entry Definition

Ul-Uus The specified external indicator
is used to condition the file.

Blank The file is not conditioned by
an external indicator.




75-80

External indicators (Ul-U8) may be used to condition files. For
example, a single program may have two uses. On some occasions, two
files may be required to be read (or written); on others, only one file
may be required to be read (or written). The optional file can be
conditioned by an external indicator.

For example, in a program that has two applications, external indicators
determine which application has been selected and what files are to be
read (or written).

If a file is conditioned in this way, records written to the output file
may also be conditioned by the same indicator on Output Specifications.
If an output file is conditioned by an external indicator, every output
record described on the Output-Format Specifications for that file
should be conditioned by the same external indicator, otherwise the
object program will still build the output record and perform blank-
after operations but suppress the write operation. Any calculation
operation which should not be done when the file is not in use
(especially CHAIN and READ operations) may also be conditioned by the
same indicator, otherwise the object program will automatically
condition the CHAIN or READ on the same external indicator.

If an external indicator is entered in columns 71-72 for a record
address file, the same indicator must be assigned to the associated
data file.

It is the user's responsibility to set the external indicators (Ul-U8).
The external setting and interrogation of the external indicators is
done by the use of eight one-bit program switches numbered 1 through 8.
Each switch can contain a value of 0 or 1, and can be set at run time

by including the switch attribute as part of the EXECUTE statement. The
syntax for assigning values to the program switches is as follows:

EXECUTE <program name> SW <switch number> <switch value>
The following EXECUTE statement would turn on external indicator Ul:
EXECUTE RPG/TEST SW 1=1

The program switches can also be permanently initialized by using the
MODIFY control instruction as follows:

MODIFY <program name> SW <switch number> <switch value>

When any (but not necessarily all) of the program switches are initial-
ized with the SWITCH attribute used with either the EXECUTE or MODIFY
control instruction, console printer input is not requested at program
execution time. If the switches are not initialized, operator action
is required to set the external indicators by use of the AX input
message in response to an ACCEPT message. The following examples show
the use of the AX input message:

<program number~ AX1l (This message results in setting Ul.)

<program number. AXOl (This message resets Ul and sets U2.)

PROGRAM IDENTIFICATION
Refer to Section 2 for a complete description.

Figures 4-6 through 4-13 show coding examples for a variety of file
types.
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Example of File Description Entries for Indexed Disk Files

Figure 4-6.
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Figure 4-7. Example of File Description Entries for Sequential Files
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Figure 4-8. Example of File Description Entries for Direct Files
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Figure 4-9. Example of File Description Entries for Card Files
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Figure 4-10. Example of File Description Entries for Tape Files
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Figure 4-11. Example of File Description Entries for Console Files
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Figure 4-12. Example of File Description Entries for Printer Files
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Figure 4-13. Example of File Description Entries for Record Address Processing



The following figures illustrate RPG coding examples for indexed and direct
files. Figure 4-14 illustrates the updating of an existing file; figure 4-15
illustrates the creation of a new file.
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Figure 4-14. 1Indexed and Direct Files - File Update
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Figure 4-15. 1Indexed and Direct Files - File Creation
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SECTION 5

VECTORS AND EXTENSION SPECIFICATIONS

Extension specifications are used to describe all tables, arrays, and record
address files that are specified in an RPG program.

The Extension Specifications Summary Sheet, form number 1057924, is used for
coding the field information that is described in the following pages.

FIELD DEFINITIONS

Figure 5-1 can be used in conjunction with the following field definitions for
the Extension Specifications.

1-2 PAGE

Refer to Section 2 for a complete description.
3-5 LINE

Refer to Section 2 for a complete description.
6 FORM TYPE

An E must appear in this field.
11-18 FROM FILENAME

This field is used to name a record address file or a pre-execution-
time vector file, and must contain the filename of every record

address file and every pre-execution-time vector file to be used by the
program. The file must be specified on the File Description Specifica-
tions as an input record address file or as an input table file. The
same record address file must not be named in more than one Extension
Specification entry.

If the vector is to be loaded at compile time or by Input or Calculation
Specifications during program execution, this field must be left blank.

Filenames must always be entered in this field left-justified. When

a vector is loaded at compile time, it becomes a permanent part of the
program so that a vector file is not needed when the program is execu-
ted. Only those vectors that do not change often should be compiled
with the program. When vectors are being compiled with the program, the
vector data must follow the source program deck.

19-26 TO FILENAME

The TO FILENAME field defines the relationship between a file named in
this field and a file named in the FROM FILENAME field, columns 11-18.
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11-18 Contains the file identification of 40-42 Specifies the length (in bytes) of
a record address file or the name of a pre- each element in the vector. Maximum num-
execution time vector file. eric entry is 31, maximum alphanumeric entry
is 511, right-justified.
19-26 Contains the file identification of
the file to be processed by a record address 43 Specifies if the external vector elements
file or the name of the file to which vector are in binary, packed, or unpacked decimal
will be outputted. If blank, vector not to format. Entries: Blank, B, or P.
be output at EOJ. .
44 Specifies the number of decimal positions
27-32 Contains the name of the input table contained in each element. Entries: Blank
or array. Entries: TABXXX (X= any alpha- or 0-9.
numeric character) or 1-6 alphanumeric
characters. Also used to name the first of 45 Specifies the sequence in which elements
two alternating vectors. will be loaded for the first vector.
Entries: Blank, A or D.
33-35 Specifies the exact number of entries
contained in each vector input record. 46-57 These columns are used to describe the
second of two alternating vectors. Entries
36-39 Specifies the maximum number of items are of the same type as specified for the
contained in the first vector named. Entry first vector. The second vector is loaded
maximum: 4095, right-justified. in alternating format with the first.
G14022

Figure 5-1. Extension Specifications Summary Sheet
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Filenames must be left-justified beginning in column 19. Valid entries
for this field are:

Entry Description
Name of an The file processed via the record
input or address file named in the FROM
update file FILENAME field.
Name of an The output file on which a table
output file or array is to be written at ECJ.

If a record address file is named in the FROM FILENAME field, columns
11-18, then the name of the primary or secondary file that contains the
data records to be processed must be entered in the TO FILENAME field,
columns 19-26. This primary or secondary file can be an input or
update file and must not be specified in any other Extension Specifi-
cations entry.

If a file is specified on the File Description Specifications as being
processed by an addrout file, then its filename must be entered in the
TO FILENAME field, columns 19-26, and an appropriate filename must also
be entered in the FROM FILENAME field, columns 11-18.

If a file is specified on the File Description Specifications as being
processed as a limits file, then its filename must be entered in the
TO FILENAME field, columns 19-26, and an appropriate filename must be
entered in the FROM FILENAME field, columns 11-18.

If a table or array is to be written or punched, then enter the desig-
nated output file in the TO FILENAME field, columns 19-26. This output
file must have been previously defined in the File Description
Specifications.

Execution time arrays cannot be written at end of job. In order tc
produce an array or table, the FROM FILENAME, TO FILENAME, and ENTRIES
PER RECORD fields must have entries specified.

If a table or array is to be written or punched, it is automatically
written or punched at the end of job after all other records have been
written or punched.

An array or table can be written to only one output device. More than
one array or table may be written to the same output file, but it is
the user's responsibility to ensure that this is a meaningful thing

to do.

27-32 VECTOR NAME

This field is used to name _tables and arrays to be used by the program.
Each vector name must be unique, and must %ollow the rules for the
formation of vector names as described in Section 2. Table names must
begin with the letters TAB (note that this includes the name TAB itself);
any name appearing in this field which does not begin with TAB is con-
sidered an array name.

Vector files are processed in the same order in which they appear on the
Extension Specifications form. Thus, if more than one vector file is
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specified for the program, the files must be loaded in the same order
in which they appear on the form.

If two related vectors are in alternating form within one vector file,

the first vector must be named in columns 27-32, and the second vector

must be named in columns 46-51. Any combination of vector types (table
or array) is allowed in alternating format. (For more information, see
columns 46-57 in this section.)

33-35 ENTRIES PER RECORD

This field is used to specify the number of entries in each vector input
record. Every record except the last one must contain the number of
entries specified in this field. The last record may contain fewer
entries than specified in this field. The possible entries that can be
made in this field follow:

Entry Definition

1-999 The number of vector entries
contained in each vector input
record.

Blank This vector is a dynamic/
execution-time vector.

Entries in this field must be right-justified, and leading zeroes are
not required. Corresponding items from related (alternating) vectors
must be on the same record and in alternating format. Each pair of
items is considered one entry. The number of entries per record must
not exceed the number of entries per vector specified in columns 36-39.

The FROM FILENAME and ENTRIES PER RECORD entries are used to determine
the type of vector and therefore how it will be loaded. Table 5-1 is
a guide for determining vector type.

Table 5-1. Guide for Determining Vector Type
Vector Type FROM FILENAME ENTRIES PER RECORD
Compile—-Time Blank Filled
Pre—-Execution Time Filled Filled
Dynamic/Execution Time Blank Blank

36-39 ENTRIES PER VECTOR

This field is used to specify the maximum number of elements that can be
contained in the vector named in the first VECTOR NAME field (columns
27-32). A maximum of 4095 elements per vector is allowed. For vectors
to be loaded in alternating format, this number also applies to the one
named in the second VECTOR NAME field (columns 46-51). Entries in

this field must be right—justified; leading zeros may be omitted.

40-42 LENGTH OF ENTRY
This field is used to specify the length (in bytes) of each element in

the vector named in the first VECTOR NAME field (columns 27-32). For
numeric vectors in packed decimal format, enter the number of digits.



43

44

Entries in this field must be right-justified; leading zeros may be
omitted.

Numeric items in the vector input records must have leading zeros added
if their length is less than that specified; alphanumeric entries must
have either leading or trailing blanks.

The maximum length of a numeric vector element is dependent on the for-
mat of the data, and is as follows:

Format Maximum Length
Unpacked numeric 31 characters
Packed numeric 31 digits
Binary 4 or 9 digits

The maximum for an alphanumeric vector element is 511 characters. How-
ever, an element must be completely contained on one record; therefore,
input record sizes will also limit the maximum element sizes.

PACKED

This field specifies the external format of the vector data. Acceptable
entries are:

Entry Definition

Blank Vector elements are in
either unpacked decimal
or alphanumeric format.

p Vector elements must be
in packed decimal format.

B Vector elements must be
in binary format.

Any vector (including compile-time vectors) may be packed and may be
either right or left signed (as specified in the Control Card or by the
dollar option RSIGN).

Pre-execution-time vectors can be in packed decimal format unless the
filename specified in columns 19-26 is that of a printer file.

For vectors that are loaded or modified as a result of Input Specifi-
cation entries, the sign position and format (packed or unpacked)
described on the Input Specifications dictate the external data format.
Binary compile-time vectors are not allowed.
DECIMAL POSITIONS
This field:
a. Is used to specify the number of decimal positions contained
in each element of the vector named in the first VECTOR NAME
field (columns 27-32). If the elements have no decimal posi-

tions, a zero must be entered in column 44. This field must
not be blank for a numeric vector or if column 43 contains a P.
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46-57

b. Defines whether a data item is in numeric or alphanumeric for-
mat. Column 40 (LENGTH OF ENTRY) defines the length of the
item. For alphanumeric data items, the entry specifies the
number of bytes. For numeric data items, including those in
packed or binary format, the entry specifies the number of
digits. TFor binary data items, either a 4 or a 9 must be
specified.

Note that it is possible to define the

same numeric data items differently on

the Extension Specifications and on the
Input Specifications.

Example:

A pre-execution-time array that is specified on the Extension Specifi-
cations can indicate that the data items are in packed numeric format,
and the Input Specifications can specify that the data item is in
unpacked numeric format.

The acceptable entries for this field are:

Entry Definition

0-9 Number of positions to the
right of the implied deci-
mal point for numeric
vector elements.

Blank Alphanumeric vector.

A

SEQUENCE

This field is used to specify the sequence in which elements will be
loaded for the vector named in the first VECTOR NAME field (columns
27-32). A vector loaded at compile or pre-execution time is checked
for the specified sequence. A sequence error at compile time generates
warnings in the source listing. A sequence error at pre-execution time
causes the program to be discontinued. The sequence check does allow
two consecutive elements to be equal. This column must contain an
entry if high or low LOKUP is to be used. Alternate vectors need not
have the same sequence.

Valid entries for this field are:

Entry Definition
Blank Unordered elements.
A Elements arranged in

ascending order.

D Elements arranged in
descending order.

VECTOR NAME, LENGTH OF ENTRY, PACKED, DECIMAL POSITIONS, SEQUENCE

These fields are used only when describing a second vector which is
loaded in alternating format with the vector named in the first VECTOR
NAME field (columns 27-32). All of these fields require the same type



of entries as the corresponding fields in columns 27-45, but entries
in columns 46-57 apply only to the second vector. For a single vector
description, these fields must be left blank. Compile-time vectors,
pre-execution-time vectors, and dynamic/execution-time arrays can be
specified as alternating vectors.

58-74 COMMENTS

This field is available for inclusion of comments and documentary
remarks, and may contain any valid EBCDIC characters.

75-80 PROGRAM IDENTIFICATION

Refer to Section 2 for a complete description.
VECTORS
GENERAL
Tables and arrays are logical configurations of data elements that have similar
characteristics. Within the scope of this manual, very little distinction is
made between tables and arrays, and therefore they are usually referred to as
vectors. Where differences exist in their characteristics, they are referred

to individually as tables and arrays.

Each element of a vector must be of the same length and data type (numeric or
alphanumeric). All numeric elements must have the same number of decimal
positions.

TABLE AND ARRAY DIFFERENCES

Every vector to be used by the program must be given a name. All table names
must begin with the letters TAB. Array names can begin with any alphabetic
character.

/7 S~
[Lz?dices can be used to access specific elements within tables and arrays.

If a table name appears without an index, it refers to the last item referenced
in the table.

If an array name appears without an index, it refers to the entire array. Such
a reference specifies that the designated operation be performed repetitively
for each element of the array.

TYPES OF VECTORS

The three types of vectors and the time at which they are loaded with data
follows:

Vector Type Time Loaded
Compile time During RPG program generation.
Pre-execution time At the beginning of RPG program
execution.
Dynamic/execution time During RPG program execution.

Data elements for all types of vectors can be altered at any time during
program execution.



REQUIRED ENTRIES FOR EXTENSION SPECIFICATIONS

All vectors for a program must be described on the Extension Specifications
form. Several of the fields of the Extension Specifications require entries
for each type of vector, regardless of the time at which the vector is loaded.

Figure 5-2 illustrates which fields require entries for each of the three
types of vectors
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Figure 5-2. Entries Necessary to Describe a Vector

Columns 27-45 are used as needed to specify the name assigned to identify the
vector (VECTOR NAME), the number of vector elements occurring in each input
record (ENTRIES PER RECORD), the size of the vector (ENTRIES PER TABLE OR
ARRAY and LENGTH OF ENTRY), whether the input data is in binary, packed or
unpacked decimal format (PACKED), the number of decimal positions in each
entry (DECIMAL POSITIONS), and the order in which the elements are sequenced
(SEQUENCE) .

Additional entries are required if:

a. The vector is to be loaded at pre-execution time from the file
named in the FROM FILENAME field:————""
b. The vector is to be written to the output file named in the TO

FILENAME field at End-of-Job.

Any file named for vector loading or vector output must also be described on
the File Description Specifications.

For dynamic/execution-time vectors, the FROM FILENAME, TO FILENAME, and the
ENTRIES PER RECORD—fiectds—must be left blank because dynamic vectors cannot be
written at End-of-Job.




COMPILE TIME VECTORS

For a compiler-time vector load, the data to be loaded is read into the pro-
gram storage area reserved by the entries in the Extension Specifications at
the same time that the source program is compiled. Physically, the data is
placed in a card file called "RPG/VECTOR", which immediately follows the
source deck (see figure 5-3).

For a compile-time vector load, short vectors (those which are only partially
full) are not allowed. Each vector file must occur in the order in which it
was specified, and must contain exactly the number of records necessary to fill
it with data. No separators are used to delimit the end of one vector file and
the beginning of the next; the compiler reads input records until one vector is
full, and then proceeds to fill the next one in order.

Compile-time vectors can be changed by either Input or Calculation Specifica-
tions.

COMPILE-TIME VECTOR LOAD

To load a compile-time vector, all that is necessary is to include the data
cards for the vector in the proper order in the file "RPG/VECTOR" (figure 5-3).
The compiler will automatically read this file after the source program has
been read, and will load the data into the vectors declared.

VECTOR DATA CARDS
¢/ 2DATA RPG/VECTOR

¢ PEND

SOURCE DECK

{ ?DATA RPG/CARD
?COMPILE. ..
—
Gl4024
Figure 5-3. Setting Up a Data Deck For a Compile-Time Vector

If more than one compile-time vector has been declared, care must be exercised
in setting up the data deck. The compiler expects data for the vectors to be
entered in the same order in which they were declared in the Extension Specifi-
cations form. The compiler reads data cards and stores the elements in the
first vector until it is full, then proceeds to do the same for the second
vector, and so forth. If more or fewer records are present than are necessary
to exactly fill a vector, data will be placed into the wrong vector. See
figure 5-4 for an example of a compile-time vector load declaration.
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Figure 5-4. Compile-Time Vector Load

PRE-EXECUTION TIME VECTORS

For a pre-execution time vector load, the data to be loaded is read into the
program storage area reserved by the entries in the Extension Specifications

at the beginning of object program execution, before the normal operations in
the program cycle begin. The data for each vector is placed in a file, identi-
fied by the names assigned in the File Description Specifications.

More than one vector may be loaded from the same file. Short vectors are not
allowed with pre-execution time vector loads.

Pre-execution time vectors can be changed by either Input or Calculation
Specifications.

PRE-EXECUTION TIME VECTOR LOAD

To load a pre—execution time vector, the data to be loaded must be placed in
the file described in the File Description Specifications to which the vector
is assigned (FROM FILENAME). Data is read in at the beginning of program
execution and placed in the vector until the vector is full., If more than one
vector (not in alternating format) is assigned to a single file, some special
considerations must be taken into account (see figure 5-5). Vectors are still
loaded in the same order that they are specified in the Extension Specifica-
tions, so that files will be opened, read, and closed as necessary to load

the designated vectors. If two vectors are assigned to the same table file,
and no other pre—execution time vector declaration comes between them, the
data for both must be in the same card file. No separators are allowed be-
tween the data decks, so that restrictions are imposed the same as those for
compile—-time vector loads.
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Figure 5-5. Pre-Execution Time Vector Load

' Dynamic vectors are loaded during program execution through entries in the

/
/

\

Input Specifications or Calculation Specifications. Certain fields of input
records or the results of calculation operations may be used to load the ele-
ments of a dynamic vector. Such loading, unlike the automatic loading of
compile-time and pre-executionm time veetors, is completely under programmatic
control.

All vectors can be altered during program execution, regardless of when they
were loaded initially. Because of this, all vectors may be considered to have
""dynamic'" characteristics.

DYNAMIC/EXECUTION TIME VECTOR LOAD -

To load a dynamic vector, the data elements may be obtained from fields within
input records or from the result of operations in the Calculation Specifications.
Figure 5-6 provides coding examples on the File Description Specifications and
the Extension Specifications for dynamic vector loading.
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Figure 5-6. Dynamic Vector Loading

Input Specifications Load

Fields within input records may contain data for vector loading. This
is done by assigning a vector name with an index or an array name
without an index as a field name within an input record description

(see figure 5-7).

If a FIELD NAME (VARIABLE NAME) designates a single

element of the vector, the input field will be placed into the vector
the record is selected. If FIELD NAME designates an
entire array (no index assigned), the input field length must be an
integral multiple of the element size (LENGTH OF ENTRY) and equal to

element when

or less than

than the size of the array,

affected.

the total size of the array.

If the input field is less

the elements not referenced will not be

S
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Figure 5-7. Dynamic Vector Load - Input Specifications

Calculation Specifications Load

Any operation which specifies a vector (with or without an index) as the RESULT
FIELD will cause the designated vector element (or entire array, if no index is
specifiec) to be loaded with the result of the operation. See figure 5-8 for
an example of a load via the Calculation Specifications. Refer to Section 9
for the operations which may be specified for vectors.
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RULES FOR LOADING A VECTOR
The following rules must be observed in regard to loading vectors:

a. For a vector to be loaded at pre-execution time, entries are
necessary in the FROM FILENAME and ENTRIES PER RECORD fields.

b. For a vector to be loaded at compile time, the FROM FILENAME field
must be blank and an entry must be made in the ENTRIES PER RECORD
field.

c. Vector loading is not implied if the FROM FILENAME, TO FILENAME, and
ENTRIES PER RECORD fields are blank. Vectors whose specifications
contain blanks in those fields can be loaded as a result of Input
or Calculation Specifications, which are execution-time loads.

VECTOR OUTPUT

Compile-time and pre-execution time vectors may be written to an output device
at End-of-Job by specifying an output file in the TO FILENAME field of the
Extension Specifications. This vector output is performed automatically after
all processing has been completed. Vector records will be in the format
specified by the Extension Specifications.

Dynamic vectors cannot specify a TO FILENAME, and thus cannot be automatically
written out at End-of-Job.

Also, an entire array may be written during output time by specifying the array
name without an index as field names (VARIABLE NAME) in the Output-Format
Specifications. If an entire array is to be output in this way, the end
position specified must allow sufficient space for all elements of the array,
allowing for any editing. For editing of a whole array see Section 10.

VECTORS IN ALTERNATING FORMAT

Vectors specified as occurring in alternating format have related elements con-
tained in alternating format on each input record (see figure 5-9). The two
vectors need not be of the same size (LENGTH OF ENTRY), type (numeric or alpha-
numeric), or sequence order, but they must have the same number of elements con-
tained on each input record, and each vector must contain the same number of
elements (NUMBER OF ENTRIES PER TABLE OR ARRAY). Each pair of elements on the
input record is considered one entry. The first element of each pair belongs to
the vector described in columns 27-45; the second element belongs to the vector
described in columns 46-57.

A Y



12 EXTENSION SPECIFICATIONS
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Figure 5-9. Vectors in Alternating Format
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SECTION 6

LINE COUNTER SPECIFICATIONS

Line Counter Specifications are used only for line printer files to:

a. Specify form length. The default is 66 lines.
b. Specify the overflow line.
c. Define the line - channel equations that are associated with the

carriage control format tape that must be installed on the printer
when the program is executed.

Line Counter Specifications are required when using the RPG I dialect but are
optional when using the RPG II dialect.

LINE - CHANNEL EQUATIONS

The LINE NUMBER, FL OR CHANNEL NUMBER, and OL OR CHANNEL NUMBER fields are used
to specify line number - channel relationships referred to as line - channel
equations

CHANNEL

The word ''channel'" is used in conjunction with the format or carriage control
tape that is installed on the line printer. The carriage control tape is used
to assist in the movement and positioning of the paper as it passes through the
print mechanism.

LINE NUMBER - CHANNEL NUMBER

The LINE NUMBER and CHANNEL NUMBER fields are used to relate a line that is to
be printed with a channel punch in the line printer carriage control tape.

FIELD DEFINITIONS

Figure 6-1 can be used in conjunction with the following field definitions for
Line Counter Specifications.

1-2 PAGE

Refer to Section 2 for a complete description.
3-5 LINE

Refer to Section 2 for a complete description.
6 FORM TYPE

This field must contain the letter L.




LINE COUNTER SPECIFICATIONS

FORM TYPE
—
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A. 7-14 Specifies the name of a printer file.
B. 15-17 If 18-19 contains FL, this entry specifies

the length of the page or form length. If 18-19
are numeric, this entry specifies the number of
lines from the top of the page to associate with
that channel number. Entries: 1-112, right-
Jjustified.

C. 18-19 Designates the use of the numeric entry in
columns 15-17. Entries: FL or 1-12, right-justified.

D. 20-22 If 23-24 contains OL, this entry specifies
the line number of the overflow line. If 23-24
are numeric, this entry specifies the number of
lines from the top of the page to associate with
that channel number. Entries: 1-112, right-
Justified.

E. 23-24 CHANNEL NUMBER associated with the overflow
line designated in columns 20-22. Entries: OL or
1-12, right-justified.

F. 25~-74 CHANNEL NUMBER related to preceding LINE
NUMBER entry. Entries: 1-12, right-justified

LINE NUMBER designates a particular line on each
page. Entries: 1-112, right-justified.

614029

Figure 6~1. Line Counter Specifications Summary Sheet



7-14 FILENAME

This field is used to specify the name of the printer file to which
these Line Counter Specifications apply. The filename must also be
described on the File Description Specifications and must be assigned
to a printer. The entry in this field is required and must be left-
justified.

15-19 LINE NUMBER, FL OR CHANNEL NUMBER

These fields have two possible meanings, depending upon the entry in
columns 18-19.

If columns 18-19 contain the entry FL (Forms Length), the entry in
columns 15-17 specifies the length (in print lines) of each page. The
LINE NUMBER field entry must be between one and 112, inclusive, and be
right-justified in the field, and leading zeroes are optional (see
figure 6-2).

If columns 18-19 contain a numeric entry between one and 12, inclusive,
the entry in columns 15-17 specifies the number of lines from the top
of the form to be associated with the CHANNEL NUMBER entry designated
in columns 18-19. The LINE NUMBER entry must be between one and 112,
inclusive. Both entries must be right-justified in their respective
fields, and leading zeros are optional (see figure 6-2).

LINE COUNTER SPECIFICATIONS
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LIST1 specified channel 1 as line 10 and channel 12 as line 50.
LIST2 specifies the form length (50 lines) and channels 1 and 12,

LIST3 specifies the form length (80 lines) and the overflow line
(line 60).

Figure 6-2. Line Counter Specifications Code Example
20-24 LINE NUMBER, OL OR CHANNEL NUMBER

This field has two.possible functions, depending upon the entry in
columns 23-24.

RPG II Dialect Only

When OL is entered in columns 23-24, the entry in columns 20-22
specifies the line number that will be considered the overflow line.
The overflow line must be less than or equal to the form length. When
the destination of a space or skip operation is a line beyond the over-
flow line but not beyond the form length the overflow indicator

6-3




specified for the file is turned ON to indicate that the end of the page
is near. If the destination is beyond the form length the overflow
indicator does not turn ON.

When the output is conditioned on an overflow indicator or fetch over-
flow is specified and the overflow indicator is ON, the following actions
will take place before the forms are advanced to the next page:

a. Detail lines still to be printed as part of the current program
cycle will be completed.

b. Total lines will be printed.

c. Total line conditioned by the overflow indicator for this file
will be printed

d. Heading and detail lines conditioned by the overflow indicator for
' this file will be printed.

Since all these actions will take place after the overflow line is
reached, the programmer should be certain that enough space is left
between the overflow line and the bottom of the page to allow all the
lines to be printed. Refer to the subsection titled Printer File
Handling in the Output-Format Specifications section for detailed
information about overflow handling.

RPG I Or RPG II Dialect

If columns 23-24 contain a numeric entry between one and 12, inclusive,
the entry in columns 20-22 must specify the number of lines from the
top of the form to be associated with the CHANNEL NUMBER entry (columns
23-24), The LINE NUMBER field entry must be between one and 112, in-
clusive. Both entries must be right—-justified in their respective
fields, and leading zeros are optional (see figure 6-2),.

25-74 LINE NUMBER AND CHANNEL NUMBER

The rest of the form is divided into ten 5-character fields, each con-
sisting of a 3-character LINE NUMBER field and a 2-character CHANNEL
NUMBER field. All fields are optional and must be left blank if they
are not to be used (see figure 6-2).

The CHANNEL NUMBER fields may contain a numeric entry between one and
12, inclusive. This CHANNEL NUMBER entry is associated with the cor-
responding LINE NUMBER field entry (between one and 112, inclusive)
and is used to relate a channel number to a particular line on each
page of the output forms. The same channel numbers must not be speci-
fied more than once on the same Line Counter Specification.

A1l entries must be right-justified in their respective fields. Lead-
ing zeros are optional.

The LINE NUMBER field entry must not be greater than the form length
specified in columns 18-19 or the default value of 66.

75-80 PROGRAM IDENTIFICATION

Refer to Section 2 for a complete description.



PRINTER CHANNEL SKIPPING

The user can control printer channel skipping by making appropriate entries in
the RPG source program specifications. The entries in the specifications and
the results obtained are different for the two RPG dialects, as defined in the
following paragraphs. '

CHANNEL SKIPPING - RPG II

When forms skipping is specified in columns 19-22 of the Output-Format Specifi-
cations, the entry refers to the line number on the form or page to be printed.

When a LINE NUMBER and CHANNEL NUMBER are entered in columns 15-19 of the Line
Control Specifications form, a reference to a line in output for which a cor-
responding line - channel equation exists will result in the generation of a
channel skip.

Example:

If the Line Control Specifications describe a line - channel equation which
specifies that line 28 is equal to channel 3, then any time an output specifica-
tion references a skip to line 28, a skip to channel 3 results.

CHANNEL SKIPPING - RPG I

When forms skipping is specified in columns 19-22 of the Output-Format Specifi-
cations, the entry refers to channel numbers, not lines. If line - channel
equations are specified on the line counter specifications form, then a
reference to a channel in output for which a corresponding line - channel
equation exists results in the generation of a channel skip. The equations are
necessary so the program can determine where the paper is positioned in relation
to the overflow line.

CHANNEL SKIPPING - RPG I AND RPG II

When line - channel equations are specified but are not referenced on the
Output-Format Specifications, no syntax error or warning message results.

It is the responsibility of the user to insure that the proper carriage control
tape is installed on the line printer.

PRINTER BACKUP

If a line printer is not available during RPG program execution, the output
data is sent to a printer backup file and is subsequently printed exactly as
intended providing that the proper carriage control tape is installed on the
line printer.




Line Counter Specifications are required when generating programs with RPG I.
A summary of the required and optional entries follows:

a.

Columns 15-19 can optionally contain the form length and columns
18-19 can optionally contain "FL". If these entries are omitted,
the default value of 66 is assumed for the form length.

If the form length is specified in columns 15-19, then columns 20-74
can be used for line - channel equations that can specify a maximum
of 11 channels.

If a form length is not specified in columns 15-19, the default value
of 66 is assumed and columns 15-74 can be used to specify up to

12 channels.

The user must specify channel 1 and channel 12. Channel 12 defines
the overflow line.

The user must provide line - channel specifications for any channel
used in the Output-Format Specifications.

"OL" is not specified.

A skip to channel 12 is permitted.



SECTION 7
TELECOMMUNICATIONS CARD SPECIFICATIONS

The function of the Telecommunications Card is to further define a data com-
munications file specified on the File Description Specifications as a REMOTE,
DATACOM, or BSCA file. A Telecommunications Card is required for each data
communications file specified on the File Description Specifications.

There is no special form used for coding Telecommunications specifications.
The Control Card Specification form is used for illustrating Telecommunications
coding positions and entries in this manual.

Standard coding procedures are used for the Input and Output Specifications
when data communications files are declared. On output, exception records are
written only to the REMOTE file whose filename is specified in the FACTOR 2
field with the SEND operation code that is being executed.

DATA COMMUNICATIONS FILES

Data communications files are required when the RPG program is to communicate
with a remote device, and they are used to transmit and/or receive information
contained in corresponding NDL files of the network controller. The filename
of the NDL file must be entered in columns 7-14 of the Telecommunications Card.
The data communications files used with B 1800/B 1700 RPG are of the following
two types:

a. RIEMOTE
b. DATACOM and BSCA

The following two subsections titled REMOTE and DATACOM AND BSCA contain the
detailed information required to define data communications files. The Tele-
communications Card entries and the coding positions in which the entries must
be made are explained for both types of data communications files.

REMOTE FILES

One Telecommunications Card is required for each REMOTE file declared in a
program. Multiple stations can be assigned to a REMOTE file, and the remote
devices are accessed on a demand basis.

A description of the required fields to be coded for a Telecommunications Card
follows. Following the field definitions is figure 7-1, which illustrates the
use of the Control Card Specifications form for coding Telecommunications
entries for REMOTE files.




Field Definitions - REMOTE Files

1-2 PAGE

Refer to Section 2 for a complete description of this field.
3-5 LINE

Refer to Section 2 for a complete description of this field.
2 6 FORM TYPE

This field must contain a T.
7-14 FILENAME

This field must contain the name of the REMOTE file specified on the
File Description Specifications.

15 -
Column 15 must be blank.
16-18 NUMBER OF STATIONS

A numeric entry must be made in this field to specify the maximum
number of terminals that can be assigned to the data communications
file. Valid entries are 001-999.

19-21 MAXIMUM MESSAGES

A numeric entry must be made in this field to specify the maximum number
of input messages per station that can be queued.

Example:

If MAXIMUM MESSAGES is set to 2 and a terminal attempts to transmit
three messages before the program reads a message, the following events
occur:

a. The terminal remains in transmit mode following the attempted
transmission of the third message since the input queue is full.

b. When the program performs a read operation, a message is read from
the input queue, thereby making space available in the input queue
for the third message.

c. The third message is then transmitted from the terminal buffer to
the input queue, and the terminal returns to local mode.

22-27 STATION NUMBER

Prior to the execution of a SEND operation code, a valid relative station
number must be entered in this 3-byte field. After a RECV operation code
is executed, the MCP indicates to the program which station was read, and
the station number is automatically placed in this field.



28-33 MESSAGE LENGTH

Prior to the execution of a SEND operation code, a message length equal
to or less than the declared record size must be entered in the 4-byte
message length field. After a RECV operation code is executed, the
MCP indicates to the program the length of the message read, which is
then placed in this field.

34-80 -
This field must remain blank.

Figure 7-1 illustrates the use of the Control Card Specifications form for
coding Telecommunications entries for REMOTE files.

Burroughs B 1700 RPG

PROGRAM ID PAGE OF
PROGRAMMER DATE

12 75 30

PROGRAM
PAGE [;D CONTROL CARD SPECIFICATIONS RN ion m
— ORM TYPE

14 16 1819 2122 2728 33]3T ] 1

IRREERANAR 1] ARNRRNRRNRRRRNNRRRRRRNANRRRNRARRRARE

R g ‘

B c D E F
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A. 6 Must contain the letter T.

B. 7-14 Must contain the name of a REMOTE file specified
on the File Description Specifications.

C. 15 Must remain blank.

D. 16-18 A numeric entry is required to specify the maximum
number of terminals that can be assigned to the REMOTE file.

E. 19-21 A numeric entry is required to specify the maximum
number of input messages per station that can be queued.

F. 22-27 A field name which will contain the relative station
number of the station to which a message is being sent must
be entered in this field.

G. 28-33 A field name which will contain a message length
equal to or less than the declared record size must be
entered in the message length field.

H. 34-80 Must remain blank.

Figure 7-1. Telecommunications Entries - REMOTE Files

DATACOM OR BSCA FILES

One Telecommunications Card is required for each DATACOM or BSCA file declared
in a program. Only one station (terminal) can be assigned to a DATACOM or
BSCA file.




A description of the fields of a Telecommunications Card for DATACOM or BSCA
files follows. Entries must be made in columns 6, and 7-14.

Figure
coding

7-2 illustrates the use of the Control Card Specifications form for
Telecommunications entries for DATACOM or BSCA files.

FIELD DEFINITIONS - DATACOM OR BSCA FILES

1-2

7-14

15

PAGE

Refer to Section 2 for a complete description.
LINE

Refer to Section 2 for a complete description.
FORM TYPE

This field must contain a T.

FILENAME

This field must contain the name of the DATACOM or BSCA file specified
on the File Description Specifications.

CONFIGURATION

This field is unused. Any entry other than blank, P, M, or S will be
given a syntax error.

Burroughs B 1700 RPG

PROGRAM ID PAGE OF

PROGRAMMER DATE

PAGE

12 75 80
CONTROL CARD SPECIFICATIONS roeneveamon L1LL1TT]

— FORM TYPE

LINE

74

o]

L s EAC

G14033

T O O O O O
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-

B

A. 6 Must contain the letter T.
B. 7-14 Contains the name of a DATACOM or BSCA

file entered on the File Description
Specifications.

Figure 7-2. Telecommunications Entries - DATACOM or BSCA



Figure 7-3 is an example of an RPG data communications program.

uses the BITON and BITOF operation codes to build the special characters

required in data communications programming.
plete description of the BITON and BITOF operation codes.
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Figure 7-3.

The program

Refer to Section 9 for a com-

Example of an RPG Data Communications Program (Sheet 1 of 5)
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SECTION 8

INPUT SPECIFICATIONS

Input Specifications describe the records within each file and fields within
each record to be used as input data for the program., The two types of input
specifications are:

a. Record type descriptions (columns 7-42) which define the various
input records and their relationship to other records in the file,
Columns 43-70 must be blank.

b. Field descriptions (columns 43-70) which define each field within the
records. Columns 7-72 must be blank.
Field description entries must start Z;e line below the associated record type
descriptions, or an error will occur. A warning is emitted if a record type
description is not followed by a field description. Field and record de-
scriptions must not be specified on the same line.

FIELD DEFINITIONS

Figure 8—1 can be used in conjunction with the following field definitions for
the Input Specifications.

1-2 PAGE

Refer to Chapter 2 for a complete description.
3-5 LINE

Refer to Chapter 2 for a complete description.
6 FORM TYPE

This field must contain the letter I.
7-14 FILENAME

This field is used to identify the file to which the subsequent record
type and field descriptions belong. The file specified must have been
previously described on the File Description Specifications form as an
input, update, or combined file. Every input, update, or combined file
(except input table files and record address files), described in the
File Description Specifications, must be described on the Input Specifi-
cations form. The FILENAME entry must be the same as the one used in the
File Description Specifications. It must appear on the first line con-
taining information about the records in the file; if the entry is left
blank, the last filename entered is assumed to be the file being des-
cribed. The first record type description must not have a blank FILE-
NAME entry:



Burroughs B 1700 RPG

PROGRAM ID PAGE OF
PROGRAMMER DATE
12 INPUT SPECIFICATIONS PROGRAM L] L
PAGE m OPTION IDENTIFICATION D__J]ID
NUMBER RECORD IDENTIFYING INDICATOR PACKED MATCHING FIELDS OR CHAINING FIELDS
FORM TYPE SEQUENCE — l r STACKER SELECT — | DECIMAL POSITIONSy CONTROL LEVELy ] [~ FIELD RECORD RELATION
RECORD IDENTIFICATION CODES FIELD
; 2 3 FIELD LOCATION INDICATORS
e o« «
W w FIELD NAME NOT
| 6 -l 15 R (VARIABLE s | vor
LINE FILENAME posiTioN|Z | |2 [rosiTion|Z o [& |rosiTion| E|o|& FROM | TO NAME) g 0%
N E NS 312 551
2|5jo z|s|o 21615 & SANEY
3 sis|7 1415 16 17}i8 fi9 20]21 2425[26(27 128 31{32/33 34 |35 38[39]40 Ja1 Ja2}a3 jua 4748 s1)s2[53 58 159 60 f61 62]63 64 J6s esls7 68 s 0] 7
opr] 1 [ I 1
o 1 RERR | 1
Yy WY T
B )
A C DE F G HI J K L M N OP Q R S
A. 7-14 Contains a filename specified not present. Entries: Blank or N, N. 59-60 Contains the control level
zgozge File Description Specifica- 26, 33, 40 (Specifies what part of indicator. Entries: Blank or L1-L9.
° the code character in columns 27, 34, O, 61-62 Specifies sequence checking for
B. 14-16 Puts the record identification or 41 is to be read. Entries: C - a single input or combined flle or
codes in an AND or OR relationship. the entire character, Z = the zone sequence checking with matching
Entries: AND or OR. portion, D - the digit portion). records for two or more input and/or
C. 15-16 Specifies if records are to be 27, 34, 41 (Contains the code char- ﬁgfﬁ;ned files. Entries: Blank or
processed in a predetermined se- acter. Entries: Any EBCDIC char- *
quence. Entries: 01-99 or any acter). P, 63-64 Contains one of the following

alphabetic character. field record relations indicators or

H. 42 Specifies which stacker will be blank: 01-99 (record identifying

D. 17 If sequence is specified, the used, Entries: Blank or 1-6. L s - A
entry indicates the number of I. 43 Specifies if numeric input is in ;gggzzﬁogiévgiugiy(3222223)18;51 in
records of each type in a sequence packed or unpacked decimal format, (matching record indicator)’ Ul-U8
group. Entries: 1 or N. or binary format. Entries: Blank, (external indicator), or HO:H9 (halt

s . P, or B. N :

E. ;ﬁsipiglgizzeii reggig?ez?qugggig J. 44-47 Contains the left-most posi- indicator).
or 0 ¢ . tion of the input field. Entries: Q. 65-66 Used to indicate if the speci-

F 19 26 c . . numeric, right-justified. fied field is greater than blank or

: - ontains either a record positive Entries: Blank, 01-99
identifying indicator (01-99), a K. 48-51 Contains the right—-most posi- HO-HO. : 4 ’
control level indicator (L1-L9), a tion of the input field. Entries: ‘
halt indicator (H1-H9), the spread numeric, right-justified. R. 67-68 Used to indicate if the speci-

fied field is less than blank or
negative. Entries: Blank, 01-99,

card designator (TR), or specifies

look ahead records (**). L. 52 Contains the number of decimal

_ i s ) positions for numeric fields.
G. 21-41 Record Identification Codes: Entries: Blank or 0-9, HO-H9.
21-24, 28-31, 35-38 (specifies the M. 53-58 Contains field names (1-6 S. 69-70 Used to indicate if the speci-

position within the record that con-
tains a record identification code.
Entries: Blank or 1-N where N =
record length).

left- fied field is blank or zero. Entries:

alphanumeric characters, Blank, 1-99, HO-HO9
3 3 .

justified) or one of the special
field names, PAGE, PAGE1l, PAGE2,
UDATE, UMONTH, UDAY, UYEAR, TABXXX
25, 32, 39 (indicates if the charac- (X=any alphanumeric character).
ter in columns 27, 34, or 41 is or is

614034

Figure 8-1. Input Specifications Summary Sheet
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15-16

Primary and secondary files are processed in the same order as they are
described in the File Description Specifications. If primary or second-
ary files are not described on Input Specifications in the same order
as they are described on the File Description Specifications, a warning
is emitted. The warning is emitted because the object program from some
RPG compilers may process primary and secondary files according to the
order in which they appear on the Input Specifications

All record type and field descriptions for a particular file must be
grouped together on the Input Specifications. Descriptions of records
from different files must not be interspersed.

AND/OR LINES

There is no limit on the number of AND or OR lines that may be specified;
however, it is recommended that the user not exceed 20 if compatibility
with other Burroughs systems is desired. AND/OR lines must be preceded
by a line containing at least one record identification code entry.

AND Line

If it is necessary to specify more than three record identifying codes
to identify a record type, an AND line may be used. The word AND
shquld be entered in columns 14-16 and the additional record identify-
ing codes should be entered in columns 21-41. There must be at least
one record identification code entry on each AND line.

OR Line

In some cases, a particular record type may be identified by two or
more different codes. For this condition, the word OR entered in
columns 14-15 indicates that only one of the codes specified need be
present to identify the record type (see figure 8-2). Record identi-
fication codes are not required on OR lines, although this is not
necessarily a meaningful thing to do. Other uses of the OR relation-
ship are discussed later in this chapter (refer to figures 8-10

and 8-18).

SEQUENCE

This field is used to specify a special sequence to different record
types in a file. If this field contains an alphabetic entry (note that
this includes a blank entry, although a warning will be emitted), it
specifies that the record types need not be in any special order.

Within each file, all record types having alphabetic entries in the
SEQUENCE field must be specified before those with numeric entries.
Refer to figure 8-4 for an example of how to code the SEQUENCE field
when both alphabetic and numeric entries are desired. All chained and
demand files must have an alphabetic entry in this field.

‘» '; S A K OR -.! : ";A."e ‘J‘w
4 iLRA '\"' “‘ I H 'i= \\ﬁ!l“" whﬁggﬂlh i\u\lﬂ' '*"v'l\'p","
t \ X4 \ D (

A sequence group is data file records which are defined by a numeric

entry specified in columns 15-16 of the Input Specification line.

If this field contains a numeric entry, it indicates that sequence
checking is to be done. The order of precedence is the sequence in
which the records are declared on the Input Specifications. This

allows the programmer to specify that one record type must appear before

8-3
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Figure 8-2. AND/OR Relationships - Record Identification Codes

another record type within a sequenced group. The program will auto-
matically check the designated order as the records are read.

The first sequenced record type specified must have the lowest sequence
number (01), the next record type should be given a higher number, etc.
Gaps in sequence numbers are allowed, but the numbers used must be

used in ascending order.

If a record is encountered that is out of sequence, the program will
halt. The system operator can order the program to resume, at which
time it will ignore the record that is out of sequence and read the
next record from the file. ‘

Records in an AND or OR line cannot have a sequence field entry; the
entry from the previous line also applies to the line with the AND or

OR entry.

In the example shown in figure 8-3, the input file PRCARD contains two
record types which are to be sequence checked. Each group of input
records of the input file PRCARD must contain exactly one of the first
record type which may be followed by any number of records of the
second type. A record identifying indicator of L1l is assigned to the
first record type, so that a control break will occur each time the
first record of a new group is read.
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Refer to figure 8-4 for an example of how to code the SEQUENCE field
when both alphabetic and numeric entries are desired.

12

OPTION
PAGE[:[] NUMBER [_— RECORD IDENTIFYII
FORM TYPE SEQUENCE—%——] r—
RECORD ID
1 ,
o
w
=l &
LINE FILENAME posiTION|Z |5 |5 |Pos
NINES
oIxiT
2{00
3 5]s 14§15 16)17f18 B9 20§21 24[25(26{27128 NOT SEQUENCED
o[ {rlcTaIRIoTIN] T lala| | fols| [ Tols| bls| [ } NOF SEQUE
ol2| |1
o3| |I
olal |1
ois| |lIPRICIARID] | Joltf1] [L|1] | I8lO] [CIX } SEQUENCED
ols| |1 O2IN| 02| | l8lolNic CHECK
ol7| |1
ofs| |1
G14036
Figure 8-3. Input Sequence Checking
NUMBER

This field is used only if sequence checking is to be done (i.e., the

SEQUENCE field contains a numeric entry).

An entry in this field in-

dicates whether more than one record of the designated type may appear
in each group of a sequenced input file (see figure 8-4).

Records in an AND or OR line cannot have a NUMBER field entry; the

entry from the previous line also applies to the line with the AND or

OR entry.

Valid entries for the NUMBER field are:

Entry Definition
Blank Record types are not being se-
quence checked (SEQUENCE field
contains alphabetic entry).
1 Not more than one record of this
type will be present in each
sequence group.
N One or more records of this type will
be present in each sequence group.
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Figure 8-4. Example of Alphabetic and Numeric Entries in SEQUENCE Field



18 OPTION

This field is used only if sequence checking is to be done (i.e., the
SEQUENCE field contains a numeric entry). An entry in this field in-
dicates whether certain record types are optional. An alphanumeric
"0" entry specifies that a record of this type may or may not be
present in each group of a sequenced file. If this field is left
blank, each group may contain one or any number of records of this
type, depending on the entry in column 17 (see figure 8-4).

Records in an AND or OR line cannot have an OPTION field entry; the
entry from the previous line also applies to the line with the AND or
OR entry. Valid entries are:

Entry Definition

Blank Record type must be present in
each group.

0 Record type is optional, and
may not be present in each group.

If all record types in a file are designated as optional, no sequence
errors will be detected.

Example Coding of Sequence, Number, and Option Fields

Figures 8-4A, B, and C illustrate coding of the sequence, number, and option
fields on the Input Specifications. Following each figure is a description
of the specified record sequence. In conjunction, tables 8-1, 8-2, and 8-3
list possible sequences which records from SEQl, SEQ2, and SEQ3 can appear in
for figures 8-4A, B, and C, respectively. The records from the SEQl, SEQ2,
and SEQ3 files are read sequentially.

The sequence the records from SEQl (as specified in figure 8-4A) can appear
in is as follows:

a. A record with a 1 in column one must be read first. Subsequent
records with a 1 in column one must follow records with a 2 or 3
in column one.

b. A record with a 2 in column one must follow a record with a 1 in
column one.

c. A record with a 3 in column one must follow a record with either a
1 or 2 in column one.

Records with a 2 or 3 in column one are optional, but at least one of these
records must appear after each record with a 1 in &8Tumn one.

Figure 8-4A is used in conjunction with table 8-1.
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Table 8-1 lists one possible sequence in which records may appear from SEQ1.
Asterisks denote out of sequence records. This table is used with figure 8-4A.

Table 8-1. SEQl Data File

Relative
Record Data in
Number Column One

CON0Oubh W
NHENWHNHKFWNR

* *

*

e
w N
w N
*
*
*

* Expects a record with a 2
or 3 in column one.

*k Expects a record with a 1
in column one.

**% Expects a record with a 1
or 3 in column one.

Figure 8-4B is used in conjunction with table 8-2.

The sequence the records from SEQ2 (as specified in figure 8-4B) can appear
in is as follows:

a. A record with a 1 in column one must be read first. Subsequent
records with a 1 in column one must follow records with either a
1, 2, or 3 in column one.

b. A record with a 2 in column one must follow a record with a 1 in
column one.

c. A record with a 3 in column one must follow a record with a 1 or 2
in column one.

8-8A
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Table 8-2 lists one possible sequence in which records may appear from SEQ2.
Asterisks denote out of sequence records. This table is used with figure -8-4B.

Table 8-2. SEQ2 Data File

Relative
Record Data in
Number Column One
1 1
2 2
3 2%
4 3
5 1
6 3
7 2%k %
8 1
9 1
10 1
* Expects a record with a 1 or 3
in column one.
*k Expects a record with a 1 in
column one.

Figure 8-4C is used in conjunction with table 8-3.

The sequence the records from SEQ3 (as specified in figure 8-4C) can appear
in is as follows:

a. A record with a 1 in column one must be read first. Subsequent
records with a 1 in column one must follow records with a 1, 2,
or 3 in column one.

b. A record with a 2 in column one must follow a record with a 1 in
column one.

c. A record with a 3 in column one must follow a record with a 1 or
2 in column one.
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Table 8-3 lists one pos
Asterisks denote out of

sible sequence in which records may appear from SEQ3.
sequence records. This table is used with figure 8-4C.

Table 8-3. SEQ3 Data File

Relative
Record Data in
Number Column One
1 1
2 1
3 2
4 2%
5 3
6 1
7 3
8 KEL
9 1
10 3
11 1
12 2
13 1 %k %
* Expects a record with a 3 in
column one.
* X Expects a record with a 1 in
column one.
**x* Expects a record with a 3 in
column one.

19-20 RECORD IDENTIFYING INDICATOR

This field may be used for the following purposes:

a. To assign an indicator to each record type.

b. To indi

c. To spec

cate look-ahead fields.

ify spread cards.

Entry

Definition

01-99

L1-L9
LR

HO-H9

TR

* %

Record identifying indicator.
Control level indicator.
Last record indicator.

Halt indicator.
Spread cards.

Look-ahead field.

If this entry is blank a warning will be emitted. The various in-

dicators are def

ined in the following paragraphs.

8-8E



Record Identifying Indicator 01-99

Each input file may contain different types of records requiring
different operations. Record identifying indicators are used to
signal to the rest of the program cycle the type of record just read.
When a specific record type is selected for processing, its corres-
ponding identifying indicator is turned ON. This indicator remains

ON for the rest of the current program cycle and may be used to con-
dition various calculation and output operations, as desired. All
record identifying indicators are turned off at the same point in the
program cycle. Each record identifying indicator should be unique

and only one record identifying indicator may be ON for any one file
at any one time. However, there may be more than one record identify-
ing indicator ON at any one time, each one associated with a different
file (i.e., through CHAIN or READ operations).

Record identifying indicators do not have to be assigned in any order.
If the same operations are to be performed on different record types,
the same indicator may be assigned to more than one type.

Record identifying indicators are not allowed in an AND line, but in-
dicators may be specified for every record type that requires special
processing in an OR relationship.

Control Level Indicator L1-L9

A control level indicator is used instead of a record identifying indi-
cator when a record type, rather than a control field, signals the
start of a new control group. This use of the control level indicator
does not cause the lower control levels to turn ON. Refer to the CON-
TROL LEVEL field for a complete description of control level indicators.

Last Record Indicator LR

The last record indicator is used instead of a record identifying in-
dicator when a record type, rather than automatic End-of-File, signals
the end of processing. Final total operations are conditioned by this
indicator,

Halt Indicator HO-H9

A halt indicator is used instead of a record identifying indicator
when the occurrence of a specific record type denotes a desired con-
dition requiring a program halt,

Look—Ahead Field *x*

Look-ahead fields are specified by placing asterisks in columns 19 and
20. All fields named in columns 53 through 58 on the specifications
lines following the look-ahead specifications are look-ahead fields.

Look-ahead fields can be used to:

a. Determine when the last record in a particular control group
is being processed.

b. Extend the use of the matching record function.



Rules for Look-Ahead Fields.
The following rules must be observed regarding look-ahead fields:

a. Look-ahead fields can be specified for input, update, or com-
bined files that are primary or secondary files, regardless
of whether or not they are processed by record address files.

b. Look-ahead fields cannot be specified for combined files, de-
mand files, or for files that specify spread card records.

c. One set of look-ahead fields can be specified per file, and
the field descriptions apply to all records in that file.

d. Look-ahead fields can not be used as result fields in calcu-
lation operations.

e. The name given to a look-ahead field must not occur on any
other Input or Extension Specification.

f. If the look-ahead field occurs on an Output Specification,
blank after must not be specified.

g. When a program needs to access information before and after
the record is selected for processing, the field must be des-
cribed twice with different names (once as a look-ahead field
and once in the normal way). Refer to figure 8-5.

h. The ** line cannot follow a record type description that has
a numeric sequence entry.

i. Columns 17-18 and 21-74 must be left blank.

j. Any combination of alphabetic characters or blanks can be
entered in columns 15-16 except ND and RP (B = blank).

k. The fields themselves are described on the lines following the
** ]line. When fields are described, columns 7-42 and 59-74
must be blank.

1. When the last record of a file is being processed, any look-
ahead fields for that file contain all "9's" (signed numeric
or alphanumeric according to field type).

Figure 8-5 provides an example of how to code look-ahead fields.

Use of the Look-Ahead Feature with Input Files.

When the look-ahead feature is used with an input file, the look-ahead
field allows the program to access information in a field of the next
record that is available for processing. Thus, the program can use in-
formation from the look-ahead field to condition certain operations
prior to the time the record is normally available for processing.

Use of the Look-Ahead Feature with Update and Combined Files.

When the look-ahead feature is used with an update or combined file,

the look-ahead field usually references the current record being pro-
cessed. The look-ahead file references only the next record in the

8-9
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Figure 8-5. Coding Look-Ahead Fields

file when the current record was not read from the file. Therefore,
when an update or combined file is the only file being read, the look-
ahead field always references the current record.

Processing Two Input Files Using the Look-Ahead Feature.

Figure 8-6 shows processing of records from two input files, one of
which is a primary file and the other a secondary file. All primary
records are processed before any secondary records are available.
Therefore, to use data from the secondary file while processing the
primary file record it is necessary to use the look-ahead feature.

Look—Ahead

Record Processed Records Available

Pl P2 8S1
S1 P2 S2
S2 P2 83
S3 P2 sS4
P2 P3 S4
sS4 P3 S5
S5 P3 S6
S6 P3 87
P3 P4 S7
P4 PS5 87
S7 P5 S8
PS5 P6 S8



(’w303001

( 102001

(104001 (' 102001
(103001 (102001 S7)
(102002 4{101002 (s6)

( 101003 (P5) (101002 (s5)
101001 (P4) 101001 (s4)
(P3) (s3)
(P2) (s2)
(P1) , (s1)
PRIMARY FILE SECONDARY FILE

G14037

Figure 8-6. Records Available for Look-Ahead: Two Input Files

Processing an Update File and a Secondary File Using Look-Ahead.

Figure 8-7 shows processing records from an update file and a
secondary input file.

Look—Ahead
Record Processed Records Available
Ul Ul S1
S1 U2 S2
S2 U2 S3
S3 U2 sS4
U2 U2 5S4
S4 U3 S5
S5 U3 S6
S6 U3 87
U3 U3 87
U4 U4 S7
S7 U5 S8



( 10400 ( 102001
( 103001 (102001 (s7)
( 102002 ( 101002 —(S6)
(' 101003 (us) ( 101002 L(S5)
101001 —(U4) 101001 (s4)
(u3) (s3)
w2 L _lis2)
(u1) L (s1)
UPDATE FILE SECONDARY INPUT FILE

614038

Figure 8-7. Records Available for Look-Ahead: One Update File, One Input File

Spread Card Indicator TR

Spread card records can only be used with primary or secondary input
card files that do not have look-ahead fields. A spread card record
consists of a header field and one or more associated trailer fields,
thereby permitting the storage of more data on each card. For example,
a file for an order filling program can contain an invoice number,

part number, quantity, and price.

Figure 8-8 illustrates the difference between a regular data deck and

a data deck in spread card format. Note that six cards are required
for invoice number 1 in regular format, but only one spread card is re-
quired for the identical information. For each spread card, the header
field contains INVOICE NUMBER and the trailer fields contain the set
PART# QTY PRICE.

Figure 8-9 shows the Input Specifications for the spread card data deck
shown in figure 8-8.



INVOICE NUMBER 3

PART# QTY PRICE

PART# QTY PRICE
PART# QTY PRICE

INVOICE NUMBER PART# QTY PRICE P

INVOICE NUMBER
ART# QTY PRICE PART{# QTY PRICE

INVOICE NUMBER 2

PART# QTY PRICE
PART# QTY PRICE

PART/ QTY PRICE INVOICE NUMBER PART# QTY PRICE P

INVOICE NUMBER

ART# QTY PRICE PART# QTY PRICE P

ART# QTY PRICE

PART# QTY PRICE §

INVOICE NUMBER 1

PART# QTY PRICE
PART# QTY PRICE

PART{# QTY PRICE
PART# QTY PRICE
PART# QTY PRICE
INVOICE NUMBER

INVOICE NUMBER PART# QTY PRICE P

— ART# QTY PRICE PART{# QTY PRICE P

ART# QTY PRICE PART# QTY PRICE

REGULAR DATA DECK DATA DECK IN SPREAD CARD FORMAT
G12040

Figure 8-8. Comparison of Regular and Spread Card Data Decks
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Rules for Spread Cards.
The following rules must be observed regarding spread cards.

a. Spread cards can be specified for primary or secondary input
card files only.

b. Look-ahead fields are not allowed.

c. If sequencing is specified in columns 15-16, then an "N" must
be entered in column 17.

d. The header field specification is optional, but when specified
is coded as follows:

1. Describe the header fields on separate specifications
lines immediately following the file and record type
entries.

2. Describe only the header fields that are used within the
program.

e. Enter "TR" in columns 19-20 to specify that the trailer fields
are described on the specification lines that follow. All
other entries on the "TR" line must be left blank.

f. It is necessary to describe only the trailer fields that are
to be used in the program. However, the fields that specify
the beginning and ending position of each trailer portion must
be described.

g. All trailer fields must be of the same length and contain the
same fields. Therefore, it is necessary to describe only the
first trailer portion.

h. Trailer field entries are made in columns 44-58, and all other
columns are left blank.

Processing Spread Cards.
Spread cards are processed as follows:

a. The header portion of the spread card record and one trailer
portion are processed each program cycle and are treated as
one logical record.

b. The process described in step a continues until:

1. All trailer portions of a record have been processed, or

2. A trailer portion of a record is encountered whose fields
are all blank.

When either of the described conditions occurs, the next spread
card is read and processing continues.



21-41

RECORD IDENTIFICATION CODES

When more than one record type is used within a file, only one record
type will be selected for processing during each program cycle. The
record identifying indicator for that record type will be turned ON
when it is selected and will remain ON for the rest of the current
program cycle.

In order to identify the various record types to the program for the
purpose of record selection, each record type must have a unique code
assigned to it. This code consists of a certain character or combina-
tion of characters occurring in certain positions of the record.

The record identification codes are checked according to the sequence
in which they were specified, and that checking is terminated when a
condition is encountered that causes a record identifying indicator to
turn ON. For that reason, a record within a file that does not con-
tain record identification codes should be specified last.

The RECORD IDENTIFICATION CODES field is used to describe the code for
each record type. If all records are to be processed alike regardless
of their type, or if all records are of the same type, this field
should be left blank.

This field is subdivided into three subfields of seven columns each,
allowing up to three code characters to be described on one line.
The three subfields are taken to be in an AND relationship, and any
that are not needed to specify code characters should be left blank.
Each of the three subfields is divided into four entries, and coding
is the same for all three subfields. The subfields are discussed in
the following paragraphs.

21-24,28-31,35-38 POSITION

These fields are used to give the locations in

the record of each character in the record identi-
fication code. Entries must be numeric, between
one and the record length specified, inclusive,
and right—-justified (leading zeros are optional).

25,32,39 NOT
These fields are used to indicate whether the

specified character must be present in the record
at the designated position. Valid codes are:

Entry Definition

Blank Character must be present in
the location specified by the
POSITION entry.

N Character must not be present
in the location specified by
the POSITION entry.




26,33,40

c/Z2/D

These fields are used to indicate which portion of
the character specified in columns 27, 34, and 41
should be used for comparison: the zone, the
digit, or the entire character. Valid entries are:

Entry Definition
C Entire character.
Z Zone portion,
D Numeric (digit) portion.

Every alphabetic character, numeric character, or
special character is represented by a different
combination of punches in the 80-column or 96-
column cards. Each character punched on the card
is composed of two parts, a zone portion and a
digit portion. Even after a character has been
read into the machine, it is still composed of
these two parts (see appendixes A and B).

A character is represented in the computer by
eight bits. The first four bits comprise the zone
portion and the last four bits comprise the digit
portion. The configuration of these bits is set
in the binary equivalent of their hexadecimal
value. In appendix B, the hexadecimal value of
the character A is given as Cl. Therefore, the
corresponding bit configuration for A would be:

1 1 0 0 o0 o0 o 1

Since the character is represented by 12 punch
positions on an 80—-column card and six punch po-
sitions on a 96—-column card, translation must

take place so that it can be represented by eight
bits in storage. This is an automatic function.
As a result of it, however, the way characters

are represented in the machine and the way they
appear on the punched card are not always identical.
Not all characters that have the same Zone punched
in the card have identical zone structures in the
machine. For example, character $ has the same
zone punch in the card as character K. However,
they do not have the same zone representation in
the machine.

Whenever just the zZone or just the digit portions
of characters are used in specific functions, such
as sequencing, testing, or identifying records,
the exact structure of the characters in the ma-
chine must be known. For example, when identify-
ing a record type on the basis of the zone portion
of the character D, notice that several characters
have the same zone structure as the letter D, 1If
a card with the record identifying code of E is
read, it is still considered to be a D type record
because the zone of character E is the same as the
zone of character D.

8-17



The zone of the plus (+) character is treated
like the zone of the characters A through I, and
the zone of the minus (-) character is treated
like the zone of the characters J through R,
irrespective of the internal codes actually used
for plus and minus.

In figure 8-10, only the records of customers whose
last names begin with the letters A through I will
be processed since the zone portion of A is the
same as for the characters B through I. The first
letter of each last name begins in column 10.

l BiIHIE RECORD IDENTIFICATION CODES
1 2 3
o o o
- sl (2 _
LINE FILENAME posiTIoN|Z |5 | [rosiTion|Z|o |z |posiTion|E|a |
Il IN1E: =N [ARIr
o|N|x oN|T olN[T
Z|ojo Z|0|0 Z|lo|o
3 5)slr 1415 16 |17}18 hi9 20f21 2425(26{27}8 31{32{3334 35 38{3940a1
ofr] |'ClulS[TIFITILIEIAA] | 1V2] | 10| |Z
ol2| |1
nl? T |
Gl14040
Figure 8-10. C/Z/D Coding Example 1
In figure 8-11, 5-digit employee numbers are
checked to see that all 5 digits are numeric.
The zone for all numeric characters is the same.
l HIIE RECORD IDENTIFICATION CODES
1 2 3
I o [
_ - —_ Q
. <
LINE FILENAME PosiTION|Z|n | lrosiTion |2 [o | [posimion | |o|S
ANE 583 ANE
=|G|5 z|5|o 2|53
3 s5isly 1415 16 f17 s |9 20§21 24|25]26]27]28 3113213334 |35 38/39}40}41
of1] |tlemlpllvlelr|L[alal | 1|2 1) |zt 2| [z]1 3 [z]4
o12] | AINID 4| [z 5 1
G14041

Figure 8-11. C/Z/D Coding Example 2



In figure 8-12, only persons whose names start
with C, L, or T will be processed, since the digit
portion of the characters L and T is the same as C.

T T 1 RECORD IDENTIFICATION CODES
v 1 2 3
o ox o
= = s
—~ 2 - o — O
F AZ pad - z
LINE FILENAME POSITION|= o | lposiTioN|=|a| 2 [PosiTION % o S
olN ofN|x RS
2l515 z|G|o g15|5
3 5lely 11is 16|72 ke 20]a 28|25}26)27)e8 31{32]33 )31 35 3839f40}41
o['] |MRIEICIFITILIE] |AA] | |1]2 7 D¢
ol2| |1
G14042

Figure 8-12. C/Z/D Coding Example 3
NOTE

If packed decimal format is specified,
the zone portion and the digit portion
of each byte contains a numeric char-

acter. Therefore, the user must know

where the numeric character he is ref-
erencing is located, i.e., either the

zone portion or the digit portion.

7,34,41 CHARACTER

Any valid EBCDIC character may be used to identify
the input record type. These fields are used to
specify the character to be used for comparison as
part of the identification code.

If none of the RECORD IDENTIFICATION codes are
found on a record, the program will halt. The
system operator may request resumption of the
program, at which time it will ignore the record
in error and read the next record from the same
file (see appendix E).

Additional Record Identification Codes

If necessary, more than three record identification codes can be speci-
fied by entering "AND" in columns 14-16 of the next line. Columns 21-41
should then be coded as previously described.

It is also possible to specify an "or" relationship between records by
entering "OR" in columns 14-15 of the next line. Columns 21-40 should
then be coded as previously described. The capability of spe01fy1ng
more than three record identification codes can be used when:

a. Multiple record types have the same fields but the fields are
in different positions.



42

43

b. Multiple record types have the same field descriptions.
c. A field occurs in one type of record but not in another.
d. Various combinations of a, b, and c.

STACKER SELECT

This field is used to indicate the stacker into which the input card

is to be placed after being read. Only card input or combined files
may be stacker selected. Input files may be stacker selected only in
the Input Specifications; combined files may be stacker selected either
in the Input or Output—-Format Specifications. If a combined file is
stacker selected in both the Input and Output-Format Specifications,
the Output—-Format Stacker Specification overrides the stacker specified
in the Input Specifications. Valid entries for this field are:

Entry . Definition

Blank Cards automatically go to
default stacker.

Numeric Entry| Cards go into the stacker
(1-6) specified. AJ

Card types identified by OR lines may be stacker selected for a special
stacker by an entry in this field; however, if the STACKER SELECT field
entry is left blank, the card type selected by the OR line will go to

the default stacker. AND lines may not have an entry in STACKER SELECT.

At execution time, any record types specifying a stacker number higher
than that available on the device being used will go to the default
stacker.

This entry should be left blank for input files with multiple I/0
areas, otherwise a warning is emitted that the results may not be

those the user intended.
PACKED OR BINARY FIELD

This field is used to specify that a numeric field is in packed decimal
format or binary format. Valid entries are:

Entry Description

Blank Field is in unpacked decimal
format or is alphanumeric.

P Field is in packed decimal
format.
B Field is in binary format.




When the input field named in columns 53-58 is in packed decimal for-
mat, column 43 must contain a "P". When the input field is in binary
format, column 43 must contain a "B'".

Whether in packed decimal, or unpacked decimal format, the data may be
signed at the most significant or least significant position as speci-
fied by means of column 17 of the Control Card or by use of the dollar
option RSIGN. The object program automatically converts all numeric
data internally during execution with the sign at the most significant
position.

UNPACKED DECIMAL FORMAT

Unpacked decimal format means that each byte of storage contains one
character. Each byte is divided into a 4-bit zone portion and a

4-bit digit portion. The format for unpacked decimal (left signed)
is shown in figure 8-13.

1 9 7 6
Positive 0001 1001 0111 0110
Sign
zone digit zone digit zone digit zone digit
G12042

Figure 8-13. TUnpacked Format for Decimal Number 1976 (Left Signed)

The format for unpacked decimal (right signed) is shown in figure
8-14:

1 9 7 6
0001 1001 0111 | Positive 0110
Sign
zone digit zone digit zone digit zone digit

G12043

Figure 8-14. TUnpacked Format for Decimal Number 1976 (Right Signed)

When processing numeric data in the unpacked format, the zone portion
is included for each digit in the number, but only the zone in the
rightmost (right signed) or leftmost (left signed) digit serves as the
sign (determines if the number is positive or negative).



PACKED DECIMAL FORMAT

Packed decimal format means that each byte of storage can contain two
decimal numbers. The sign is included for the number, but the zone
portion is omitted for each digit in the number. Each byte consists
of two 4-bit digit positions. Within each number, either the left-
most or rightmost byte contains a digit and the sign, depending on
whether left or right signs are desired.

When describing external data in RPG, the smallest element is a byte
or character. DPacked data is always character-aligned on external
storage media such as magnetic tape or disk.

Unpacked decimal format means that each byte of storage contains one
character. Each byte is divided into a 4-bit zone portion and a
4-bit digit portion:

zone digit zone digit zone digit zone digit

Each digit portion holds one digit of the number. On conversion to
packed decimal format, the zone portions are dropped, except for the
sign position.

Packed data input always causes the field that is to contain the data
to be of an odd size, since even-numbered digits are padded with a
zero. All digits except the sign digit are considered data.

The following example illustrates the format for packed decimal data:

1 I .
S | (0] dn . d21 dl left signed output
I | . .
0] ldn ..d2 d1l S right signed output
S = sign
O = digit zero - (even number digits are zero padded)
dn"'dl = digits of the field.

Table 8-4 shows the corresponding packed field length in bytes for
unpacked fields of one byte through 15 bytes in length.

BINARY 