Reference Manual
IBM 7070 Series Programming Systems

Autocaoder




EM Reference Manual

IBM 7070 Series Programming Systems
Avutocoder



© 1961 by International Business Machines Corporation



Contents

Introduction ...
Coding Sheet ............... ...l

Parameters ...............oooiiiiii
Address Types ........covvvinniininn...
Field Definition ........................
Address Adjustment ....................
Index Words ......coovvivnnennnnnnnnn..
Flectronic Switches .....................
Input/Output Unit and Alteration Switch

Designations .......................
Continuation Cards .....................

Reservation of Index Words and Electronic
Switches .- i

Declarative Statements ...................

DIOCS — Define Input/Output Control Sys-
tem ...

DTF — Define Tape File ................
DUF — Descriptive Entry for Unit Records.
DA —Define Area ......................
CODE ... e
DC — Define Constant ..................
DLINE — Define Line ..................
DRDW — Define Record Definition Word. .
DSW — Define Switch ..................
EQU —Equate ..............ccoininnn,

Control Statements .......................
ORIGIN Control and LITORIGIN Control.
BRANCH Control ............coovn.n.
END Control ............ ... ..o ...
XRESERVE Control and SRESERVE Con-

ol .
XRELEASE Control and SRELEASE Con-
trol .o

OPEN ... oo

8
8
12
13
14
16

16
17

18

20

22
26
29
32
50
54
65
77
80

87
88
95
97

99

Appendix B:

Appendix C:

Appendix D:

Appendix E:

PUT 115
PUTX e 118
CLOSE ... 120
END ... 122
ARITH — Arithmetic Operations ......... 123
COMP — Compare and Branch .......... 144
CYCLE — Cycle Branch and RECYC — Re-
set Cycle ...............ooiiiii, 154
DECOD — Branch on Code Value ........ 161
LOGIC — Logical Decisions ............. 164
ZSIGN — Branch on Test for Zero and Sign.. 178
SETSW —Set Switch .................... 185
ZERO —Zero Storage ................... 188
FILL —Fill Storage ..................... 196
EDMOYV — Edit and Move Data ......... 205
MOVE —Move Data ................... 213
SHIFT — Shift and Store ................ 221
SNAP — Memory Print-Out .............. 225
The Processor .................oiiia... 229

Appendix A: Relationship of 7070/7074

Avutocoder to Basic Auto-
coder and Four-Tape
Autocoder ................ 239

Differences Among 7070/
7074 Autocoder Systems ... 240

Reserved Index Words .... 243

7070/7074 Operation Codes
by Autocoder Mnemonics 244

Note on Optional Charac-

ters - 252
Appendix F: Glossary .................. 253
Appendix G: Illustration of Autocoder

Programming -« -----«-... 259
Appendix H: Index of Messages - ...... 268






introduction

1BM 7070/7074 Autocoder is a symbolic programming system designed to simplify
the preparation, correction, and interpretation of programs for the 1M 7070 and
7074 Data Processing Systems. This manual is a reference text and contains
information to enable the programmer to use the Autocoder system.

Autocoder is a component of the 7070/7074 Compiler Systems Tape and forms
an interlocking system with ForTRAN and the Report Program Generator. The
Compiler Systems Tape may be obtained by sending a full reel of magnetic tape
to the BM Program Librarian. The compilers will be written on the tape which
will be returned. It is suggested that a duplicate of the tape be made as soon
as it is received so that one copy of the program can be kept in reserve. The
extra copy should be used only in case the working copy becomes unusable. The
reel of magnetic tape for the 7070/7074 Compiler Systems Tape should be sent to:

IBM 7070/7074 Program Librarian
International Business Machines Corporation
590 Madison Avenue

New York 22, New York

This manual assumes that the programmer is familiar with the methods of data
handling and the functions of instructions in the 7070/7074 Data Processing
System. This information is included in the 1BM Reference Manual “7070 Data
Processing System,” form A22-7003-2.

The 7070/7074 Autocoder system is designed for use in installations which have
a minimum of six 729 Model IV (or Model II) tape units and a machine with
5,000 words of core storage. This minimum configuration permits compilation
of programs whose input is in the form of a card image tape and whose output
is to be written on tapes for printing and/or punching off-line. The following
additional equipment may be added to perform the indicated operations:

1. 1BM 7500 Card Reader is necessary, in addition to the six tape units, if any
input is in the form of punched cards.

2. 1M 7550 Card Punch is necessary if on-line punching of output is desired.
3. 1BM 7400 Printer is necessary if on-line printing of output is desired.

4. As many as four additional tape units may be used if the input is to be on
more than one tape unit and/or if more than one program is to be compiled
during a single machine run.

The specific machine requirements for each type of run which may be made
using the Compiler Systems Tape are included in the 7070/7074 Data Processing
System Bulletin “mByM 7070/7074 Compiler Systems: Operating Procedure,” form
]J28-6105. Detailed operating instructions for each run, as well as the control
cards necessary, are also included in this bulletin.

7070/7074 Autocoder is one of the powerful programming languages of today.
Such languages have steadily evolved from languages requiring highly codified
instructions closely related to the arithmetic capacities of the machine.

The first step in the evolution was the introduction of symbolic programming
systems, such as 7070/7074 Basic Autocoder, in which a symbolic instruction is

Introduction 1



written in place of each machine-language instruction. The programmer is thus
able to code more easily and with greater meaning and the chance of errors is
materially reduced.

The introduction of macro-instructions was a further step towards simplifying
programming and reducing the time required to write a program. A macro-
instruction is a symbolically-coded instruction which will produce a group of
machine-language instructions. Two types of macro-instructions exist, substitu-
tion-type and generator-type.

The macro-instructions handled by 7070/7074 F our-Tape Autocoder are the
substitution-type. The processor completes a “skeleton” routine by inserting
parameters from the macro statement operand into this routine. The macro
statement is then replaced by the completed routine. Four-Tape Autocoder also
accepts symbolic machine instructions.

Autocoder, in addition to accepting symbolic machine instructions, handles
generator-type macro-instructions. The task of compiling the proper sequence
of instructions for the given macro statement is performed by the appropriate
macro generator in the Library portion of the Compiler Systems Tape. In gen-
eral, the operand of each macro-instruction must conform to a basic format.
However, Autocoder also accepts certain macro-instructions with operands
whose formats have not been pre-established “symbol by symbol.” For example,
the operand of aARiTH or of LociC contains an “expression,” the value of which is
to be computed or the truth or falsity of which is to be determined. The macro
generators scan the macro statements and compile the corresponding sequence
of symbolic machine instructions; the operand need only conform to the rules
of format which have been established and must not exceed certain specified
lengths. Numerous illustrations of source program macro-instructions and their
corresponding series of generated machine instructions are included with the
macro-instructions under “Imperative Statements.”

Macro-instructions to handle input/output operations are included in both the
Autocoder and Four-Tape Autocoder systems. With certain restrictions, the
source-program input/output statements are written the same for both Auto-
coders. However, the statements are handled differently by the processors of
the two systems. In Four-Tape Autocoder, the processor substitutes the com-
pleted “skeleton” routine for the macro statement; in Autocoder, the macro-
instruction is processed by means of a macro generator. A description of the
input/output macro-instructions is included in this manual; a full discussion can
be found in the 7070 Data Processing System Bulletin “sm 7070 Input/Output
Control System,” form J28-6033-1. Input/output operations are estimated to
constitute an average of 40% of a program; the ability to handle these operations
by means of macro-instructions represents a substantial gain in programming
simplicity and efficiency.

The Autocoder language may be extended by adding new macro-instructions.
Appropriate macro generators may be added to the system to process the newly-
created macro-instructions. The necessary generator is written in the Autocoder
language according to the instructions presented in the 7070 Data Processing
System Bulletin “Additions to the 1M 7070 Autocoder; Writing Macro Genera-
tors for the 1M 7070 Autocoder,” form J28-6053. The generator is then com-
piled and entered on a new Compiler Systems Tape and the corresponding
macro-instruction may then be included in any program.

While macro-instructions provide the programmer with a set of powerful tools
to solve problems without becoming enmeshed in the tedious details of analysis



and of storage assignment, the programmer may still exercise direct control over
the minor details of his program, should it be necessary. Autocoder accepts and
processes all symbolic machine instructions as well as macro-instructions; in fact,
any program written in Basic Autocoder can be assembled without change by
Autocoder. In addition, storage allocation can be specified by a set of control
statements which have been provided.

In summary, the Autocoder system provides a number of advantages by intro-
ducing a powerful macro language. The programming and processing advan-
tages are as follows:

1.

10.

Macro language eliminates the need for breaking down many frequently
encountered tasks into a number of small steps by turning these tasks over
to macro generators.

Full use is made of the symbolic programming devices of the system. The
need for attention to the details of data flow, actual storage allocation, and
decimal-point positioning is eliminated.

The programmer is allowed to write program steps that are meaningful in
terms of the problem to be solved, rather than in terms of machine
capacities.

The program may be easily broken into meaningful segments, allowing for
greater flexibility and accuracy in reprogramming or recombining of pro-
gram segments.

The program is made much more readable.
Programming speed is materially increased.

Programming is much easier to learn because fewer instructions must be
written by the programmer and because the need for concern with many
machine details is eliminated.

Macro language reduces programming errors by making use of tested macro
generators rather than many individual machine instructions.

Errors in the input statement are detected by macro generators themselves;
a message is issued indicating the location of the error and, generally, the
type of error committed.

Programs are largely independent of individual machine characteristics and
therefore are easier to transfer from one system to another.
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Coding Sheet

Heading Line

A programmer, coding a program for the 7070 or 7074 in Autocoder, writes all
Autocoder statements on the 7070 Autocoder Coding Sheet, form X28-6417-2
(see Figure 1). The coding sheet indicates by column numbers the input card
format for both the Basic Autocoder and the Autocoder Systems. Each line of
the coding sheet is punched into the indicated columns of a corresponding 1BM
7070 Autocoder Input Card, electro A18265 (see Figure 2). An explanation of
the purpose of each heading on the coding sheet is given below.

The heading line consists of the spaces labeled “Program,” “Programmed By,”
and “Date.” The information entered in these spaces is for identification of the
program and is not to be punched into input cards.

Page Number (Columns 1-2)

A two-character page number sequences the coding sheets. Any alphameric
characters may be used, providing they can be read into or can be translated
on output by the input/output equipment of the 7070 or 7074 system used to
process the Autocoder source program. (This applies in general to the usage of
alphameric characters in all Autocoder statements.) The standard collating
sequence should be followed in sequencing the pages. Alphameric characters
which are not acceptable to various input/output equipment and the collating
sequence may be found on page 9 of the M Reference Manual “7070 Data Proc-
essing System,” form A22-7003-2.

1] P i |
eace] LINE | LaBEL | orsration [SORERANS ——————— ey 1010 RTOGIDER ———————— 1
] [ ! : !
PAGE | LINE [ LABEL | operaTiON |2, OPERAND AUTOCODER i 3]
;. OFPERAND BASIC AUTOCODER 4| ASSFRBLED | INSTRUCTION | LOCATION
00000000000000000000000000000000000000000000000000000000;00000000000000000000
1 56783 NNRRUBEIBNANRANSANARNARVUS BT BVONLQHEENEENSILNHBET VRN P BUSETEIRNNRAUBETRIN
1 R R RN R AR R R RN R R AR R R R R R R R AR R R R AR R R R AR R R R AR R R AR R R R AR R AR R R R R AR A RRRRRER]
2 2222222222222222 . 'OPERAND— AUTOCODER 222212
3 3333333333333333333333333333333333333333333333333333333353!333333333333333333
|
4- 4444444444444444 OPERAND-BASIC AUTOCODER I4“444444444444444H
i 55555555555555555555555555555555555555555555555555555555555‘555555555555555555
] 65666666666666666666666666666665666666666666666666666666556666666666666666666
IBM7270 AUTOCODER INPUT CARD :
OPERAND —AUTOCODER
PAGE| LINE LABEL |OPERATI
OPERAND= BASIC AUTOCODER | it I mnlnl|:u
| Basic autocooer cutPuT
9999999590999099999990999999999990999999909005030965994953999399999009999900999999908409]
12345678 30IRBUBEIBNANL2RUBZIARVNLIAFBIBRAN QOUSEH BN PIHBLISADORDHSBTRONN RN UERTIBR S
s aIs2es
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Line (Columns 3-5)

Label (Columns 6-15)

The first twenty-five lines on each sheet are prenumbered 01 through 25. Also
provided are five unnumbered lines at the bottom of the sheet that may be used
for additional lines or for inserts. Since provision is made for a three-character
line number for the sequencing of the coding entries on the sheet, inserts may
be readily made through the use of the optional third character. For example,
inserts between lines 10 and 11 may be made by writing 101, 102 and 103 or
10A, 10B, and 10C, etc. in columns 3-5 of the unnumbered lines and placing the
resulting cards after the card for line 10. Any alphameric characters may be
used for all three characters of the line number so long as the standard collat-
ing sequence is followed in sequencing the lines.

The sequence of the cards entered into the processor will be checked by the
page and line numbers punched in the source program deck. Any variation from
the collating sequence will be noted in the warning and error message area of
the program listing produced during a compilation. However, source-language
input will be compiled in the order encountered.

The label column is used to represent the location of data or instructions in the
machine. Only instructions or data which will be referred to elsewhere in the
program need have a label. In all other cases, the label column is blank. A
label may be a symbolic location or an actual address. Each symbolic label
must be unique, i.e., it may not appear more than once in the label column.

Operation (Columns 16-20)

The operation column contains either a macro statement or the mnemonic rep-
resentation of the machine operation to be performed. In certain cases, the col-
umn may be left blank. Actual machine operation codes are never used. The
Autocoder symbolic machine instructions and macro-instructions are composed
of from one to five alphameric characters, and are written left-justified in the
operation column. Operation codes are categorized as “declarative,” “control,”
and “imperative” statements. A description of these three types of statements
is contained on pages 20, 87 and 103, respectively. If an invalid operation is
used, a Nop will be generated.

Operand (Columns 21-75)

The operand contains the actual or symbolic address of the information which
is to be acted on by a particular command, or other parameters to be utilized
by a macro generator. The operand may contain 55 columns of information as
input to the Autocoder processor as opposed to the 40 columns for the Basic
Autocoder processor. When field definition, address adjustment, or indexing is
used in conjunction with the address, it is included in the operand. The operand
may contain the actual data to be operated on by an instruction, referred to as
a “literal.” It may also be used to specify index words, electronic switches, chan-
nels, units, channel and unit, arm and file, inquiry and unit record synchronizers,
latch numbers, and alteration switches.



Identification (Columns 76-80)

Program identification is punched into columns 76-80 of all cards in the source
program deck. The identification which appears on the first card of the source
program deck will be punched in the identification field of each card of the
object program deck and printed on each page of the output program listing
by the Autocoder processor. A means is thus provided for relating all output to
the proper symbolic source-language input.

Any alphameric characters acceptable to the 7070/7074 input/output equipment
may be used in the identification entry. Alphabetic and special characters will
print as such on the program listing. However, only the second digit of each
double-digit representation of these characters will be punched in the identi-
fication field of the condensed cards of the object program decks since these
cards must be numerical. For example, “A” will be punched as “1,” “*” will be
punched as “6,” etc. If the first card of the source program deck has a blank
identification field, the identification on the program listing will be blank and
zeros will be punched in the cards of the object program deck, the double-digit
representation of a blank being 00.

Remarks and Comments

Remarks and comments may be included for description. They will appear in
the symbolic output but will produce no entry in the object program deck and
consequently will not affect the operation of the program.

Remarks may be included anywhere in the operand, provided they are sepa-
rated by at least two blank spaces from the operand of the instruction. As noted
on page 60, an @ symbol may not appear in remarks which are on the same
line as an alphameric constant. Otherwise, remarks may include any acceptable
characters.

Comments cards allow the programmer to insert complete lines of descriptive
information in the program. A comments cards is identified by placing an aster-
isk in column 6 of the label column. Any part of the label, operation, or operand
columns may be used for the description. Comments cards are useful as descrip-
tive headings for various sections of a program, such as operating instructions,
or where the operand column of an instruction does not allow enough room for
necessary remarks.

Remarks and comments may be used in a program as follows

Line Label [Operation| OPERAND Basi
3 Sl6 1516 20J21 25 30 35 40 45 50
o1, XNET PAY claLcuLlaTiON . . . .. .. ... . ]
o2 | .., .. lzaa_ |erOSS, . PUT GROSS .PAY, IN ACC 4.\
o3 | ... .. . Isi . |TAX_ _, DEDUCT INCOME TAX ... . ./
o4 | ... .. . .Isa _ [FICA ., DEDUCT. FICA . ... . . . .\
05

I T ¥ e ——— D VD WD TD WS W SN SUS ST WA I W0 U R SN U S S S N S S W R S S S RN U S RS T §

b
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Parameters

Address Types

Blank

Actual

Symbolic

The following types of addresses may appear in the label and/or operand fields
of Autocoder statements: blank, actual, symbolic and literal. A description of
these address types and the rules governing their usage follow.

The label column may be blank if the corresponding entry is not referred to
elsewhere in the program. A blank operand is valid for certain machine opera-
tions (see Appendix D) and in the following control and declarative statements:

oriGIN Control
LiToriGiN Control
Exp Control
XRESERVE Control
srReSERVE Control

XRELEASE Control
SRELEASE Control

pc (Header Line)
pLINE ( Header Line)

A .
© PR

The effect of a blank operand varies for each of the control and declarative state-
ments in which it may appear. These are explained fully under the discussion
of the respective statements. If a Priority Release command has a blank operand,
the processor will insert 0097. In all other machine operations where a blank
operand is valid, the processor will insert 0000. If a blank operand is invalid,
an error message will be produced.

An actual address may be from one to four digits, written left-justified on the
coding sheet. Leading zeros may be omitted. An actual address is valid only
in the label and operand of symbolic machine instructions and in the operand of
certain macro-instructions and control statements.

In certain instructions, an actual operand may only assume values within a lim-
ited range, e.g., a value of 1 through 4 in an alteration switch instruction and a
value of 1 to 30 in an electronic switch instruction.

An actual address in the label column of a symbolic machine instruction will
cause the instruction to be assigned that actual location. The contents of the
location assignment counter being used will not be changed and the actual loca-
tion, with the exception of index word addresses, will not be reserved. Hence,
the programmer should be extremely cautious when using an actual label.

The following example illustrates the use of actual addresses in symbolic machine
instructions:

Line Label Operation| OPERAND (
3 56 15{16 20421 25 30 35 40 45
o .. ... Nop 32 ... o)
o3 0 . .. B‘..03.°l3u‘...........,.,.!
o5 | ..., . WP T N
016£ 1 S PO U S ' A i 1 L l(

A symbolic address is valid in the operand of most statements and in the label
column of all but the control statements. A syvmbolic address may contain from



one to ten characters with the following restrictions: the first, or leftmost, posi-
tion must be a letter; the remaining characters may be letters or numbers (no
special characters); blanks may not appear within the symbolic address. A sym-
bolic address placed in the label column of a declarative or imperative state-
ment is automatically associated with an actual storage location assigned by the
processor’s location counter. Further reference to a certain instruction may be
made or operations on a particular data field may be performed by writing the
symbolic name assigned to the instruction or data field in the operand of an
imperative, declarative, or control statement.

Consider the following example:

Line Label Operation| OPERAND é
3 sle 1slie 20j21 25 \ 30 35 40 45
01, ROUTINE | Z A1, FIELD, .. . .. L J_S
04 ,,.,.HB,H,_R,OAU_T,I_N,E,,H,H‘,l,,.,,,lAJ_(
05, T RIS R LJ

If FIELD is a one-word field assigned to location 3000, the first entry above will
result in the assembled instruction +1300093000. If the assignment counter had
been at 5000 when the first entry was encountered, the label rouTINE would have
been associated with location 5000. Thus the entry in line 04 above would result
in the assembled instruction —4000095000.

The asterisk, *, is a special symbol which is valid in the operand only. If an
actual address has not been written in the label column, the processor will assign
the location of the instruction being processed, contained in the location assign-
ment counter, to *. For example, if the instruction

Line [abel Operation OPERAND (
3 sle 1516 2021 25 30 35 40 45
oL \ ZAL, | %, A . .

O 2 1 v 1 i 4 1 1 A1 I I e 1 1 1 1 i} 4 1 A 1 .

1 3
10CaGon

4440, then the * in the operand of that instruction
the assembled machine instruction will

has been assigned to
will also be assigned location 4440; i.e.,
be +1300094440.

If an actual label has been entered in the label column and an * in the operand,
the processor will assign the actual address to *. Thus, the instruction

Line Label Operation OPERAND J
s 1516 2021 25 30 35 40 a5 )

o', 1324, , . ZAL ¢ . e

02 s i il 1 . 1 1 1 i 1l 1 Il 1 1 1 It 1 1 1 1 1 A e

would result in the assembled machine instruction +1300090324.

Use of the asterisk address will reduce the number of symbols required in the
label column. Unless there is a note to the contrary, the special symbol, *, may
be used as an operand address wherever this manual indicates that a symbolic
address is valid.

Parameters 9
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Avutomatic-Decimal Numbers
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A literal is the actual data to be operated on by an instruction. The literal is
valid only in the operand of an imperative statement, and its appearance causes
the processor to assign a storage location to the literal. In order to conserve
storage, literals are packed into words. The processor assigns field definers to
the literal and incorporates the storage address and field definers into the instruc-
tion being processed. Once a literal has been stored, it will be re-used each
time it is referenced again, except when the Litorigin Control statement is used
(see page 88). Address adjustment and indexing (both discussed in later sec-
tions) should not be appended to literals. Literals should not be used for tem-
porary storage, i.e., the operands of Store instructions should not be literals.

Certain imperative instructions (e.g., Priority Control, Index Word Load, Tape
Write) operate on full words and do not permit field control. If a literal which
is less than ten digits, or an adcon, is used as the operand of any of these instruc-
tions, it will be converted to ten-digit form by being right-justified in a word.
Thus, if —50 is entered as the address portion of an Index Word Load instruc-
tion (XL), the actual constant stored will be —0000000050. Also, assume that
ATABLE is the label of an instruction or data occupying location 2000. If the
adcon —ATABLE is entered as the address portion of an Index Word Load and
Interchange command (xLiN), the representation will be —0000002000, and,
at object time, the contents of the specified index word will be replaced by
—0020000000. In general, however, a literal should be written in the exact form
in which it is to be used with leading zeros included where necessary.

Four principle classes of literals are permissible: automatic-decimal numbers,
floating-decimal numbers, address constants (adcons), and alphameric constants.

A literal having either of the following sets of characteristics is included in the
automatic decimal class.

1. A signed number, one to twenty digits in length, which is referred to by a
macro-instruction. A decimal point may be included in the literal.

2. A signed number, one to ten digits in length, which is referred to by a sym-
bolic machine instruction. A decimal point may not be included in the literal.

An automatic-decimal number, referred to by a macro-instruction and described
by the first set of characteristics above, will be examined by the Autocoder
processor for decimal-point inclusion. A decimal point indicates the magnitude
of the number according to ordinary usage and the desired decimal-point place-
ment; it is neither stored in the constant nor saved with it Using Autocoder
macro generators, the processor generates instructions for shifting, decimal align-
ment, bridging words, and handling field definers. If the decimal point falls to
the right of the rightmost digit of the number, it may be omitted and the num-
ber will be considered an integer. The following are examples of automatic-
decimal literals which might appear in the operand of a macro-instruction:

1234567890123 . 4567890

—.12345

—1.23

+1

An automatic-decimal number described by the second set of characteristics
above is actually a subset of one described by the first set of characteristics.
Because the number is referred to by a symbolic machine instruction, the literal
is restricted to ten digits in length and all instructions for shifting and decimal
alignment must be written by the programmer.

An automatic-decimal number may also be defined by a pc subsequent entry

(see page 55).



Floating-Decimal Numbers

Address Constants (Adcons)

Alphameric Literal

Floating-decimal numbers are permitted as a literal entry in macro-instructions
only. A number may be expressed in the form

(+n) (10)

where n is an integer or decimal number of not more than eight digits and m is
a one-digit or two-digit exponent. Floating-decimal numbers are related to this
form and are. entered according to the format *nF+m. Thus, the number
—.12345678x10% would be represented by —.12345678F+3. If the sign preced-
ing m is omitted, m is considered to be positive. The exponent m may be omitted
if equal to 0, provided #nF is not followed by another literal entry. The Auto-
coder processor will consider the signs, the value of n, and the value of m, and
generate a standard 7070 floating-decimal word. The following are examples
of floating-decimal numbers which might appear in the operand of a macro-
instruction:

—3.4F

+34.567893F — 2

—31.92F+7

—29567.1F —3

+12546F+15

Additional examples of floating-decimal numbers may be found in the mM
Reference Manual “7070 Data Processing System,” form A22-7003-2.

A floating-decimal number may also be defined by a pc subsequent entry as
described on page 57.

An adcon is a special-purpose numerical literal used to produce a four-digit
constant whose value is the actual address assigned to a symbolic address. The
address constant is treated in the same manner as a numerical literal. An adcon
is entered in the form *svamsor. The following example illustrates the use of
an adcon:

Line Label IOperation OPERAND (
3 56 15{16 20j21 25 30 35 40 45
o1 ANYLABEL _|s FIELD, . .. . . Y
o3 | . .. B N,
0.4 B ZA1  [+ANYLABEL , . R

If the symbolic address, ANYLABEL, is assigned the actual location, 2000, the
use of the adcon, +aNYLABEL, in the operand of line 04 will cause the proc-
essor to produce a constant of +2000. If the address constant, +2000, is as-
signed to location 4576 with field definers (6, 9), the entry on line 04 would
result in the assembled instruction +1300694576. The execution of this instruc-
tion at object program time would place the number, +0000002000, the actual
address assigned to ANYLABEL, in accumulator 1.

An adcon may also be defined by a pc subsequent entry (see page 58).

An alphameric literal consists of alphameric characters preceded and followed
by the @ character. A literal in the operand of a symbolic machine instruc-
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tion may not be more than five characters in length and, in the operand of a
macro-instruction, may not be more than 120 characters in length. All char-
acters between the initial @ character and the second @ will be converted to
double-digit form and assigned to core storage locations. The sign of each word
used to contain the characters will be alpha. If the constant produced by a
literal is more than one word in length, but not a multiple of five alphameric
characters, the double-digit representation of alphameric blanks will be gener-
ated in the unused low-order positions of the last word of the constant, i.e., the
constant will not be packed.

Alphameric literals may not include the @ character. Alphameric literals may,
however, contain any other character (except for the record mark) which may
be read by the input device used.

The following are examples of alphameric literals which might appear in the
operand of macro-instructions or symbolic machine instructions:

@ABCD@
@Al100X@
@12345@

@.O+5°@
@—/%%@

The following literal would be valid in the operand of a macro-instruction only:

@THIS LITERAL IS LONGER THAN 5 CHARACTERS @

Alphameric constants, including those containing the @ character, may be de-
fined by a pc subsequent entry (see page 60).

Field definition may be written immediately following the operand address of
symbolic machine instructions. The field definers are the digit positions of a ten-
digit word numbered 0 to 9. The format for entering field definers is as follows:

Line Label [Operation| OPERAND Basic Aufocodg
3 5|6 1516 20)2! 25 30 35 40 45 50 55
o, |, \ ‘ ADDRESS(STARTPOSITION,ENDPOSITION) S
oz | v oL AN A

The starting and ending positions are the field definers. When operating on a
single digit, the comma and ending digit position may be omitted. Field definers
may be omitted entirely when operating on a whole word or a field defined by
a declarative statement (see pages 22 through 81).

Field definition may not be used in the operand of a macro-instruction. How-
ever, both macro-instructions and symbolic machine instructions may refer to
the label of a Define Area (pa), Define Constant (pc), or Define Line (pLINE)
subsequent entry, each of which may specify field definition.

Autocoder symbolic machine operation codes which permit field definition to
be associated with the address are indicated in Appendix D. Field definition



Address Adjustment

may be used with both actual and symbolic addresses as illustrated in the fol-
lowing examples:

Line | Label peration OPERAND [
3 516 13)i6 20[21 2% 30 35 40 Q\
T P T T
o2 | .. . .. . |aa . IMANNO(O.2), ., ., . .. .. o
os | stz [1024(2.8) ... ... o \.. .|
0.4 o ZAL ALPHA(S), . N
os | . Jca . IMANNO(O.9), . .. ... . ......)
os | last  l1024(0.9), . ... . ... ... C(
o7 | . lzasr  lsymBoOL(2.3), , ., .. . ... )
oe | e

In lines 05 and 06 above, field definers (0, 9) could have been omitted since the
instructions will be operating on the entire word.

When used with literals, field definition will be relative to the literal itself. Thus,
the adcon —syMBoL(2, 3) refers to the third and fourth digits of the location
assigned to symsor. If location 9876 has been assigned to sYMBOL, —SYMBOL
(2, 3) would be equivalent to —76. (See “Relative Field Definition” on page
41.)

Address adjustment allows the programmer to refer to an entry which is a given
number of locations preceding or following a symbolic address. Address adjust-
ment is permitted with adcons and with all symbolic addresses, except the single-
address operand of a prRow statement (see page 78). It should not be used with
actual addresses or other literals.

With symbolic machine instructions, address adjustment is indicated by writing
a plus or minus sign followed by one to four digits immediately after the sym-
bolic address and following any field definers.

Address adjustment with symbolic machine instructions is written as follows:

Linel Label Epercﬁon OPERAND j
3 sle 1s|i6 20[21 25 30 35 40 as
OV, v L MANNO+S | ., . AJS
02 T B IMA,N,N‘O,"‘Z, T L J
o3 | . .  MANNO(O.2)t5 .. .. . .\
oo | A )
o5 | ., . x(0,4)t10 , ., ., e

PO U S TSN G S WY M S S S S P Nt 1 1 J{

06

If location 2150 has been assigned to the symbolic address ManNo, then 2155
will be assigned to MaNxo+5, and 2148 will be assigned to maxxo—2. The entry
vaxyo (0, 2)+5 refers to the first three digit positions of location 2155. Simi-
larly, if 2196 is the location of an instruction containing *—1 as an operand,
then location 2195 will be assigned to this operand.

With macro-instructions, address adjustment is indicated by writing a plus or
minus sign followed by one to four digits after the symbolic address. The sign
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and digits must be enclosed by parentheses. The left parenthesis must be in the
column immediately following the last character of the symbolic address being
modified, except when the address adjustment goes to a continuation card (see
“Continuation Cards”).

Address adjustment with macro-instructions is written as follows:

LineJ Label Pperation OPERAND ‘g
3 5(6 1516 20[21 25 30 35 40 45
N T B o T ¢
X2 D T R e o
o3 | . . oo e

If location 1560 has been assigned to the symbolic address wvist, then 1563 will
be assigned to risT (+38), and 1550 will be assigned to List ( —10).

Address adjustment of an adcon will cause a special function. The value of the
address will be modified before the constant is created. Address adjustment of
an adcon in a symbolic machine instruction is written as follows:

LineJ Label J?perction OPERAND S
3 sle 1s)is 20[21 25 30 35 40 a5

ot, IANYLABEL, ZA4, |[+ANYLABEL4A

0
02 ‘\

P R S { [ S S T T TV S S VA WS SN TN WS WY S SR S T S

If ANYLABEL is assigned to location 2000, the above entry will cause the creation
of a literal (or adcon) value of 2001 to be stored for reference. In a macro-
instruction, the format in the operand would be +ANYLABEL(+1).

The programmer should be careful when using address adjustment since it may
become a source of error when a program is modified. For example, inserts and
deletions of program entries could change addresses in such a way that *+10
should now be *+9. It should also be noted that since it is not known how
many machine instructions will be generated in place of a macro-instruction,
address adjustment must not be used on a symbolic label in amounts that would
carry the address into or across a macro-instruction.

The use of an index word in an instruction for the purpose of indexing will cause
the indexing portion of the index word to be added algebraically to the address
portion of the instruction and this new address is used for the operation. Index-
ing of symbolic and actual addresses may be specified in the operand of all
imperative statements and Branch Control and End Control statements. Literals
should not be indexed.

With the Branch Control and End Control statements and with symbolic ma-
chine instructions, the address of an index word follows the operand address,
after field definers and address adjustment, if any, and is always preceded by a
plus sign. An index word may be written svmbolically or as the actual one- or
two-digit number (1-99). When a symbolic rame is used, the processor will



Uses Other Than
Indexing

automatically assign an actual index word address. When the actual number
is used, the format is Xn. The X indicates that an index word address rather
than address adjustment follows the plus sign. The n is the actual one- or two-
digit number of the word. When used for other than indexing purposes, the
form Xn will be considered a symbol. Indexing with Branch Control and End
Control statements and symbolic machine instructions is written as follows:

Lini Label fperaﬁon OPERAND (
3 5|6 t5)16 20j21 25 30 35 40 45
o 1. L O MANNOAX2,
oz | 1 IMANNO—A5+X2 .. . ... . ... .\
os | .. | . IMANNO(O,4)+15+L0OP ., . . .|
oa | T 123484 X2
o5 | ... 1., le3saa+troor ., . .. N\
oe || . 123440,0,5)+LO0OP, . . .. . .. ...

Autocoder will interpret +X2 as index word 2 and +Loop as the symbolic des-
ignation of an index word. Note that blanks are not permitted within the address
modification.

With macro-instructions, the address of an index word follows the operand
address and is enclosed by parentheses. The left parenthesis must be in the
column immediately following the last character of the address being modified,
except when the indexing goes to a continuation card (see “Continuation
Cards”). Actual index word numbers are not preceded by an X and the actual
or symbolic index word is not signed. In macro-instructions, the absence of a
plus or minus sign preceding an index word distinguishes the index word from
a signed, one- or two-digit address adjustment. If both address adjustment and
indexing are used, one set of parentheses must enclose them both and the index-
ing must precede the address adjustment. Indexing with macro-instructions is
written as follows:

Line Label EpercﬁonL OPERAND J
3 5|6 15[16 20i21 25 30 35 40 45
or .. . 1. ITABLE(ROW), . .\ v

oz | . . | lLisTa34), L, e
o3 | ... 1. JtaBLE(ROW-40) ., . ... ... (
os | ... O lisTezarary L

Autocoder will interpret 34 as index word 34 and row as the symbolic desig-
nation of an index word. Note again that blanks are not permitted within the
address modification and, also, that field definition may not be used with macro-
instructions.

Index words may be specified in symbolic machine instructions as the first entry
in the operand of index word commands such as Index Word Load (xv) and
Index Word Load and Interchange (xrix). They may also be used in com-
mands such as Record Gather (rc) and Record Scatter (rs). The specification
of an index word in a symbolic machine instruction does not prevent the use of
indexing. The index word may be written in actual or symbolic form. When
written in actual form, however, only the one- or two-digit address of the index
word should be written; Xn would be interpreted as the symbolic designation
of an index word.
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The following are examples of the use of index words for other than indexing

PUIPOSCSI

Line-l Label lOperoﬁon OPERAND 7
3 S|6 1516 20J2¢ 25 30 35 40 45
ot b v Xt . |2 CONSTANT, . . . . .. . ...
o2 | . IxL , |x3,+0000010400 ... . . . .3
o3 [ . Ire. .  I|BASE,scATAREA .. (C

BasE and X3 will be interpreted as the symbolic designation of an index word
and 2 as index word 2.

Electronic Switches

Electronic switches may be referred to by a symbolic name or by their one- or
two-digit actual number (1-30). Symbolic names may be assigned to an actual
switch number by use of the declarative statement EQU (see page 82). As
explained later, symbolic references to electronic switches will be assigned to
an actual address during compilation.

»  Unlike index words (see page 18), electronic switches will not be reserved
if the location assigned to an imperative statement or if any location defined by
a declarative statement falls within the range 0101-0103.

Instructions referring to electronic switches are written as follows:

Line_l_ Label JOperotion OPERAND <
13 5|6 15]16 20j21 25 30 35 40 4
ot !, ... |BES [19,cOMPUTE . )
02 oo .. . lBSF lEND,LOOP .
o3 | ... ... ESN 28 ., . . . . )

ExD will be interpreted as the symbolic designation of an electronic switch and
19 and 28 as electronic switches 19 and 28.

Input/Output Unit and Alteration Switch Designations

The following items may be specified in actual or symbolic form in the operands
of those instructions which refer to the particular items: channel, unit, com-
bined channel and unit, combined arm and file, unit record synchronizers, in-
quiry synchronizers, and alteration switches. The declarative operation EQU is
used to equate symbolic names to item numbers (see page 85).

16



Continuation Cards

Certain Autocoder statements make provision for more parameters than may
be contained in the operand (columns 21-75) of a single line on the Auto-
coder coding sheet. When this is the case, the appropriate section of this manual
will indicate that “Continuation Cards” may be used. Thus, when specifically
permitted, the operand of a given line on the Autocoder coding sheet may be
continued in the operand of from one to four additional lines which immediately
follow.

The label and operation columns must be blank and the continuation of the
operand must begin in column 21; ie., it must be left-justified in the operand
column of the coding sheet. The operand need not extend across the entire
operand column of either the header card or continuation cards but may end
with the comma following any parameter. Remarks may appear to the right of
the last parameter on each card provided they are separated from the operand
by at least two blank spaces.

Ilustration of the use of continuation cards are included throughout the examples
illustrating the various statements.

If a continuation card follows a statement that does not permit continuation
cards, the compiler will generate a Nop and issue an error message. Additional
restrictions regarding the use of continuation cards with macro-instructions ap- .
pear on page 106.
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The assignment of actual addresses to symbolic index word and electronic switch
names occurs in Phase III of the Autocoder processor. The initial availability
of index words and electronic switches is determined by a table which is included
in the Compiler Systems Tape. This table originally indicates that index words
1 through 96 and electronic switches 1 through 30 are available for assignment
to symbolic references; index words 97 through 99 are not available. The initial
setting of this table may be altered, however, as described in the 7070/7074
Data Processing System Bulletin “1Bm 7070/7074 Compiler System: Operating
Procedure,” form J28-6105.

During the first pass of Phase III, references to the actual addresses of index
words and electronic switches are collected and the availability table is updated.
At the end of this pass, the table indicates which index words and electronic
switches are not available for assignment to symbolic references.

Both index words and electronic switches may have been made unavailable
before the start of assignment in one of the following ways:

1. The initial setting of the availability table indicated that the index word or
electronic switch was not available for assignment.

2. The one- two-digit number of the index word or electronic switch was used
in the operand of a symbolic machine instruction to specify indexing or as a
parameter which is always an index word or electronic switch, e.g.,

Line_l Label Eperaﬁont OPERAND (
3 5|6 15]16 20j21 25 30 35 40 45
o1l ... . leLx |s,Location . . . .. )
°2 | . ., , ., |ESN 126 , ., ...

3. The one- or two-digit number of the index word or electronic switch was used
in the operand of an EQu statement, e.g.,

Line Label peration| OPERAND (
3 Sl6 15/16 20j21 2% 30 35 40 45
ol INAME . EQU  [3.X ., ]

When the index words or electronic switches are reserved because of actual
usage in the statements described above, the position or order of the statements
within the program is not important; any such reference will make the index
word or electronic switch unavailable at the end of this pass.



During the assignment pass of Phase III, index words and electronic switches
are reserved as they are encountered during assignment. Index words and elec-
tronic switches may be reserved in the following ways. The first two methods
apply to both index words and electronic switches; the third applies only to
index words.

1. During the assignment pass, each instruction is examined for reference to the
symbolic name of an index word or electronic switch. When such a reference
is found, an actual address is assigned and the availability table is changed
so that the assigned index word or switch is no longer available for later
assignment.

o

If the one- or two-digit address of an index word or electronic switch is used
or is included in the operand of an XRESERVE Or SRESERVE statement (see page
99), the corresponding index word or electronic switch is reserved.

3. If a statement has been assigned an address in the index word area
a. by means of an actual label or

b. by means of an oriGIxN statement which refers to an actual address

the corresponding index word will be reserved. These entries should normally
appear at the beginning of the program or immediately following each
LITORIGIN statement. Otherwise, symbolic names may have previously been
assigned to these same index words. (This method does not apply to elec-
tronic switches.)

The preceding methods allow efficient use of index words and electronic switches
during a sectionalized or multi-phase program, particularly when used in con-
junction with the L1TORIGIN statement. Extreme caution should be used, however,
to avoid the conflicting usage of an index word or electronic switch which may
result from the assignment of more than one name or function to the same
address.

If the symbolic name or actual address of an index word or electronic switch
appears or is included in the operand of an XRELEASE Or SRELEASE statement (see
page 101), the specified index word or electronic switch will again be made
available, regardless of the method by which it was reserved. It will not, how-
ever, be used for symbolic assignment until all other index words or electronic

switches have been assigned for the first time.

If, at any time during the assignment pass, the compiler finds that there are no
more index words available for assignment, the warning message “No MORE
INDEX WORDS AVAILABLE will be placed in the object program listing, the table
will be altered to show that index words 1 through 96 are available, and the
assignment will continue as before. If the compiler finds that there are no more
electronic switches available for assignment, the warning message “NO MORE
ELECTRONIC SWITCHES AVAILABLE  will be placed in the object program listing,
the table will be altered to show that electronic switches 1 through 30 are
available, and assignment will continue as before. The resultant conflicting
usage of index words or electronic switches may be avoided by reducing the
number of symbolic names used, e.g., through the proper use of the EQU,
XRELEASE, Or SRELEASE statements.

As noted in Appendix C, index words 97 through 99 are never available for
assignment to symbolic names by the compiler; also, index words 93 through 96
may have been made unavailable for assignment.

Index Words & Electronic Switches 19
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Autocoder declarative statements provide the processor with the necessary in-
formation to complete the imperative operations properly. Declarative state-
ments are never executed in the object program and should be separated from
the program instruction area, placed preferably at its beginning or end. Other-
wise, special care must be taken to branch around them so that the program will
not attempt to execute something in a data area as an instruction. If the com-
piler does encounter such statements, a warning message will be issued. 7070/7074
Autocoder includes the following declarative statements: pa (Define Area), nc
(Define Constant), prow ( Define Record Definition Word ), psw (Define Switch),
pLINE (Define Line ), EQu (Equate), copk, orr (Define Tape File), piocs (Define
Input/Output Control System), and pur (Descriptive Entry for Unit Records).
DA, DC, DTF, and DLINE require more than one entry.

The pa statement is used to name and define the positions and length of fields
within an area. The pc statement is used to name and enter constants into the
object program. Since the 7070 and 7074 make use of record definition words
(rRows) to read, write, move, and otherwise examine blocks of storage, the pa and
pc statements provide the option of generating rows automatically. When so
instructed, Autocoder will generate one or more Rows and assign them successive
locations immediately preceding the area(s) with which they are to be associated.
An row will be of the form *00xxxxyyyy, where xxxx is the starting location of
the area and yyyy is its ending location. These addresses are calculated auto-
matically by the processor.

In some cases, it may be more advantageous to assign locations to Rows associated
with pa and pc areas in some other part of storage, i.e., not immediately preceding
the pA or pc areas. The prRow statement may be used for this purpose. The prow
statement may also be used to generate an row defining any area specified by the
programmer.

As many as ten digital switches may be named and provided by the psw state-
ment for consideration by the sersw and Locic macro-instructions. Each switch
occupies one digit position in a word, can be set oN or oFF, and is considered
as logically equivalent to an electronic switch. It cannot, however, be referred
to by electronic switch commands, e.g., EsN, BsN, etc. An individual switch or
the entire set of switches in a word may be tested or altered as desired.

Through use of the pLINE statement, a means is provided for specifying both the
editing of fields to be inserted in a print line area and the layout of the area itself.
The area may include constant information supplied by the programmer. The
area may also be provided with additional data during the running of the object
program by means of EDMOV or MOVE macro-instructions.

The declarative statement EQU permits the programmer to equate symbolic
names to actual index words, electronic switches, arm and file numbers, tape chan-
nel and unit numbers, alteration switches, etc., and to equate a symbol to another
symbol or to an actual address.

The piocs, pTF, and DUF statements are used when required by the Input/Output
Control System. procs is used to select the major methods of processing to be
used, and to name the index words used by 1ocs. Each tape file must be described



by Tape File Specifications, produced by pTFs. In addition to information related
to the file and its records, the File Specifications contain subroutine locations and
the location of tape label information. A DUF entry must be supplied for every
unit record file describing the type of file and the unit record equipment to be
used. The pur also supplies the locations of subroutines written by the user that
are unique to the file.

A full description of the p1ocs, PTF, and DUF statements is contained in the 7070
Data Processing System Bulletin “IBM 7070 Input/Output Control System,” form
J28-6033-1. Brief descriptions of these three declarative statements and detailed
descriptions of the formats and functions of each of the other 7070/7074 Auto-
coder declarative statements follow below.

Declarative Statemenis 21



DIOCS —Define Input/Output Control System
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When the Input/Output Control System is to be used in a program, a DIOCS
statement must be used to select the major methods of processing to be used.
This statement also allows the naming of the index words used by 1ocs.

The basic format of the procs statement is as follows:

Line Label bperuﬁm OPERAND Basic Au'o:oder—»’ Autocoder
3 sis 15016 20j21 25 30 35 40 45 50 F1] 60! 6

o1, ANYLABEL DIOCSIOCSIXF,lOCSlXG,,|OCSIXH.C.HANH..OPENn. EORN|,CHPT,, I GEN,n
02 . Ly L PP N

ANYLABEL is any symbolic label; it may be omitted. The entry procs must be
written exactly as shown.

The first item in the operand, 1ocsixr, is used to specify the first 10cs index
word for programs using tape files. This item may be a symbolic name or an
actual one-digit or two-digit index word address in the range 3-94. If the first
item in the operand is omitted, the symbolic name 10csixr will be assigned.
When an actual index word or a symbolic address is specified, Autocoder will
equate the name 10GsIxr to it.

The second item in the operand, 10csixg, is used to specify the second 10cs index
word for programs using tape files. This item may be a symbolic name or an
actual one-digit or two-digit index word address in the range 3-94. If the sec-
ond item in the operand is omitted, the symbolic name 1ocsxe will be assigned.
When an actual index word or a symbolic address is specified, Autocoder will
equate 10CSIXG to it.

The third item in the operand, 1ocsixm, is used to specify an 1ocs index word for
pragrams using unit record files. This item may be a symbolic name or an ac-
tual one-digit or two-digit index word address in the range 3-94. If the third
item in the operand is omitted, the symbolic name 1ocsixe will be assigned. When
an actual index word or a symbolic address is specified, Autocoder will equate
IOCSIXH to it.

The fourth item in the operand, cuaNn, is used to specify the number of the
highest tape channel to be used by the program. Thus, the programmer would
write CHAN], cHAN2, cHANS, or cHAN4 to show that the program was to use
channel 1, channels 1 and 2, channels 1, 2, and 3, or channels 1, 2, 8, and 4,
respectively.

The fifth item in the operand, opExn, is used to specify the method of handling
the oPEN macro-instruction. The value of n may be 1-6. If 1 or 5 is used, the
special procedure discussed under “Use of opex]” in the “BM 7070 Input/Output
Control System” bulletin should be followed.

L. Tf opex1 is entered in the operand, the oPEN subroutine will not be preserved
in storage after it is used; other subroutines will be loaded into the locations



used by the opEN subroutine. Thus, all tape files must be opened at the same
time. The prrs and File Schedulers must have been loaded into storage
before this routine is loaded and executed.

9. If opEN2 is used, the OPEN subroutine will be retained in storage for use
whenever needed.

3. If opENS is entered in the operand, the OPEN subroutine will be written on
the tape provided for checkpoint records and read into storage whenever
needed. The storage locations required for the opEN subroutine will be used
for other subroutines during the time the OPEN subroutine is on tape. When
oPENS is specified, EOrl and cuPT must also be specified.

4. If opEn4 is used, the OPEN subroutine will be retained in storage for use
whenever needed as for opEn2, except that Form 3 and Form 4 records
cannot be processed and three input/output areas cannot be used for one file.
The opEx4 subroutine will occupy fewer storage locations than the oPEN2
subroutine.

5. If the three-area rotating method is used, either OPEN3 or OPENG must be
specified. opENS and OPENG contain provisions for the three-area rotating
system; otherwise they are the same as opEN] and OPENZ, respectively. The
prrs and File Schedulers must have been loaded into storage before OPEND
is loaded and executed.

The sixth item in the operand, EORn, is used to specify whether tape labels are
to be processed in the End-of-Reel subroutines. The value of n in EORn may be
either 1 or 2.

1. The use of Eorl in the operand specifies that the reading or writing of tape
labels is to be determined by the LABELINF entry in the appropriate pTF for
each input and output file. Eorl is required when OPENS3 and/or CHPT is

specified.

9. 1f EoR2 is used in the operand, none of the input tapes may have labels nor
will any labels be written on output tapes.

The seventh item in the operand, caprT, is used to specify whether checkpoint
records are to be written. If cHPT is entered in the operand, checkpoint records
will be written under the control of the pcHPT statement; EORL must also be speci-
fied. If cupr is omitted from the operand, no checkpoint records may be written.

The eighth item in the operand, IGEND, is used to specify the use of spoor pro-
grams and illegal double-digit character checking in the 10cs tape error sub-
routine. The value of the final n in 1GEXn may bel, 2,3, 0r4.

1. Entering 1Gex1 in the operand indicates that a spooL program(s) may operate
with this main program and that the tape error subroutine is to check for
illegal double-digit characters.

o

Entering 16EN2 in the operand indicates that a spooL program(s) may operate
with this main program but that the tape error subroutine will not check for
illegal double-digit characters.

3. Entering 16eN3 in the operand indicates that a spooL program will never be
run with this main program but that the tape error subroutine is to check
for illegal double-digit characters.

4. Entering 1cEx4 in the operand indicates that no spooL program can be run
with this main program nor will the tape error routine check for illegal double-
digit characters.
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Processing Techniques The procs statement may appear only once in a program. As noted previously,
the first three items in the operand may be used to specify names for certain
index words used by the Input/Output Control System. Each of the remaining
entries is used by Autocoder to determine the version of the corresponding 1ocs
subroutine that will be produced. Since the generated material is located at the
point where the procs statement is encountered, the programmer should not
include the procs statement within a series of imperative statements.

As noted previously, 10csixF, 10cs1xG, 10Gs1xH, and/or cHPT may be omitted from
the operand. In each case, separating commas must be written. Thus, if all four
of the above items are omitted, the operand would appear as follows:

Lini, Label peration OPERAND —g
3 _sle 15\t6 20J21 28 30 3s 40 45
o!, ANYLABFL, . [pl1,0CSl, +2.CHANN, OPENN ., .E ORn,,, I GENn

0 2 il i Il It — L F . T | V. | 1 TR 1 i b W S SR W S

If a procs operand does not contain eight items ( including omitted items indi-
cated by a separating comma) the 1ocs subroutines will be generated as though
the following procs statement had been entered:

Line Label peration OPERAND BQTIS
3 sle 1516 2021 2s 30 35 40 45 50
o1, JANYLABEL _[D1.0CS|, ., CHAN2 OPEN2,EOR4 ,CHPT , 1GENA
02

A - L i L, N PR n

If any of the individual items in a procs statement are invalid, the processor will
generate one of the following subroutines corresponding to the invalid item:
CHANZ2, OPEN2, EORI, CHPT, or IGEN]. Thus, an incorrect entry as the fourth item
in the operand would cause the processor to assume cHANZ, etc.

Error and Warning CHAN ENTRY INVALID. TWO CHANNELS ASSUMED

Messages If the caann entry does not specify cHANI or cHANZ, two channel schedulers

will be generated.

CHPT ENTRY INVALID. CHPT INCLUDED
If the curr entry is neither blank, nor “cupr,” this message will be produced.
The checkpoint routine will be generated.

CHPT REQUIRES EORl. EOR] GENERATED
If the curr entry is not blank and if the Eorn entry specifies EOR2, this mes-
sage will be produced. Eorl will be generated.

EOR ENTRY INVALID. EOR] ASSUMED

If the Born entry does not specify Eorl or E0r2, Eorl will be generated.



IGEN ENTRY INVALID. IGEN1 ASSUMED

If the 1GEND entry is not in the range 1GEN1 to 1GEN4, 1GEN] will be generated.

IMPROPER OPERAND. CHANZ2, OPEN2, EOR], CHPT, IGEN] ASSUMED

If the operand of the piocs entry does not contain 8 parameters, this message
will be produced. An 10cs package consisting of the items named in the mes-
sage will be generated.

IOCSIXF (G, H) ENTRY OUT OF RANGE, IGNORED

If any of the index words in the procs entry is specified as actual, and if it does
not lie in the range 3-94, this message will be produced. The specified index
word will be ignored.

OPEN ENTRY INVALID. OPEN2 ASSUMED

If the oPEND entry is not in the range oPEX] to oPENS, OPEN2 will be generated.

OPENS REQUIRES CHPT. OPEN2 GENERATED

If the oPEND entry specifies opEN3 and if the cuPT entry is blank, this message
will be produced. opEx2 will be generated.

DIOCS 25



DTF —Define Tape File

Source Program Format

DTF Header Line

DTF Subsequent Entries

Processing Techniques
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Each input and output tape file required by a program must be described by a
set of File Specifications in a prF statement. The pTF statement consists of a
header line and 35 subsequent entries which describe the file, subroutine locations
supplied by the user, and the location of tape label information. These lines are
entered on the 7070 File Specifications Coding Sheet shown in Figure 3.

Each p1F statement causes the generation of a nine-word File Specifications
Table and a Tape File Scheduler which are used by the Input/Output Control
System in conjunction with input and output tape file operations. In addition,
the Autocoder compiler used the information furnished by the prF in order to
generate the proper instructions when the name of the file is used in a macro-
instruction.

The basic format for the prr header line is as follows:

Line peration| OPERAND
3 Sl6 16 20J21 25 30 3s 40
DTF.__|FILENAME . L

ol /ANYLABEL,

Label

)
ry

BRPNCIN

02

ANYLABEL may be any symbolic label; if it is omitted, the processor will generate
a label. The entry pTr must be written exactly as shown. The operand must
contain the name of the tape file defined. This name will be used in the operand
of macro-instructions which refer to this tape file.

Although the line numbers for each prF subsequent entry need not be the same
as those which appear in the File Specifications Coding Sheet, a card must
appear for each line, in the order shown. If a prr does not consist of exactly
36 entries, the processor will discontinue compilation. A label for each line i
not necessary unless the entry will be referred to by the program; the labels of
other entries may be blank. The operand for each entry must be as specified
in the bulletin, “1BMm 7070 Input/Output Control System.”

Since the Input/Output Control System requires that all File Specifications
Tables appear in consecutive locations, the programmer must insure that all pTrs
are entered together at the desired point in the program. The processor will
determine the location of the first pTF encountered and make this location avail-
able to the appropriate input/output routines. A nine-word constant will be
assembled at the point where each prF is encountered.

In addition, the processor will generate a corresponding Tape File Scheduler.
This scheduler will be located with literals, adcons and other material generated
out-of-line; placement may be determined by use of a LiTORIGIN statement.
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When the processor finds that all consecutive pTFs have been assembled, it will
generate a NOP to signal the end of the series of Tape File Specifications Tables.
If a separate DTF is encountered at some later point in the program, it will not be
included in the series of File Specifications Tables and a warning message will
be issued. The prF will, in general, be assembled properly, but a corresponding
File Scheduler will not be generated. Therefore, the ninth word of the assembled
prF will not contain the customary address of a File Scheduler. In addition, the
assembled pTF will not be available to the Input/Output Control System during
the object program unless it is moved to a point within the previously mentioned
series of File Specifications Tables and the address of an appropriate File Sched-
uler inserted in the ninth word.

The product of the blocking factor (BLOCKING, line 11) and the tape input/output
areas (TIOAREAS, line 17) in the prF for a particular tape file determines the num-
ber of areas to be specified in the header line of the pa entry which defines the
area for the tape file records. (See “N (Area Number),” page 32.)

When the name of an input or output file is to be used in Autocoder macro-
instructions which are not a part of the Input/Output Control System, the fol-
lowing requirements must be considered:

1. The name of the file used in the operand of the pTF entry must be identical
to the name of the pa entry which defines the areas for the input or output
records.

)

The operand of the pa entry which defines the areas must specify an implicit
index word and that index word must be the same as the operand of the
INDXWRDA entry in the appropriate pTF.



DUF —Descriptive Entry for Unit Records

Source Program Format

When unit record files are to be handled by the Input/Output Control System,
a puF entry for each file must be supplied which describes the type of file and
the unit record equipment to be used. The pur entry also supplies the locations
of subroutines written by the user that are unique to the file.

The basic format of the pur statement is as follows:

LineJ Label Operation OPERAND Basi
3 sle 15)i6 2021 25 30 35 40 a5 5
ol [ANYLABEL , DUF [FILENAME, FILETYPE,CARDSYNC, T
°2 (., ., ., ., ...},  , LISTADDR,INDXWORD,6EOFADDRS,. 7
03 | | - .. |[ERRADDRS,  ,  , ., . o

ANYLABEL is any symbolic label; it may be omitted. The entry pur must be
written exactly as shown.

The first item in the operand, FILEXAME, is the name of the unit record file to
be described by the pur entry. This name will be used in the operand of macro-
instructions which refer to this unit record file.

The second item in the operand, FILETYFE, is a one-digit number from 1 through
4 to specity the type of unit record file and the operating conditions. »

1. A 1 indicates that the unit record file is an input file and that the input unit
used by the file will never be shared with a spooL program.

2. A 2 indicates that the unit record file is an output file and that the output
unit used by the file will never be shared with a spooL program.

3. A 3 indicates that the unit record file is an input file and that the input unit
may be shared with a spooL program. - :

4. A 4 indicates that the unit record file is an output file and that the output unit
may be shared with a spooL program.

The third item in the operand, campsync, is a one-digit number to specify the
synchronizer to be used for the unit record file. A 4 must be used when an input
file is to be read through an 18M 7501 Console Card Reader.

The fourth item in the operand, LisTADDR, is the address, either actual or symbolic,
of the row(s) for the unit record area generated by a pa or prROW statement.

The fifth item in the operand, mpxwor, is either a two-digit number from 03
through 94 or a symbolic name which specifies the index word to be associated
with the unit record file. The indexing portion (positions 2 through 5) of the
index word will contain the location of the first word of the current unit record.

The sixth item in the operand, EoFADDRs, is an optional address that may be either
actual or symbolic. The address specifies the location of a card reader end-of-file
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Processing Techniques

Error and Warning
Messages
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routine or a printer carriage tape channel 9 routine to be entered if either condi-
tion occurs. When this item is omitted and a card reader end-of-file condition
occurs, the program will come to a programmed halt if no spooL program is to be
run in conjunction with it. If a spooL program is to operate in conjunction with the
program, the program will enter a loop to permit the spooL program to continue.
When this item is omitted, a channel 9 condition occurring during the printing
of a unit record file will have no effect and the program will continue normally.

The seventh item in the operand, ERRADDRS, is an optional address that may be
either actual or symbolic. The address specifies the location of an error routine
which will be entered when an error occurs during the execution of a macro-
instruction which refers to the file named in the first item of the pur entry. If
this item is omitted and an error occurs, the error record will first be typed on
the console typewriter. When the file is an output file, the error record will also
be punched or printed and processing then resumes automatically. When the file
is an input file, the operator may correct the error card immediately and read it
in again or he may depress the Start key and resume processing if immediate
correction is not required.

The pur entries are entered with the source program when the program is
assembled. They should be positioned in the same manner as declarative
entries.

As noted earlier, the sixth and seventh items in the operand are optional. When-
ever the sixth item is omitted and the seventh item is included, the omission of
the sixth item must be indicated by a comma; i.e., two commas will appear
between the fifth and seventh items. When both items are omitted, commas
are not required; only the first five items need appear in the operand.

The following error and warning messages will be issued during assembly under
the conditions specified.
ACTUAL ADDRESS NOT ALLOWED

This message is issued if FILENAME is not a symbolic name. The entire pUF
statement is ignored.

AN ELEMENT OF THE OPERAND STARTS ILLEGALLY

This message is issued in connection with the pur if either of the following
conditions occur:

1. The character following a comma is not alphabetic, numerical, blank or
comma.

2. FILENAME begins with a blank.

Processing will occur on all parameters (if any) which appear before the para-
meter in error; the remainder will be ignored.

LABEL SHOULD BE BLANK

This message is issued if any continuation cards for the pur operand have an
entry in their label column. The entry is processed properly but the label is
ignored; if referenced by the program, it will be undefined.



OPERAND OUTSIDE OF ALLOWABLE RANGE
This message is issued if:

1. FoeTYPE is not 1, 2, 3, or 4.
2. campsyncisnot 1, 2, 3, or 4.
3. 1~pxwor, if actual, is greater than 99.

The processor assumes that the value is 1 and normal processing continues.

STMNT SHOULD OR SEEMS TO BE ENDED BUT CARDS REMAIN

This message is issued if there are continuation cards remaining but the cur-
rent card includes the seventh parameter or ends with a blank. The remaining
cards are ignored.

SYMBOLIC ADDRESS NOT ALLOWED

Issued if FILETYPE or cARDSYNC begins with an alphabetic character. Preceding
parameter(s) will be processed; the remaining parameters are ignored.
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Source Program Format
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The declarative statement, pa, may be used to define and reserve any portion of
storage. An area may be reserved for use as an input, output, or work area, or
contiguous areas may be reserved to contain a number of records, all of which
are identical in format. The pa statement instructs the processor concerning the
positions, lengths, and names of fields which make up the record area(s) being
defined, as well as the characteristics of the data which is to occupy each field.
Such characteristics include format, implied decimal-point position, and double-
or single-digit representation. Locations, field definers, and, if specified, implicit
indexing are assigned by the processor to enable the programmer to refer to the
fields by name in imperative statement operands. Thus, the programmer need
not be concerned with the actual locations of the fields within storage. It should
be remembered that the pa statement does not provide the data for the field it
defines, but only reserves the space which the data is to occupy. The data itself
must be brought into the defined area in core storage from some external source
such as cards or magnetic tape, or from other locations in storage.

A pa statement consists of a header line and one or more subsequent entries.
The pa header line is used to initiate the reservation of a portion of storage. The
header line specifies the number of identical record areas to be reserved. An
indication to generate rRows corresponding to the areas may be specified. Rela-
tive addressing and implicit indexing, which facilitate referencing a field within
a record area, may also be specified in the pa header line. The subsequent
entries define the fields within the record area, specify the amount of storage to
be reserved, and describe the data which will appear in each field.

The basic format of the pa header line is as follows:

Line Label peration| OPERAND Basic ﬁ
3 sle 1)1 20j21 25 30 35 40 as 50
o1, [ANYLABEL, DA N,+RDW,ADDRESS+ADDRADJ+1NDEX WO,RE

ANYLABEL is any symbolic label; it may be omitted. The operation code, DA,
must be written exactly as shown. With the exception of the first entry, N, the
items in the operand are optional. An explanation of the entries in the operand
follows.

N (Area Number). N, the first entry in the operand of the pa header line,
may not be omitted. N is replaced by the number of identical record areas to be
reserved by the pa operation, the format of which is defined by the programmer.
For example, suppose that records of identical format are to be read into storage
in blocks of ten. The programmer might enter a pa header line with N equal to
10, followed by subsequent entries which specify the starting and ending posi-



tions, characteristics, and names of the fields composing one record. If all other
items in the operand were omitted, the pa header line would appear as follows:

18 20 25 30 35 40
ANYLABEL . DA _ 140 . .

Line‘; Label peraﬁonl- OPERAND (
3 Sl6 16 21 45

o,
02

P B S | [T ll‘lx]lll‘llllll!llJAinlllLll

N may be any unsigned number from 1 to 9999; it is limited only by the size of
storage. (Frequently, x will equal 1, as in a work area or a unit record input or
output area.) The number of storage words to be reserved for the entire pa
area (excluding rows, if any) will be x times the number of words reserved for
the one record defined by the subsequent entries. The maximum number of
words which may be reserved for an entire pa area is also limited only by the
size of storage.

If the pa is to reserve contiguous areas of storage that are to contain a number
of input or output records having identical format, then x must equal the prod-
uct of the blocking factor and the tape input/output areas indicated in the prF
for the file (see page 28). If the blocking factor for a tape file is 10 and the
programmer only wishes to use one area of storage for input or output, then ~
should equal 10. However, if the programmer wishes to use two consecutive
areas of storage for input or output, then N must equal 20 and if he wishes to
use three consecutive areas, then N must equal 30.

RDW (Record Definition Words). Record definition words are required by
the 7070 and the 7074 for reading in and writing out data and for moving
blocks of data within storage. If “row” is written in the operand of the pa
header line, the processor will automatically generate ~ rows associated with
the N defined areas. These rows will be assigned N locations immediately pre-
ceding the first word of the first area defined.

If row is not preceded by a sign, all generated rows will be plus except the last,
which will be minus. If a 4 or — sign precedes row, all generated rows will be
given the indicated sign.

If row is not written in the operand, rows will not be generated; the first word
reserved by the pa statement will be the first word of the first record area.

For example, suppose that an area is to contain a group of four 10-word records
and that the following pa header line is entered, the fields within a record being
defined by subsequent entries:

Li negl Label JCiperoﬁorJ_ OPERAND K
s 6 1s)ie 20021 25 30 35 40 45
DA,

o1, RECORD . DA . la,ROW .~~~ 7

02

I S NS B WP RS D T lIlJAlJlll|JAIA‘IA]I‘|IJ{

Assume that Autocoder’s location assignment counter contains 1000 when the
above pa statement is encountered. The processor will generate the following
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rows associated with the four record areas and assign them to locations imme-
diately preceding the first record area:

Symbol Location RDW
RECORD 1000 +0010041013
1001 0010141023
1002 +0010241033
1003 —0010341043

Note that the first row, located at 1000, defines the first 10-word record area
beginning at 1004; the second rpbw, located at 1001, defines the second 10-word
record area beginning at 1014; etc. If row had been omitted from the pa header
line, the first word of the first 10-word record would have been located at 1000;
no rpows would have been generated.

rows may also be defined elsewhere by using the prow statement.

ADDRESS (Relative Addressing). The fields defined in subsequent entries may
be assigned addresses relative to (i.e., beginning with) an Appress specified
in the operand of the pa header line. ADDRESs may be written in actual, *, or
symbolic form. When a relative address is specified, it will usually be 0.

Assume that a relative address of 0 is specified, as in the following example:

Line Label peroﬁor:L OPERAND g
3 sle lslls 20j21 25 30 3s 40 45
o1, ANYLABEL,  [|DA 20,RDW,0, ., . . . ...

02 Al i1 i L ) - L i I D T S 1 i1 1 L 1 11 1 1 1 P | 1 1 A lJl

In this case, any field which occupies the first, second, or third word, etc., of the
area beyond the generated rows will be assigned relative addresses of 0000, 0001,
0002, etc., respectively. Thus, if FiELpC is the name of a field occupying the
third word of each record, the instruction

Lineﬁl‘ Label _EperoﬁL OPERAND g
3 (] 15[16 20]21 25 30 35 40 45
LI zAA,  |FIELDC(0O,4)+X11 <

L i LA b A Bl P 4K Pl LA S S S B |

FUY T S S S N S T UG SS ST S T TS RN S S SN VA (R N U A N S VUIVEN N S S S U |

would be translated in the object program as +1311040002. Since twenty identi-
cal areas have been reserved and since the third word of each of the twenty
areas is addressed rFieLpc and assigned the relative address 0002, one of the
twenty areas referred to by an instruction must be specified. The desired area
may be indicated by indexing the individual instruction (as illustrated) or by
implicit indexing (as explained in the next section). Referring to the illustra-
tion, the indexing portion of index word 11 must have been programmed to
contain the starting location of the area to be processed. Then, when indexing
takes place, the indexing portion of index word 11 is added algebraically to the
relative address of FreLpc, 0002, resulting in the actual address of ¥iELDC.



The presence of a relative address in the pa header line does not affect the reser-
vation of storage. The generated rows define the actual record areas reserved;
they are also unaffected by the absence or presence of relative addressing. For
example, assume that the location assignment counter is at 1000 when the follow-
ing pa header line is encountered:

LineL Label -}SperafiL OPERAND j
3 sle 15118 20/21 25 30 38 40 45

oi, JANYLABEL ,L DA . |20, ROW,0 ,, ..
02

IR T S WD SR S W W S St

Lol i1 PN R T -111.1w||111.||11.|1111&

Twenty rows associated with the twenty record areas will be assigned locations
1000 through 1019. If the subsequent entries define a record that is ten words in
length, the first Row generated at 1000 would be 40010201029 and the first word
of the first record would be assigned to 1020, the second to 1021, etc.

If relative addressing is specified, but rRows are not to be generated, commas
must appear in two consecutive columns, as in the following example:

Line Label peration| OPERAND g
3 sls 156 20/21 25 30 35 40 45
o1, |/ANYLABEL, , DA . |20, ,ADDRESS+INDEXWORD, , . (
o 2 i1 Aol i A . L | 1 1 1 i 1 1 - Fa— i 1 1 i 1 1 T W N | A - 1 i i 1

ADDRAD] (Address Adjustment). Address adjustment is permitted with a
relative address in symbolic or * form. However, when a relative address is
specified, it will usually be 0 and address adjustment will not appear.

Address adjustment, when used with an * or symbolic address, will appear as in
the following examples:

Linil' Label peraﬁonl- OPERAND j
5 6 15)i6 2021 25 30 35 40 as

oi, AREANAME _|DA  _  [3,RDW,ADDRESS-10+|NDEXWORD
02

.
P SR FUREUNUCINNS NS SN VA ST (ST S N SN ST U0 ST S SR N U SR S TN U SR SO SO T SO S S S S |

LA

03 A A 1 o I i 2 ‘l.l‘ L i 1 i i i " 1 1 1 i 4. i 1 L e RN W B | 1 1 1 1
o4 | b e
o5 |RECORD ., DA L6 400, ,%+1+INDEXWORD, , ,  , .,
06

Y NST SETUY SE SO GRS ST ST U AN SUN NUN S5 S S ST S S S S S S S S S S TS UG SN TS WU TS U SO S S S S
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INDEXWORD (Implicit Indexing'). An index word, either symbolic or actual,
may be specified in a pa header line as in the following examples:

Line Label perati
3 18)i6

OPERAND
sie oj21 28 30 35 40 a5

S

o', AREANAME  |[DA  |I.5,RDW,ADDRESS+ I NDEXWORD ,

02 M

——d A PRI S S U WA S S VA GO W S S WA S T S S SIS S T G S

03 .

i I ST T R T P S S SO Y VRIS VG S S SR T M S S S

0.4 .

4 T B YR Y IS S D A U GRS S N0 G0 WD S TR SN WU WM SN SN S S WS U S S |

o5 [INPUTFILE DA ,  [43,,.,ADDRESS—1+ I ,NDEXWORD |

OAGA ro— hd

PO S S S S i VD S S S L T R DU S W VY U0 NN S NS S0 SIS TSNS TN S NS S|

E S NACE A

09 louTPuTFILEDA ., |20,  ADDRESSHX1S, ... . .....\
I,L'L B W Y 'S i n i 1 I-A 4 1 L 1 1 A i A i i A 1 1 i 1 AL A i 1 1 e e 1 i 1

|.2. PO T SR U U T S Y L1t U T S N T T S SN TN S S UU S S T S ST S N ST S U . §
'3 |CHANGEFI LE[DA |8  RDW,ADDRESSHL10+X7 . ... )
|A4l 1 A 1 1 i L i 1 1. - 11 14 1 1 1 i1 _1 4 1l 3 ) 1 1 1 1 1 1 1 1 1 i 1 1 Al\

In these examples, INDEXWORD is the symbolic name of an index word; X15 and
X7 are the actual addresses of index words. Note that a plus sign must always
precede the name of the index word and that actual numbers of index words
must be preceded by “+X.” The specification of indexing follows address ad-
justment, if present, or the relative address itself, if address adjustment is not
used.

The naming of an index word in the header line has no effect upon the storage
reservation and location assignments produced by the pa. It does facilitate writ-
ing instructions which reference fields in one of the records within the defined
area. When the compiler encounters an instruction referencing such fields, the
instruction will be examined for the presence of indexing. If indexing already
appears in the instruction, it will be left unchanged. If indexing does not appear
in the instruction, however, the address of the index word specified in the pa
header line will be inserted in the index word positions of the instruction. Thus,
if it is known when coding a pa that the record defined by it is to be processed
by indexing, the indexing may be caused by making the single notation in the pa
header line, rather than by supplying the indexing in every instruction which
acts upon the record.

Consider an example in which the compiler encounters the following pa header
line:

Line:l Label perctiov:li ~ OPERAND g
3 sle |5||s 20021 25 30 s 40 453

o+ JAREANAME DA , 1100,,,0+X25 . . . ., . ., .

°2 ..y JL,LR




Each field in a record will be assigned a location relative to 0. If FiELD2 is the
label of a field occupying the second word of each record in the area, th
instruction

Liﬂ Label perotii OPERAND §
3 ] ISIIG 2021 2 30 35 40 4

(LI ZAL, FIELD2, . ., .., . .. ...
02

PR WS ST TN SIS VS N N T N T S N 1 .unj..unnnll.nxnxAALL;‘Ll

will result in an assembled machine instruction of +1325090001. Notice that the
6-9 portion of the instruction is 0001, but that this address is to be indexed by
index word 25. The indexing portion of index word 25 must have been pro-
grammed to contain the starting location of the area to be processed. Then, by
indexing the instruction by index word 25, the indexing portion of the index
word is added algebraically to the relative address of F1eLp2, 0001, resulting in
the actual address of FIELD2.

If, however, the field had been referred to by an instruction which already in-
cluded indexing, such as

Line ’ Label }Sperqﬁr OPERAND ‘5
B 6 15(16 20[21 25 30 35 40 :55

o, |\, ZAY FIELD2+X29, , , , .,

PR D NI § l:'lAlA‘lllllllllAlllllllIIl>l&

02

the assembled instruction would have been -+1329090001, thus ignoring the
specification of index word 25 in the pa header line.

As demonstrated by the previous examples, the use of a pa header line to specify
a relative address and implicit indexing is most valuable in processing blocked
tape records. If the fields of a record are defined as relative to 0 and the rows
associated with the records are successively loaded into the index word specified
in the pa header line, instructions to act upon the fields of the record may be
written as if no indexing was required. Autocoder will insert the address of the
index word into the index word positions of all such instructions.

For another example, assume that an area is to contain a group of four 10-word
records. Assume also that it is desired to perform the following operation on
three fields named FiELDA, FIELDB and FIELDC, which occupy the first, second and
third words, respectively, of each record: subtract the contents of FIELDB from
the contents of FiELpa and store the result in FreLpc. This could be accomplished

by the following coding:
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LineJ Label Operation OPERAND
3 sie

15]16 2021 25 30 35 40 45
o1 INAREA DA |4.+RDW,0+X2 . . . e
02 : T L T T L .
03 | . (Subsequent entriek define , . . . ., . ¢
04 . . .. the fieldq within afrecord,), ., ,,,,,An
o6 | .. .., .. . Ixt . I3,+0000000003 . . )
or |LDROW __  IxL |2 I NAREA+X3 .. .. .|
o8 | .. .. .. lzAs Fr1ELDA__, . .. . . ]
os | . . ... Isa . . IFiELDB ., . . .
ol . o . Ista lFaEwpe . . . ...

DL IR , . |B1X , |3,LORDW
12

NS W MY FUNE S Tt

PN

1 i USRIV ST S R T ST S T SN S S SR (U SRR SR S ST ST S

b

Assume that Autocoder’s assignment counter contains 1000 when the pa state-
ment is encountered, 2000 when the first instruction of the routine is encountered,
and the literal +-0000000003 has been assigned location 4432. The corresponding
assembled machine-language instructions would be as shown below:

Assembled

Location Instruction
2000 +4500034432
2001 +4503021000
2002 +1302090000
2003 —1402090001
2004 -+1202090002
2005 4900032001

Subsequent entries under a pa header line are used to name fields, to indicate
their starting and ending positions within the record area, and to specify their
format. The subsequent entries, taken collectively, indicate a logical assemblage
of words, the number of which is multiplied by the number ~ in the pa header
line to determine the amount of storage (excluding rows, if any) to be reserved
by the pa.

The label column of a pa subsequent entry may include any symbolic name or
may be left blank (except as noted for the special operation, copbe, which is
explained on page 50). The operation column is left blank, except when used
for the copE entry.

Field Position and Length. The position and length of a field within the
record area is indicated in the operand by writing the starting digit position,
a comma, and the ending digit position. If the area is considered to be a con-
secutive string of digits, the first being 0, the position of any digit is identical to
its placement in the string. Thus, a field occupying the entire first word of a
record area would be defined as follows:



1 1
Line Label iperationl_ OPERAND (
3 6 15}16 2021 25 30 35 40 45
D.A

o! IAREANAME L N O 7
02 JFIELDA . | .0 1008 v i i)
03

P SR 1.‘1..;;;ALAJ_L;A"-lALALlun.nK

In the above example, 0 is the digit position of the first character and 9 is the
digit position of the tenth and final character in FiELDA.

A field occupying the entire second word of a record area would be defined as
follows:

Line Label J?peroriori OPERAND j
3 sls 1516 2021 25 30 35 40 as

ol, AREANAME DA . L R N S Lj
o2 JFIELDB , . . |... . 110,49 00 )
03 o e

A field occupying the last two digits of the third word of a record area would
be defined as follows:

Line%k Label peroﬁt OPERAND J
H 6 1s)ie 20j21 28 30 35 40 as

ol |[AREANAME, DA . & ., .\ e
o2 FIELDC . |
03

. .
o leBa2e oS

AlA}lxlAlAOIAAILA‘LLLLAAILLIDAIAAI\

A digit position, therefore, is a combination of a word number (consisting of
one, two, three, or four numerical characters) followed immediately by a digit
number (always one numerical character). The first word of the area is referred
to as word 0, the second as word 1, the third as word 2, etc.; digits within a word
are numbered 0 through 9, left to right, in the normal fashion. Thus, digit posi-
tion 49 would refer to the low-order digit in the fifth word of a record area;
digit position 9990 would refer to the high-order digit in the thousandth word of
a record area.

It is not necessary to enter leading zeros; the following operands would have
exactly the same effect:

12,25

00012,00025

A one-digit field may be entered by writing the single digit position only. Thus,
the following operands would have exactly the same effect:

19,19
19

In either case, the processor would reserve the low-order digit position of the
second word of the record area.
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The following example provides additional illustrations of entries which define
the length and position of fields within an area.

LineJ Label Eraﬁm OPERAND g
3 sle 1518 20[21 25 30 _ 35 40 45
oI, RECORD . [pa . . |t.,ROW, .. . e
o2 |NAMEONE | . loo,ae . . .~ N\
o3 [NAMETWO | fi7.49 ]
04 INAMETHREE | _  [20.20 . . .~~~ """/
05 INAMEFOUR | Is3.857 . TN
o6, NAMEFIVE,_ | . Is8 . ., . . . . o
ot i boiiilre T

An eight-word record is defined (digits 0-79). The first field, NAMEONE, occupies
a total of 17 digit positions beginning with the high-order position of the first
word of the record. NaMETWO and NAMETHREE are fields of lengths 3 and 10
digits, respectively.

A gap of 23 digits then occurs, followed by NamEFOUR, a five-digit field. This
is followed by NAMEFIVE, a one-digit field. (Since the starting and ending digit
positions are identical, the one number, 58, suffices. )

A subsequent entry is always required when a field is to be named for reference
by the object program. Other fields in a record need not be defined by a subse-
quent entry except for an entry to terminate the record. The field must appear
but need not have a label. Thus, in the example above, the one-digit field in
digit position 79 is not named, but it is necessary in order to establish that eight
words are occupied by the record. Any digit in the eighth word (73, for example)
would cause the pa area to be comprised of eight full words, since a record is
never terminated in the middle of a word.

Subsequent entries may be entered in any order. However, fields are normally
entered in ascending storage-position order for convenience and accuracy.

The net effect of the following coding would be identical to that of the preceding
example, despite the order of the subsequent entries:

LineJ Label —JOperotion OPERAND g
3 5|6 15)16 20[21 25 30 35 40 45
01, [RECORD . DA . lA,ROW . . !
o2 | . . oz )
03 INAMEONE . loo,1e . ]
04 INAMEF.IVE Clse Y
05 INAMETWO, o lariae ¥ ,
06 INAMEFOUR. . . l53.857 . e

07 INAMETHREE. 0,29 . ]
os | L e N\




Subfields are entered in the same pa which defines the fields. Any desired
breakdown of the fields may be indicated by writing the starting and ending
digit positions of subfields which overlap, fall within, or bridge other fields.
Again, the order is irrelevant. The following example illustrates the coding of

subfields:

Linﬂ Label ]Operotion OPERAND J
13 516 1516 20021 25 30 35 40 4
oI CALENDAR _|DA . |1.RDW . . . . ]

o2 DATE , _ o lrenre N
o3 DAY . e,z )
04 |[YEAR, . , o lrsete o N
05 MONTH, Y ¢
06 IDECADE . Clre
or |\ o o

In this example, paTE will reference the entire date field; the subsections of the
date field may be referred to as MONTH, DAY, or YEAR. In addition, DECADE
references a one-digit field within YEAR and also, therefore, within pATE.

Relative Field Definition. The primary function of the pa declarative opera-
tion is to instruct the processor as to the positions and lengths of fields within
an area, thereby allowing the processor to assign storage locations and field
definers automatically when a field is referred to by name in the operand of an
instruction. Sometimes it may be desirable to refer to a portion of a field which
has been defined by a declarative operation. For the convenience of the pro-
grammer, this is done relative to the field itself, so that it is not necessary to
remember the actual digit positions of the field.

To illustrate, assume that the name custno is a field of seven digits, defined under
a paA as follows:

T

Lini#; Label lOperationL OPERAND 7
H 3 1s)is 2021 25 30 35 40 45

ol |INPUTAREA DA  [1
02 |[CUSTNO 03,09

L D W S T (UL R el SRS TR SOUNS SHN SN0 SN S S YUY WD SN TG NS S S S |

. S T S S A;A.‘.;.x,..4...4A.AA..|||‘»R

" Lo YU AU S G T S SR

A field might occupy only the low-order digit positions of a word, as does cusTNO
above. However, positions within the field itself are numbered starting with 0.
If the programmer wishes to refer to the three high-order positions of cusTNo,
he would refer to positions 0, 1 and 2 by placing the entry custno (0, 2) in the
operand. During assembly, the processor will convert the field definers relative to
custno to field definers which refer to actual digit positions of a word. Thus, dur-
ing assembly, the processor will convert custyo (0, 2) to the actual digit positions
3, 4 and 5 of the word of which cusTxo0 is a portion. If the storage location of this
word is 1001, symbolic instructions using custNo and their assembled equivalents
might be as follows:
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Symbolic Instruction Assembled Instruction

zal custno(0, 2) +1300351001
zal custNO(4, 5) +1300781001
ZAl cUsTNO +1300391001

cusTNO might instead be defined as a full word, as follows:

Lineél_ Label Pperaﬁoni_ OPERAND 5
3 6 15116 20j21 25 30 35 40 4

o1, INPUTAREA DA o . ... . . . Q
o2 kusTNo | . . loo,09 . . .. )
03 . e e

In this case, any field definition following custno would be both relative and
actual. If the storage location of this word is 1001, symbolic instructions using
custNo and their assembled equivalents might be as follows:

Symbolic Instruction Assembled Instruction
zal custNoO(0, 2) 41300021001
zAl custNO(4, 5) 41300451001
zAl cusTNO +1300091001

In the example on page 41 illustrating how subfields are entered, the subfield pay
would be equivalent to paTE(2, 3).

Format Indicators. In addition to defining the position and length of a field,
a pa subsequent entry may also specify format and characteristics for that
field. It will be noted that Autocoder macro-instructions are capable of acting
upon fields which bridge words, which exceed ten digits in length, or whose
decimal points are not aligned. The macro generators will consider the formats
for the fields concerned; they will then generate instructions to align decimal
points while performing arithmetic and compare operations, and will convert a
field from one format to another format.

Five different types of fields may be designated by writing the proper format
indicators immediately after the ending digit position of the field. The following
indicators may be used to indicate to the processor the format of the data that
will occupy the field at object program time.

Format Indicator Meaning

A The field is to contain numerical data
to be treated as an automatic-decimal
number. Although automatic-decimal
fields must not exceed 20 digits for
arithmetic operations, longer integer
fields may be defined, and are acceptable
to some macro-instructions.

F The field is to contain numerical data
to be treated as a floating-decimal num-
ber. The field must be exactly 10 digits
in length, beginning in digit position 0
of a word; it may not bridge words.



Format Indicator Meaning

@ The field is to contain the double-digit
representation of alphameric characters.
The data is to be treated as neither an
automatic-decimal nor a floating-decimal
number. The field may be any desired
length; the number of digits in the field
must be evenly divisible by two because
each character is represented by two
digits. The field must start at an even-
numbered digit position.

@A The field is to contain the double-digit
representation of data which is to be
treated as an automatic-decimal num-
ber. The size of the field must not ex-
ceed 40 digits (20 characters). The
number of digits in the field must be
evenly divisible by two because each
character is represented by two digits.
The field must start at an even num-
bered digit position.

@F The field is to contain the double-digit
representation of data which is to be
treated as a floating-decimal number.
The size of the field must be exactly
20 digits, occupying two full words; it
may not be split among three words.

If format indicators are omitted, the processor will assume that the field is to

contain numerical data to be treated as a signed integer:

1. For fields less than or equal to 20 digits in length, this is equivalent to an
automatic-decimal field.

2. For fields longer than 20 digits, see individual macro-instructions for the
treatment of long integer fields.

Users are strongly urged, however, to furnish format indicators in pa subsequent
entries.

Decimal-Point Indicators. In the case of automatic-decimal numbers, indi-
cators may also be used to indicate where the decimal point would fall if it
were included in the field. (It should be noted that the decimal point is thus
implicit, or “understood”; it is not actually to be included in the field nor is a
field position to be reserved for it.) The implicit positioning of the decimal point
is done by placing an indicator of the form

ab

immediately to the right of the A or@A format indicator. The “a” is replaced by
the number of characters to the left of the implicit decimal point in the field
described; the “b” is replaced by the number of characters to the right of the
implicit decimal point. The sum of these indicators must not exceed 20 char-
acters in length and must exactly equal the number of characters defined by the
starting and ending positions for the field. For a numerical field, then, (a + b)
must equal the number of digits defined for the field; for a double-digit repre-
sentation, however, (a + b) must equal one half of the number of digits defined
for the field.
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For example, the operand
20,25A4.2

informs the processor that the field which occupies digit positions 20 through 25
should be operated upon as if it included six digits of numerical data and a
decimal point fell between the four high-order digits and the two low-order
digits.
However, the operand

20,25@A2.1

informs the processor that the field should be operated upon as if a decimal
point fell between the two high-order characters and the low-order character
of a three-character alphameric field. (It will be remembered that one character
occupies two digit positions. )

When an integer is defined, the decimal point and the number of decimal posi-
tions may be omitted. Thus, the following entries would have the same effect:

20,29A10.0
20,29A10

If the A or @A format indicator is not followed by decimal-point indicators, the
processor will assume that the field is to contain an integer. Users are strongly
urged, however, to furnish format indicators and decimal-point indicators for
automatic-decimal numbers in pA subsequent entries. Specification of these
characteristics makes it possible for macro generators to perform diagnostic
analysis of the source-program statements, and thus aid in minimizing problems
in program testing.

Additional examples of the use of format and decimal indicators are given below:

Lini Label lOperoﬁonl OPERAND S
3 5/6 1516 2021 25 30 35 40 45
o INPUT, . IbA |, ROW . ., ., (
02 |[FIELDA .. lto.asm84.2 . .. . . . &
o2 FIELDB _  lpa,20¢ ]
o4 [F1ELDC . .| .. . lso.39F . . . %
os [F1ELDD . | . . l46.55@A3.2 . . ... . ... ..
o6 FIELDE .. | . . 160.,.796F « \ ' .
o7 [Fiewor . | . . lso.8586.0 . .. .. ... .. . N
os |FIELDG | . Iss, B89@A2.0 ... .. . ¢

FIELDA reserves the six high-order positions of the second word of the record
area for an automatic-decimal number which will have, at most, four integer
places and two decimal places.

FIELDB reserves the six low-order positions of the third word of the record area
for a maximum of three alphameric characters.

FIELDC reserves the entire fourth word of the record area for a floating-decimal
number.

FIELDD reserves the last part of the fifth and the first part of the sixth words of
the record area for an automatic-decimal number in double-digit form, having



Processing Techniques
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at most three integer places and two decimal places. Ten digit positions must
be reserved, however, because of the double-digit representation.

FIELDE reserves the seventh and eighth words of the record area for a floating-
decimal number in double-digit representation.

FIELDF reserves the six high-order positions of the ninth word of the record area
for an automatic-decimal integer.

FIELDG reserves the four low-order positions of the ninth word of the record area
for the double-digit representation of an automatic-decimal integer.

Two or more symbolic names may be assigned to the same field and the same
characteristics by listing both names as subsequent entries under the same pa
and duplicating the operand desired, as in the following example:

Line_l Label Operoﬁont OPERAND ?
3 516 15]16 20]21 25 30 35 40 45
ot.l.. ... loa . lro,RDW,0+INDEXWORD ... . ¢
o2 [FILELDA . . J0.9A& .4 _rZ
o3 A, ., . .l . lo.eA6.4 . .. . . ...

04 FIELDB . .| .. . 120.29F \ v oL
o5 B . il 20029F )
os F1eLDC, . .| .. .la2.59@ . . . . . T
ot le ol s8]
LN N D R ¢

In this example, A is made equivalent to FIELDA, B is made equivalent to FIELDB,
and C is made equivalent to FIELDC. Any reference to A, B, or C will give pre-
cisely the same results as those which would result from reference to FIELDA,
FIELDB, Or FIELDC, respectively.

The contents of a given field may be treated as having different characteristics
at various times by defining that field using more than one subsequent entry, as
in the following example:

LiniJ Label J?peroﬁonl- OPERAND §
3 Si6 15{16 20[21 25 30 35 40 45
ot.l....... . |ba  |1o,RDW,O0+INDEXWORD .. . ¢
o2 FIELDA .. |, , lo,986.4 .. . ... .. . ")
o3 | .. | . lo,9A8.2 . . e
0.4 ) » TR

Each reference to the field must be to the label which is associated with the
characteristics that apply to the contents of the field at that particular time in
the object program.

Although the programmer will usually find it more efficient to use macro-instruc-
tions to refer to pa header lines and subsequent entries, symbolic machine in-
structions may also be used for this purpose. When a symbolic machine instruc-
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tion references a symbolic label, however, it will operate directly on a maximum
of a single full word. Certain additional restrictions must also be considered,;
these are noted below.

DA Header Line. When a symbolic machine instruction references the label
of a pa header line, it will operate on the entire first word reserved by the pa
statement. Thus, if Row generation is specified, the symbolic machine instruction
will act on the entire word containing the first generated row. If rRow generation
is not specified, the symbolic machine instruction will act on the entire first word
of the first record defined. Symbolic machine instruction references to the label
of a pa header line are not affected by the presence or absence of implicit index-

ing.
The above usages are illustrated by the examples on page 47.

DA Subsequent Entry. When a symbolic machine instruction references the
label of a pa subsequent entry, it will act only on that portion of the field
which falls within the word containing the starting digit position defined by the
subsequent entry. The specification of implicit indexing will cause the symbolic
machine instruction to address a word (or portion of a word) in the current rec-
ord, as determined by the contents of the specified index word. If implicit index-
ing is not specified, the word (or portion of a word) addressed will be within the
first record as defined by the subsequent entry.

The above usages are illustrated by the examples on page 47.

The Autocoder language is designed to allow record processing to be accomp-
lished without regard to the number of records that may appear in one block of
input or output. Thus, when a macro-instruction refers to the label of a pa header
line, one complete record will be the maximum that is affected or considered. (It
should be noted that, in some cases, only part of the record will be affected or
considered.) When N is greater than 1, therefore, no single reference by a macro-
instruction to the label of a pa header line will ever affect or consider the entire
area reserved.

Regardless of the absence or presence of specified row generation in the pa
header line, the effect of a macro-instruction reference to the label of a pa header
line or subsequent entry will be as follows:

1. When a pa header line does not contain a relative address and implicit index-
ing,

(2) a macro-instruction reference to the label of the pa header line will cause
the generation of coding which will affect or consider (as a maximum)
the first record, as defined by the subsequent entries under the pa header
line.

(b) a macro-instruction reference to the label of a subsequent entry will
cause the generation of coding which will affect or consider (as a maxi-

mum) the named field within the first record, as defined by the subse-
quent entries under the pa header line.

This technique would normally be used when a work area is defined; ie., x
is 1 and the first record is, therefore, the only record defined.
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PAGE AA PROGRAM DA 7070 COMPILER SYSTEM VERSION OMYO8s CHANGE LEVEL 0000le PAGE AA

LN CDREF LABEL oP OPERAND CONO FD LOC INSTRUCTION REF

0l 0002 * EFFECTS OF SYMSOLIC MACHINE INSTRUCTION REFERENCE TO

02 0003 * LABEL OF DA HEADER LIiNEe

03 0004 #*

04 0005 AREAL DA 1 +0003250327

05 0006 124925 29 0326 0326

06 0007 ZAl AREAL 00001 0328 +1300090325

07 0008 *

08 0009 AREA2 DA 2 +0003290334&

09 0010 12425 29 0330 0330

10 0011 ZAl AREA2 00002 0335 +1300090329

11 0012 *

12 0013 AREA3 bA 2RDW +0003360343

13 X 0336 +0003380340 0336

14 X 0337 =0003410343 0337

15 0014 12925 29 0339 0339

16 0015 ZAL  AREA3 00003 0344 +1300090336

17 0016 *

18 0017 AREA4, DA 29RDW O+ INDEXWORD +0003450352

19 X 0345 +0003470349 0345

20 X 0346 =0003500352 0346

22 0019 241 Ache S <t o001
1

220018, 00004 0353 +1300090345

24 0021 AREAS DA 29904+X15 +0003540359

25 0022 12425 29 0355 0001

26 0023 ZAl  AREAS 00005 0360 +1300090354

27 0024 *

PAGE AA PROGRAM DA 7070 COMPILER SYSTEM VERSION OMY08+ CHANGE LEVEL 00001e PAGE AA

LN CDREF LABEL oP OPERAND CONO FO LOC INSTRUCTION REF

0l 0028 * EFFECTS OF SYMBOLIC MACHINE INSTRUCT|ON REFERENCE TO

02 0029 *  LABEL OF DA SUBSEQUENT ENTRY.

03 0030 *

04 Q031 DA 1 +0003250327

05 0032 FI1ELDA 12425 29 0326 0326

06 0033 ZAl FIELDA 00001 0328 +1300290326

07 0034 *

08 0035 DA 2 +0003290334

09 0036 FIELDB 12925 29 0330 0330

10 0037 ZA1 FIELDB 00002 0335 +1300290330

11 0038 *

12 0039 DA 2 yRDW +0003360343

13 0336 +0003380340 0336

14 0337 =0003410343 0337

15 0040 FIELDC 12425 29 0339 0339

16 0041 ZAl FIELDC 00003 0344 +1300290339

17 0042 *

18 0043 DA 29ROW O+ INDEXWORD +0003450352

19 0345 +0003470349 0345

20 0346 =0003500352 0346

21 0044 FIELDD 12425 29 0348 0001

22 0045 ZAl FIELDD 00004 0353 +1301290001

23 0046 *

24 0047 DA 2990+X15 +0003540359

25 0048 FIELDE 12425 - 29 0355 0001

26 0049 ZAl FIELDE 00005 0360 +1315290001

27 0050 *
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2. When a pa header line contains a relative address and implicit indexing,

(a) a macro-instruction reference to the label of the pa header line will cause
the generation of coding which will affect or consider (as a maximum)
the current record (as determined by the contents of the implicit index
word at the time the instructions are executed ).

(b) a macro-instruction reference to the label of a subsequent entry will
cause the generation of a coding which will affect or consider (as a maxi--
mum) the named field within the current record (as determined by the
contents of the implicit index word at the time the instructions are
executed ).

The generated instructions will include implicit indexing and references to the
implicit index word wherever necessary.

Input/output macro-instructions may indirectly affect a record by operating on
the rows defining that record; e.g., the putx macro affects records by interchang-
ing rows. When the other macro-instructions (i.e., those not concerned with in-
put/output) refer to the label of a pa header line which specifies Row generation,
however, they will not operate on the rRows themselves. For example, when the
ZERO macro is used in this way, it will not zero the rRows; it will zero out one com-
plete record area.

When input or output files are to be referred to by input/output macro-instruc-
ticns, the following considerations apply:

1. Macro-instructions which are to operate on a record will reference the name
of the file. This name must appear as the label of the pa header line and as
the operand of the prr for that particular file. Depending on the method of
generating rRpws, this name may or may not be the same as the operand of the
subsequent entry 10RDWLIST in that same pTF.

1o

In the header line of the pa referenced, N and row specification will be pre-
pared according to the procedures described in the 7070 Data Processing Sys-
tem Bulletin “1BM 7070 Input/Output Control System,” form J28-6033-1.

3. A relative address of 0 will be specified in the pa header line.

4. Implicit indexing will be specified in the pa header line. The name of the
index word specified must be the same as the operand of the subsequent entry
INDXWRDA in the appropriate DTF.

When input or output files are to be referred to by the other Autocoder macro-
instructions or by both the input/output and other macro-instructions, the fol-
lowing considerations apply:

1. If rows are generated by the pa header line, all macro-instructions can refer-
ence the name of the file. If Rows are generated by a prow, the name of the
file cannot be referenced; however, the area which the prRow references may
be used as an operand of any macro-instruction, where applicable.

2. In the header line of the pa referenced, N and row specification will be pre-
pared according to the procedures described in the 7070 Data Processing
System Bulletin “mBas 7070 Input/Output Control System,” form ]28-6033-1.

3. A relative address of 0 will be specified in the pA header line.

4. Implicit indexing will be specified in the pa header line. The name of the
index word specified must be the same as the operand of the subsequent
entry INDXWRDA in the appropriate DTF.



Arrangement of Fields

Additional Examples

When a pa statement is used to define a work area, the following considerations
will normally apply:

1. ~nwill be 1.
2. Row generation will be specified.

3. Neither a relative address nor implicit indexing will be specified.

In general, the arrangement of fields defined by pa subsequent entries is deter-
mined by prior considerations, e.g., the record form and format. Thus, a tape
record is usually arranged to take full advantage of the zero suppression of the
M 7070/7074; ie., numerical fields which most frequently contain leading
zeros are each placed in the high-order positions of a word, but numerical fields
which less frequently (or never) contain leading zeros are each placed in the
low-order positions of a word. In the interests of tape capacity and speed, it is
also desirable to hold the appearance(s) of the delta character to a minimum.
In general, this means that all alphameric fields should appear together.

Since imperative statements frequently alter the sign of a word to reflect the sign
of the last field entered, the programmer should insure that fields which occupy
the same storage word are to be associated with the same sign. If this is not the
case, inconsistent results may occur. For example, if alpha information is entered
into a word in which another field contains numerical data, the sign of the word
may become alpha; the numerical information would then become alpha, pos-
sibly consisting of invalid double-digit codes. :

When the format indicator F is used, the field must occupy one complete word,;
when the format indicator @F is used, the field must occupy two complete words.

Within the considerations listed above, the use of macro-instructions allows the
programmer extreme flexibility in arranging the fields within a record area. In
fact, the use of macro-instructions permits the programmer to refer, with equal
ease, to fields which overlap or bridge words and to fields which occupy all or
part of a word. It should be noted, however, that the most efficient coding will
result when the amount of word-bridging is held to a minimum.

Additional examples of the use of the pa statement in conjunction with other
statements are included throughout the manual.

DA 49



CODE

Source Program Format

CODE Header Line
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CODE is a special type of declarative statement which may only appear as one of
the subsequent entries under a pa header line. It has the following uses:

1. To name a field in which one or more code values may be present during the
running of the object program.

2. To name and define these code values which are the condensed representa-
tions of various conditions, categories or classifications, etc.

The primary use of CopE is in connection with the Locic and pECOD macro-instruc-
tions. By means of these macro-instructions, a code field may be interrogated for
the presence or absence of a specific code value. Various switches may be set or
branches may be made depending upon the decision. When copE is used, inter-
rogation may be made by referencing the symbolic name of the code value for
the condition to be tested, rather than the code value itself. cope symbolic
names may not be referred to in symbolic machine instructions.

The copk entry is itself a header line, giving the position and format of the code
field. Subsequent entries consist of the symbolic names of the conditions to be
tested during the course of the program, each indented one space, with the ac-
tual code value indicated for each condition.

A copE entry may be followed by subsequent fields of the pa or by another copE
entry. If copE is the last pa entry, any other type of entry may follow.

Code fields may not be more than ten numerical digits or five alphameric
characters in length and must be wholly contained within one word of the record

defined by the pa.

The basic format of the cope header line is as follows:

Spmﬁm OPERAND S
1316 20]21 25 30 35 40 458

o!, ANYLABEL, L |CODE |20,,29A8..2 , ., i \
0 2 Rt Al 1 ] VR S ) T TS W SO S W S S 1 ) I Y S T S F U S S S . |

LineJ Label
3 sle

A symbolic label must always be supplied for the copE entry and the letters copr
must be written in the operation column. The operand includes field definition as
in any other pa subsequent entry, except that the area defined may not be more
than a single storage word and it may not bridge words.

Two types of format indicators (shown below) are allowed. The desired indi-
cator is written immediately after the terminal digit position of the field definition.

Code Format Indicators Meaning

A The field is to contain numerical data
which is to be treated as an automatic-
decimal number.



CODE Subsequent Entries

Code Format Indicators Meaning

The format indicator may be followed
by a decimal position indicator of the
form “a.b” as described on page 43. In
this case, however, the field size may
not be greater than 10.

@ The field is to contain the double-digit
representation of alphameric characters.
The field size defined must not exceed
10 digits (5 characters); it must be
evenly divisible by 2. The starting digit
position must be an even number.

If a format indicator does not appear immediately after the ending digit position
in the cope header line, the processor will consider the field to contain an auto-
matic-decimal integer.

Consider the following example:

Lineg’ Label bperofion OPERAND g
3 6 15|16 20121 25 30 33 40 4
o L DA , . 4 , ., . ey

o2 |ANYLABEL . |cODE [20.2988.2 . . ., . .. .... .7
o3 | .o R ¢

The cope header line defines a field occupying the entire third word of the rec-
ord area. At object program time, the field is to contain numerical data to be
treated as an automatic-decimal number with 8 integer digits and 2 decimal
digits.
The following example defines a field which is to contain one alphameric char-
acter.

Linﬂ Label fmrcfiqL OPERAND Jé
3 S|é 13]16 20121 2