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Preface

This publication is a reference manual for the programmer Related Publications

using the IBM System/3 Basic Assembler language. This

language provides facilities for representing machine The IBM System/3 Models 8, 10, 12, and 15 Components

usable instructions symbolically on a one-for-one basis. Reference Manual, GA21-9236, contains specifications

The symbolic representations are translatéd by the IBM governing the use of assembler language instructions. .

System/3 Basic Assembler into the machine usable form
necessary for running a program on the System/3.

System/3 Model 8

The System/3 Model 8 is supported by System/3 Model 10
Disk System control programming and program products.
The facilities described in this publication for the Model 10
are also applicable to the Model 8, although the Model 8 is
not referenced. It should be noted that not all devices

and features which are available on the Model 10 are avail-
able on the Model 8. Therefore, Model 8 users should be
familiar with the contents of IBM System/3 Model 8
Introduction, GC21-5114.

Eighth Edition {April 1975)
This is a minor revision of SC21-7509-5 incorporating Technical Newsletters:

SN21-5385 March 17, 1976
SN21-5434 December 31, 1976
SN21-5536 June 24,1977
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the IBM System/3 Model 8. Changes to text and small changes to illustrations are
indicated by a vertical line at the left of the change; new or extensively revised
illustrations are denoted by the symbol ®at the left of the figure caption.

This edition applies to version 12, modification 00 of IBM System/3 Model 10 Disk System
Basic Assembler (Program Product Number 5702-AS1); version 03, modification 00 of
IBM System/3 Model 15 Basic Assembler (Program Product Number 5704-AS1); and to all
subsequent versions and modifications unless otherwise indicated in new editions or
technical newsletters. Changes are continually made to the specifications herein; before
using this publication in connection with the operation of IBM Systems, consult the

Jatest IBM System/3 Bibliography, GC20-8080, for the editions that are applicable and
current.

Requests for copies of IBM publications should be made to your IBM representative or to
the branch office serving your locality.
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The IBM System/3 Basic Assembler language is a
symbolic language. That is, it must be translated into a
form usable by the computer before a program can be
run. The computer-usable form is called machine
language, and the IBM System/3 Basic Assembler language
provides a convenient method for representing, on a
one-for-one basis, machine language instructions and
related data necessary to write a program for IBM
System/3. This one-for-one relationship to machine
language instructions gives assembler language great
programming versatility.

The assembler language is composed of symbols, called
mnemonics, which are used to represent the operation
codes of two types of instruction statements:

1. Machine instruction statements are the symbols
that represent machine language instructions on a
one-for-one basis. Note that symbolically repre-
sented machine instructions are translated into
machine language by the assembler.

2. Assembler instruction statements are instructions
which control the functions of the assembler. Each
assembler instruction statement causes the assembler
to perform a specific operation during the assembly
process.

The IBM System/3 Basic Assembler:
e Processes instructions written in assembler language.

e Translates the assembler language instructions into
machine language.

e Assigns storage locations.

e Performs other functions necessary to produce an
executable machine language program.

In order to call the assembler from its storage

location, a specific set of OCL (operation control
language) instructions must be used. Following these
OCL instructions, the user may elect to include an
OPTIONS instruction, a facility which allows him to
take advantage of various combinations of output listings
and punched decks.

Introduction

There are certain procedures for storing assembler routines
on the Model 10 Disk System, Model 12, and Model 15 R
(relocatable) Libraryand for loading assembler object pro-
grams into main storage. These procedures, as well as the
other items mentioned briefly above, are discussed more
fully in the text.

MINIMUM SYSTEM REQUIREMENTS

The minimum system configuration and optional device
support for the Basic Assembler program is shown in the
IBM System /3 Models 6, 8, 10, and 12 System Generation
Reference Manual, GC21-5126 and in the /BM System/3
Model 15 System Generation Reference Manual,
GC21-7616.

Introduction 1



MAIN STORAGE REQUIREMENTS

The Model 10 Disk System Basic Assembler (5702-AS1)
requires 8,192 bytes of main storage for execution,
exclusive of control program requirements.

The Model 12 Basic Assembler (5705-AS1) and the

Model 15 Basic Assembler (5704-AS1 or 5704-AS2)
require 10,240 bytes of main storage for execution,
exclusive of control program requirements.




The IBM Systern/3 Basic Assembler language is a symbolic
language that provides a convenient method for
representing, on a one-for-one basis, machine language
instructions. The symbolic representations in assembler
language coding are translated by the IBM System/3
Basic Assembler into the machine language form usable
by the computer. In order to code in assembler
language, the user must become familiar with certain
terms, coding conventions, instructions, and other
features of the language. The remainder of this chapter
deals with these items.

BASIC STATEMENT FORMAT

A statement coded in assembler language can contain up
to four entries from left to right: Name, Operation,
Operand, and Remark. See Assembler Coding Conventions
in this manual for an explanation of the contents and
functions of each entry.

Part 1. Basic Assembler Language

TERMS AND EXPRESSIONS

A term is a single symbol, self-defining value, or location
counter reference which can be used only in the operand
field of an assembler language instruction. The three

types of terms are described under Terms in this section.

An expression consists of one or more terms. It is used
to specify the operand fields of assembler language
instructions. Terms and expressions are classed as either
absolute or relocatable. A term or expression is absolute
if its value is not changed when the assembled program in
which it is used is relocated in main storage. A term or
expression is relocatable if its value is changed when the
program in which it is used is relocated.

Basic Assembler Language 3



Program relocation is the loading of an assembled
program (object program) into a different area of main
storage from that which was originally assigned by the
assembler. The difference (in bytes) between the
originally assigned address of the object program and the
address of the relocated object program is the amount of
relocation. The addresses assigned to all instructions and
data in the relocated program are changed by the amount

Storage

ﬂ?ﬁ?fi Main Storage

0

2000

First Loading

Figure 1. Program Relocation

Address

of relocation. In Figure 1, Object Program A is initially
loaded at address 2000 in main storage. When Object
Program A is loaded a second time, it is placed at address
3000 in main storage. The amount of relocation is 1000
bytes. Therefore, the values of all relocatable terms and
expressions used in Object Program A would be increased
by 1000 during the second loading.

Storage
Main Storage
e

2000 1

3000

Second Loading

* The amount of program relocation is 1000 bytes.




TERMS

Three types of terms are used in the IBM System/3
Basic Assembler language.

¢ Symbol
e Seif-defining term

@ Location counter reference

The Symbol

A symbol is a character or combination of characters
used to represent storage locations, instructions, input/
output units, registers, or arbitrary values. A symbol can
be used in either the name field or the operand field of

a statement. When used in the name field, the symbol is
called a name field entry. When used in the operand
field, the symbol is called a symbolic term.

When the assembler finds a symbol in the name field of
a statement, it assigns to that symbol an address value
attribute. See Addressing in this section. The assembler
also assigns a length attribute to the symbol, which is
the number of bytes in the storage field named by the
symbol. There are exceptions. When the assembler en-
counters EQU, START, or TITLE statements, it does
not assign the usual attributes. EQU name field entries
derive their values from the operand, START name field
entries are assigned a length of 1, and TITLE name field
entries are assigned no values at all.

The same symbol cannot be used as a name entry more
than once within a program with the exception of the
TITLE card. In order for a symbol to be used in the
operand field, it must be defined (that is, used as a name)
on an instruction other than a TITLE card somewhere in
the program. Once it is defined, the symbol may appear
in any number of operands. Whether the symbol is used
as a name or an operand, these rules must be followed:

1. The symbol can consist of no more than six
characters, the first of which must be either
alphabetic or $, #, @. The other characters can be
any combination of alphabetic, numeric, or $, #,@.

[ S}

Blanks and special characters other than §,#, @
cannot be used in a symbol.

The Seif-Defining Term

The self-defining term is a term which specifies an actual
value or bit configuration.

The value expressed by the self-defining term is taken
literally by the assembler and is assembled into the instruc-
tion. Like all terms, the self-defining term is used only

in the operand field.

There are four types of self-defining terms:
e Decimal

e Hexadecimal

e Binary

o Character

Decimal Self-Defining Terms

A decimal self-defining term is an unsigned decimal
number written as a sequence of decimal digits. High

order zeros may be used, such as in 0003. If a decimal
term is vsed as an address, its value cannot exceed the
number of bytes in main storage. A decimal term consists
of no more than five digits and cannot exceed a value of
65,535. This value is equivalent to the binary value

that can be contained in two bytes. A decimal self-defining
term is assembled as its binary equivalent.

Examples: 16 132 00006 43678

In the following example, a decimal self-defining term is
used in a Move Immediate (MVI) instruction. The binary
equivalent of 25 would be placed in the 1-byte area
referenced by the symbol, COST

NAME OPERATION OPERAND

ALPHA MVi COST, 25

Basic Assembler Language 5



Hexadecimal Self-Defining Terms

Hexadecimal self-defining terms can consist of up to
four hexadecimal digits enclosed in apostrophes and
preceded by the letter X.

Examples: X‘C34A° X'04F X‘6° X‘DE’

Each digit is assembled into its 4-bit binary equivalent.
Therefore, the maximum value would be X‘FFFF’
(65,535).

The following is an example of the use of a hexadecimal
self-defining term. The 1-byte area at SWITCH would
contain the hexadecimal value FO (binary, 11110000)
after execution of the instruction.

NAME OPERATION OPERAND

BETA Mvi SWITCH, X'FO’

Binary Self-Defining Terms

Binary self-defining terms are written as a sequence of
1I’s and O’s enclosed in apostrophes and preceded by the
letter B; such as B°1011°. This term would appear in
storage as 00001011. The high-order (leftmost) bits

are padded with 0-bits to make a multiple of eight bits of
data (one or two bytes). A maximum of 16 bits of data
can be represented in each term. In the following
example of a Move Immediate instruction, the binary

information will be moved into the 1-byte field at AREA.

NAME OPERATION OPERAND

GAMMA MVi AREA, B10110011’

Character Self-Defining Terms

Character self-defining terms consist of one or two
characters enclosed by apostrophes and preceded by the
letter C;such as C°*A3’. Any of the valid punch
combinations can be used in a character self-defining
term.

Examples: C'AY° CEA’ CLB (3

Because certain terms in the assembler language must be
enclosed by apostrophes (such as C'EA’), for every
apostrophe that is used as a character in a self-defining
term, two must be written. For example, the characters
A’ would be written as C°A™.

In the following example, a dollar sign ($) would be
moved into the byte field at REPORT.

NAME OPERATION OPERAND

DELTA MVI REPORT, C'8$’

Location Counter Reference

Location Counter: The location counter is an internal
counter, maintained by the assembler, which always
points to the next available storage location. As each
new statement is processed, the location counter is
increased by the number of bytes in the assembled
statement. The assembler uses the current address

in the location counter to assign consecutive storage
addresses to program statements.

Location Counter Reference: A location counter
reference is an asterisk (*) used as a term in the operand
of an instruction. When the assembler encounters

an asterisk, it substitutes the current value of the
location counter (which always points to the next
available storage location) for the asterisk.




EXPRESSIONS

An expression consists of an arithmetic combination of
one or more terms. In a multi-term expression, terms
must be separated by an arithmetic operator: the
arithmetic operators are + for addition, — for subtraction,
and * for multiplication.
AREA+X2D’

Examples: N-25 R+15 A*8

The rules for coding an expression are:

1. Two terms or two operators must not be used
consecutively in an expression.

2. Parentheses cannot be used in an expression.

3.  Only absolute terms can be used in a multiply
operation.

4.  Blanks are not allowed in an expression.

. Using the Model 10 disk system basic assembler,
an expression may consist of only one term when
that term is a symbol used as the operand of an
EXTRN statement.

b. Using the Model 15 basic assembler, if the expres-
sion contains an external symbol, then the
expression must be of the form AorAte. Aisa
symbol used as the operand of an EXTRN state-
ment and e is an absolute expression.

Note: An Axe expression must not be in a Model
10 subroutine with RPG IL.

If there is more than one term in the expression, the
terms are reduced to a single value as follows:

1.  Each term is evaluated separately.

2. Arithmetic operations are then performed in a
left-to-right sequence, except that multiplication
is performed before addition or subtraction. An
example would be A+B*C, which would be
evaluated as A+(B*C), not (A+B)*C. The result
would be the value of the expression.

3.  The intermediate result of the expression
evaluation is a 3-byte, or 24-bit value. Intermediate
results must be in the range of —2 4 through
2241,

Negative values are carried in the two’s-complement
form. The final value of the expression is the truncated,
rightmost 16 bits of the result. The value of the
expression before truncation must be in the range of
-65536 through +65535. A negative result is considered
to be a 2-byte positive value.

Note: In address constants the full 24-bit final expression
result is truncated on the left to fit the length of the con-
stant.

Absolute Expressions: An expression is considered
absolute if its value is unaffected by program relocation.

An absolute term may be a non-relocatable symbol, or
any of the self-defining terms. All arithmetic operations
are permitted between absolute terms.

An absolute expression can contain relocatable terms or
a combination of relocatable and absolute terms under
the following conditions:

1. The expression must contain an even number of
relocatable terms.

2. The relocatable terms must be paired and each
pair must consist of terms with opposite signs.
The paired terms need not be adjacent.

3. Relocatable terms cannot be-used in a multipli-
cation operation.

Pairing relocatable terms with opposite signs cancels

the effect of the relocation, because both terms would be
relocated by the same value. Therefore, the value
represented by the paired terms would, in effect, remain
constant regardless of the program relocation. For
example, in the absolute expression A—Y+X, A is an
absolute term and X and Y are relocatable terms. If A
equals 50, Y equals 25, and X equals 10, the value of
the expression would be 35 If X and Y are relocated by
a factor of 100, their values would become 110 and 125,
respectively. However, the expression would still
evaluate as 35 (50—125+110=35). Absolute expressions
reduce to a single absolute value.

Relocatable Expressions: A relocatable expression is
one whose value changes by the amount of relocation
when the program in which it is used is relocated. All
relocatable expressions must reduce to a positive
value.

Basic Assembler Language
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A relocatable expression can be a combination of
relocatable and absolute terms under the following
conditions:

1. There must be an odd number of relocatable
terms.

2. All relocatable terms, except one, must be paired
and each pair must consist of terms with opposite
signs. The paired terms need not be adjacent.

3. The unpaired term must not be immediately
preceded by a minus sign.

4. Relocatable terms cannot enter into a multiplication
operation.

All terms in a relocatable expression are reduced to a
single value. This single value is the value of the unpaired
relocatable term after it has been adjusted (displaced) by
the resultant value of the other terms in that expression.
For example, in the expression W—X+Y where W, X,

and Y are relocatable terms; and W=10, X=3, Y=1;

the result would be the relocatable value of 8.

If the program is relocated by 100 bytes, the resultant
value of the expression would be increased by the amount
of relocation (100), giving the expression a value of 108.

In the following expression, a combination of absolute
and relocatable terms are used: A+F*G—D+B. A, D,
and B are relocatable terms; F and G are absolute

terms. When given the values A=3, B=2, D=5, F=1, and
G=4, the result would be a relocatable value of 4. The
multiplication occurred first, resulting in 4; then the
addition and subtraction of the other terms, including
the result of the multiplication, was performed in a
left-to-right direction. The result of the arithmetic
operations is a relocatable value of 4 for this expression.

Upon relocation, the value of this expression can be
determined by adding the amount of relocation to all
relocatable terms.

ASSEMBLER CODING CONVENTIONS

This section explains the general coding conventions
associated with the IBM System/3 Basic Assembler
language. When coding in assembler language, the
programmer uses the IBM System/3 Assembler Coding
Form (Figure 2).

The Statement Format

Each line on the coding form is divided into two segments:
Statement (columns 1-87), and Sequence (columns §9-96).

The Statement segment can contain up to four entries,
from left to right: Name, Operation, Operand and
Remark. The Name field is column dependent. It
must start in column 1, unless otherwise specified by
the ICTL assembler instruction (see Assembler
Instruction Statements). All other entries can start

in any column, as long as there is at least one blank
separating each entry and the entries remain in the
stated order. Figure 3 is a diagram of assembler
statement entries.
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Name Entry

e Optional or required depending on the specific

instruction.

o Up to six characters can be used in a name.

e First character must be alphabetic (including $, #, @).

e First character must be in column 1 unless otherwise

specified by an ICTL assembler instruction.

e No special characters or blanks in a name (except

$,#, @.

e At least one blank must follow the Name entry or

appear in the first Name entry column (if no name is
entered).

Operation Entry

Required entry.

Contains mnemonic operation code (list of valid machine
codes is in Appendix A. Machine Instructions).

Must be followed by a blank.

Operand Entry

Optional or required depending on the specific
instruction.

Contains coding that describes data to be acted upon.
Operands are separated by a comma.
No blanks between terms or operands.

Blanks are allowed within character constants and
character self-defining terms only.

If the entire operand entry is omitted, but a remark
entry is desired, absence of the operand must be
indicated by a comma in the operand entry, preceded
and followed by one or more blanks.

Must be followed by a blank.

10

Remark Entry
o Optional entry.

e Contains a brief verbal description of the statement’s
function.

e Cannot extend beyond column 87 or a limit prescribed
by ICTL assembler instruction.

e Can contain any combination of valid characters or
blanks.

o Must be followed by a blank.

Identification—Sequence Entry
e Optional entry.

e Contains statement identification or sequence
characters.

o See ISEQ — Input Sequence Checking later in this section.

Comment Statements

The entire statement field (columns 1-87) can be used
for comments by placing an asterisk in column 1 (or the
beginning column, as set by the ICTL assembler
instruction). Comments can be extended for more than
one line by the repeated use of the asterisk in the first
column of additional cards. Comment lines may be used
anywhere in the source program and are printed on the
program listing. Sequence checking is also performed
on cards containing comment statements,




®

SEQUENCE

OPERATION 4| orerAND % REMARK £

Name Entry Operation Entry

This entry consists of the
mnemonic code for the
desired operation. The
operation can be either

. |

This entry may contain
up to 6 characters.

If not left blank, column { l
one must contain an Machine instruction or Assembler instruction
alphabetic character.

Operand Entry

®

One or more operands
that consist of either:

I
[ [ [ 1

EXP or | EXP (EXP) \ or | EXP(EXP,EXP) | or |EXP (,EXP)

[ |

A single term consisting of: or An arithmetic combination

of terms.
[ ]
A symbol or A self-defining term or A location counter
(AT or RT) (AT) reference (*) (RT)
EXP = expression
| AT = absolute term

L I L L RT = relocatable term
Decimal Hexadecimal Binary Character
e.g. 166 or e.g. X'C4’ or e.g. B'101’ or e.g. C' AB’

Remark Entry Sequence Entry

This entry contains any
statement meaningful
to the programmer.

This entry is optional.

Figure 3. Assembler Statement Entries

This field may contain
any valid characters,

This entry is optional.

Basic Assembler Language
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ADDRESSING

The programmer must be able to access any part of storage.
IBM System/3 provides two methods of addressing: direct
and base-register displacement. The relative addressing
technique can be used with both methods. For addressing,
see the /BM System/3 Models 8, 10, 12, and 15 Components
Reference Manual, GA21-9236.

Direct Addressing

The direct addressing method allows the programmer to
represent a 16-bit instruction address by using an
expression as an operand entry. The assembler places
the value of the expression in the machine instruction
which it generates.

Two bytes are always used in the machine instruction for
a direct address. A direct address is indicated by the
absence of a register in the operand.

Example: MVI ACD
This indicates to the assembler that a direct address is to

be generated for location A (see Machine Instruction
Operands).

Base-Register Displacement Addressing

Base-register displacement addressing involves setting up
a base address from which other addresses can be
calculated. This base address must be placed in the base
register before the base register is used for addressing.

One byte is always used in the machine instruction for a
base-register displacement address and is indicated by the
presence of a register in the operand.

Examples: MVI
MVI

A(2)CD
5(,1),CD°

This indicates to the assembler that a base-register displace-
ment address is to be generated for location A using base
register 2 and for displacement 5 from base register 1.

IBM

PROGHAM

PROGRAMMER

1 2N§mi 5 8] 7 aoé’ei?f'??vz 13114 15 16 17 18 19 20 21 nogse'g'a\dzzs‘nmzemsv:nsawiﬁr
RIX\L EQU
LA DBAISIE|, RIX
U\S!/ NG ADBIASIE,IRX 1
Mviel | | lalcl, IRx(L)], 1Bi([2], [RX(1])
i

Figure 4. Base-Register Displacement Addressing
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The base register plus a displacement can reference any
higher address within 255 bytes of the specified base
address. The displacement portion of the address can be
either absolute or relocatable; however, in either case the
programmer indicates that a base-displacement address is

to be generated by the presence of the register in the
operand (see Machine Instruction Operands). If relocatable
displacements are used, the USING statement (see Assembler
Instruction Statements) must be used to indicate to the
assembler which register contains the base address and
what address will be loaded into that register. The USING
instruction does not load the register with the specified
address; the programmer must use a load instruction to
place the indicated address into the register. Figure 4 is

an example of base-register displacement addressing.

In Figure 4 two bytes of data will be moved from the
location of B to the location of A. The assembler
calculates the displacement to the addresses for A and
B, if A and B are relocatable and are within a positive
255 bytes of the address in base register XR1. If either
A or B is over 255 bytes from the base address, an
addressing error occurs and an assembler error statement
is generated. If the terms A and B are not relocatable
symbols, the assembler uses the absolute values (up to
255) of the terms for the displacement. If absolute
displacements are used, the USING assembler statement
is not required.

Note: The programmer must explicitly specify the base
register whenever base-register displacement addressing is
used.

The programmer terminates the use of a previously
defined base register through the use of the DROP
instruction (see Assembler Instruction Statements). The
value of the register is not affected. This register
cannot, however, enter into base-register displacement
addressing using relocatable displacements until specified
again by a USING instruction.

Relative Addressing

Relative addressing is an addressing technique
accomplished by adding bytes to or subtracting bytes
from a symbol or location counter reference. The
expression *+5, for example, specifies the location 5
bytes beyond the current value of the location counter.
Figure 5 is an example of relative addressing.




In Figure 5, the instruction with the operation code
ZAZ has a length of 6 bytes, the instruction AZ has a
length of 5 bytes and the instruction with MVI has a
length of 4 bytes in storage. Using relative addressing,
the location of the AZ instruction can be expressed in
two ways, AAA+6 or BBB-S.

Control of Location Counter

Addressing in any computer language depends upon the
location counter. IBM System/3 allows the programmer
to control the location counter by using two assembler
instructions: START and ORG. The START assembler
instruction can be used to initialize the location counter
to a desired value at the beginning of a program. The
ORG assembler instruction can be used to change the
value of the location counter anywhere in a program.

IBM
Name Operation Operand
1 2 3 4 5 6718 9 16 11 12{13{14 15 16 17 18 19 20 23 22232425 26 27 28 20 30 31 32 33 M I ¢
AAA zZAZ | | 1B,|C
AZ lbl(l1d, 1)}, C
BB3 MVt LD XA E
B AAAHG

Figure 5. Relative Addressing

Figure 6 shows how the AZ instruction can be addressed
relative to the nearby symbolic addresses, AAA and BBB.

Relative addressing may also be used with base-register
displacement addressing if the displacement is a
relocatable term.

Example: MVC  A+5(,RX1),B(2,RX1)

In the example, A+5 is an example of relative addressing
used with base-register displacement addressing.

Instruction Addressing

A symbol used as a name entry in a machine-instruction
statement addresses the leftmost byte of storage occupied
by that instruction.

Data Addressing

A symbol used as a name entry in a data definition
instruction (see DC — Define Constant and DS — Define
Storage) address the rightmost byte of storage occupied
by or reserved for that data.

}———Gbytes —+ 5-bytes —+¢bytes -l

Pttt
T 4 A

AZ MVI
ZAZ (AAA+B) (BBB)
symbolic address = (AAA) (BBB-5)

Figure 6. Schematic of Relative Addressing

These two instructions are described in detail under
Assembler Instruction Statements.

MACHINE INSTRUCTION STATEMENTS

Machine instruction statements are symbols that
represent machine language instructions on a one-for-one
basis. The assembler translates these symbolic repre-
sentations into machine language usable by the
computer. Machine instruction statements differ from
assembler instruction statements in that the machine
instruction statements are executable parts of the
program’s logic (such as MVI, ST, LA, etc), while
assembler instruction statements are simply orders to
the assembler, each statement directing a specific operation
(such as DC, START, SPACE, etc). See IBM System/3
Models 8, 10, 12, and 15 Components Reference Manual,
GA21-9236 for a description of the execution of machine
instructions.

The format for a machine instruction statement is closely
related to, but not the same as, the machine language
instruction format which results from the assembly
process (see Appendix A. Machine Instructions for
machine language instruction formats).

A mnemonic operation code is used in place of the
actual machine language operation code and one or
more operands provide the information required by
the machine instruction. A remark and a sequence
entry may be included in the machine-instruction
statements, but they will not affect the machine
language instruction.

Basic Assembler Language 13



Name Entry Attributes

Any machine-instruction statement can contain a
symbol as a name entry. Other machine-instruction
statements can use that symbol as an operand. The
assembler assigns value and length attributes (charac-
teristics) to every sumbol used in a program. The value
attribute of a symbol which is used as a name entry

in a machine-instruction statement is the address of
the leftmost byte of storage occupied by the assembled
instruction. The length attribute of the symbol is

the number of bytes of storage occupied by the
assembled instruction. Refer to Lengths—FExplicit and
Implied in this section for a discussion of the length
attributes of other types of symbols, terms, and
expressions.

Machine Instruction Mnemonic Codes

The mnemonic operation codes are designed to be
easily-remembered codes that remind the programmer
of the functions performed by the instructions. The
mnemonic codes are translated into machine-language
operation codes by the assembler. IBM System/3 Basic
Assembler provides mnemonic and extended mnemonic
operation codes. The complete set of mnemonic codes
is listed in Appendix A. Machine Instructions.

Extended Mnemonic Codes

Extended mnemonic codes are provided for the
convenience of the programmer. They are unlike other
mnemonic codes in that part of the information

usually provided in the operand is in the extended
mnemonic code itself. Extended mnemonic codes allow
the following:

1. Conditional branches (BC) and jumps (JC) can
be specified mnemonically, requiring only a
branch address as an operand.

2. Half-byte moves (MVX) can be specified
mnemonically, requiring only the use of addresses
as operands.

3. The supervisor call form of the command CPU
(CCP) machine operation can be specified
mnemonically (Model 15 only).

Extended mnemonic codes are not part of the set of
machine instructions, but are translated by the assembler
into the corresponding operation code and condition
combinations.
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See Appendix A. Machine Instructions for a list of
extended mnemonic codes.

Machine Instruction Operands

This section describes (1) operand fields and subfields,
(2) explicit and implied lengths, and (3) operand groups
and formats. The operands of machine instruction
statements provide the information about addresses,
lengths, and immediate data that is required by the
assembler to generate executable machine instructions.
General rules for coding of operands are covered in
Assembler Coding Conventions.

Operand Fields and Subfields

The left operand of a pair is called operand 1, or
operand field 1; the right operand is called operand 2,

or operand field 2. An operand field may include one

or two subfields (length subfield, register subfield)

as in the following example of base-register displacement
addressing.

Example: 40(,2)

The above operand field contains a displacement entry,
40, and a register subfield entry, 2, representing index
register 2. The following rules apply to the coding of
subfields:

1. Parentheses must enclose a subfield or subfields.
2. Blanks cannot be used within subfield parentheses.

3. A comma must separate two subfields within
parentheses (L,R).

4.  If the first subfield of a pair is omitted, the
comma that separates it from the second subfield
must be retained (,R).

5. If the second subfield of a pair is omitted, the
comma separating the pair must also be omitted

(L).

6.  If both subfields are omitted, the separating
comma and the parentheses must also be omitted.

Operand subfields can contain immediate data, length,
or register information. Only absolute expressions
and self-defining terms may be used as subfield entries.




Lengths — Explicit and Implied

A length subfield in an operand may be either explicit
or implied. To imply a length, the programmer omits
the length subfield from an operand. When a length
specification is not included in an operand requiring

a length, the assembler includes the implied length of
the first operand, such as the length attribute of a name
entry (see Name Entry Attributes in this section).

The length attributes of various terms and expressions
are shown in Figure 7.

An explicit length is written by the programmer in the
operand as an absolute expression. The explicit length
overrides any implied length.

Term or Expression Length Attribute

Length, in bytes, of the
instruction.

1. Name entry symbol
of a machine-instruction

2. Location-counter
reference {*)

Length, in bytes, of the
instruction in which it

appears (except in the EQU
assembler statement, where the

Length attribute of the
leftmost term in the
expression.

3. Expression

4. Self-Defining Term Length attribute is one.

5. START name entry Length attribute is one.

NOTE: See also Subfield 3 - Length under Data Defining

Instructions.

length attribute assigned is one).

Figure 7. Length Attributes of Terms and Expressions

Operand Groups

Machine-instruction statement operands are divided
into six groups. The characteristics of each group are
as follows:

Group 1: Two-operand format in which a length is
explicit or implied in both operands.

Group 2: Two-operand format in which a length can
be explicit in either operand, but not in both. If
length is not explicit in either operand, the assembler

uses the implied length of operand 1.

Groupu_?: Two-operand format in which a length
cannot be specified.

Group 4: One-operand format in which only immediate
data may be used.

Group 5: Two-operand format in which both operands
are immediate data.

Group 6: Two-operand format in which operand 1 is

used by the assembler to calculate a positive displacement

and operand 2 is immediate data.

Basic Assembler Language
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Figure 8 shows the allowable operand formats for each
operand group. The instructions using each operand
group are also listed. Refer to Appendix A. Machine
Instructions for the related machine-instruction formats.

For the extended mnemonics of the MVX instruction,

the I-field information is inherent in the mnemonic and
the I-field is omitted from the operand. For the extended
mnemonics of the BC and JC instructions, the second

operand (I-field) is not used since the information is
inherent in the mnemonic (see Extended Mnemonic
Codes in this section).

Data movement is from operand 2 to operand 1 in a
two-address format instruction (group 1 and group 2).
This operand order is equivalent to that of machine

instructions.

GROUP INSTRUCTIONS ALLOWABLE OPERAND FORMAT
1 ZAZ,AZS8Z AA A({L)A D(,R),A D(L,R),A
AA(L) A(L),A(L) D{,R),A(L) D(L,R),A(L)
A,D{,R) A(L),D(,R) D{,R},D(,R) D(L,R),D{,R)
A,D(L,R) A(L),D(L,R) D{,R),D(L,R)} D(L,R),D(L,R)
2 MVC,CLC,ALC AA AlL),A D({,R),A D(L,R),A
SLC,ITC,ED AA(L) A(L),D(,R)} D(,R},A(L} D(L,R},D(,R)
A,D{,R} D(,R},D(,R)
A,D(L,R) D(,R}),D(L,R)
MV X AA(D All)A D{,R),A(l) D(I,R),A
A,D{1,R) A(1),D(,R) D{,R),D(I,R) D(L,R),D{,R)
3 MVI,CLI,SBN Al D{,R),i
SBF,TBN,TBF
TIO,SNS,LIO
BC
LST,ALA AR D({,R),R
SCP*,LCP*
4 APL,SVC* 1
5 HPL,SIO,CCP* i
6 JC ALl

*Model 15 only.

The following codes are used to describe the possible operand formats:

CODE

-0 TP

MEANING

Address
Displacement
Length
Hegister

Immediate Data (bit masks,
condition bit masks, or
control bits to be used in

the instruction)

ACCEPTABLE FORM

Relocatable expression, absolute expression, or self-defining value.
Relocatable expression, absolute expression, or self-defining value.
Absclute expression or self-defining value.
Absolute expression or self-defining value.
Absolute expression or self-defining value.

Figure 8. Operand Format by Group
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In groups 3, 5, and 6, the Q-code operand is always
on the right. See Appendix A. Machine Instructions
for an explanation of Q codes.

ASSEMBLER INSTRUCTION STATEMENTS

When writing a program the programmer uses two types
of statements: executable instructions and instruction
statements to the assembler. The executable instructions
are the machine instruction statements. These are
symbolic representations of the programmer’s logic,
such as branch, move, or compare, which are translated
into machine language by the assembler.

Assembler instruction statements, on the other hand, do
not generate executable machine codes. They are
instructions that control specific assembler functions.
These instructions are used to set up areas in storage, to
define data, to equate symbols, and to control program
listings, location counter, statement formats, and types
of addressing. In the remainder of this section, the
individual assembler instruction statements are
discussed.

Symbeoi Definition Instruction

EQU—Equate Symbol

The EQU instruction is used to equate symbols with
register numbers, immediate data, or other arbitrary
yalues. The EQU instruction defines a symbol by
assigning to it the length and value of the expression
in the operand field of the EQU instruction. The EQU
instruction has the following format:

NAME OPERATION OPERAND

symboi

i
!

EQU I an expression
i

The expression in the operand field can be either
absolute or relocatable. Any symbol appearing in
the operand field must have been previously defined.
Figure 9 illustrates how this instruction can be used
to equate a symbol with the contents of the operand.

In Figure 9, MAX has the value of TEST + X‘3FC’
(X‘102+X3FC or X'4FE’) any time it is used in the
program. The symbol STEST has the value of the first
(left most) byte of the data area reserved by the DC
instruction. Since the symbol on the DC (TEST) has
the value of the rightmost byte, this type of EQU is
useful for addressing the leftmost byte. The symbol
REG? in any statement is the same as using the number
2.

IBM
PROGRAM
PROGRAMME R
Name Operation Operand
t 2 3 a4 5 6718 s 1011 1201314 1516 17 18 1920 21 2223 24 26 26 27 28 28 30 31 32 3 A B A
i #EL

Figure 9. EQU Assembler Instruction
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Data Defining Instructions

Two data defining instruction statements are available:
Define Constant (DC), and Define Storage (DS). These
instructions are used to enter data constants and to
reserve areas in storage. Each instruction can have a
name field entry (symbol) to which other instructions
can refer.

DC—Define Constant

The DC instruction is used to initialize a storage
location with a desired value. The IBM System/3

Basic Assembler Language allows six types of constants:
storage address, binary, character, decimal, hexadecimal,
and integer. The format of the DC instruction is as
follows:

NAME |OPERATION | OPERAND
i | T T
syrmbol | DC ;Duplication I Type ! Length iConstant
or | | Factor (2 ; 3 4 @4
blank | P | " ;
i 4 M

Notice that the operand of the DC statement consists
of four subfields. The first three describe the constant
and the fourth provides the constant. The only blanks
permitted within an operand field are blanks embedded
in a character constant. The symbol that identifies the
DC statement receives the value of the address of the
rightmost byte of the area defined by the statement.

Subfield 1—Duplication Factor: This subfield enables the
programmer to repeat the constant in storage. The constant

will be generated the number of times indicated by the

entry in the first subfield. This entry can be any unsigned,

nonzero, decimal value, 1 through 65535. If this subfield
is omitted, a duplication factor of 1 is assumed. This
duplication factor is applied after the constant is fully
assembled. If duplication is specified for an address cons-
tant containing a positive location counter reference, the
value of the location counter used in each duplication is
increased by the length of the constant.

18

Subfield 2—Type: This subfield defines the form of the
constant being entered. From the type specification, the
assembler determines how it is to interpret the constant
and translate it into the appropriate machine format. The
type entry is specified by one of the letter codes A, B, C,
D, X, or I (see Subfield 4 — Constant for related meanings).
The type entry is required.

Subfield 3—Length: The third subfield describes the
number of bytes required by the constant. The entry for
this subfield may be written two ways:

1. Ln, where n is an unsigned, nonzero, decimal value.
The value of n is as follows:

n=1-256 for I, B, C, X constants
n = 1-31 for the D constant
n=1-3 for an A constant

2. L (absolute expression), where an absolute
expression is enclosed in parentheses. The value
limits for the absolute expression are the same as
those for n in the previous paragraph. A location
counter reference is not allowed in this expression.

The total area allocated for this constant is the result of:
Duplication Factor * Length=Total Area. The length
entry is required.

Subfield 4—Constant: This subfield supplies the constant
that was described in subfields 1 through 3. In general, the
address constant (type A) is enclosed in parentheses, while
the data constants (types B, C, D, I, and X) are enclosed in
apostrophes. An entry in the constant subfield of a DC
statement is always required.

Address Constant (A): This constant is used to load an
address into a storage area.

Example: SYMBOL DC AL2(BETA)

In this example, the address represented by the symbol
BETA will be stored in the 2-byte field addressed by
SYMBOL. The full 24-bit final expression result is trun-
cated on the left to fit the length of the constant. The
maximum length of an address constant is 3.




Binary Constant (B): This constant is used to create bit
patterns and masks.

Example: SYMBOL DC 1BL1°10011

The byte of storage addressed by SYMBOL will contain
00010011. Truncation or padding with binary zeros
occurs on the left if the constant is not the length speci-
fied. This constant is enclosed in apostrophes. Each digit
within the apostrophes represents a single bit in storage,
and each eight bits specified will occupy one byte of
storage.

Character Constant {C): This constant can be used to
place a string of characters in storage.

Example:  SYMBOL DC
The byte of storage addressed by SYMBOL will contain a

blank, and the byte of storage addressed by SYMBOL-16
will contain the character P.

Note: Two blanks have been padded on the right of the
character string.

If the constant is not the specified length, truncation or
padding with blanks will occur on the right. Each
character (including blanks) within the apostrophes will
occupy a byte of storage. If an apostrophe occurs within
the string of characters, it must be represented by a
double apostrophe.

Decimal Constant (D). This constant can be used for
arithmetic purposes.

Example:  SYMBOL DC DL5‘125.66°
This constant will appear in zoned-decimal form in a 5-byte
storage field, addressed by SYMBOL. The decimal point
is used only as a convenience for the programmer, and
is not assembled into the constant. The value of the
constant is calculated without the decimal point. Trunca-
tion or padding with decimal zeros occurs at the left of the
field, if necessary. Signed decimal constants are permitted,
making it possible to have a decimal constant with a nega-
tive value. Fach decimal digit will occupy one byte of
storage.

Hexadecimal Constant (X):  This constant is used to
associate a hexadecimal value with a symbol in a defined
area in storage.

1XL68ACI4

Fxample:  SYMBOL DC

1CL17‘PLANT 5 PAYROLL’

The 6-byte field addressed by SYMBOL will contain the
following 12 hexadecimal digits: 00000008AC14.

Truncation or padding with hexadecimal zeros occurs at
the left. Each two digits between apostrophes will occupy
one byte of storage.

Integer Constant (I): This constant is used for fixed-point
binary arithmetic.

Example: SYMBOL DC 1IL2-7
A negative number may be used for an I constant. The
negative constant is placed in storage in its two’s-comple-
ment form. This example would appear in storage in bit
formas 1111111111111001. There is always a positive
equivalent to a negative constant; in the above example, it
is hexadecimal FFF9 or decimal 65,529. The range of I
constants must be within 23241 102 2_1. If the number
is positive, it is padded on the left with O-bits. If the
number is negative, it is padded on the left with 1-bits.

DS-—Defines Storage

The DS instruction is much like the DC instruction. It
assigns a symbol to an area of storage. Unlike the DC
instruction, the DS instruction only reserves the area of
storage, it does not insert data. A constant subfield cannot
be used with a DS statement. The following illustration
shows the DS format.

i |

NAME | OPERATION OPERAND
i i
T H

symbol DS duplication ! type )tength
| | { I

or i i factor i |

blank t

| | | ;

A duplication factor of zero can be used in a DS statement
if the programmer wishes only to assign a length to its
corresponding symbol. The symbol will be given the value
of the current location counter minus one. The type and
length subfields must follow the same rules as for the DC
statement.

The duplication factor can be used by the programmer to
specify a reserved area larger than 256 bytes.

Example: SYMBOL DS 3CL100

This instruction would reserve a 300-byte area, which would
be referenced on the right by the name entry SYMBOL.
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Listing Control Instructions
The listing control instructions aid the programmer in

documenting his assembler listing. These instructions are
TITLE, EJECT, SPACE, and PRINT.

TITLE — Identify Assembly Output

The TITLE instruction enables the programmer to identify
assembled object cards and assembler listings.

NAME OPERATION OPERAND

TITLE a sequence of characters

enclosed in apostrophes

label or blank

R S

The name field entry can consist of a maximum of six
characters. The first character may be numeric. The
contents of the name field in the first TITLE card is punch-
ed into the sequence field of all object cards produced by
the assembler. This name field entry also appears in all
listing header fields.

The name on the TITLE statement is not the object pro-
gram name, but may be the same as the object program
name. See START — Start Assembly. The name field
entry is used only for identification and may not be
referenced by the program.

The operand field contains a sequence of characters
enclosed in apostrophes. Any embedded apostrophes must
be represented by a double apostrophe. The contents of
the name and operand fields are printed at the top of each
page of the assembler listing.

A program can contain more than one TITLE statement.
When a new TITLE statement is read, the listing is advanced
to a new page before the new heading is printed. The name
fields of all subsequent TITLE statements are ignored by
the assembler. The TITLE instruction is not listed on the
assembler listing, but it does increase the statement counter
by one. Figure 10 shows an example of the TITLE
statement.
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iBM

PROGRAM

PROGRAMMER

Name Operation perarnd
12345 6l7 10 11 12{13}14 15 16 17 18 1920 21 2223 24 25 26 27 28 20 3 31 32 33 34 36 ¢

8 g
SITARIT X{'3171"
PAY TiTILE] |'OiciToBIER! | 1s| PAYRIoL L
DATIALN D€ feicget! |/
SAVE Dis 4cillpd
TEN EQU XA

Figure 10. Use of the TITLE Statement

EJECT — Start New Page

The EJECT instruction causes printing to begin at the top
of a new page, under the page heading. Through the use
of the EJECT statement, the programmer can separate
routines in the assembler listing. The format of the EJECT
assembler instructions is as follows:

NAME OPERATION OPERAND

EJECT Not Used

T
{
1
blank ;

I
|
T
!

In Figure 11, the EJECT instruction is used to separate
executable instructions from the data-defining assembler
statements. The EJECT instruction is not listed on the
assembler listing, but it does increase the statement counter
by one. The coding example in Figure 11 shows the position
of EJECT. Note that the corresponding statement number
(4) has been omitted in the listing. Statement number 5
appears at the top of the next page, under the heading.




SPACE — Space Listing An unsigned decimal value is used to specify the number
of blank lines that are to be inserted. If the operand con-
This instruction is used to insert one or more blank lines tains a blank, a zero, or a 1, one blank line will be inserted.
between statements in the assembler listing: If the value of the operand exceeds the number of lines
remaining on the current page, the instruction has the
same effect on the listing as an EJECT statement. The

NAME ; OPERATION I OPERAND SPACE instruction, like the EJECT instruction, is not
} } listed on the assembler listing, but does increase the state-
blank i SPACE 1 decimal value or a blank ment counter by one.
i !
IBM IBM System/3 Basic Assembler Coding Form
P &O G RA’ M 1 PUNCHING GRAPHIC
erocrammer R K X I DATE INSTRUCTIONS PUNCH
STATEMENT
1 2N;mi 5 617 Bogm:f;i?? 12013114 15 16 17 18 19 20 21 210?3)(;2“25 26 27 28 20 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 45 47 48 49 50 51 52 53 54 55 56 57 58 ?geg»‘)ar;fsz 63 64 65 66 67 68 659 70 71 72 73 74
ARG | [sITAlRlT] [X]' |10’ i ‘
Malsik 1l | |pc! LB A1 1a1] :
ClouINTI3 D¢ 3)/Li2 '] !
EWEC!T |
READ Lo !
STIGRE | IMVC ARRARRE :
. |
£/MD! READ !
E
] e
Listing Page 1
Statement Name Operation Operand Remark
O number
O 1 PROG1 START X'100'
O 2 MASK1 DC 1BL.1'01101"
3 COUNT3 DC 31L2'0
|

,ﬂAh*‘///w,fxﬁ\\\ﬁ\\*ﬂ///,,____,_,_,,//~**'“~\\_w//,-/

N Listing Page 2

O Statement Name Operation Operand Remark
R number
5 READ Lo e
O 6 STORE MVC
END READ

Figure 11. EJECT Instruction
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PRINT—PFrint Optional Data

The programmer can control the printing of an assembly
listing by using the PRINT instruction. A program can have
any number of PRINT instructions. Each PRINT
instruction controls the listing until the next PRINT
instruction is encountered.

NAME OPERATION OPERAND

blank PRINT

i
|
!
I

IR S

operand

The operand field can include entries from the following
groups (one or two operands for the Model 10, one, two,
or three operands for the Model 12 and the Model 15):

1. ON-A listing is printed.
OFF-No listing is printed.

2. DATA-Constants are printed out in full on the
assembler listing.
NODATA-Only the leftmost 8 bytes of the con-
stants are printed on the assembler listing.

3. (Model 12 and Model 15 only)
GEN--Print statements generated by the macro
processor if not overridden by other listing
control statements.
NOGEN-Suppress printing of statements gen-

erated by the macro processor.
Dperand entries must be separated by a comma.

The ON, GEN and DATA conditions are assumed by the
assembler unless otherwise specified by a PRINT instruc-
tion. If an operand is omitted, it is assumed to be un-
changed and continues according to its last specification.
Both of the examples in Figure 12 would cause a listing
to be printed with only the leftmost 8 bytes of the con-
stants appearing in the listinig.

1BM

PROGRAM

PROGAAMMER

Name Operation Operand
1 2 3 a 5 8718 9 10 11 12{13114 1516 17 18 1920 21 2223 24 25 26 27 28 29 30 31 32 33 34 35 _

|l P&l NT] [N, MolDlalTIA
MAX e 5lc|L 3" AlBC|’

IBM Or

FROGRAM

PROGRAMME R

Narmz O
12 3 4 8 6

3

eration Operand
1 14 1516 17 18 1920 21 7223 24 25 25 27 28 20 30 31 32 3334 3B 2

Rii INT INOIDATA| |
e 5iclLi3it [AlBe|’

e

=1~

X

Figure 12, The PRINT Statement
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Program Control Instructions

ICTL—Input Format Control

The ICTL statement permits the programmer to change
the normal bounds of the source program statements.
When included, the ICTL instruction must precede all
other source statements. This instruction can be used
only once during a program. An invalid or mispositioned
ICTL statement causes termination of the assembly.

NAME | OPERATION i OPERAND ~

blank ICTL two decirnals in the form of B,E

#

The term B specifies the beginning column and the term
E specifies the ending column of the source statement.
The beginning column must be within columns 1-48. The
ending column must be within columns 49-95. The
column after the ending column must be blank.

When an ICTL statement is not included in a source
program, the beginning column is assumed to be column
1, and column 87 is assumed to be the ending column.
Figure 13 is an example of the ICTL instruction. In
Figure 13, the name field would start in column 14

and the remark field would end in column 80.

IEM
PROGRAM 'PRO GRA M X 3
PROGRAMMER x xx
5T
Name Operation Operand
1 2 3 4 5 61708 g 10 11 12{13114 1516 17 18 19 20 21 27 23 24 75 7 27 25 26 33 31 32 33 34 36 36 37
AL L
PROGX3| START X!'|1d@’
i
M A A y 2

S
E

SiYMBlolL D{: lleLe S yMBolL"
E

Figure 13. The ICTL Statement
ISEQ—Input Sequence Checking

The ISEQ instruction is used to check the sequence of
source cards. Sequence checking begins with the first
card after the ISEQ instruction. The first sequence entry
is taken from the sequence identification field of the
ISEQ statement. The sequence entry on the next card is
then compared to the previous sequence value. The ISEQ
assembler statement has the following effect:

1. The sequence entries on source-statement cards are
checked for ascending order.
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Statements that are out of order and statements
without sequence entries are flagged in the assembler
listing.

3. The total number of flagged statements is noted at
the end of the assembler listing.

For example, with the sequence values 13,27, 31, 6, 8,
45,47, % and 48, the card numbered 6 and the card with-
out a sequence value would be out of sequence. The
assembly does not stop due to a card being out of
sequence order. In this example, the card numbered 6
and the card without a sequence entry would be flagged
in the error field of the listing. If sequence checking is
requested, there is a statement at the end of the listing
showing that two cards were out of sequence.

The assembler will not check the sequence unless requested
to do so by use of the ISEQ statement.

The following is the ISEQ instruction format:

NAME OPERATION OPERAND

blank ISEG two decimal values in the

form L, R; or blank

The operand entries, L or R, specify the leftmost (L) and
rightmost (R) columns of the field to be sequence checked.
The value of L must be within the range of 73 through 96
(inclusive). The length of the sequence field may be from
1 to 8. If the programmer wants to discontinue sequencing,
an ISEQ instruction card with a blank operand is inserted.

The sequence field must be separated from the last column
of the source statement by at least one blank position.
The last column of the source statement is column 87
unless otherwise specified by the ICTL assembler state-
ment. The sequence field must not appear before the last
column +1 of the source statement. If the sequence field
is to start before column 89, the ICTL statement must be
used to redefine the beginning and end of the source state-
ment. For example:

ICTL 1,71 Source statement is defined within
columns 1-71

ISEQ 73,80 Sequence field is in columns 73-80

START—Start Assembly.

The START instruction may be used to initialize the
location counter to a desired value at the beginning of a
program. The format of the START instruction is:

NAME OPERATION OPERAND

symbol START a self-defining value or blank

The assembler uses the single self-defining term in the
operand as the initial location-counter value. For example,
either of the START instructions in Figure 14 could be
used to indicate an initial assembly location of 2040.

If the operand of a START instruction is blank, the
location counter is initialized with a value of zero. If
neither an ORG nor a START instruction is used to initial-
ize the location counter, the initial value is also zero.

A START instruction must not be preceded by any state-
ment that affects or is dependent upon the setting of the
location counter.

The name entry in the name field of a START instruction
provides the program with an identifier name called the
module name. The module name may be the same as the
first TITLE statement.

Note: Certain naming restrictions apply when assigning
names for your program. For more information on naming
restrictions, see IBM System/3 Model 10 Disk System
Control Programming Reference Manual, GC21-7512.
IBM System/3 Model 12 System Control Programming
Reference Manual, GC21-5130, IBM System/3 Model 15
System Control Programming Reference Manual,
GC21-5077 (Program Number 5704-AS1), or IBM
System/3 Model 15 System Control Programming
Concepts and Reference Manual, GC21-5162 (Program
Number 5704-AS2).

This program name may be used for program linkage. If
the START card is not included in the program, or if the
name field is blank, a default program name is assigned.
See the MODULE NAME MISSING diagnostic in
Appendix C. System/3 Assembler — Source Language
Error Codes and Diagnostics.

IBM
PROGRAM
PROGRAMMER
S
Name Operaticn Operand
1 2 3 4 5 6L718 o 16 11 12033814 18 16 17 18 19 20 21 22 23 24 25 26 27 78 7% 30 31 32 33 36 36 36 {
S[yMBlo[c| [S[TIAlRT] [2lg4lg] [ [ [ LiolclalTl: o] ngiad]

b
A

T

X

(or
SiymsloL| IsiTiaRT X' 7Fel| | LoclaTion 284

N,

Figure 14. Using START to Initialize the Location Counter
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ORG—Set Location Counter

The ORG statement sets the location-counter value.

T
NAME | OPERATION |, OPERAND
}

blank

expressions in the form A, B, C

!
|
* t
| ORG ] blank operand or an expression A
% ! optionally followed by two absolute
i |

The location counter is set to the smallest value greater
than or equal to A which is C more than a multiple of B.
In the following example, A can be either a relocatable or
absolute expression; B and C must be absolute expressions.
The default values for B and C are 1 and 0, respectively. If
the second operand (B) is omitted, the third operand (C)
must also be omitted.

Current New

Location Location

Counter A B ¢ Counter
275 * 100 50 350
340 * 100 50 350
350 * 100 50 350
504 * 256 0 512
750 100 e — 1000

All symbols used in the expression A must have been
previously defined. The value specified by the ORG state-
ment must be greater than or equal to the starting location-
counter value.

If previous ORG statements have reduced the location-
counter value for the purpose of redefining the current
program, an ORG instruction with a blank operand is used
to set the location counter to the previous maximum
assigned address plus one (see Figure 15).

Location
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Figure 15. Using ORG to Control the Location Counter
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USING — Use Register for Base-Displacement Addressing

The USING statement specifies the register to be used for
base-displacement addressing and also specifies the base
address that the assembler will assume to be in that register
at object time. The USING statement does not load the
base address into the register specified. This must be done
by the programmer before the register can be used for
base-register displacement addressing. See Addressing in
this section.

NAME OPERATION OPERAND

blank USING VR

T
i
{
[
i

In the preceding format, term V represents an expression.
Term R represents an absolute expression with a value of
1 or 2. Term R specifies the index register assumed to
contain the base address represented by the term V. The
programmer has the option of changing the base register
or base address at any time by the insertion of another
USING statement. Two USING statements enable the
programmer to use the two index registers as base registers
to two different portions of main storage.

InFigure 16, register 2 is loaded with the address of
ADRES1, which will be used as the base address in instruc-
tions following the USING statement.
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Figure 16. Specifying a Base Register With the USING Statements




DROP — Drop Base Register

The DROP instruction specifies a base register that is no
longer to be used as a base register. The programmer can
reinitiate the base register with another USING

instruction.

NAME OPERATION OPERAND

blank DROP

|
|
t
U specified register
|

The operand must contain an absolute expression of
either 1 or 2. This absolute expression represents the
register that is no longer to be used as a base register.
The contents of the register are unaffected by the DROP
instruction. Figure 17 shows an example of the DROP
instruction. Another USING statement is used to
specify register 1 as the new base register.

IBM
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Figure 17. Example of the DROP Statement

ENTRY — Identify Entry Point to Program

This instruction identifies symbols, defined in the current
program, which can be used as entry points from other
programs.

NAME OPERATION OPERAND

blank ENTRY any relocatable
symbol found in the
name field of the

current program

The symbol used in the ENTRY operand can also be refer-
enced by any other program provided that program uses
the same symbol in the operand of an EXTRN statement.
See the example given in the discussion of EXTRN for
additional information on the use of ENTRY.

EXTRN — Identify External Symbols

This instruction identifies symbols, used in the current
program, which are defined in another program. Each
symbol in the operand of an EXTRN statement must be
identified by an ENTRY statement or be the module name
in some other program.

NAME OPERATION OPERAND

EXTRN not found in the name

field of the current pro-

gram, optionally followed

by an absolute expression
| in parentheses

I
1
I one relocatable symbol
!
i

|
I
f
blank |
|
|
l
|

The external symbol cannot be used in a Name field in the
same program that describes that symbol as an EXTRN.

An EXTRN subtype can be specified for the EXTRN
symbol by following the symbol with an absolute
expression enclosed in parentheses. The value of the
absolute expression cannot be less than zero nor more
than 255. Any symbol in the expression must have been
previously defined. For an explanation of the subtype
values and their meanings, see IBM System/3 Overlay
Linkage Editor Reference Manual, GC21-7561.
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