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This publication contains specifications for using
Autocoder, the basic symbolic language of the 7080
Processor. The types of statements that constitute
the Autocoder language include area definitions,
switch definitions, one-for-one instructions, macro-
instructions, address constants, and instructions to
the Processor. All statement types, except macro-
instructions, are described in detail. A general
discussion of macro-instructions is included. How-
ever, the detailed specifications for using them are
provided in the publication 7080 Processor:

General Purpose Macro-Instructions, Form
C28-6356.

The Introduction to this publication reviews some
basic aspects of programming, such as symbolic
programming systems and the IBM 7080 program-
ming systems. Other features of the manual include
descriptions of the following: The organization of
the object program deck, the format of the object
program card, and the standard and optional docu-
mentation produced during an Autocoder program
assembly. An extensive sample assembly is also
included to illustrate what the 7080 Processor pro-
duces. The assembly contains many examples of
correct and incorrect language usage.
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This manual contains detailed specifications for
coding programs using Autocoder, the basic sym-
bolic language of the 7080 Processor. All parts of
the language except macro-instructions are fully
described. A brief introduction to the general-
purpose macro-instructions provided by IBM for
7080 users is provided in this publication; a full
explanation may be found in the publication, 7080
Processor: General Purpose Macro-Instructions,
Form (C28-6356. Procedures for writing new
macro-instructions for incorporation into the lan-
guage are described in the publication, 7080 Proc-
essor: Preparation of Macro-Instructions, Form
C28-6264.

Just as the Autocoder language described in this
publication is the basic language of the 7080 Proc-
essor, so is Autocoder III the basic language of the
predecessor system, the 7058 Processor. The
over-all similarity of the two languages is such that
this manual has been modeled after the manual
describing Autocoder III. The major improvements
that distinguish 7080 Autocoder from Autocoder I
have been fully integrated into the following pages
and may not be apparent, even to long-time users
of Autocoder ITII. Despite this, no attempt has been
made in the body of the manual to call attention to
the differences; to do so might prove distracting,
particularly to readers without a background in
Autocoder III. However, significant differences
between the two languages have been summarized
in the Appendix for the convenience of experienced
programmers who want a rapid survey of 7080
Autocoder in the light of their knowledge of Auto-
coder ITI. But it is expected that every program-
mer, before writing programs in 7080 Autocoder,
will have become familiar with all sections of this
manual,

The background discussion that follows assumes
that the reader has had little programming experi-
ence. Readers already familiar with the IBM 7080
Data Processing System may wish to go directly to
the body of the publication. Further information on
the IBM 7080 may be found in the reference manual,
IBM 7080 Data Processing System, Form
A22-6560-2, and in 7080 Systems Summary, Form
A22-6775. Other publications that may be of
interest to 7080 users are abstracted in the publi-
cation, IBM 7080 Bibliography, Form A22-6774.

BASIC ASPECTS OF PROGRAMMING

This explanation is written for the inexperienced
programmer, The material is not detailed or
comprehensive in scope. It is an outline of basic
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program requirements, symbolic programming
languages, and the program assembly process.
These concepts are considered within the frame-
work of the IBM 7080 Data Processing and Program-
ming Systems.

A program is written in order to process data in
a specified manner. In commercial data processing,
most of the data is in the form of business records;
e.g., accounts receivable, sales records, inven-
tories, payrolls, etc. The main function of a pro-
gram is to process these records as specified, and
these record-processing routines may be considered
the body of the program. They are often called the
main-line routines or the main-line coding. How-
ever, the program does not consist solely of these
routines.

Any program must also include routines for
bringing the records to be processed into core
storage, and for taking the processed records out
of storage. The routines which handle this data
movement are called input/output routines. Although
records and programs may be stored on magnetic
tape or punched cards, magnetic tape is generally
used with large~-scale data processing systems.

A program must also contain actual storage loca-
tions for each instruction, and locations for the
storage area or areas that the records will occupy.
Records are usually grouped in blocks; consequently
an entire block enters storage at one time. Simi-
larly, the processed records are reblocked in stor-
age before being placed on tape. Programs dealing
with blocked records generally reserve space for
separate input and output areas, the areas being
equal to the size of the record block. In such a
case, a work area equal to the size of one record
must also be reserved, so that each record can be
taken from the input area, moved to the work area
for processing, and then placed in the output area.
The processing instructions can then be addressed
to the work area, and do not have to be modified.

If the records were to be processed in the input area,
the instructions would have to be modified to operate
on each record in turn. Consequently, most pro-
grams must reserve space for input, output, and
work areas.

A program must also provide routines for
detecting and handling error conditions resulting
from input/output operations. Such routines may
reread or rewrite the records in error, place the
invalid records on a special tape, attempt to
determine whether or not the error is in the tape
itself, etc. Error detection routines may include
the procedure to be executed when an error condition
prevents the continuation of processing.

Introduction 5



Finally, there are supplementary procedures
which must be performed by all programs but which
are not directly connected with the main-line proc-
essing. They fall into no specific category,
although they might be described as procedures
which implement the operation of the program.
Those which are executed before any main-line
processing begins are called housekeeping routines.
Those which are executed after all main~line proc-
essing is completed are called end-of-job routines.
Housekeeping operations include such procedures
as readying input/output units, setting ASUs,
checking and writing tape identifications, and bring-
ing the first block of records into storage. End-of-
job routines include such procedures as moving the
last block of records from storage to tape, writing
tape identifications, rewinding tapes, and writing
messages.

To sum up, a program must incorporate at
least the following procedures:

1. Data processing

2. Input/output

3. Storage assignment

4, Error detection and correction

5. Housekeeping and end-of-job

SYMBOLIC PROGRAMMING SYSTEMS

A program may be written in the actual (i.e.,
machine) language of the computer on which it will
run, or it may be written in a symbolic language.
If it is written in machine language, it can be
executed by the computer directly; but if it is
written in symbolic language, it must first be
translated into machine language before it can be
executed. The length and complexity of programs
today makes programming in machine language
extremely difficult, and results in programs which
are increasingly liable to error. However, power-
ful symbolic programming systems have been
developed to relieve the programmer of the many
burdens involved in machine-language program-
ming.

A symbolic programming system consists of a
symbolic language and a processor. The language
provides a method of representing program func-
tions as a series of meaningful statements rather
than as a collection of alphameric codes and actual
storage locations. The processor converts the
symbolic-language program into a machine-
language program, assigns storage locations to the
program, and performs various other functions.
The symbolic-language program is generally called
the source program; the machine-language program
is called the object program. In other words, the
source program is the input to the processor, and
the object program is the output of the processor.
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Thus, processing the data for which a program
is written is the second of two data processing
applications. The first application is the processing
or assembly of the source program itself, with the
object program as output. The second application
is the processing of the actual data by the object
program; the output of the second is the solution of
the problem for which the program was written.
Once the object program is produced, it can be
used in subsequent data processing applications
until it is obsolete, or until it is modified to such
an extent that a reassembly is advisable.

Since the programs written in symbolic language
need not make location assignments, the order of
the statements that compose the program may be
changed and the program reassembled without
modification. For the same reason, it is easy to
insert or delete statements in a symbolic-language
program. When it is reassembled, a new object
program is produced.

The Symbolic Language

Instructions form a major portion of the statements
in a symbolic-language program just as they do in
a machine-language program. A symbolic one-for-
one instruction contains a mnemonic code represent-
ing a machine operation and a symbolic address
representing the storage location of data or an
instruction. Such instructions are called one-for-
one because the processor replaces each one with
one machine instruction. An important development
in symbolic programming is the macro-instruction,
which is a source-program statement that is
eventually replaced by a sequence of machine
instructions. Essentially, it is a request for
several one-for-one instructions, each of which is
subsequently replaced by one machine instruction.
A macro-instruction also contains a mnemonic
code, but the code does not represent any one
machine operation. A macro-instruction also con-
tains a mnemonic code, but the code does not repre-
sent any one machine operation. A macro-instruc-
tion usually contains more than one symbolic
address; each address represents the storage loca-
tion of data or of an instruction.

Symbolic languages enable the user to write pro-
gram statements describing the storage areas that
will be occupied by program data. On the basis of
the information the processor obtains from these
statements, it assigns actual storage locations to
the data areas. It also uses this information when
generating one-for-one instructions to replace
macro-instructions that reference these areas. If
the data is to be supplied to the area by input
records, the statement indicates the size of the
area and the type of data that will occupy it. If it is



not, the statement itself supplies the data, which
is placed in storage as a constant.

The programmer is also able to create a
symbolic address for each data area or instruction.
The symbolic address represents the actual storage
location to be assigned by the processor, and it
provides the means of referencing an area or an
instruction. This is done by using the symbolic
address as the operand of the instruction that
makes the reference. Usually, it is desirable to
create symbolic addresses that describe the areas
or instructions to which they are assigned. For
instance, an address such as "master file" might
be assigned to a data area which will be filled by
records from the master tape; an address such as
"start" might be assigned to the first instruction
to be executed; etc. In converting the source
program to machine language, the processor
replaces each symbolic address with an actual
storage location, just as it replaces each mnemonic
code with an actual operation code.

The Processor

The processor of a programming system is a
machine-language program that converts a
symbolic-language program into machine
language. The process of convertingis called
assembling the program. In other words, a proc-
essor assembles a source program into its object-
program form. During the assembly, the proc-
essor analyzes the source program, generates
one-for-one instructions to replace each macro-
instruction it encounters, inserts any subroutines
requested by the program, substitutes machine-
language instructions for all one-for-one instruc-
tions, and assigns storage locations to the object
program.

The processor contains a library of macro-
instructions and subroutines. Every macro-
instruction contains a set of incomplete one-for-
one instructions. When a source program
macro-instruction is encountered during assembly,
the processor determines which one-for-one
instructions are appropriate, completes those
which it selects, and inserts them into the object
program. Selection and completion of the appro-
priate instructions are done on the basis of infor-
mation from the program analysis made by the
processor. The same macro-instruction may be
used many times in a program, but the one-for-one
instructions generated from it will not necessarily
be the same each time. The variation results
from differences in program requirements or data
format.

Library subroutines differ substantially from
macro-instructions. A subroutine is a fixed set of
instructions. These may be one-for-one instruc-
tions or combinations of one-for-one instructions
and macro-instructions. When a request for a
subroutine is encountered during assembly, the
set of instructions is taken from the library and
inserted into the program. The instructions will
not vary from program to program unless the
subroutine itself contains macro-instructions. The
programmer can write macro-instructions and
subroutines and add them to the processor library.

The object program is not the only output of the
processor. A sequential listing of the source
program is also produced. Each program step in
the listing is assigned an index number for refer-
ence purposes. The one-for-one instructions in
the source program are shown with the correspond-
ing machine-language instructions and the storage
locations assigned to them. The source-program -
macro-instructions are followed by the one-for-one
instructions generated from them, the machine-
language instructions corresponding to the one-for-
one instructions, and the storage locations assigned
to the instructions. Location assignments are also
shown for all record areas and subroutines.

THE BASIC 7080 PROGRAMMING SYSTEM

A programming system has been defined as a
symbolic language and a processor. The basic
programming system for the 7080 Data Processing
System is composed of Autocoder language and the
7080 Processor.

The 7080 Processor

The 7080 Processor, hereafter called ''the Proc-
essor, " is a machine-language program that
assembles programs written in Autocoder for the
IBM 7080. The Processor operates on the 7080
when it is in 7080 mode. The Processor itself is
so large that it must operate through a number of
interrelated sections, or phases. Each phase is a
program which performs one or more of the
various assembly functions. The phase may be
classified as belonging to one of the two portions
of the Processor: the compiler and the assembler.
The compiler phases analyze the source program
in detail, generate Autocoder statements from
higher-language statements, and generate one-for-
one instructions from macro-instructions. The
assembler phases assign storage locations, replace
one-for-one instructions with machine-language
instructions, and create the Processor output.

Introduction 7



The output of the Processor consists of the
object program in card form, and the program
listing with related messages. Both are produced
on tape. The listing and messages are the mini-
mum assembly documentation. Additional docu-
mentation consisting of the Operator's Notebook
and/or the Symbolic Analyzer can be requested.

The Operator's Notebook lists various types of

information about the program, including the fol-
lowing:

1. Programmed halts and halt loops

2. Titles of, and comments on, the various
portions of the program

3. A list of special 7080 program statements

4. Specific location assignments requested by
the program : ,

5. Program switches set up by the Processor
at the request of the program

The Operator's Notebook is useful to the pro-
grammer in debugging the object program, and to
the console operator during the object-program
run.

The Symbolic Analyzer is an alphabetical list of
the symbolic addresses used in the program. Each
symbolic address is followed by a list of the
instructions which reference it. All may be easily
located in the listing because their index numbers
are shown. Referencing a field or an instruction
(as used in this publication) means specifying the
data to be operated on or specifying an instruction
to be executed. For example, an Autocoder
statement that calls for data movement to a work
area references the data and the work area; a
statement that causes the program to transfer to
an instruction references that instruction.

The Processor library contains a set of general
purpose macro-instructions which cover most
commercial data processing functions. Program-
mers may write their own macro-instructions and
subroutines and insert them in the library. How-
ever, the preparation of macro-instructions is a
complicated procedure, requiring a thorough
knowledge of Autocoder and the Processor.

Autocoder Language

Autocoder is the basic symbolic language for
programs to be assembled by the Processor.
Statements written in the higher languages may be
inserted in Autocoder programs. During the
assembly, certain phases of the Processor trans-
late these statements into a series of Autocoder
statements. Program steps written in Autocoder
language are called statements rather than instruc-
tions, because the language contains more than a
set of processing instructions. There are six
types of Autocoder statements:

N

Area definitions

Switch definitions
One-for-one instructions
Macro-instructions

Address constants

. Instructions to the Processor

.

AREA DEFINITIONS: Area definitions reserve
storage space for data supplied either by records
or by the programmer. If the space will be
occupied by data from records, the area definitions
also describe the nature of the data. In all other
cases, the area definitions specify the constant
data to be placed in storage. The storage space
reserved by each area definition is generally called
a data field. Area definitions may also be used to
indicate that a series of adjacent data fields are to
be treated as the interior portions of a single unit.

In defining input/output areas, it is usually
necessary to define a data field for a block of
records without making any attempt to distinguish
one record from another or to identify portions of
a record. However, in defining the work area, the
opposite is true. Since an individual record will be
moved into the work area, it is usually defined as
a series of data fields which correspond to the
various portions of the record.

Suppose that each record in a file contains the
name and yearly salary of an employee, and that
these records are on tape in blocks of ten. Proc-
essing consists of updating the yearly salary. The
input (and the output) area is defined as one data
field, although it will contain ten records. How-
ever, the work area to which each record is moved
for processing is defined as two data fields: one
for the employee's name, and one for the
employee's yearly salary. Only the salary field
is referenced by processing instructions, but the
entire record is referenced as a unit when it is
moved to or from the work area. Consequently,
the work area must actually be defined as a data
field consisting of two interior fields.

SWITCH DEFINITIONS: Switch definitions describe
three types of switches: data switches, program
switches, and console switches., All three may be
used to control the path of the program; e.g., to
determine whether or not all the routines in the
program will be executed, to determine the sequence
in which routines will be executed, etc.

Data Switch: A data switch is a data field in which
alphameric codes are placed. The definition of the
switch allows a meaning to be associated with each
code. When a data switch is defined as a portion
of a record area, the records supply the codes for
the switch.



When a data switch is defined independently of a
record area, the program itself supplies the codes.
Referring again to the employee records used

as an example in the section on area definitions,
suppose that each record consists of three fields:
name, yearly salary, and number of exemptions of
the employee. The work area is defined by area
definitions for the name and yearly salary fields,
and a switch definition for the exemption field. In
this case, the codes in the data switch would be
numerical characters. The manner in which each
record is processed depends on the number of
exemptions; the program therefore contains a
number of processing routines. As each record

is placed in the work area, the data switch becomes
the character contained in the exemption field of
the records. The program tests the switch to
determine what code is present, and then transfers
to the processing routine appropriate for that code.

Program Switch: A program switch is an instruc-
tion that causes the program either to continue
sequentially or to transfer. When a program
switch is ON, the program transfers to an out-of-
line instruction. When the switch is OFF, the
program executes the next in-line instruction.

Suppose that it is desired to type a message if a
certain error condition is detected. The program
switch is defined so that when it is OFF, the pro-
gram proceeds to the next instruction; and when it
is ON, the program transfers to the message-
writing routine. Initially, the switch is set OFF.
As long as it remains OFF, the program continues
through the switch to the following instruction. If
the error-detection routine encounters the error
condition, it sets the switch ON. Then, when the
program reaches the switch, it transfers to the
message-writing routine.

Console Switch: A console switch is one of the six
alteration switches on the console. They are
numbered 0911-0916. These switches must be set
manually by the console operator. Console
switches are useful when it is desired to execute a
routine only for certain object runs. For example,
a program that is run each week may include a
routine that should be executed only at the end of
the month., If a console switch is defined, the pro-
gram may test the switch and transfer to the end-
of-month routine when the switch is ON. The
console operator must, of course, set the switch
ON prior to each end-of-month run.

ONE-FOR-ONE INSTRUCTIONS: One-for-one
instructions are the symbolic equivalents of
machine instructions. Coding any portion of a
program in one-for-one instructions means much

more hand-coding for the programmer than coding
the same portion in macro-instructions. This also
increases the possibility of error. One-for-one
instructions should be used only when it is inad-
visable to use macro-instructions.

MACRO-INSTRUCTIONS: A macro-instruction is a
powerful programming device. Essentially, it is a
request for those one-for-one instructions that will
accomplish the function stated by the macro-instruc-
tion. These instructions are selected to suit the
characteristics of the data fields and/or the other
hand-coded instructions referenced by the macro-
instruction. The field characteristics are obtained
from the field definition analysis made by the Proc-
essor. Whenever a choice exists among the one-
for-one instructions to be generated, the Processor
selects the most efficient coding.

An illustration of macro-instruction scope is:
The basic coding generated from the ADDX macro-
instruction adds the contents of two numeric fields
and stores the result in a field designated as the
result field. But, if the result contains more
decimal positions than the number specified in the
result field definition, the generated coding includes
instructions either to round or to truncate the
excess positions before the result is stored. The
choice depends on which process the programmer
specifies in the macro-instruction. Also, if the
result contains more integer positions than the
number specified in the result field definition, the
generated coding includes instructions to truncate
the excess high-order positions before the result
is stored. However, the programmer may request
an option which generates instructions to do the
following: truncate the excess positions if they
contain zeros and store the result; transfer to a
routine designated by the programmer, if the excess
positions do not contain zeros. This entire pro-
cedure, which obviously involves many one-for-one
instructions, is generated from one macro-instruc-
tion.

ADDRESS CONSTANTS: An address constant con-
tains the symbolic address of a data field or an
instruction. During the program assembly, a con-
stant is created from the actual location assigned

to the field or instruction. Address constants are
used to initialize an instruction. Initialization is
the process of supplying a reference to an instruc-
tion that lacks one, or replacing the reference made
by an instruction. An instruction makes a reference
by designating the symbolic address of a data field
of another instruction. The symbolic address
designated by an address constant is used to
initialize the instruction.
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Suppose that an input area contains a block of
records, each of which must be moved from the
area in succession. The input area is given a
symbolic address so that the area can be referenced
by the instruction that moves the records. Initially,
the instruction has as its address portion the sym-
bolic address of the area, thus referencing the first
record in the area. However, the address portion
of the instruction must be modified before it can
reference successive records. The modification is
generally an increment equal to the size of one
record. Eventually, the input area is emptied, and
a new block of records is placed in it; but the
modified instruction no longer references the first
record. At this point it is necessary to initialize
the instruction (i.e., return the instruction to its
original form) by means of an address constant.
Assume that the address constant has been coded
and that it consists of the symbolic address of the
input area. Now the address constant can be placed
in the address portion of the modified instruction.
Once the instruction is initialized, it references
the first record in the area again.

INSTRUCTIONS TO THE PROCESSOR: Instructions
to the Processor allow the programmer to control
certain aspects of the assembly process and to take
advantage of the special features of the Processor.
The Processor instructions are written as Auto-
coder statements in the program. When they are
encountered during assembly, the Processor per-
forms the operations they request. Instructions to
the Processor concern the following aspects of the
assembly:
" 1. The listing of the program

2. Location assignments made by the Processor

3. Coding generated by the Processor

INPUT/OUTPUT CONTROL SYSTEMS FOR USE
WITH AUTOCODER PROGRAMS

Input/Output Control Systems (IOCS) have been
developed for the IBM 7080. IOCS consists of a
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group of routines that handle all input/output func-
tions. IBM 7080 IOCS routines are made available
to an Autocoder program when IOCS macro-instruc-
tions in the Processor library are used in the
program.

Titles, form numbers, and abstracts of available
publications dealing with 7080 IOCS may be found in
the publication, IBM 7080 Bibliography, Form
A22-6T74.

HIGHER LANGUAGES OF THE 7080 PROCESSOR

As mentioned earlier, the 7080 Processor accepts
program statements written in several higher
languages. The languages are: Fortran; Report/
File language; Decision language; Arithmetic
language, and Table-Creating language. Various
Processor phases translate each of these statements
into one or more Autfocoder statements.

FORTRAN is the name for FORmula TRANslation
language. As the name implies, complex problems
can be stated in the form of mathematical formulas,
using FORTRAN. Both fixed point and floating
point calculations are possible.

Report/File language is a set of statements that
may be used to describe the format and contents of
a report or file. The routine generated from these
statements will create the report or file,

Decision language can be used to request a
logical decision to be made on the basis of a test of
the various conditions supplied in the statement.

Arithmetic language can be used to request that
a series of mathematical computations be per-
formed on the elements supplied in the statement.

Table-Creating language can be used to describe
tables suitable for data-searching, along with the
associated table entries.

Titles, form numbers, and abstracts of publica-
tions dealing with the higher languages of the 7080
Processor may be found in, IBM 7080 Bibliography,
Form A22-6774.




Autocoder programs are written on the IBM 7080
Processor Coding Form, Form X28-1636-1, shown
in Figure 1. One card is punched for each line of
the coding sheet. The card designed for 7080 Auto-
coder programs is the 7080 Processor Source
Card, Electro N14106. An Autocoder statement is
formed by filling out the appropriate fields on the
sheet according to the specifications for the type of
statement being written. Some statements may
occupy more than one line. The term 'field' ap-
plies to the character positions included under each
heading on the program sheet. The position num-
bers listed with the field headings correspond to the
columns on the card. The lower row of field head-
ings (including ""Flag") define the fields for source-
program statements. The upper headings list
special fields that are used in the preparation of
user-written macro-instructions.

S

TANDARD FORMAT OF AUTOCODER STATEMENTS

Note: Throughout this publication, the field headed
"SEQUENCE (PGLIN)" will be referred to as the
pglin field, the field headed "NAME (TAG)" will be
referred to as the tag field.

PROGRAM IDENTIFICATION (COLUMNS 75 - 80)

The identification is filled in at the top of the coding
sheet. It should appear in columns 75 - 80 of every
card punched for an Autocoder statement.

PGLIN (COLUMNS 1 ~5)

The sequence of the coding sheets and the state-
ments on the coding sheets is designated by the
five-position entry in these columns. Columns 1
and 2 designate a two-position page number that is
used to determine the sequence of the coding sheets.

Form X28-1636-1
Printed in U.S.A.

BN

Program [_] o Macro (]

7080 PROCESSOR CODING FORM

Punching Instructions Page of
Graphic Card Form ¥ - X
Programmer lbu'e Punch Coding on Bock D 7 80
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* A standard card form, 1BM electro N14106, is available for punching source statements from this coding form.

Figure 1. IBM 7080 Processor Coding Form
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Any alphameric character may be used in the
entry. Normally, however, special characters are
not used. The IBM 7080 collating sequence, shown
in Figure 2, is used to determine the order of the
pages.

Columns 3 -5 designate a three-position line
number that is used to determine the sequence of
the statements on the coding sheets. Any alpha-
meric character may be used in these positions,
although special characters are not normally used.
Ordering should be done according to the 7080
collating sequence. It is recommended that column
5 be left blank except when designating the sequence
of insertions.

The back of each sheet may be used for inser-
tions. The insertion page number should be the
page number of the statement that the insertion is
to follow. The insertion line number should be
higher than that of the statement preceding the
insertion, and lower than that of the statement fol~
lowing the insertion. In the case of three-lines
inserted between two statements numbered 03b and
04b (b represents a blank), the insertions might be
numbered 031, 032, and 033; or they might be
numbered 03A, 03B, and 03C.

TAG (COLUMNS 6 - 15)

A tag is the symbolic address that represents the
actual location of a data field or an instruction.

The field is filled in starting in column 6. When an
Autocoder statement references a tag, it refers to
the data field or the instruction at the storage loca-
tion represented by the tag. During assembly, all
fields and instructions are assigned storage loca-
tions, and all references to tags are replaced with
the locations assigned to the tags.

A tag may contain up to ten characters; these
characters may be alphabetic, numerical, and
blanks. A tag may not contain special characters.
If composed of numerical characters only, a tag
must consist of five or more characters. It is
recommended that tags not start with one or more
blanks, because the Processor must left-justify
them, a time-consuming operation. It is also
recommended that pure numerical tags not be used.
It is best to create tags that describe the data

fields or the instructions to which they are assigned.

Tags should not be assigned unless they are refer-
enced by program statements; unnecessary tags
slow the assembly process and produce needless

messages. To avoid confusion and possible im-
proper macro generation, it is strongly recom-
mended that no tag begin with either of the follow-
ing three-letter prefixes: CSF, IBM.

OPERATION (COLUMNS 16 - 20)

The mnemonic code of the Autocoder statement is
placed in the operation field, starting in column 16,
No machine operation code can be used.

NUM (COLUMNS 21 -22)

The use of the NUM (numerical) field varies
according to the type of Autocoder statement
being written. A one-position entry is placed in
column 22.

OPERAND (COLUMNS 23 - 39)

The use of the operand field varies according to the
type of Autocoder statement being written. The
field is filled in starting in column 23, and the entry
may be continued into the comments field. Macro-
instruction operands may be continued from the
comments field of one line into the operand and
comments fields of succeeding lines of the coding
sheet.

COMMENTS (COLUMNS 40 - 73)

Additional information about an Autocoder state-
ment may be written in the comments field and will
appear in the program listing. Comments are use-
ful for explaining the purpose of program state-
ments. The field can begin before or after column
40. The comments may be continued in the com-
ments field on subsequent lines of the coding sheet;
there is no limitation on the number of comments
continuation lines,

The rules governing comments and comments
continuations vary according to whether or not the
comments accompany a macro-instruction. If they
accompany a macro-instruction, they must be
separated from the operand by a minimum of two
blank spaces, whether the operand terminates in
the operand field or continues into the comments
field. The comments continuation lines for macro-
instructions may not contain entries in any fields
except the pglin and comments fields.

If the comments do not accompany a macro-
instruction, they do not have to be separated from

Blank . D#& $* -/, %% @ 0 A through | O J through R # S through Z 0 through 9

Figure 2. IBM 7080 Collating Sequence
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the operand by blank spaces, and comments con-
tinuation lines may contain entries in any columns
except 16 (first position of the operation field) and
21-22 (numerical field). However, to make the
comments easier to read, it is recommended that
the continuation lines be restricted to entries in the
pglin and comments fields.

FLAG (COLUMN 74)

Characters written in this column are used for
communicating with the Processor. The types of
characters that may be placed in this column (and
an explanation of their meanings) are described in
the section "Instructions to the Processor."

Standard Format of Autocoder Statements
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AREA DEFINITIONS

Area~-definition statements describe data fields.
The data may be variable data supplied by records,
or constant data supplied by the area definition
statement. The programmer must know the length
and composition of the records, so that each field
may be defined correctly. The Processor uses the
information provided by area definitions when it
reserves storage space for the fields and when it
encounters instructions that reference the fields.

There are five types of area definitions:

1. Definition of a Record ~- RCD

2. Definition of a Constant Factor -- CON

3. Definition of a Floating Decimal Point
Number -~ FPN

4, Definition of a Report Format Field -- RPT

5., Definition of a Continuous Portion of
Memory -- NAME

An area-definition statement must contain a tag
if the field is to be referenced. The reference is
made by using this tag in the operand of the Auto-
coder statement making the reference. Since the
tag requirement applies to all area definitions, the
tag field will not be discussed separately in the
remainder of this chapter.

DEFINITION OF A RECORD -- RCD

The function of an RCD statement is to define a
data field in which a record block, an individual
record, or a portion of a record will be placed.
The definition specifies the size of the field and
the nature of data it will contain, The RCD state-
ment is written as follows:

OPERATION FIELD: The mnemonic code RCD is
placed here. In a continuous series of RCD state-
ments, only the first need contain the mnemonic
code. The Processor assumes that each immedi-
ately subsequent statement with a blank operation
field is an RCD, and treats it accordingly. This
assumption makes it possible in subsequent state-
ments to use columns 17 -20 of the operation field
as an expansion of the numerical field. (The
operation field is assumed to be blank if column 16
is blank.)

NUMERICAL FIELD: The size of the data field is
entered here. A one-digit entry is placed in col-
umn 22; it need not be preceded by a zero. When
the operation field contains the RCD code, the
numerical field is limited to a two-digit entry.
However, when the operation field is blank and the
statement has been preceded by another RCD
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statement, columns 17 -20 of the operation field
may be used as an expansion of the numerical field.
Under these conditions, in effect, the numerical
field consists of six positions. Thus, data fields
which exceed 99 positions may be defined, but they
may not be the first in a series of RCD statements.

OPERAND FIELD: The operand field contains one
of the following:

1. A descriptive code. This is used to define
alphameric fields or numerical fields containing
integers only.

2. A description of an integer and decimal for-
mat. This is used to define numerical fields con-
taining mixed or pure decimals.

3. A layout of group marks and/or record
marks. This is used to describe the position of
group marks and/or record marks in a field.

Alphameric Fields and Numerical Fields of
Integers Only:

Code Contents of Field

+ Signed numerical data consisting of integers.

N Unsigned numerical data consisting of integers.

F Signed numerical data in floating-point form.
The field must consist of ten positions: a two-
character exponent, signed in the low-order posi-
tion, followed by an eight-character mantissa,
also signed in the low-order position. This is the
form in which a floating-point constant appears in

storage.
A Alphameric data which may or may not provide left
protection for the immediately subsequent field.
A+ Alphameric data which always provides left protec-

tion for the immediately subsequent field.

Left protection should be provided when the sub-
sequent field contains signed numerical data. The

low-order position of the field providing left protection

must be occupied by one of the following: an alpha-
betic character, a signed numerical character, a
blank, or any special character.

Figure 3 shows fields defined with descriptive
codes. Notice that the final field cannot be refer-
enced, because it is not tagged.

Numerical Fields Containing Mixed or Pure
Decimals: The operand must indicate the number
of integer and decimal positions in the field and
whether the field is signed or unsigned, This
may be done in either of the following ways.
(The first method is the preferred

use.)
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1. Enumerating the number of integer and
decimal positions. Signed numerical fields are
represented as #+xx.yy, and unsigned numerical
fields as #bxx.yy, where xx and yy represent the
number of integer and decimal positions respec-
tively (b represents a blank position). If there are
no integer positions, xx is written as 00. If there
are less than ten positions on either side of the
decimal point, the numerical digit is preceded by
a zero. The sum of xx and yy must equal the entry
in the numerical field. The maximum size data
field that can be defined consists of 99 integer and
99 decimal positions.

2. Showing a layout of the integer and decimal
positions. Each integer and decimal position is
indicated by an X, with a decimal point placed in
the appropriate position. The layout of a pure
decimal starts with the decimal point, and is fol-
lowed by the necessary number of Xs to the right
of it. When signed numerical fields are being
defined, a plus sign is placed in the first position
of the operand, and is followed by the layout. The
operand defining an unsigned numerical field starts
with the layout itself. A blank position is not used
to indicate unsigned numerical data.

The total number of Xs must equal the entry in
the numerical field. Although both the decimal
point and the sign occupy positions in the layout,
neither is included in the count for the numerical
field entry. Neither the point nor the sign exists
in the record as a separate position. However, the
Processor needs this information for various pur-
poses, such as selecting the proper coding to re-
place macro-instructions.

The definitions in Figure 4 are paired, to show
how the same numerical fields would be defined by
each of these methods. Note that SIGNEDS3 is too
large to be defined by a layout.

Indicating the Position of Record Marks and/or
Group Marks: This information should be supplied
if the record that contains such characters is
referenced by a macro-instruction. The position
or positions the characters occupy must be defined
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as one field of the record, unless no other informa-
tion is to be given about the record. The operand
must be a layout of the portion of the record that
contains the characters. The operand may indicate
one of the following: a terminal group mark, a
terminal record mark, or an internal group mark
followed by a terminal record mark. The operand
may contain the following symbols only:

# record mark
#F group mark
b blank

Figure 5 shows two ways in which the position of
a terminal group mark could be indicated in defining
a record consisting of 31 positions of data, three
blanks, and a group mark.

Nome Operation Num Operand

{Tag)
é 8 1011 13 15116 18 20|21 22|23 25 2728 30 32 33 35 3738 39
LRSTWAY,  lReD, 13418, ., |, ., e
=::=!¢::::4:==4::;’.!::: +

.........

!

+ bt}

SECOADWAY, \WReD  tawld, L, Ly
}

|

+

......... +
.......

llllllllllllll —

If the three blanks had been data, the definition
for SECONDWAY would have been used. If the
blanks had been group marks, the definitions in
Figure 6 would have been used.

Area Definitions 15



Nome ‘Operation  {Num ‘Operand [
(Tog) ]
% 8 1N 18 a5ie 18 20§21 22/23 25 2728 30 3233 35  37.38 39§

If all the blanks had been group marks, the
record would have been defined as shown in Fig-
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If one or more group marks appear within a
record, they may be made terminal by defining Figure 10

them as a seperate field and giving the field a tag.
Figure 7 shows how the four group marks within
a 90-position record may be made terminal by
being defined as a separate field.

‘Name ]l'Operufian N Operond l

] {Tag) ] |

6 8 10m 13 ishs 18 ol 25 728 3 3233 35 3738 3
ELRSTIPART, IRCD , Bolae, |, ., NI *1
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Figure 7

Figure 8 shows two ways in which a record
terminated by three blanks and a record mark could
be defined.

e

Name Operation  {Num | ‘Operand !
le 8 "B 15 ashe 1 @Juza 25 2728 30 3233 35 3738 39
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Figure 8

If the final blank had been a group mark, the
record could have been defined in either of the ways
shown in Figure 9.

Operand
30 3233 35 37 333

Nome

{(Tag)

B8 ¥0mM 13

If a record of less than 51 positions is being
defined, and it is not desired to give any informa-
tion about the contents other than the location of
group marks and/or record marks, the entire
record may be defined by a layout operand. Fig-
ure 11 shows the definition of a 20-position record
which contains a group mark in the fifteenth position,
and a terminal record mark.

‘Name Operation  {Num Operond ?
(Tag)
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Figure 11

COMMENTS FIELD: Comments may be started
here. If comments continuation lines are written,
columns 16, 21, and 22 of the continuation lines
must be blank. If the statement following the last
continuation line is blank in column 16 {but is not
blank in columns 21 and 22), the Processor assumes
that the line is another RCD statement.

USING AN RCD OF ZERO LENGTH: If the first
data field in a record exceeds 99 positions, its
RCD definition may be preceded by an RCD of zero
length. In this way, the definition becomes the
second in a series of RCD statements. The
mnemonic code RCD may be omitted in this second
statement. Columns 17 -20 of the operation field
may then be used as an extension of the numerical
field. No space will be reserved for an RCD of
zero length.

Restrictions on an RCD Statement

The size of a data field may not exceed mode mem-
ory size minus one. I a single RCD field specifies
a larger field size, the Processor will assume a
length of one for location and address assignment.
{The macro generator will use the actual size
specified unless it is greater than 159999. In
that case, a size of one will be assumed.)



Definitions of ore or more terminal group marks
may not indicate internal record marks or internal
group marks. Definitions of a terminal record
mark may not indicate internal record marks.

DEFINITION OF A CONSTANT FACTOR -- CON

The function of a CON statement is to define a data
field that will contain constant data, and to provide
the constant itself. The data may consist of any
combination of alphameric characters and/or
blanks. The CON statement is written as follows:

OPERATION FIELD: The mnemonic code CON is
placed here. In a continuous series of CON state-
ments, only the first need contain the code in the
operation field. The Processor assumes that each
immediately subsequent statement that is blank in
column 16 of the operation field is a CON, and
treats it accordingly. This assumption makes it
possible in subsequent statements to use columns
17 - 20 of the operation field as an expansion of the
numerical field.

NUMERICAL FIELD: The size of the constant is
entered here. A one-digit entry is placed in column
22, and need not be preceded by a zero. When the
operation field contains the CON code, the numeri-
cal field is limited to two positions. However, when
the operation field is blank and the statement has
been preceded by another CON statement, columns
17 - 20 of the operation field may be used as an ex-
pansion of the numerical field. Under these con-
ditions, in effect, the numerical field consists of
six positions. Thus, constants which exceed 99
positions may be defined, but they may not be the
first in a series of CON statements.

OPERAND FIELD: The constant is entered here.
If the entry in the numerical field is not equal to the
number of positions specified in the operand, the
Processor will do one of the following:

1. Truncate the excess low-order positions
when the numerical field entry specifies fewer
positions than those contained in the operand.

2. Supply low-order zeros or blanks when the
numerical field entry specifies more positions than
those contained in the operand. Blanks will be
supplied for alphamerie fields; zeros will be supplied
for signed numeric fields.

In Figure 12, the numerical field for TAG2 indi-
cates that the constant contains nine low-order
blanks.

Defining a Numerical Constant: A constant con-
sisting of signed numerical data must contain a

Name Qperation | Num Operand [{
o 8 B0 5 ushe s sl zgl_za 25 2728 30 3233 35 _ 3738 39
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Figure 12

plus sign or a minus sign in column 23 of the oper-
and field. If the data is a mixed or pure decimal,
the decimal point should be placed in the appropriate
position. In storage, the low order position of the
field is signed accordingly. However, neither the
sign nor the decimal point is included in the count of
field positions for the numerical field entry. A
signed numerical constant that exceeds 99 integer
or 99 decimal positions should not be referenced by
a general-purpose macro-instruction.

Unsigned numerical data consisting of integers
only is written starting in column 23 of the operand
field. Unsigned numerical data consisting of mixed
or pure decimals should not be specified as a con-
stant if it is to be referenced by an Automatic
Decimal Point macro-instruction. I this is done,
the data will be treated as alphameric data contain-
ing a period.

In Figure 13, note the following: The TAG3 con-
stant will appear in storage as 8bbb, the TAG4 con-
stant will appear as 64000 with a plus sign over the
low-order zero, and the TAGS5 constant will appear
as 365 with a minus sign over the 5.

Name Operation [ Num Operand

s 8 'Wn 19 ishe le__sza % wm w wwm a5 wmm
TAEL |, con | dt7s. s ], ‘
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Figure 13

Defining a Constant of Record Marks and/or Group
Marks: It may be desired to supply a constant of
record marks and/or group marks as the terminal
field of a record. For example, to follow a 33—
position data field with a blank and a record mark,
the definition would be written as shown in Fig-
ure 14.

If a data field containing a 42-position record is to be
followed by a constant of two group marks and a record
mark, the definitions in Figure 15 would be used.
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COMMENTS FIELD: Comments may be started
here. If comments continuation lines are written,
columns 16, 21, and 22 must be blank. If the state-
ment following the last continuation line is blank in
column 16 (but is not blank in columns 21 and 22),
the Processor assumes that the line is another CON
statement.

Name Operation  |Num ' Operand
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Figure 15

Restrictions on a CON Statement

A one-position CON statement should be used to
supply a plus sign or a minus sign as an alphameric
constant. If an alphameric constant consisting of a
plus sign or a minus sign followed by numerical

- characters is desired, a one-position CON state-
ment should be used to define the sign; another CON
should be used to define the numerical characters
as an unsigned numerical constant.

The size of a CON statement may not exceed
mode memory size minus one. If a single CON field
specifies a larger field size, the Processor will
assume a length of one for location and address
assignment. (The macro generator will use the
actual size specified unless it is greater than 159999,
In that case, a size of one will be assumed.)

DEFINITION OF A FLOATING POINT NUMBER -~
FPN

The function of an FPN statement is to define a data
field for constant numerical data and to provide the
data in floating-point form. Numerical data should
be defined in floating-point form when there is a
possibility that the limits of the accumulator might
be exceeded during arithmetic operations with the
data if it were defined in fixed-point form.

Floating-point form consists of a mantissa and
an exponent. The mantissa is a pure decimal with
a non-zero high-order digit; the exponent is a
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number specifying a power of ten. When the man-
tissa is multiplied by the power of ten that the ex-
ponent specifies, the data is produced in fixed-point
form. The following lists show the same data
expressed in both forms.

Fixed Floating
+9427,38 +.942738 x 104
-.3264 -.3264 x 100
+.,0035 +.35 x 1072
-623 -.623 x 103

The FPN statement is written as follows:

OPERATION FIELD: The mnemonic code FPN is
placed here. In a continuous series of FPN state-
ments, only the first need contain the code in the
operation field. The Processor assumes that each
immediately subsequent statement that is blank in
column 16 of the operation field is an FPN statement
and treats it accordingly.

NUMERICAL FIELD: This field is left blank. The
Processor assumes ten positions.

OPERAND FIELD: The exponent and the mantissa,
each preceded by a plus or minus sign, are placed
here in the following format: +EE+DDDDDDDD.

The exponent must be a two-position number, as
specified by EE. The sign which precedes the ex-
ponent indicates the direction in which the decimal
has been moved in order to convert the data from
fixed point to floating point form. A plus sign
indicates that the decimal has been moved to the
left; the minus sign indicates that the decimal has
been moved to the right.

As indicated by DDDDDDDD, the mantissa may
consist of up to eight digits, and is preceded by the
sign of the number itself. If fewer than eight digits
are specified, the Processor will supply low-order
zeros to complete the mantissa; if more than eight
are specified, the Processor will truncate the ex-
cess low-order digits. When the data is placed in
storage, the signs are placed over the low-order
positions of the exponent and the mantissa.

~ Figure 16 shows a list of fixed point numbers,
their corresponding FPN definitions, and the con-
stants that would be created from them.

COMMENTS FIELD: Comments may be started
here. Comments continuation lines are not allowed.
Any continuation line following an FPN is assumed
to be another FPN.

Restrictions on an FPN Statement

The absolute value of the exponent may not exceed
99. An exponent of 00 is signed +.
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FPN definitions may not be referenced by any
Automatic Decimal Point macro-instructions. The -
programmer must provide his own macro-instruc-
tions and/or subroutines in order to calculate with
floating-point numbers, because the Automatic
Decimal Point macro-instructions calculate with
numerical data in fixed-point form only.

DEFINITION OF A REPORT FORMAT -- RPT

The function of an RPT statement is to define a
data field for numerical data which will be printed
in a report and to specify the print format for the
data. The RPT field maybe referenced by macro-
instructions that place the numerical data in the
field and supply the elements of the desired format.
The following elements may be specified in the
definition:

1. Commas and/or a decimal point

2. Fixed or floating dollar sign

3. The printing or suppressing of leading zeros

4. Asterisk protection

5. Indication of the numerical field sign

6. The blanking of a field of zeros

The RPT statement is written as follows:

OPERATION FIELD: The mnemonic code RPT is
placed here. In a continuous series of RPT defini-
tions, only the first need contain the code. The
Processor assumes that each immediately subse-
quent statement that is blank in column 16 of the
operation field is an RPT statement and treats it
accordingly.

NUMERICAL FIELD: The size of the RPT field is
entered here. All positions of the format, as shown
by alayout in the operand field, must be counted. The
count consists of the positions for the numerical data
and any commas, decimalpoints, dollar signs, or any
positions reserved for printing the sign of the field.

OPERAND FIELD: The layout of the report format
is started here; it consists of the symbols used to
define the numerical characters, and the symbols
for a dollar sign, a comma, and a decimal point if
any are used. The layout may also contain one or
two blank positions reserved for printing the sign

of the field. Usually, the layout is followed by a

set of indicators that provide the macro-instructions
with additional information about the desired print
format.

Three sets of data will be used as examples
throughout this section to explain the method of
laying out the format. The first consists of four
integer and two decimal positions. The second con-
sists of three decimal positions. The third consists
of five integer positions.

Indicating Numerical Characters, Commas, Decimal
Point: Xs and Zs are used to indicate the position of
each numerical character in the format. If commas
and/or a decimal point are desired, the symbols for
them are placed in the appropriate positions. The
numerical positions of the format are defined as
follows:

1. Decimal positions. Zs must be used to define
all decimal positions. Any trailing (i.e., significant)
zeros in the data entering these positions will be re-
tained and printed.

2. Integer positions. Xs and/or Zs may be used
to define integer positions. The treatment of any
leading (i.e., insignificant) zeros in the data enter-
ing these positions depends on whether the position
in which the zero occurs is defined by a Z or by an
X. If the position is defined by a Z, the zero will
be retained and printed. If the position is defined
by an X, the zero will be converted to a blank. Xs
may be used to the left of Zs, but not to the right
of them. If the format layout does not contain a
decimal point, the Processor assumes that a field
of integers is being defined.
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In Figure 17, the MIXED and INTEGER defini-
tions indicate that any leading zeros are to be re-
placed by blanks. Notice that no decimal point is
specified in the INTEGER field.

Nome Operation Num Operand
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If 004320 were placed in the MIXED field defined
in Figure 17, it would be printed as bbb43. 20 (the
comma having been replaced by a blank).

The MIXED and INTEGER fields are redefined in
Figure 18 so that leading zeros will be retained.
The MIXED definition requests that leading zeros
that occur in the two low-order integer positions be
printed. The INTEGER definition requests that
leading zeros be printed in all but the high-order
position.

Name Operation | Nom Operand
(Tag)
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If 000120 were placed in the MIXED field defined
in Figure 18, it would be printed as bbb01.20; and
if 00089 were placed in the INTEGER field, it
would be printed as b0089.

Leading zeros may also be replaced by asterisks.
This is called asterisk protection, It is requested
by an indicator, which is placed immediately after
the format layout. The indicator consists of a
lozenge, an asterisk, and a lozenge (I * 17); it
is not included in the count for the numerical col-
umn. In Figure 19, the INTEGER field is defined
for complete asterisk protection. The MIXED
field, however, is defined for asterisk protection
only in the positions defined by Xs.

'(‘IT:;; Operation  |Num Operand
6 8 101 13 slie 18 2of2122§23 25 2728 30 3233 35 3738 39
LHNTECER, | (RPT, , | SIXXXXXiroemt , |, |,
Moxer| Ly ] Bix, XX 22

el 1 - — L
Figure 19
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The position of the decimal point can be indicated
to macro-instructions that handle numerical data
without having the point appear in the printed report.
This is done by placing the symbol D in the appro-
priate position of the layout. The D is not included
in the count of positions for the numerical field.
This may be seen in Figure 20.

Nome Operation | Nom Operand
(Tag)
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Indicating the Position and Treatment of Dollar
Signs: If the dollar sign is desired in the printed
report, it is written to the left of the high-order
position of the format layout and is included in the
count for the numerical field. A fixed or floating
dollar sign can be specified as part of the print for-
mat through indicators, which are placed to the
right of the format layout. The indicators are
surrounded by lozenge symbols (H), and are not
included in the count for the numerical field because
they are not part of the format layout. A fixed
dollar sign is printed in the same position for each
use of the data in the report.

If a fixed dollar sign with asterisk protection is
desired, the format layout is immediately followed
by an indicator consisting of a lozenge, an asterisk,
and a lozenge (I1*M). If a fixed dollar sign without
asterisk protection is desired, the format layout is
not followed by any dollar sign indicators. If any
leading zeros occur in the data, they will be main-
tained or replaced by blanks, depending on whether
Zs or Xs are used in the integer positions of the
format layout.

A floating dollar sign is shifted so that it is
printed to the left of the first numerical character
in each set of data. It is requested by an indicator
consisting of a lozenge, a dollar sign, and a lozenge
($13) placed to the immediate right of the format
layout.

Figure 21 shows one field as it would be defined
to request each of the following:

1. A floating dollar sign.

2. A fixed dollar sign with asterisk protection.

3. A fixed dollar sign without asterisk protec-
tion and with leading zeros converted to blanks.

4. A fixed dollar sign without asterisk
protection and with up to three leading zeros
retained.

5. No dollar sign but asterisk protection.
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Assume that 003418 and 000570 are placed in each
of the fields defined in Figure 21. The definitions
would cause the data to be printed as follows:

MIXED1 $34.18 $5.70
MIXED2 $*++*34.18 $HHXx5,70
MIXED3 $ 34,18 $ 5.70
MIXED4 $ 034.18 $ 005.70
MIXEDS **%x34 18 *ERX5 .70

Note that the commas in MIXED2 and MIXED3
are converted to an asterisk and a blank respec-
tively. In MIXED4, and MIXED5, the comma is
converted to a blank.

Indicating Field Signs and Zero Fields: Sets of
characters which occupy one or two positions are
available for printing either or both of the following
in the report:

1. An indication of the sign of the field that is
supplying data to be placed in the RPT field

2. An indication that the tield that is supplying
data consists of zeros
The requested characters will be printed to the
right of the data.

Depending on which set of characters is
requested, one or two blank positions must be
added to the low-order portion of the format layout.
These blank positions must be included in the count
for the numerical field entry, and are considered
part of the layout. The special characters, called
field sign indicators, are written to the right of the
dollar sign indicator and its accompanying lozenges.
Each character is also followed by a lozenge.

At this point, it is necessary to discuss the
lozenges that separate the indicators in the RPT
operand. Not only are the indicators significant
to the Processor, but the presence or absence of
the associated lozenges is also significant. When
an option is not desired, the indicator which re-
quests it must be omitted. If no subsequent options
are to be requested in the same operand, the
lozenge associated with the omitted indicator is
also omitted. However, the lozenge is retained
and placed back-to-back with the preceding lozenge

if subsequent options are requested in the operand.
The lozenge placement indicates to the Processor
which option or options are not desired. A lozenge
that may be omitted when its associated indicator
and all subsequent indicators are omitted is called
a conditional lozenge.

The lozenges associated with the dollar sign
indicator are conditional. When a dollar sign is
not included in the format layout or when a fixed
dollar sign without asterisk protection is desired,
no dollar sign i