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Preface

This publication is a reference manual for the systems pro-

grammer, the systems engineer and the applications program-

mer coding in the IBM Communications Controller Assem-
bler Language. This language is similar to the language
associated with the operating system assemblers (OS, DOS,
0OS/VS, DOS/VS) upon which the communications con-
troller assembler is based.

Chapter 1 introduces the assembler language and de-
scribes the major differences between the language and the
operating system assembler language. Chapter 2 presents
basic assembler language concepts. Chapter 3 describes
instruction alignment, machine instruction mnemonics,
machine formats and briefly describes the extended
mnemonics. Chapter 4 discusses the instructions to the
assemblers, including symbol definition, data definitions,
program sectioning and linkages, symbolic linkages, base
register instructions, listing control and program contiol
instructions. Chapter 5 describes the macro language and
conditional assembly language.

Third Edition (May 1975)

Appendixes A through E contain a summary of assem-
bler language features and usage. Appendix F describes
the job control language and the storage requirements
necessary to produce an assembly, and Appendixes G, H,
and I contain messages and codes helpful in debugging a
source program.

Before using this publication, the reader should be
familiar with basic programming concepts and techniques.
The prerequisite publication is Introduction to the IBM
3704 and 3705 Communications Controllers, GA27-3051.
Corequisite to this publication is the IBM 3704 and 3705
Communications Controllers Principles of Operation,
GC30-3004. _

The contents of this publication apply to OS, OS/VS,
DOS and DOS/VS users except as noted in the text.

This is a major revision of, and obsoletes, GC30-3003-1. Refer to the Summary of

Amendments in this manual for a list of changes.

Changes are periodically made to the information herein; before using this publica-
tion in connection with the operation of IBM systems, consult the latest IBM
System/370 Bibliography (GC20-0001) and associated technical newsletters

for the editions that are applicable and current.

Requests for copies of IBM publications should be made to your IBM representative

or to the IBM branch office serving your locality.

This manual has been prepared by the IBM System Communications Division, Publica-
tions Center, Department EQ1, P.O. Box 12195, Research Triangle Park, North
Carolina 27709. A form for reader’s comments is provided at the back of this publi-
cation. If the form has been removed, comments may be sent to the above address.

Comments become the property of IBM.
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IBM Communications Controller programs-are written in a
symbolic language. Source program statements coded in’
this language must be translated into communications con-
troller machine language before program execution. The -
“communications controller assemblers are available to
assemble programs written in communications controller
assembler language. In their external structure, the com-
" munications controller assemblers are very similar to the
IBM 0S, DOS, 0S/VS, and DOS/VS assemblers referred
to collectively in this book as operating System assemblers.
Some of the major differences between the communications
controller assembler and the operating system assemblers
are: : '

® no hterals are permitted.
® 1o floating pomt arithmetic-instructions are permltted
® new machine operation codes are provided.’

(See Appendix A for a detailed comparison of IBM assem-
bler features, and Appendix B for a listing of the Com-
munications Controller mnemonics.)

THE ASSEMBLER PROGRAM

The assemblers translate source statements into machine
language, assign storage locations to instructions and other
elements of the program, and perform auxiliary assembler
functions that you can designate. These functions parallel
the types of functions performed by the OS and DOS as-
semblers. The output of the assembler program is the
object module. The object module is in the input format
required by the linkage editor or loader component of

the operating system.

THE ASSEMBLER LANGUAGE

The assembler language is based on a collection of mne-
monic symbols that represent:

‘@ IBM Communications Controller machine-language
operation codes.

® Auxiliary functions to be performed by the assemblers.

This language is augmented by other symbols which you can
use to represent storage addresses or data. The assembler
language also enables you to define and use macro
instructions.

Chapter 1: Introduction

Machine Operation Codes

The assembler language contains 51 machine instructions.
These are represented to the assembler by mnemonic opera-
tion codes, usually followed by one or more operands. It
also provides extended mnemonic codes for certain Branch
and certain Store instructions.

“The majority of the machine instructions are register-
oriented. That is, they représent operations-involving two
registers, a register and immediate data, or a register and a
storage area. The assembler converts the machine instruc-
tions into two or four bytes of object code, depending on
the length assigned to the particular operation code.
Chapter 3 gives the machine instruction mnemonic codes,
examples of machine instructions for each instruction
format, and a list of extended mnemonics for certain
Branch and certain Store instructions. Appendix B lists
all of the machine instructions and gives the format ¢ode,
mnemonic, and operand format for each.

Auxiliary Functions and Programmer Aids

The assembler Janguage contains mnemonic assembler
instruction operation codes by which you may instruct

the assembler program to perform auxiliary functions; these
functions will have no effect on the machine language object
program produced.

Instructions to the assembler are written as assembler
pseudo operation codes, with or without operands. These
instructions perform such functions as delimiting the
beginning and end of sections of code, defining data areas,
and specifying base registers. (See Chapter 4 for a detailed
description and Appendix D for a summary.)

In addition, the instructions to the assembler provide the
following auxiliary functions to aid you in writing your
programs:

® Variety in data representation: In writing source state-
ments, you may use decimal, binary, hexadecimal or
character representation of machine language binary
values. (See Chapter 4 and Appendix C for more detail.)

® Relocatability: The assemblers allow symbols to be
defined in one assembly and referred to in another, thus
linking separately assembled programs. This permits both
reference to data and transfer of control between pro-
grams. (See Addressing Between Source Modules:
Symbolic Linkage in Chapter 4.)

Introduction 1-1



@ Program listings: -The assemblers produce a listing of
the source program statements and the resulting object
program statements it assembles. You can partially
control the form and the content of each listing. (See
Listing Format and Qutput in Chapter 4.)

@ Error indications: The assembler analyzes each source
program for actual and potential errors in the use of the
language. Detected errors are indicated in the program
listings. (See Appendixes G, H, and I for messages pro-
.duced as a result of error.)

Macro Instructions

. The macro language provides a convenient way to geherate :

a desired sequence of assembler language statements that
may be needed at more than one point in a program.

The macro language simplifies the coding of programs,
reduces the chance of programming errors, and ensures that
standard instruction sequences are used to accomplish
desired functions.

Another facility of the macro language is called condi-
tional assembly. This allows you to include in your source
program some statements that may or may not be assem-
bled, depending upon conditions evaluated at the time the
program is assembled. These conditions are usually values
that may be defined, set, changed, and tested during the
assembly process. You may code conditional-assembly
statements both within source program statements and
within macro definitions. (See Chapter 5 for a more
detailed description and Appendix E for a summary of
the macro language.)

12 IBM 3704 and 3705 Assembler Language

Uses of the Assembler

The uses of the communications controller assembler include:
(1) preassembling user-written block handling routines, and
(2) assembling the control program generation macros and
application-dependent modules during the control program
generation procedure.

- .The assembler enables you to add, to the IBM-supplied
Network Control Program (NCP) modules, block handling
routines (BHRs) that are unique to your applications. Using
the controller assembler language, you code BHRs to process
the data in message blocks going to or coming from start-stop
and/or BSC stations. Then you use the assembler to create
object modules that are stored in the same library with the
IBM-supplied NCP object modules. At NCP generation time,
if you have coded the appropriate macros, the BHRs you have
written are link-edited together with the IBM modules to

~ form the NCP load module.

The assembler is also used to assemble efnulation program
modules during the generation procedure. While the emulation
program does not require alteration to perform its function,
you could assemble and link-edit your code into the emula-
tion program using this assembler.



ASSEMBLER LANGUAGE CODING CONVENTIONS

The coding conventions for the communications controller
assembler language are the same as for the operating system
assembler languages. For a review of these conventions, see
OS Assembler Language, GC28-6514 or OS/VS-DOS/VS-
VM/370 Assembler Language (GC33-4010).

ASSEMBLER LANGUAGE STRUCTURE
The basic structure of the language is as follows:
A source statement comprises:

® A name entry (usually optional). Must begin in column
one and end before column nine. The name entry must
begin with an alphabetic character.

® Ap operation entry (required). Must be preceded and
followed by a blank.

® An operand entry (usually required). Must be preceded
and followed by a blank.

® Comments entry (optional).
A name entry is:

® A symbol.

An operation entry is:

® A mnemonic operation code representing a machine,
assembler, or macro instruction operation.

An operand entry is:

® One or more operands, each comprising one or more
expressions which, in turn, contain a term or an arithmetic
combination of terms.

TERMS

This chapter explains how you can use terms and arithmetic
combinations of terms in instruction operands.

Every term represents a value. The assembler may assign
this value (symbols, symbel length attribute, location counter
reference) or the value may be inherent in the term itself
(self-defining term). The communications controller assem-
blers do not permit the use of literals.

The assemblers reduce an arithmetic combination of
terms to a single value,

The types of terms and the rules for their use are described
in the following text.

Chapter 2: Assembler Language Coding and Structure

Symbols

A symbol is a character or a combination of characters used
to represent locations or arbitrary values. Symbols, through
their use in name fields and in operands, provide you with an
efficient way to name, and to refer to, a program element.

The three types of symbols are: ordinary, variable, and
sequence.

® Ordinary symbols are used as name entries or operands;
they must conform to these rules:

The symbol must not consist of more than eight char-
acters. The first position must be an alphabetic
character; the other positions may be any combina-
tion of alphameric representation,

A symbol can have no special character or blanks.

In the following text, the unqualified word symbol refers to
an ordinary symbol. )

® Varigble symbols are used within the source program or
macro definition to assign different values to one symbol.
Begin Variable symbols with an ampersand (&), followed
by one to seven alphameric characters, the first of which
must be alphabetic. A complete description of variable
symbols appears in Chapter 5: The IBM Communications
Controller Assembler Macro Facility.

® Sequence symbols consist of a period ( .), followed by
one to seven letters and/or numbers, the first of which
must be alphabetic. Use sequence symbols to indicate
the position of statements within the source program or
macro definition. Through their use you can vary the
sequence in which the assembler processes statements.
A complete discussion of sequence symbols appears in
Chapter 5: The IBM Communications Controller
Assembler Macro Facility.

Defining Symbols: The assemblers assign a value to each
symbol appearing as a name entry in a source statement., The
values assigned to symbols naming storage areas, instructions,
constants, and control sections are the addresses of the left-
most bytes of the storage fields containing the named items.
Since the addresses of these items may change with program
relocation, the symbols naming them are relocatable terms.

A symbol used as a name entry in the Equate Symbol
(EQU) assembler instruction is assigned the value designated
in the operand entry of the instruction. Since the operand
entry may represent a relocatable value or an absolute (that
is, unchanging) value, the symbol is considered a relocatable
term or an absolute term, depending upon the value it is
equated to.

Assembler Language Coding and Structure  2-1



A symbol used as a name entry in the Equate Symbol
to Register Expression (EQUR) assembler-instruction is
assigned the value of the grouping in the operand field. A
register expression defines a particular byte of a register.
The symbol is considered to be neither absolute nor relocat-
able. Its occurrence in an expression is governed by the
special rules described under EQUR (Equate Symbol to
Register Expression) Instruction, in Chapter 4.

The value of a symbol may not be negative and may not
exceed 218-1, or 262,143.

Note: The assembly program always verifies that

the value of a symbol is not negative and not larger
-than 2'8-1. However, for 3704s and models of the
3705, without extended addressing, 2'8-1 exceeds

the addressable storage range. The difference between.
the limit of storage and the maximum address allowable
in the register (218-1) is an area which will cause an

" addressing exception. See Introduction to the IBM

3704 and 3705 Commniunications Controllers,
GA27-3051 for a discussion of models and storage
capacities by model. For a discussion of extended
addressing, storage addressing, and address exception,
see IBM 3704 and 3705 Communications Controllers
Principles of Operation, GC30-3004.

A symbol is said to be defined when it appears as the
name of a source statement.

Symbol definition also involves the assignment of a
length attribute to the symbol. (The assembler maintains
an internal table—the symbol table—in which the values
and attributes of symbols are kept. When the assembler
encounters a symbol in an operand, it refers to the
assembler tables for the value associated with the symbol.)
The length attribute of a symbol is the length, in bytes,
of the storage field whose address is represented by the
symbol. There are exceptions to this rule: for example, in
the case where a symbol has been defined by an EQU
instruction to location counter value (EQU¥) or to a self-
defining term, the length attribute of the symbolis I.
These and other exceptions are noted under the applicable
instructions. Regardless of the number of times the con-
stant is generated, the length attribute is never affected.

General Restrictions on Symbols: A symbol may be
defined only once in an assembly. That is, each symbol
used as the name of a statement must be unique within
that assembly. However, a symbol may be used in the
name field more than once as a control section name (that
is, defined in the START, CSECT, or DSECT assembler
statements) because the coding of a control section may
be suspended and then resumed at any subsequent point.
The CSECT or DSECT statement that resumes the section
must be named by the same symbol that initially named
the section; thus, the symbol that names the section must
be repeated. Such usage is not considered to be a dupli-
cation of a symbol definition.

22 IBM 3704 and 3705 Assembler Language

Self-Defining Terms

A self-defining term is one whose value is inherent in the
term. It is not assigned a value by the assemblers. For
example, the decimal self-defining term 15 represents a
value of 15. The length attribute of a self-defining term
is always 1.

The four types of self-defining terms are: decimal, hexa-
decimal, binary, and character. Use of these terms is spoken
of as decimal, hexadecimal, binary, or character representa-
tion of the machine-language binary value or blt configura-
tion they represent.

Self-defining terms are absolute terms since the values
they represent do not change upon program relocation.

Using Self-Defining Terms: Self-defining terms are the
means of specifying machine values or bit configurations
without equating the values to symbols and using the
symbols.

Self-defining terms may be used to specify such program
elements as immediate data, masks, registers, addresses, and
address increments. The type of term selected (decimal,
hexadecimal, binary, or character) depends on what is being
specified.

The use of a self-defining term is distinct from the use
of data constants. When a self-defining term is used in a
machine-instruction statement, its value is assembled into
the instruction. When a data constant is referred to in the
operand of an instruction, its address is assembled. into the
instruction. Self-defining terms are always right-justified;
truncation or padding with zeros, if necessary, occurs on
the left.

Decimal Self-Defining Term: A decimal self-defining term

is an unsigned decimal number written as a sequence of
decimal digits. High-order zeros may be used (for example,
007). A decimal self-defining term is assembled as its binary
equivalent. A decimal self-defining term may not consist of
more than six digits or exceed 262,143 (2!3-1); (Note that
this limit is lower than that imposed by the operating sys-
tem assemblers.) Some examples of decimal self-defining
terms are: 8, 147,4092, and 00021.

Note: For the 3704 and models of the 3705 without
extended addressing, a decimal self-defining term may
not consist of more than four digits or exceed 65,535
(216-1). See also Extended Addressing, Storage
Addressing, and Address Exception in the publication,
IBM Communications Controller Pnnczples of Operation,
GC30-3004.



Hexadecimal Self-Defining Term: A hexadecimal self-
defining term consists of one to five hexadecimal digits
enclosed by apostrophes and preceded by the letter X:
X‘C49°’. A hexadecimal term may not exceed X‘3FFFF’
(218-1).

Note: For models without extended addressing, a hexa-
decimal term may not exceed X‘FFFF’ (216-1).

Binary Self-Defining Term: A binary self-defining term is
written as an unsigned sequence of 1s and Os enclosed in
apostrophes and preceded by the letter B, as follows:
B‘10001101°. This term would appear in storage as shown,
occupying one byte. A binary term may have up to 18 bits
represented, or as noted above, 16 bits for machines with-
out extended addressing.

Character Self-Defining Term: A character self-defining
term consists of one or two characters enclosed by apos-
trophes. It must be preceded by the letter C. All letters,
decimal digits, and special characters may be used. In
addition, any of the remainder of the 256 EBCDIC charac-
ters may be designated in a character self-defining term.
Examples of character self-defining terms are as follows:
cr c
C'AB’ c"13’

{blank)  (apostrophes are a 5-8 punch)

Because of the use of both apostrophes in the assembler
language and ampersands in the macro language as syntactic
characters, observe the following rule when using these charac-
ters in a character term.

For each apostrophe or ampersands desired in a character
self-defining term, you must write two apostrophes or amper-
sands.” For example, you code the character value A’ as A”;
for an apostrophe followed by a blank, you code . °. Code
two ampersands—&&-—in order for one & to be a self-defining
term, : -~

Each character in the character sequence is assembled as
its eight-bit code equivalent. The two apostrophes or amper-
sands that must be used to represent an apostrophe or amper-
sand within the character sequence are assembled as one
apostrophe or ampersand.

Location Counter Reference

The Location Counter: A location counter is used to assign
storage addresses to program statements. As each machine
instruction or data area is assembled, the location counter is
first adjusted to the proper boundary for the item, if adjust-
ment is necessary, and then incremented by the length df the
assembled item. Thus, it always points to the next available
storage location. If the statement is named by a symbol, the
value attribute of the symbol is the value of the location
counter after boundary adjustment, but before addition of
the length,

The assembler maintains a location counter for each con-
trol section of the program and manipulates each location
counter as previously described. Source statements for
each section are assigned addresses from the location

‘counter for that section. The location counter for each

successively declared control section assigns locations in

- consecutively higher areas of storage. Thus, if a program

has multiple control sections, all statements identified as
belonging to the first control section will be assigned from
the location counter for section 1, the statements for the
second control section will be assigned from the location
counter for section 2, etc. This procedure is followed
whether the statements from different control sections are
interspersed or written in control section sequence.

The location counter setting can be controlled by using
the START and ORG assembler instructions. The counter
affected by either of these assembler instructions is the
counter for the control section in which they appear. The
maximum value for the location counter is 2!8-1.

You may refer to the current value of the location
counter at any place in a program by using an asterisk as a
term in an operand. The asterisk represents the location of
the first byte of currently available storage (that is, after
any required boundary adjustment). Using an asterisk as
the operand in a machine-instruction statement is the same
as placing a symbol in the name field of the statement and
then using that symbol as an operand of the statement.
Because a location counter is maintained for each control
section, a location counter reference designates the location
counter for the section in which the reference appears. A
location counter reference may not be used in a statement
which requires the use of a predefined symbol, with the
exception of the EQU and ORG assembler instructions.

Symbol Length Attribute Reference

The length attribute of a symbol (the length in bytes) may
be used as a term. Reference to the attribute is made by
coding L, followed by the symbol, as in:

L’BETA

The length attribute of BETA will be substituted for the
term.

Note: The length attribute of * is equal to the length of

the instruction in which it appears, except in EQU to *,
in which case the length attribute is 1.

Terms in Parentheses

Terms in parentheses are reduced to a single value; thus, the
terms in parentheses, in effect, become a single term.

Arithmetically combined terms, enclosed in parentheses,
may be used in combination with terms outside the par-
entheses, as follows:

14+BETA—(GAMMA—LAMBDA)
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" When the assembly program encouniers terms in paren-
theses in combination with other terms, it first reduces the
combination of terms inside the parentheses to a single
value that may be absolute or relocatable, depending on the
combination of terms. This value is then used in reducing
the rest of the combination to another single value. -

Terms in parentheses may be included within a set of
terms in parentheses: ‘

A+E—(C+D—(E+F)+10)

The innermost set of terms in parentheses is evaluated
first. Five levels of parentheses are allowed; a level of par-
entheses is a left parenthesis and its corresponding right
parenthesis. Parentheses that occur as part of an operand
format do not count in this limit.

EXPRESSIONS

This section describes the expressions used in coding oper-
and entries for source statements. Two types of expres-
sions, absolute and relocatable, are presented together with
the rules for determining these attributes of an expression.
An expression is composed of a single term or an arith-
metic combination of terms.
The rules for coding expressions are:

1. An expression cannot start with an arithmetic operator
(+-/*); therefore, the expression ~A+BETA is invalid,
but the expression 0-A+BETA is valid.

2. An expression must not contain two terms in succession
(Invalid: 15B°1017)

3. No blanks are allowed between an operator and a term
nor between two successive operators.

4. An expression can contain up to:

16 terms, 15 operators (unary and binary), 5 levels
of parentheses (for OS, DOS, and DOS/VS)

20 terms, 19 operators (unary and binary), 6 levels
of parentheses (for OS/VS)

(Parentheses that are part of an operand spec1ﬁca-
tion do not count toward this limit)

5. A single relocatable term is not allowed in a multiply or
divide operation. (Paired relocatable terms have absolute
values and can be multiplied and divided if they are
enclosed in parentheses.)

The following are examples of valid expressions:

* BETA*10

AREA 1+X'2D’ B'101

*+32 C'ABC’

N~25 29

FIELD+332 L'FIELD

FIELD LAMBDA+GAMMA

(EXIT—ENTRY+1)+GO TEN/TWO
ALPHA—BETA/(10+AREA*L'FIELD)-100

2-4 IBM 3704 and 3705 Assembler Language

Evaluation of Expression

A single-term expression (for example; 29, BETA,*,
L’SYMBOL) takes on the value of the term involved.

A multiterm expression (for example, BETA+10,
ENTRY-EXIT,25%10+A/B) is reduced to a single value,
as follows:

® Each term is evaluated.

@ Every expression is computed to 32 bits and then trun-
cated to the rightmost 18 bits, for machines with
extended addressing, or to 16 bits, for machines without
extended addressing.

e Arithmetic operations are performed from left to right
except that multiplication and division are done before
addition and subtraction (for example, A+B*C is evalu-
ated as A+(B*C), not (A+B)*C). The computed result
is the value of the expression.

® Division always yields an integer result; any fractional
portion of the result is dropped. For example, 1/(2*10)
yields a zero result, whereas (10*1)/2 yields 5.

® Division by zero is permitted and yields a zero result.

The innermost level of parenthesized expressions is processed
before the rest of the terms in the expression. For example,
in the expression A+BETA*(CON—10), the term CON—10

is evaluated first, and the resulting value is used in computing
the final value of the expression. Final values of expressions
must be in the range of 0 through 228 -1(2% .1 for machines
without extended addressing) although intermediate results
may lie within the range of -23! through 23!-1.

Note: In A-type address constants, the full 32-bit final
expression result is truncated on the left to fit the
_specified or implied length of the constant.

Absolute and Relocatable Expressions

An expression is absolute 1f its value is unaffected by
program relocation.

An expression is relocatable if its value depends upon
program relocation.

The two types of expressions, absolute and relocatable,
take on these characteristics from the term or terms compos-
ing them.

Absolute Expressions: An absolute expression can be an
absolute term or any arithmetic combination of absolute
terms. An absolute term can be a non-relocatable symbol
or any of the self-defining terms or the length attribute °
reference. All arithmetic operations are permitted between
absolute terms.



An expression is absolute, even though it contains
relocatable terms (RT), under the following conditions:

® The relocatable terms must be paired. Each pair of
terms must have the same relocatability; each pair must
consist of terms with opposite signs. The paired terms
do not have to be contiguous (for example: relocatable
term + absolute term ~ relocatable term).

® No relocatable term can enter into a multiply or divide

operation; thus, relocatable term - relocatable term *10

is invalid, but (relocatable term - relocatable term) *10

is valid.

The pairing of relocatable terms (with opposite signs
and the same relocatability) cancels the effect of relocation,
since both symbols would be relocated by the same amount.
Therefore, the value represented by the paired terms remains
constant, regardless of program relocation. For example, in
the absolute expression A—Y+X,A is an absolute term, and
X and Y are relocatable terms with the same relocatability.
If A equals 50, Y equals 25, and X equals 10, the value of
the expression is 35. If X and Y are relocated by a factor
of 100, their values are then 125 and 110; however, the
expression would still be evaluated as 35 (50-125+110=35).

An absolute expression reduces to a single absolute
value. The following examples illustrate absolute expres-
sions. A is an absolute term. X and Y are relocatable terms
with the same relocatability.

A-Y+X

A

A*A

X-Y+A

*-Y
(A reference to the location counter must be paired with
another relocatable term from the same control section;
that is, with the same relocatability.)

Relocatable Expressions: A relocatable expression is one
whose value changes by # if the program in which it ap-
pears is relocated n bytes away from its originally assigned
area of storage. All relocatable expressions must have a
positive value.

A relocatable expression can be a relocatable term. A
relocatable expression can contain relocatable terms alone
or in combination with absolute terms, under the following
conditions:

® All relocatable terms but one must be paired. Pairing is
described above under Absolute Expressions.

® When using the communications controller assembler
under OS or DOS, the unpaired term must not be
directly preceded by a minus sign; ~Y+X-Z is invalid.
(This restriction does not apply when assembling under
0S/VS or DOS/VS.)

® No relocatable term can enter into a multiply or divide
operation.

A relocatable expression reduces to a single relocatable
value. This value is the value of the odd relocatable term,
adjusted by the values represented by the absolute terms
and/or paired relocatable terms associated with it. The
relocatable value is that of the odd relocatable term.

For example, in the expression W—X+W—10, W and X
are relocatable terms with the same relocatable value, If,
initially W equals 10 and X equals 5, the value of the
expression is 5; however, upon relocation, this value will
change. If a relocation factor of 100 is applied, the value
of the expression is 105. Note that the value of the paired
terms, W—X, remains constant at 5, regardless of reloca-
tion. Thus, the new value of the expression, 105, is the
result of the value of the odd term (W), adjusted by the
values of W—X and 10.

The following examples illustrate relocatable expres-
sions. A is an absolute term; W and X are relocatable terms
with the same relocatable value; Y is a relocatable term with
a different relocatable value.

Y-32*A W—X+*
W—-X+Y A*A+W-W+Y
*{reference to W-X+W

location counter) Y
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Chapter 3: IBM Communications Controller Machine Instructions

Machine instructions request the Communications Control-
ler to perform a sequence of operations during program
execution time. Machine instructions may be represented
symbolically as assembler language statements. The sym-
bolic format of each varies according to the actual ma-
chine-instruction format. Within each basic format, further
variations are possible. See Machine Instruction Examples
following, and Chapter 4 of IBM Communications
Controller Principles of Operation, GC30-3004.

A mnemonic operation code is written in the opera-
tion field, and one or more operands are written in the
operand field.

Any machine-instruction statement may be named by a
symbol, which assembler statements can use as an operand.
The value attribute of the symbol is the address of the left-
most byte assigned to the assembled instruction. The
length attribute of an instruction having the RA format is
4. All other instructions have length attributes of 2.

INSTRUCTION ALIGNMENT AND CHECKING

The assembler aligns all machine instructions automatically,
on halfword boundaries. The byte skipped due to align-
ment is filled with hexadecimal zeros. Expressions spec-
ifying storage addresses are checked to ensure that they
refer to appropriate boundaries for instructions in which
they are used. Register numbers are also checked for cor-
rectness (for example, odd-numbered registers in byte
instructions). Displacements are checked to ensure proper
alignment.

OPERAND FIELDS AND SUBFIELDS

Some symbolic operands are written as a single field, and

_other operands are written as a field followed by one or two
subfields. In instructions containing two operand fields, a
comma must separate the two. Subfield(s) of an operand
field must be enclosed within parentheses.” When two sub-
fields are contained within parentheses, they must be sepa-
rated by commas. ,

Fields and subfields in a symbolic operand may be re-
presented either by absolute or by relocatable expressions,
depending on what the field requires. (As defined earlier,
an expression consists of one term or a series of arithmeti-
cally combined terms.) In addition, each operand field
containing a byte selection may be represented with a sym-
bolic register expression. Symbolic register expressions

allow symbolic representétion of specific register bytes. See
EQUR (Equate Symbol to Register Expression ) Instruction
in Chapter 4. :

Note: Blanks may not appear in an operand unless they
are provided by a character self-defining term. Thus,
blanks may not intervene between fields and their com-
ma separation or between parentheses and fields.

MACHINE INSTRUCTION MNEMONIC CODES

The mnemonic operation codes are designed to be easily
remembered codes that indicate the functions of the Com-
munications Controller instructions.

The first character generally specifies the function:

A—Add N—And
B—Branch O-OR.
C—Compare S—Subtract
I-Insert T—Test

L—Load X—Exclusive OR

There are four exceptions. The store function is repre-
sented by the first two characters, ST. Three functions,
input, output, and exit are represented by IN, OUT, and
EXIT.

The data length—C for character (8 bits) or H for half-
word (16 bits)—appears next in some instructions. Exam-
ples are:

LH Load halfword IC Insert character
STH Store halfword STC Store character
The letter R represents register notation. For instance:
AR Add register
CCR Compare character register
XHR Exclusive OR halfword register
In three instructions the letter O represents offset:
LOR Load with offset register
LCOR . Load character with offset register
LHOR Load halfword with offset register

T (in ICT and STCT) or CT (in BCT) represents count.
M in TRM (test register under mask) represents mask.

In addition to the preceding machine instructions, the
assembler converts a number of extended mnemonic codes
into corresponding machine instructions. See Figure 3-10,
Extended Mnemonics.

When assembling under OS/VS, an error in a machine
instruction generally causes the instruction field to be
replaced by zeros.
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MACHINE-INSTRUCTION EXAMPLES

The examples that follow are grouped according to machine-
instruction format. They illustrate the various symbolic
operand formats. (Assume that all symbols used in the
examples are defined elsewhere in the same assembly.)

Figure 3-1 explains the symbols used in the assembler
operand field formats that appear in Figures 3-2 through
39. ‘ , :

Implied addressing and the function of the USING assem-
bler instruction are discussed further under Base Register
Instructions. '

Operand .

Field Meaning

A A relocatable or absolute expression whose value may
be from O to 216 -1 (controllers without extended
addressing) or from 0 to 218 -1 (controllers with
extended addressing).

B An absolute expression specifying a base register;
valid register numbers are 0 through 7.

D An absolute expression specifying a displacement;

valid range is 0-127.

Note: Displacement for LH and STH instructions
must be a multiple of 2; displacement for L and ST
instructions must be a multiple of 4.

E An absolute expression specifying an external
register; valid range is 0-127.

1 An absolute expression specifying immediate data.
Value of expression: 0-255,

M An absolute expression specifying a bit of the byte
specified by N. Value of expression: 0-7.

N, N1, N2  Absolute expressions specifying a byte. Value of

expression: 0 or 1. 0 indicates the high-order or
leftmost byte; 7 indicates the low-order or rightmost
byte.

Note: For ACR, SCR, ARI, SRI, and BCT instruc-
tions, a value of 1 for N1 or N implies both bytes 0 and
1 rather than just the rightmost byte.

Symbolic register expressions that specify a register;
byte combination. (See EQUR Instruction in Chapter
4,)

Absolute expressions specifying general registers; valid
register numbers are 0 through 7. (Only the odd-
numbered registers are valid for instructions that allow
byte selection.)

Q,Q1,Q2

R,R1,R2

S - An absolute or relocatable expression specifying an
implied address used with a USING instruction. The
assembler selects a proper base and displacement based
on the symbol value and the USING information.

T -~ A relocatable expression specifying a transfer address.
The assembler determines the proper displacement
based upon the transfer address value and the location
counter value, The relocatability of the transfer
address must be the same as that of the instruction
which refers to it as an operand; that is, both must be
associated with the same control section.

Figure 3-1. Meanings of Instruction Operand Fields
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RR Format

The RR instruction format (Figure 3-2) denotes a register-
to-register operation.

Basic Assembler
Machine Operand Field Applicable
Format Format Instructions
RR {R1(N1)} ,{Rz(Nz)} LCR ACR SCR CCR
! Q1. Q2 XCR OCR NCR LCOR
R1,R2 LHR AHR SHR CHR
OHR NHR XHR LHOR
LR AR SR CR
XR OR NR'LOR
BALR -

Figure 3-2. Register-to-Register (RR) Format

Examples of RR Instructions:

ALPHA1 LHR 1,2

ALPHA2 LHR REG1, REG2
BETA1 CR 3,5

BETA2 CR THREE, FIVE
GAMMA ACR 3(0), 5(1)

GAMMA ACR HITHREE, LOFIVE

The operands of ALPHA1, BETA1,and GAMMAL are
decimal self-defining values, which are absolute expressions.
The operands of ALPHA2 and BETA?2 are symbols that are
equated elsewhere to absolute values. The operands of
GAMMA2? are symbols that are equated elsewhere to sym-
bolic register expressions.

RS Format

The RS instruction format (Figure 3-3) denotes a register-
to-storage operation. )

Basic Assembler
Machine Operand Field Applicable
Format Format Instructions
RS { R(N)},{D(B)} IC STC
Q S
R,{ D(B)} L ST LH STH
S

Figure 3-3. Register-to-Storage (RS) Format

Note: Register 0 implies direct addressable storage when
used as a base register for RS-format instructions (IO,
STC; LH, STH, L, and ST). Use of D (displacement)
without B (base) implies register 0.

When 0 is used for the R operand in STH and ST, a
constant of zeros is stored.



Examples of RS-Format Instructions:

ALPHA1
ALPHA2
BETA1
BETA2
GAMMA1
GAMMA?2

L
L
L
L
IC
ic

1,12(4)

REG1, ZETA(4)
2, Pl

REG2, PI

3(1), 12(4)
HITHREE, 12(4)

Examples of RT-Format Instructions:

ALPHA BB 3(0, 6), ADDR
ALPHA1 BCT CTR{1), ADDR1
GAMMA BZL ADDR3

GAMMA1 BB LOFIVE(4), ADDR

In ALPHA1, CTR is a symbol which has been equated

to an absolute value elsewhere in the program. In GAMMALI,
1OFIVE is a symbol that is equated elsewhere to a symbolic
register expression.

Both ALPHA instructions specify explicit addresses;
REGI1 and ZETA are absolute symbols. Both BETA instruc-
tions specify implied addresses; PI represents a relocatable
value. The assembler will determine the proper register and
displacement values, based upon USING information. The
first operand of GAMMA? is a symbol that is equated else-
where to a symbolic register expression.

RI Format

The RI instruction format (Figure 3-6) denotes a register-
to-immediate operand operation.

Basic " Assembler
RSA Format Machine Operand Field Applicable
The RSA ‘ F 3.4) d Format Format . Instructions
e instruction format (Figure enotes a register-
to-st ith additi 1 ( % . t) 4 g RI {R(N)},I LRI ARt SRI CRI
0-storage with additional operation instruction. ) Q NR1 OR! TRM XRI
Basic Assembler . . .
Machine Operand Field Applicable Figure 3-6. Register to Immediate Operand (RI) Format
Format Format Instructions .
RSA { R (N)} B \CT STCT Examples of RI-Format Instructions:
Q ALPHA1 NRI 3(0), X'04"
. . : s . ALPHA2 SRi 3(0), FOUR
F 34. R -to-St ith Additional tion (RSA !
igure sz;s;etr to-Storage with Additional Operation ( ) ALPHA3 ARI REG(0), FOUR
BETA1 CRI 3(1),C'6’
GAMMA1 ARI LOSEVEN, 22

Examples of RSA-Format Instructions: FOUR and REG have been equated to absolute values

ALPHA IcT 3(0),6 elsewhere in the program. LOSEVEN has been equated to
BETA IcT HITHREE, SIX a symbolic register expression elsewhere in the program.
GAMMA STCT 3(0), SIX

DELTA STCT HITHREE, FIVE

RA Format

The RA instruction format (Figure 3-7) denotes a register-
to-immediate address operation.

SIX has been equated to an absolute value elsewhere in
the program. HITHREE has been equated to a symbolic
register expression elsewhere in the program. '

Basic Assembler
RT Format Machine Operand Field Applicable
Format Format Instructions
The R'T instruction format (Figure 3-5) denotes a branch RA R A BAL LA
operation. ,
Basic Assembler Figure 3-7. Regl‘ster to Immediate Address (RA) Format
Machine Operand Field Applicable
Format Format Instructions Examples of RA-Format Instructions:
RT {R‘N: M)} /T BB ALPHA1 LA 3,1000°
am) ALPHA2 LA 3, ADDR1
BETA1 BAL 4, X'240'
{R(N)} T BCT BETA2 BAL 4, ADDR2
Q - .
. In the examples, the ALPHA1 and BETALI instructions
T B BCL BZL specify absolute addresses. The addresses in the ALPHA?2

and BETA?2 instructions can be absolute or relocatable.
Figure 3-5. Branch Operation (RT) Format
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RE Format

The RE instruction format (Figure 3-8) denotes a register-
to-external register operation. An exteérnal register is a reg-
ister in the communications controller that the resident con-
trol program must access through input and output instruc-
tions.. (See External Registers in IBM 3704 and 3705 Com-
munications Controllers Principles of Operation
(GC30-3004).) ‘

Basic Assembler

Machine Operand Field Applicable

Format Format Instructions
RE " R,E IN ouT

Figure 3-8. Register to External Register (RE) Format

Examples of RE-Format Instructions:

ALPHA1 IN 2,10

ALPHA2 IN REG2, EXTREG10
BETA1 ouT 2, X'3F’

BETA2 ' ouT REG2, EXTREG96

In the examples, the operands of the ALPHA1 and’
BETAL instructions are decimal self-defining values. The
operands of ALPHA?2 and BETA?2 are symbols that are
equated elsewhere to absolute values,

EXIT Format

The EXIT instruction format (Figure 3-9) denotes an exit
from the active program level.

Note: When-assembling under OS/VS, any operands
coded in this instruction are treated as comments (not
flagged as errors).

Basic ~ Assembler

Machine QOperand Field - Applicable

Format Format Instructions
EXIT . - EXIT

Figure 3-9. Exit Format

See Chapter 4: Instruction Set, in IBM 3704 and 3705
Communications Controllers Principles of Operation
(GC30-3004).

EXTENDED MNEMONIC CODES

For the convenience of the programmer, the assembler pro-
vides extended mnemonic codes. The codes are not part of
the set of machine instructions, but are translated by the
assembler into the corresponding operation and condition
combinations. o

" The allowable extended mnemonic codes, their operand

formats, and their machine-instruction equivalents are shown

in Figure 3-10,
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Extended Code

BR R2
NOP

BND D(B)
BND §

BLG A .
BBE R(P), T

'sTZ D(B)

§TZ S
STHZ D (B)

STHZ S

BE T

BL T

BO T

Meaning

Branch Register
No Operation
Branch Indirect
Branch Indirect
Branch Long
Branch on Bit
Extended
or

Store Zeros

Store Zeros

Store Halfword
Zeros

Store Halfword
Zeros

Used After
Compare
instructions:

Branch on
Equal
Branch on Low
(that is, branch
if the first oper-
and is less than
second operand)

" Used after Add

instructions:

Branch on
Overflow

Figure 3-10. Extended Mnemonics

Equivalent
Machine Instruction

LR
B

L

L
BAL
BB

BB
ST
ST
STH

STH

BZL

BCL

BCL

0,R2
*+2

0, D(B)
0,8
0,A

“R(0P),

T for P<8
R(1,P-8),
T for P>8

- 0,D(B)

0,8
0, D(B)

0,8

Note: Inthe BBE extended code, P represents an abso-
lute expression that specifies a bit in byte O or 1 of a
register. The value of the expre_ssibn,must be between
0and 15. All other operand values have the same mean-
ing, as in the standard machine instruction format.



Chapter 4:

Assembler instructions are requests to the assembler to per-
form certain operations during the assembly. Assembler
instruction statements, in contrast to machine-instruction
statements, do not cause machine instructions to be included
in the assembled program. Some statements, such as DS

and DC, generate no machine instructions but cause storage
areas to be set aside for constants and other data. Others,
such as EQU and SPACE, are effective only at assembly
time; they generate nothing in the assembled program and
have no effect on the location counter.

PROGRAM SECTIONING

You may write a program for the communications control-
ler as a single source module or you may divide it into two
or more source modules. Each module is assembled into a
separate object module. These object modules are then
combined by the linkage editor into a load module that
constitutes the executable program.

A source module may comprise one or more control
sections. Each control section is assembled as part of an
object module. By writing the proper linkage editor con-
trol statements, you can select an entire object module or
any of its individual control sections for inclusion in the
load module.

Each control section should not exceed 4096 bytes (the
largest sequence of source statements that can be accom-
modated by one base register).

The total number of control sections, dummy sectlons
and set symbols in a source module must not exceed 255.

Communication Between Parts of a Program

When writing a program, you must arrange for proper com-

munication (1) between control sections within the same

source module, and (2) between different source modules.

This communication is described under Addressing, later in
. this chapter.

The Source Module

A source module consists of a sequence of source statements
in the assembler language. You may include these source
statements in the source module in two ways.

‘1. Write them on a coding form and enter them as input
through a terminal or (m punched card form) through a
card reader.

IBM Communications Controller Assembler Instructions

2. Write one or more COPY instructions among the source
statements being entered. Upon encountering a COPY
instruction, the assembler replaces it with a predetermined
set of source statements from a library on which the set
has previously been placed. These statements then
become part of the source module just as if they had been
individually entered as in (1) above.

The Beginning of a Source Module

The first statement of a source module can be any assembler
language statement, except MEXIT or MEND, that is
described in this manual. You can initiate the first control
section of a source module by using the START instruction.
However, you can—or must—write some source statements
before the beginning of the first control section, as described
under Defining a Control Section, later in this chapter.

Note: No R-type address constant can be assembled in
the first two bytes of any control section (CSECT).

The End of a Source Module

A source module assembled under DOS or DOS/VS ends
with a single END instruction. Any END instructions

following the first one are ignored.

A source module assembled under OS or OS/VS ordi-
narily ends with a single END instruction. However, you
can code several END instructions and use conditional
assembly instructions (described in Chapter 5) to determine
which one of the END instructions the assembler is to
process.

COPY (Copy Predefined Source Code) Instruction

The COPY instruction obtains source-language code from
a library and includes it in the program currently being
assembled. See Figure 4-1 for the COPY instruction format.

Name ... Operation -Operand

blank’ COPY - one symbol -

Figure 4-1. COPY Insf:ruction

The operand is a symbol that identifies a partitioned data
set member to be copied from either the system macro
library or a user library concatenated to it.

The assembler inserts the requested code immediately
after the COPY instruction is encountered. The requested
code may not contain any COPY, END, ICTL, ISEQ,
MACRO, or MEND instructions. (DOS/VS: COPY,
MACRO, and MEND are allowed inside the cop1ed
source code.) :
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If identical COPY statements are encountered, the code
they request is brought into the program each time. All
statements included in the program via the copy function
are processed using the standard format, regardless of any
ICTL instructions in the program.

END (End Assembly) Instruction

The End instruction terminates the assembly of a program.
It may also designate a point in the program or in a sepa-
rately assembled program to which control may be trans-
ferred after the program is loaded. The END instruction
must always be the last statement in the source program.

If an external symbol is used in the expression, the value of
the expression must be 0. See Fi igure 4-2 for the END
statement format.

Name Operation
END ~

Operand

a sequence symbol
or blank

a relocatable expression
or blank

Figure 4-2. END Instruction

The operand specifies the point to which control may be
transferred when loading is complete. This point is usually
the first machine instruction in the program.

Note: Editing errors in system macro definitions (macro
definitions included in a macro library) are discovered
when the macro definitions are read from the macro
library. This occurs after the END instruction has been
read. They will therefore be flagged after the END
instruction. If the programmer does not know which
system macros caused an error, it is necessary to punch
all system macro definitions used in the program, includ-
ing inner macro definitions, and insert them in the
source program as programmer macro definitions, since
programmer macro definitions are flagged in-line. To aid
in debugging, it is advisable to test all macro definitions
as programmer macro definitions, before incorporating
them in the libary as system macro definitions.

Defining a Control Section

A control section is the smallest subdivision of a program
that can be relocated as a unit.: The assembled control:
sections contain the object code for machine instructions,
data constants, and storage areas.

A control section is a block of code that can be relocated,

independently of other control sections, when the program
is loaded without altering or 1mpa1rmg the operating logic of
the program.

The beginning of a control section is normally identified
by a CSECT instruction. However, if you wish to specify
a tentative starting location, you may use the START
instruction to specify the start address of the first control
section of the source module. If you use neither a CSECT
nor a START instruction to begin a control section, the
entire source module is considered to be a single, unnamed
control section.
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Types of Control Sections

A control section is either an executable or a reference con-
trol section. An executable control section contains machine
instructions and begins with a START or CSECT instruction
that names the control section. (Alternatively, the START
or CSECT instruction may be omitted, resulting in an
unnamed control section that begins with the first machine
instruction. However, you should name the control section

with a CSECT or START instruction so that you can refer

to it symbolically from other control sections within the
same source module or from other source modules.)

A reference control section is one you initiate by a
DSECT, COM, or (OS/VS only) DXD instruction and is not
assembled into object code. You can use a reference con-
trol section to reserve storage areas or to describe data to
which you can refer by executable control sections. These
reference control sections are considered to be empty at
assembly time; the actual binary data to which they refer is
not entered until program execution.

Note: No R-type address constant can be assembled in
the first two bytes of any control section (CSECT).

Control Section Location Counter

The assembler maintains a separate location counter for
each control section in a source module being assembled.
The location counter setting for a control section starts at
0. The location values assigned to the instructions and other
data in a control section are therefore relative to the loca-
tion counter setting at the beginning of that control section.

However, for executable control sections assembled
under OS or OS/VS, the location values that appear in the
assembly listings do not restart at O for each subsequent
control section. They continue from the end of the previ-
ous control section, For executable control sections
assembled under DOS or DOS/VS, the location values in
the assembly listings always begin at 0, except location set-
tings initiated by a START instruction w1th a non-zero
operand.

For reference control sections, the location values in the
listings always start with location 0.

First Executable Control Section

Any instruction that affects the location counter or uses its
current value establishes the beginning of the first execut-
able control section. These instructions are:

Any machine mstructlon '

ow CSECT  DROP  EQU START
cNoP CXD DS - EQUR  USING
COPY* - DC END  ORG

*statements copied by this instruction determine whether
COPY will begin the control section.
Note: The DSECT, COM, and (OS/VS only) DXD
instruction begin reference control sections and do not
establish the first executable control section.



Optional Instructions That Must Precede First Contro/
Section

The following instructions, if used, must appear at the
beginning of the source module, preceding the first control
section: '

® The ICTL instruction (must be the first instruction in
the source module, if used). (An invalid ICTL statement
[under OS/VS only] will cause all subsequent statements
to be printed and interpreted as comments.)

® The OPSYN instruction (OS/VS only) (must precede any
source macro definitions)

® Any source macro definitions

® The COPY instruction, if the code to be copied contains
only OPSYN instructions or complete macro definitions.
Any instructions copied by a COPY instruction or gen-
erated by the processing of a macro instruction before
the first control section must belong exclusively to one
of the following groups of instructions:

COPY, DXD, EJECT, ENTRY, EXTRN, ISEQ,
PRINT, PUNCH, REPRO, SPACE, TITLE, WXTRN

Comments statements

Common control sections

Dummy control sections

External dummy control sections

Any conditional assembly instruction

Macro instructions

® EJECT, ISEQ, PRINT, SPACE, TITLE instructions and
comments statements must follow the ICTL instructions,
if specified. However, they can precede or appear
between macro definitions.

® All other assembler instructions must follow any source
macro definitions specified.

START (Start Assembly) Instruction

The START instruction can be used to give a name to the
first (or only) control section of a program. It can also be
used to specify an initial location counter value for the pro-
gram. This location counter value is ignored by the linkage
editor. See Figure 4-3 for the format of the START
statement. '

* Name Operétion )  Operand
any symbol or ~ START a self-defining term or
blank’ blank

Figure 4-3. START Instruction

If a symbol names the START instruction, the symbol
is established as the name of the control section. If not, the
control section is considered to be unnamed. All subsequent
statements are assembled as part of that control section
until a CSECT instruction identifying a different control
section or a DSECT instruction is encountered. A CSECT

instruction named by the same symbol that names a START
instruction is considered to identify the continuation of the
control section first identified by the START. Similarly, an
unnamed CSECT that occurs in a program initiated by an
unnamed START is considered to identify the continuation
of the unnamed control section.

The symbol in the name field is a valid relocatable sym-
bol whose value represents the address of the first byte of
the control section. It has a length attribute of 1.

The assembler uses the self-defining term specified by
the operand as the initial location counter value of the pro-
gram. This value should be divisible by eight. For example,
either of the following statements could be used to assign
the name PROG2 to the first control section and to indicate
an initial assembly location of 2040. If the operand is omit-
ted, the assembler sets the initial location counter value of
the program at zero. The location counter is set at the next
double-word boundary when the value of the START oper-
and is not divisible by eight. The following is an example
of the START statement.

PROG2 START 2040

PROG2 START X'7F8’

Note: The START instruction may not be preceded by
any code that will cause an unnamed control section to
be assembled (see Unnamed First Control Section
below).

CSECT (identify Control Section) Instruction

The CSECT instruction identifies the beginning or the con-
tinuation of a control section. The format is given in
Figure 44, :

Name . Operation

any symbol or CSECT - not used; should be
blank ‘ blank

Figure 4-4. CSECT Instruction

If a symbol names the CSECT instruction, the symbol is
established as the name of the-control section; otherwise,
the section is considered to be unnamed. All statements
following the CSECT are assembled as part of that control
section until a statement identifying a-different control
section is encountered (that is, another CSECT or a DSECT
instruction). o _

The symbol in the name field is a valid relocatable sym-
bol whose value represents the address of the first byte of
the control section. It has a length attribute of 1.

Several CSECT statements with the same name may
appear within a program. The first statement is considered
to identify the beginning of the control section; the rest of
the statements identify the resumption of the section. Thus,
statements from different control sections may be inter-
spersed. They are properly assembled (assigned contiguous
storage locations) as long as the statements from the various
control sections are identified by the appropriate CSECT
instructions. (DOS/VS: Each CSECT starts at location zero.)

Operand
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-Unnamed First Control Section

All machine instructions and many assembler instructions
- must belong to a control section. If such an instruction

precedes the first CSECT instruction, the assembler considers

it to belong to an unnamed control section (also referred
to as private code), which will be the first (or only) control
section in the module.

- The following instructions will not cause this to happen,
since they are not required to belong to a control section:

Common Control Sections (COM)
Dummy Control Sections (DSECT)
Macro Definitions

Conditional Assembly Instructions
Comments

COPY (depends 1 upon the copxed code)
EJECT

ENTRY

EXTRN

ICTL

ISEQ

PRINT

PUNCH

REPRO

SPACE

TITLE

WXTRN

No other assembler or machine instructions can precede
a START instruction.

“Resumption of an unnamed control section at later
points can be accomplished through unnamed CSECT
instruction. A program can contain only one unnamed con-
trol section. It is possible to write a program that does not
contain CSECT or START instruction, in which case the
program will be assembled as one unnamed control section.

DSECT (Identify Dummy-Section) Instruction

A dummy section represents a control section that is-assem-
bled but is not part of the object program. A dummy sec-
tion is a convenient means of describing the layout of an -
area of storage without actually reserving the storage. (It
is'assumed that the storage is reserved, either by some

other part of the same assembly or by another assembly.)
See F1gure 4-5 for the format-of the DSECT instruction.

Name k Operat/on Operand
variable symbol DSECT . not used; should be blank
_orordinary
'symbol B

. (DOS/VS: Blank name field allowed)
Fxgure 4-5. DSECT Instructlon .
‘The DSECT instruction identifies the begmmng or
resumptlon of a dummy section. More than one dummy

- section may, be defined in this assembly, but each must
be named.
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The symbol in the name field is a valid relocatable
symbol whose value represents the first byte of the sec-
tion. It has a length attribute of 1.

Program statements belonging to dummy sections may
be interspersed throughout the program or may be written
as a unit. In either case, the appropriate DSECT instruc-
tion should precede each set of statements. When multiple
DSECT instructions with the same name are encountered,
the first is considered to initiate the dummy section, and
the rest to continue it.

All assembler language instructions may occur within
dummy sections.

Symbols that name statements in a dummy section may
be used in USING instructions, Therefore, they may be used
in program elements (for example: machine-instructions
and data definitions) that specify storage addresses.

Note: A symbol that names a statement in a dummy sec-
tion may be used in an A-type address constant only if it
is paired with another symbol (with the opposite sign)
from the same dummy section.

Dummy Section Location Assignment:. A location counter
is used to determine the relative locations of named pro-
gram elements in a dummy section. The location counter

is always set to zero at the beginning of the dummy section,
and the location values assigned to symbols that name
statements in the dummy section are relative to the initial
statement in the section. :

Addressing Dummy Sections: You may wish to describe

_the format of an area whose storage location will not be

determined until the program is executed. You can de-
scribe the format of the area in a dummy section and use
symbols defined in the dummy section as the operands of
machine instructions. References to the storage area may
be made as follows:

1. Provide a USING statement specifying both a general
register that the assembler can assign to the. machine
instructions as a base register and a value from the dum-

_ my section that the assembler may assume the reglster
contains.

2. Ensure that the same register is loaded with the actual
address of the storage area.

The values assigned to symbols defined in a dummy sec-
tion are relative to the initial statement of the section.
Thus, all machine instructions which refer to names defined
in the dummy section will, at execution time, refer to
storage locations relative to the address loaded into the
register.



COM (Define Blank Common Control Section) Instruction

The COM assembler instruction identifies and reserves a
common area of storage that may be referred to by inde-
pendent assemblies that have been linked and loaded for
execution as one object program.

Appearances of a COM statement after the initial one
indicate the resumption of the blank common control
section.

When several assemblies are loaded, each designating
a common control section, the amount of storage reserved
is equal to the longest common control section. See Figure
4-6 for the format of the COM instruction.

Name Operation Operand
sequence symbol coMm blank
or blank

Figure 4-6. COM Instruction

The common area may be divided into subfields, through
use of the DS and DC assembler instructions. Names of sub-
fields are defined relative to the beginning of the common
section, as in the DSECT control section.

No instructions or constants appearing in a common con-
trol section are assembled. Data can be placed in a common
control section only through execution of the program. A
blank common control section may include any. aseembler
language instructions.

If the assignment of common storage is done in the same
manner by each independent assembly, reference to a loca-
tion in common by any assembly results in the same location
being referred to. When assembled, blank common location
assignment starts at zero.

Defining External Dummy Sections (OS/VS Only)

An external dummy section is a reference control section
that allows you to deséribe storage areas for one or more
source modules, to be used as:

® work areas for each source module;or
® communication areas between different source modules

To generate and use external dummy sections, you must
specify a combination of the following:

® DXD or DSECT instruction
® Q-type address constant
e CXD inst;uc%ions
The generation and use of external dummy sections is

explained in detail in OS/VS~DOS/VS—VM/370 Assemblef
Language (GC334010). :

DXD (Define External Dummy Section) Instruction

The DXD instruction allows you toidentify and define an
external dummy section that can be referred to by one or
more source modules. This instruction may appear any-
where within a source module (after the ICTL instruction,
if any) or after any source macro definitions you may
specify within the source module. The format of the DXD
instruction appears in Figure 4-7.

Note: The DSECT instruction also defines an external
dummy section, but only if the symbol in its name field
appears in a Q-type address constant in the same source
module. Otherwise, the DSECT instruction defines a
dummy section that cannot be referred to externally,
that is, from a different source module.

The symbol in the name field of the DXD instruction
must appear in the operand of a Q-type address constant.
This symbol represents the address of the first byte of the
external dummy section defined by the DXD instruction and
has a length attribute value of 1.

The subfields in the operand field are specified in the
same way as in the DS instruction. The assembler computes
the amount of storage arid the alignment required for an
external dummy sectlon from the area spec1ﬁed in the oper-
and field. ,

The linkage editor or loader uses the information pro-
vided by the assembler to compute the total length of stor-
age required for all external dummy sections specified in a
program. '

Note: If two or more external dummy sections for
different source modules have the same name, the link-
age editor uses the most restrictive alignment and com-
putes the total length on the basis of the largest section.

Name Operation - Operand

‘a'symbol : - DXD same format as operand

of a DS instruction
Figure 4-7. DXD Instruction

CXD (Reserve Storaée for External Dummy Section
Length) Instruction

The CXD instruction allows you to reserve a fullword area
in storage into which the linkage editor or loader inserts the
total length of all external dummy sections specified in' the
source modules that are assembled and linked into one -
object program.

The CXD instruction can appear in any of the source
modules that are to be assembled and linked together.
Figure 4-8 shows the format of this instruction.

’
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The symbol in the name field, if specified, represents the
address of a fullword area aligned on a fullword boundary.
The symbol has a length attribute of 4.

Name Operation Operand
a symbol E CXD " {(none)
or blank i

Figure 4-8. CXD Instruction

ADDRESSING

This section.describes the assembler instructions used in
symbolic addressing within a source module and between
source modules.

Addressing Within a Source Module: Establishing
Addressability

By establishing the addressability of a control section, you
can refer to the symbolic addresses defined within the con-
trol section in the operands of machine instructions. The
assembler converts these symbolic addresses into explicit
addresses required for the assembled object code of the
machine instructions. To do so, the assembler requires (1)
a base address from which it can compute displacements to
the addresses within the control section, and (2) a base
register to hold this address. The USING and DROP
assembler instructions convey this information to the
assembler. '

USING (Use Base Address Register) Instruction

The USING instruction indicates that one or more general
registers are available for use as base registers. This instruc-
tion also states the base address value that the assembler

can assume will be in the registers at object time. A USING
‘instruction does rot load the registers specified. It is your
responsibility to see that the specified base address values
are placed into the registers. A reference to any name ina
control section cannot occur in a based machine instruction
before the USING instruction that makes that name address-
able. See Figure 4-9 for the format of the USING

instruction.,
Operation ~ Operand

USING

Name

from two to ;eight
expressions of the form
v, 11,r2,13,....17

.. sequence symbol
or blank

Figure 4-9. ‘USING Instruction

Operand v must be an absolute or relocatable expression.
Operand v specifies a value that the assembler can use as a
base address. The other operands must be absolute expres-
sions, with values between 1 and 7. The operand r1 speci-
fies the general register that can be assumed to contain the
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base address represented by operand v. Operands r2
through 77 specify registers that can be assumed to contain
v+128, v+256, v+384, . . ., respectively. -

If you change the value in a base register currently being
used and wish the assembler to compute displacement from
this value, you must tell the assembler the new value by
another USING statement. In the following example, the
assembler first assumes that the value of ALPHA is in reg-
ister 7. The second statement then causes the assembler to
act as though ALPHA+1000 is the value in register 7.

USING-
USING

ALPHA,7
ALPHA+1000,7

DROP (Drop Base Register) Instruction

The DROP instruction specifies a previously available reg-
ister that may no longer be used as a base register. See
Figure 4-10 for the format of the DROP instruction.

Name Operation Operand
sequence symbol DROP up to seven absolute expres-
or (DOS/VS only) sions of the form r1,
blank r2,...,r7

Figure 4-10. DROP Instruction

The éxpres_sions indicate general registers previously
named in a USING statement that are now unavailable for
base addressing. The register values may range from 1
through 7. The following statement, for example, prevents
the assembler from using registers 5 and 7:

DROP 5,7

It is not necessary to use a DROP statement when the
base address being used is changed by a USING statement;
nor are DROP statements needed at the end of the source
program.

A register made unavailable by a DROP instruction can
be made available again by a subsequent USING instruction.
(OS/VS and DOS/VS: A blank operand is allowed and
causes all registers to be dropped.)

Addressing Between Source Modules: Symbolic Linkage

Symbols may be defined in one program and referred to in
another, thus effecting symbolic linkages between indepen-
dently assembled programs. The linkages can be completed
only if the assembler is able to provide information about
the linkage symbols to the linkage editor, which resolves
these linkage references at load time. The assembler
places the necessary information in the control dictionary
on the basis of the linkage symbols identified by the
ENTRY, EXTRN and WXTRN instructions.

In the program where the linkage symbol is defined
(that is, used as a name), it must also be identified to the
assembler by means of the ENTRY assembler instruction.



It is identified as a symbol that names an entry point, which
means that another program may use that symbol in order
to branch or reference data. The assembler places this
information in the control dictionary.

Similarly, the program that uses a symbol defined in
some other program must identify it by the EXTRN and
WXTRN assembler instructions. It is identified as an exter-
nally defined symbol (that is, defined in another program)
that is used to link to the point of definition. The assembler
places this information in the control dictionary.

Another way to obtain symbolic linkage is by using the
V-type address constant. Information on writing V-type
constants appears later in this chapter under Defining Data.
It is sufficient here to note that this constant may be con-
sidered an indirect linkage point. The constant is created
from an externally defined symbol, but that symbol need
not be identified by an EXTRN or WXTRN instruction.

The BAL and BALR instructions may be used with
ENTRY, EXTRN and WXTRN instructions to branch
between separately assembled control sections. The BAL
instruction operand is coded in an EXTRN or WXTRN
instruction in the assembly in which the BAL appears. The
BALR instruction is used by loading the branch register
with a V-constant or an A-constant whose operand is
identified with an EXTRN or WXTRN instruction. In both
cases, the branch label must be identified by an ENTRY
instruction in the assembly where it appears. ‘

ENTRY (ldentify Entry-Point Symbol) Instruction

The ENTRY instruction identifies linkage symbols that are
defined in this program but may be used by some other
program.- See Figure 4-11 for the format of the ENTRY
instruction.

Name Operation Operand

sequence symbol ENTRY

or blank

one or more relocatable
symbols separated by
commas, that also
appears as a statement
name ’

Figure 4-11. ENTRY Instruction

An assembly may contain a maximum of 100 ENTRY
symbols. ENTRY symbols that are not defined (not appear-
ing as statement names), although invalid, will also count
towards this maximum of 100 ENTRY symbols.

The symbols in the ENTRY operand field may be used
as operands by other programs. An ENTRY statement

‘ operand may not contain a symbol defined in a dummy
section or blank common control section.

Note: The name of a control section need not be
identified by an ENTRY instruction when another
program uses it as an entry point. The assembler auto-
matically places information on control section names
in the control dictionary.

EXTRN (ldentify External Symbol) Instruction

The EXTRN instruction identifies linkage symbols that are
used by one source module but which are defined in some
other source module. Each external symbol must be identi-
fied; this includes symbols that name control sections. See
Figure 4-12 for the format of the EXTRN instruction,

Name Operation
EXTRN

Operand

sequence symbol
or blank

one or more relocatabie
symbols, separated by
commas

Figure 4-12, EXTRN Instruction

The symbols in the operand field may not appear as
names of statements in this program.

A V-type address constant need not be defined by an
EXTRN instruction.

When external symbols are used in an expression, they
may not be paired. Each external symbol must be con-
sidered as having a unique relocatability attribute.

The total number of control sections, dummy sections,
and external symbols in an assembly must not exceed 255.

WXTRN (ldentify Weak External Symbol) Instruction

The WXTRN instruction (not valid for DOS) has the same
format as the EXTRN instruction. It is used to identify
weak external references. The only difference between a
weak (WXTRN) and a strong (EXTRN or V-type constant)
external reference is that the automatic library call mech-
anism of the linkage editor or loader is not effective for .
symbols that are identified in WXTRN instructions.

The automatic library call mechanism searches the call
library for any unresolved external references. If it finds
any of these references, it includes the module where the
reference occurs in the load module produced by the link-
age editor or loader. Refer to OS Loader and Linkage
Editor for a full description of the automatic library call
mechanism.

See Figure 4-13 for the format of the WXTRN
instruction. '

Name Operation
WXTRN

Operand

sequence symbol
or blank

one or more relocatable
symbols, separated by
commas

Figure 4-13. WXTRN Instruction

(DOS: This instruction is not available in the assembler.)

Note: If a V-type address constant is identified by a
WXTRN instruction, the automatic library call mech-
anism is suppressed for it. ‘

IBM Communications Controller Assembler Instructions 4-7



SYMBOL AND DATA DEFINITION

This section describes the assembly-time facilities you can
use to (1) define and assign values to symbols, (2) define -
constants and storage areas, and (3) define control words.

Defining Symbols

EQU (Equate Symbol) Instruction

The EQU instruction is used to define a symbol by ass1gn-
ing to it the length, value, and relocatability attributes of an
expression in the operand field. See Figure 4-14 for the
format of the EQU statement.

Name Operation - Operand
variable symbol EQU expression (0S, DOS,
or ordinary DOS/VS)
symbol expression 1

expression 1, expression 2

expression 1, expression 2,
expression 3 :

expression 1,, expression 3
(OS/VS)

Figure 4-14. EQU Instruction

The expression(s) in the operand field may be absolute
or relocatable. Any symbols appearing in the expression
must be previously defined.

The symbol in the name field is given the same value
attribute as the expression in the operand field. The
length and relocatability attributes are the same as for
the expression unless specified differently (in OS/VS
only) in expression 2 and expression 3. The length at-
tribute of the symbol is that of the leftmost (or only)
term of the expression. In the case of EQU to * or to
a self-defining term the length attribute is 1.

The EQU instruction is the means of equating symbols
to registér numbers, immediate data, and other arbitrary
values. The following examples illustrate how this mlght
be done:

REG2 EQU 2
TEST EQU X'3F’

{general register)
(immediate data)

The value of the expression must be in the range
0—2'8 -1. Further information on the use of expres-
sion 2 and expression 3 appears in the publication
0OS/VS—-DOS/VS—VM/[370 Assembler Language
(GC33-4010).

EQUR (Equate Symbol to Register Expression) Instruction

The EQUR instruction is used to assign a symbol to a reg-
ister expression. A register expression defines a particular
byte of a register. The symbol defined in the EQUR state-
ment may be used in a symbolic machine instruction in
place of an explicitly defined byte. See Figure 4-15 for the
format of the EQUR instruction.
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Name Operation
symbol EQUR

Operand

an expression grouping
of the form R(N) or Q

Figure 4-15. EQUR Instruction

R is an absolute expression of value 1,3, 5, or 7, and N
is an absolute expression of value zero or one. Any symbols
appearing in the expressions must be previously defined. Q
is a previously defined symbolic register expression.

The symbol in the name field is given the value of the
grouping in the operand fleld The symbolic register expres-
sion is allowed only in the operands of machine instructions
or other EQUR instructions. Mixed expressions—that is,

~ arithmetic combinations of symbolic register expressions

with other symbolic register expressions or with absolute or
relocatable expressions—are not allowed. The following
examples are valid definitions and usages of symbolic reg-
ister expressions:

CTR EQUR 3(0)
BCT CTR,DONE
BB CTR(2),DONE
BB CTR(BIT2),DONE
CTR2 EQUR CTR
Defining Data

There are three assembler instructions for defining data:
Define Constant (DC), Define Storage (DS), and Define
Control Word (CW).

These instructions are used (1) to enter data constants
into storage, (2) to define and reserve areas of storage, and
(3) to specify the contents of control words. The state-
ments can be named by symbols so that other program
statements can refer to the generated fields.

DC (Define Constant) Instruction

The DC instruction is used to enter constant data into stor-
age. It can specify one constant or a series of constants.

A variety of cornstants can be specified: fixed-point,
hexadecimal, character, and storage addresses. (Data
constants are generally called constants unless they are
created from storage addresses, in which case they are called
address constants.) See Figure 4-16 for the format of the
DC instruction.

Name Operation Operand
any symbol DC ; one or more operands,
blank o 'separated by commas,

written in the format

. described .in the text.
(DOS: only one oper-
and permitted)

Figure 4-16. DC Instruction

Each operand consists of foul’r”subﬁelbds: the first three
describe the constant, and the fourth subfield provides the



nominal value(s) for the constant(s). ‘The first and third
subfields can be omitted, but the second and fourth
must be specified. Nominal value(s) for more than one
constant can be specified in the fourth subfield, for most
types of constants. Each constant so specified must be
of the same type; the descriptive subfields that precede
the nominal value apply to all of them. No blanks can
occur within any of the subfields (unless provided as
characters in a character constant or a character self-
defining term), nor can they occur between the sub-
fields of an operand. Similarly, blanks cannot occur
between operands and the commas that separate them
when multiple operands are being specified.

The subfields of each DC instruction operand are written
in the following sequence:

1 2 3 4
Duplication Type Length Nominal Values
Factor

Although the constants specified within one operand
must have the same characteristics, each operand can specify
a different type of constant. For example, in 2 DC instruc-
tion with three operands, the first operand might specify
four fixed-point constants; the second, a hexadecimal con-
stant; and the third, a character constant.

The symbol that names the DC instruction is the name
of the constant (or first constant if the instruction speci-
fies more than one). Relative addressing (for example,
SYMBOL+2) can be used to address the various constants
if more than one has been specified, because the number
of bytes allocated to each constant can be determined.

The value attribute of the symbol naming the DC instruc-
tion is defined as the address of the leftmost byte (after
alignment) of the first, or only, constant. The length attri-
bute depends upon (1) the type of constant being defined,
and (2) the presence of a length specification. Implied

- lengths are assumed for the various types of constants in
the absence of a length specification. If more than one
constant is defined, the length attribute is the length in
bytes (specified or implied) of the first constant.

Boundary alignment also varies according to the type of
constant being specified and the presence of a length speci-
fication. Some types of constants are aligned only to a
byte boundary, but the DS instruction can be used to force
halfword or fullword boundary alignment for them. This
is explained under DS (Define Storage) Instruction below.
Other constants are aligned on halfword or fullword bound-
aries in the absence of a length specification. If length is
specified, no boundary alignment occurs for such constants.

Bytes that must be skipped to align the field at the
proper boundary are not considered to be part of the con-
stant. In other words, the location counter is incremented
to reflect the proper boundary (if any increment is neces-
sary) before the address value is established. Thus, the
symbol naming the constant will not receive a value attri-
bute that is the location of a skipped byte.

Any bytes skipped in aligning instructions (such as DS)
that do not cause information to be assembled are not '
zeroed. However, bytes skipped to align a DC instruction
are zeroed.

Operand Subfield 1: Duplication Factor

The duplication factor may be omitted. If specified, it
causes the constant(s) to be generated the number of times
indicated by the factor. The factor may be specified, either
by an unsigned decimal self-defining term or by an abso-
lute expression that is enclosed by parentheses. The dupli-
cation factor is applied after the constant is assembled. All
symbols in the expression must be previously defined.

A duplication factor of zero is permitted and achieves
the same result as it would in a DS instruction. A DC in-
struction with a zero duplication factor does not produce
control dictionary entries. See Forcing Alignment under
DS (Define Storage) Instruction below.

Note: If duplication is specified for an address con-
stant containing a location counter reference, the value
of the location counter used in each duplication is in-
cremented by the length of the operand.

Operand Subfield 2: Type

The type subfield defines the type of constant being speci-
fied. From the type specification, the assembler determines
how it is to interpret the constant and translate it into the
appropriate machine format:

Figure 4-17 lists the type codes for constants.

Code Type of Constant Machine Format

(o4 Character 8-bit code for each character

X Hexadecimal 4-bit code for each hexadecima!
digit

B Binary Binary format

F Fixed-point Fixed-point binary format;
normally a fullword

H Fixed-point Fixed-point binary format;
normally a halfword

A Address value of address; normally a
fullword

Y Address value of address, normally a
halfword

R Address value of address; normally a

. halfword

\Y Address space reserved for external .
symbol address; each address
is normally a fullword

Q Address space reserved for external

dummy section offset

Figure 4-17. Type Codes for Constants

Operand Subfield 3: Length .

The length subfield is written as Ln, where n is an unsigned
decimal self-defining term or an absolute expression en-
closed by parentheses. Any symbols in the expression must
be previously defined. The value of n represents the number
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of bytes of storage that are assembled for the constant. An
implied length is used if a length modifier is not present. A
length modifier may be specified for any type of constant,
but no boundary alignment will be provided when a length
modifier is given.

Operand Subfield 4: Constant

This subfield supplies the constant (or constants) described
by the subfields that precede it. A data constant (C, X, B,
F, H)is enclosed by apostrophes. Anaddress constant (A, Y,
R, V, Q)isenclosed by parentheses. Two or more constants
in the subfield must be separated by commas, and the
entire sequence of constants must be enclosed by the appro-
priate delimiters (apostrophes or parentheses).

All types of constants except character (C), hexadecimal
(X), and binary (B) are aligned on the proper boundary
unless a length modifier is specified. In the presence of a
length modifier, no boundary alignment is performed. If an
operand specifies more than one constant, any necessary
alignment applies to the first constant only. Thus, for an
operand that provides five fullword constants, the first
would be aligned on a fullword boundary, and the rest
would automatically fall on fullword boundaries.

The total storage requirement of an operand is the pro-
duct of the length times the number of constants in the
operand times the duplication factor (if present) plus any
bytes skipped for boundary alignment of the constant. If
more than one operand is present, the total storage require-
ment is the sum of the requirements for each operand.

If an address constant contains a location counter refer-
ence, the location counter value that is used is the storage
address of the first byte that the constant will occupy. Thus,
if several address constants in the same instruction refer to
the location counter, the value of the location counter
varies from constant to constant. Similarly, if a single con-
stant is specified (and it is a location counter reference)
with a duplication factor, the constant is duphcated with a
varying location counter value.

The types of constants are discussed below.

Character Constant (C): Any of the valid 256 EBCDIC
characters can be designated in a character constant. Only
one character constant can be specified per operand.

Special consideration must be given to representing
apostrophes and ampersands as characters. Each single
apostrophe or ampersand desired as a character in the con-
stant must be represented by a pair of apostrophes or am-
persands. Only one apostrophe or ampersand appears in
storage.

The maximum length of a character constant is 256
bytes. No boundary alignment is performed. Each char-
acter is translated into one byte. Double apostrophes or
double ampersands count as one character. If no length
modifier is given, the size in bytes of the character con-
stant is equal to the number of characters in the constant.
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If a length modifier is provided, the result varies as follows:

o If the number of characters in the constant exceeds the
specified length, as many bytes as necessary are dropped
from the right.

o If the number of characters is less than the specified
length, the excess bytes are filled with blanks on the
right.

Hexadecimal Constant (X): A hexadecimal constant con-

sists of one or more of the hexadecimal digits, which are

0-9 and A-F. Only one hexadecimal constant can be speci-
fied per operand. The maximum length of a hexadecimal
constant is 256 bytes (512 hexadecimal dlglts) No bound-
ary alignment is performed.

Constants that contain an even number of hexadecimal
digits are translated as one byte per pair of digits. If an odd
number of digits is specified, the leftmost byte has the
leftmost four bits filled with a hexadecimal zero, and the
rightmost four bits contain the odd (first) digit.

If no length modifier is given, the implied length of the
constant is half the number of hexadecimal digits in the
constant (assuming that a hexadecimal zero is added to an
odd number of digits). If a length modifier is given, the
constant is handled as follows:

o If the number of hexadecimal digit pairs exceeds the
specified length, the necessary bits (and/or bytes) are
dropped from the left.

e If the number of hexadecimal digit pairs is less than the
. specified length, the necessary.bits (and/or bytes) are
added to the left and filled with hexadecimal zeros.

Binary Constant (B): A binary constant must be written,
using 1s and Os enclosed in apostrophes. Only one binary
constant can be specified in an operand. Duplication and
length can be specified. The maximum length of a binary
constant is 256 bytes.

The implied length of a binary constant is the number
of bytes occupied by the constant, including any padding
necessary. Padding or truncation takes place on the left.
The padding bit used is a 0.

Fixed-Point Constants (F and H): A fixed-point constant

is written as an unsigned decimal integer. The assembler
converts the decimal integer to a binary number. If the
value of the number exceeds the length specified or implied,
as many bits as necessary are dropped (truncated) from

the left. Any duplication factor present is applied after

the constant is assembled.

An implied length of four bytes is assumed for a full-
word (F) and two bytes for a halfword (H), and the constant
is aligned to the proper fullword or halfword boundary if a
length is not specified. However, any length up to, and
including, eight bytes may be specified for either type of
constant by a length modifier, in which case no boundary
alignment occurs.



Address Constants; An address constant is a storage ad-
dress that is translated into a constant. An address con-
stant, unlike data constants, is enclosed in parentheses.

There are five types of address constants: A, Y,R,V,
and Q.

Complex Relocatable Expressions

A complex relocatable expression can be used only to
specify an A-type, R-type, or Y-type (but not a V-type)
address constant. These expressions contain two or more
unpaired relocatable terms and/or negative relocatable terms
in addition to any absolute or paired relocatable terms .
that may be present. A complex relocatable expression may
consist of external symbols and designate an address in an
independent assembly that is to be linked and loaded with
the assembly containing the address constant.

A-Type Address Constant: This constant is specified as an
absolute, relocatable, or complex relocatable expression.
(An expression may be single-term or multi-term.) The
value of the expression is calculated to 32 bits; the expres-
sion may range from 23! to 231-1. The implied length

of an A-type constant is four bytes, and the alignment is to
a fullword boundary unless a length is specified, in which
case no alignment will occur. The length that may be
specified depends on the type of expression used for the
constant; a length of one to four bytes may be used for an
absolute expression, while a length of only three or four
bytes may be used for a relocatable or complex relocatable
expression.

Y-Type Address Constant:

Caution: Relocatable Y-type constants must not be specified
in programs destined to-be executed at addresses above
65,535 in communications controller storage. Relocatable
Y-type address constants cannot be handled by the linkage
editor. : '

A Y-type address constant has much in common with
the A-type constant. It, too, is specified as an absolute
relocatable or complex relocatable expression. The value
of the expression is also calculated to 32 bits. The maxi-
mum value of the expression is 215-1. The value is then
truncated, if necessary, to the specified or implied length
of the field and assembled into the rightmost bits of the
field. , ' :

The implied length of a Y-type constant is two bytes,
and alignment is to a halfword boundary unless a length is
specified, in which case no alignment will occur. The maxi-
mum length of a Y-type address constant is two bytes. If
length specification is used, a length of two bytes may be
designated for a relocatable or complex expression and one
or two bytes for an absolute expression.

R-Type Address Constant: :

Caution: Relocatable, R-type constants must not be speci-
field in programs destined to be executed at addresses above
65,535 in communications controller storage.

An R-type address constant has much in common with
the Y-type constant. It is specified as an absolute, relocat-
able, or complex relocatable expression. The value of the
expression is calculated to 32 bits. The maximum value of
the expression is 216-1. The implied length of an R-type
constant is two bytes, and alignment is to a halfword bound-
ary unless a length is specified, in which case no alignment
will occur. If length specification is used, a length of two
bytes must be designated for a relocatable or complex expres-
sion and one or two bytes for an absolute expression.

The primary function of the R-type constant is to pro-

~ vide a two-byte relocatable address constant that can be

processed by the OS or OS/VS linkage editor. The linkage
editor record (RLD) generated for the R-type constant
indicates a length of three (rather than two), and points to
the byte preceding the constant. During linkage editing,

the high-order byte (the byte preceding the R-type con-
stant) is not disturbed as long as the constant is not relocated
to a value above 65,535. Note that no R-type constant can
be assembled in the first two bytes of any control section
(CSECT).

V-Type Address Constant: This constant is used to reserve
storage for the address of an external symbol that is used for
branching to other programs. The constant may not be used
for external data references within an overlay program.

The constant is specified as one relocatable symbol, which
need not be identified by an EXTRN statement. Whatever
symbol is used is assumed to be an external symbol because
it is supplied in a V-type address constant.

Note that specifying a symbol as the operand of a V-type-
constant does not constitute a definition of the symbol for
this assembly. The implied length of a V-type address con-
stant is four bytes, and boundary alignment is to a fullword.
A length modifier may be used to specify a length of either
three or four bytes, in which case no boundary alignment
occurs. It must be emphasized that a V-type address con-
stant length of less than four can and will be processed by
the Communications Controlier Assembler but cannot be
handled by the linkage editor.

DS (Define Storage) Instruction

The DS instruction is used to reserve areas of storage and to
assign names to those areas. The use of this instruction is
the preferred way to symbolically define storage for work
areas, input/output areas, etc. The size of a storage area
that can be reserved by using the DS instruction is limited
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only by the maximum value of the location counter. See
Figure 4-18 for the format on the DS mstructlon

Name Operation Operand
any symbol or DS . -one or more operands,
blar)k . separated by commas,

written in the format
described in the text.
- (DOS: only one
operand allowed)

Figure 4-18. DS Instruction

The format of the DS operand is identical to that of
the DC operand; exactly the same subfields are employed,
and they are written in exactly the same sequence as they
are in the DC operand. Although the formats are identical,
there are two differences in the specification of the
subfields:

e The specification of data (subfield 4), though mandatory
in a DC operand, is optional in a DS instruction. If the
constant is specified, it must be valid.

o The maximum length that may be specified for char-
acter (C) and hexadecimal (X) field types is 65,535
bytes, rather than 256 bytes.

If a DS operand specifies a constant in subfield 4, and
no length is specified in subfield 3, the assembler determines
the length of the data and reserves the appropriate amount
~ of storage. It does not assemble the constant. The ability
to specify data and have the assembler calculate the stor-
age area that would be required for such data is a conve-
nience to the programmer. If you know the general format
“of the data that will be placed in the storage area during
program execution, all you need do is show it as the fourth
subfield in a DS operand. The assembler then determines
the correct amount of storage to be reserved, thus relieving
you of length considerations.
~ If the DS instruction is named by a symbol, its value
_ attribute is the location of the leftmost byte of the re-
served area. The length attribute of the symbol is the length
(implied or explicit) of the type of data specified. Should

the DS instruction have a series of operands, the length
attribute for the symbol is developed from the first item in
the first operand. Any positioning required for aligning the
storage area to the proper type of boundary is done before
the address value is determined. Bytes skipped for align-
ment are not set to zero.

Each field type (for example, hexadecimal, character,
binary) i is associated with certain characters, as shown in_
Appendix C: Summary of Constants. These characters
will determine which field-type code should be selected for
the operand of the DS instruction and whether length or
duplication factor information should be included.

For example, the F-type field has an implied length of
four bytes; the leftmost byte is aligned to a fullword bound-
ary. Thus, you could specify an F-type field, without a
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length modifier, in order to reserve four bytes aligned to a
fullword boundary. For an eight-byte field similarly
aligned, you could specify an F-type field with a length
modifier of eight. However, to reserve an F-type field
larger than eight bytes (the largest you can specify with a
length modifier alone), you would specify a duplication
factor. Remember, however, that boundary alignment is not
automatic if you specify a length modifier. See Using the
Duplication Factor to Force Alignment, following.

Data constants of types C, X, and B have an implied
length of one byte unless the data charcters are specified, in
which case the assembler calculates the length (but does
not assemble the data). If you wish to define a field of
more than one byte, without specifying the data, you must
include a length modifier.

Although no alignment occurs, field types C and X per-
mit large data areas of up to 65,535 bytes to be defined,
using the length modifier.

Note: A DS instruction causes the storage area to be
reserved but not set to zeros. No assumption should be
made as to the contents of the reserved area.

Using the Duplication Factor to Force Alignment

The location counter can be forced to a fullword or half-
word boundary by using the appropriate field type (for
example, F or H) with a duplication factor of zero. This
method may be used to obtain boundary alignment that
otherwise would not be provided. For example, the follow-
ing statements would set the location counter to the next
halfword boundary and then reserve storage space for a
128-byte field (whose leftmost byte would be on a half-
word boundary).

DS OH
AREA DS CL128

CW (Define Control Word) Instruction

The CW instruction provides a convenient way to define
and generate a four-byte control word. Control words in
the Communications Controller, although fullwords in
length, must be aligned on kalfword boundaries. The CW
automatically performs this alignment and causes any
skipped bytes to be zeroed. The internal machine format
for a control word for a type 2 or type 3 channel adapter is

as follows:
Byte Bits Use ’
1 01 Command code
1 2-3 Flags
1-2 4-13 Count
2-4 14-31 Data Address

See Figure 4-19 for the format of the CW instruction.



Name Operation Operand

"any symbol or cw four operands, separated
blank by commas, specifying
' : the contents of the con-
trol word in the format
described in the text.

Figure 4-19. CW Instruction

All four operands must appear. They are written, from
left to right, as follows:

1. An absolute expression that specifies the command code.
The value of this expression is placed in bits 0-1 of the
control word.

2. An absolute expression that specifes the flags set in bits
2-3.

3. An absolute expression that specifies the count. The
value of this expression is right-justified in bits 4-13.

4. An expression specifying the data address. This value
is treated as a three-byte,; A-type constant. The value of
this expression is placed in bits 14-31. The data address
must be halfword-aligned. ’

The following is an example of a CW instruction:

ANYNAME  CW 2,B'01",50, READAREA

If you code a symbol in the name field of the CW instruc-
tion, it is assigned the address value of the leftmost byte of
the control word. The length attribute of the symbol is 4.

CONTROLLING THE ASSEMBLER PROGRAM

This section describes the assembler instructions that request
. the assembler to perform certain functions that it would
otherwise perform in a standard, predetermined way. You
can use these instructions to:

® Change the standard coding format for writing your
source statements.

® Control the final structure of your assembled program.

® Alter fhe,'format of the source module and object code
printed on the assembly listings.

® Produce punched card output in addition to the object
deck.

® Substitute your own mhemonic operaﬁon codes for the
standard codes of the assembler language (OS/VS only)
via the OPSYN assembler instruction.

® Save and restore programming environments, such as the
status of the PRINT options and the USING base register
assignment. . e

- Structuring a Program

The ORG and CNOP assembler instructions affect the loca-
tion counter and thereby the structure of a control section.
You can use them to interrupt the normal flow of assembly
and redefine portions of a control section and to align data
on any desired boundary. ‘

ORG (Set Location Counter) Instruction

The ORG instruction is used to alter the setting of the loca-
tion counter for the current control section. See Figure
4-20 for the ORG instruction format.

Name Operation Operand
sequence symboi ORG a relocatable expression
" or blank or blank
(OS/VS: any

symbol or blank)

Figure 4-20. ORG Instruction

Any symbols in the expression must have been previously
defined. The unpaired relocatable symbol must be defined
in the same control section in which the ORG instruction
appears. ‘

The location counter is set to the value of the expression
in the operand. If the operand is omitted, the location
counter is set to the next available (unused) location for
that control section.

An ORG instruction must not be used to specify a loca-
tion below the beginning of the control section in which it
appears. Example: The following is invalid if it appears
less than 500 bytes from the beginning of the current con-
trol section:

ORG *-500

To reset the location counter to the next available byte in
the current control section, the following statement is used:

ORG

If previous ORG statements have reduced the value of the
location counter for the purpose of redefining a portion of
the current control section, an ORG statement with an
omitted operand can then be used to terminate the effects
of such. statements and restore the location counter to its
highest setting plus one.

Note: By using the ORG statement, two instructions
may be given the same location counter values. In such
a case, the second instruction will not always eliminate
the effects of the first instruction. Consider the follow-
.ing examples:

ADDR - DC A(LOC) -
, ORG*4
B DC C'BETA’

In thisvexample, the value of B (BETA) will be destroyed
by the relocation of ADDR during linkage editing.
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CNOP (Conditional No Operation) Instruction

The CNOP instruction lets you align an instruction at a
specific halfword boundary. If any bytes must be skipped
in order to align the instruction properly, the assembler
ensures an unbroken instruction flow by generating no-
operation instructions. (If the CNOP is coded on an odd
boundary, one byte of zero padding is generated to force
the CNOP to an even boundary.)

The CNOP instruction ensures the alignment of the loca-
tion counter to a halfword, fullword, or doubleword bound-
ary. If the location counter is already properly aligned, the
CNOP instruction has no effect. If the specified alignment
requires the location counter to be incremented, one to
three no-operation instructions are generated, each of
which occupies two bytes. See Figure 4-21 for the CNOP
instruction format.

Name Operation Operand
sequence symbol CNOP two absolute expressions
or blank of the form b, w
(OS/VS: any

symbol or blank)

Figure 4-21. CNOP Instruction

Any symbols used in the expressions in the operand field
must have been previously defined.

Operand b specifies at which byte in a fullword or
doubleword the location counter is to be set; b can be 0, 2,
4,0r 6. Operand w specifies whether byte b is in a fullword
(w=4) or doubleword (w=8). The following pa1rs of b and
ware valid:

b,w Specifies

0,4 Beginning of a fullword

2,4 Middle of a fullword

0,8  Beginning of a doubleword

2,8 Second halfword of a doubleword

4,8 Middle (third halfword) of a doubleword

6,8 Fourth halfword of a doubleword

Determining Statement Format and Sequence

You can change the staridard coding conventions for the
assembler language statements or check the sequence of"
source statements with the ICTL and ISEQ instructions.

ICTL. (Input Format Control) Instruction o

The ICTL instruction permits altering the normal format

of source program statements (see Figure 4-22). The ICTL

statement must precede all other statements in the source

program and can be used only once.
Name Operation

blank ICTL

Operand

one to three decimal
self-defining values of the
. formb, e, c

Figure 4-22. ICTL Instruction
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Operand b specifies the beginning column of the source

_statement. It must always be specified and must be within
1-40, inclusive.

Operand e specifies the end column of the source state-
ment. The end column, when specified, must be within
41-80, inclusive; when not specified, it is assumed to be 71.
The end column must not be less than the begin column
+5. (DOS: begin column +4). The column after the end
column is used to indicate whether or not the next card is
a continuation card. ,

Operand c specifies the continue column of the source
statement. The continue column, when specified, must be
within 2-40 and must be greater than b. If the continue
column is not specified, or if column 80 is specified as the
end column, the assembler assumes that there are no contin-
uation cards, and all statements are contained on a single
card. ‘

Note: An invalid ICTL statement (under OS/VS only)
will cause all subsequent statements to be printed and
interpreted as comments.

The operand forms b,,c (no end column), and b, (no
comma allowed) are invalid.

If no ICTL statement is used in the source program, the
assembler assumes that 1, 71, and 16 are the begin, end,
and continue columns, respectively.

Example: 1CTL 25 designates the begin column as 25;
since the end column is not specified, it is assumed to be
71. No continuation codes will be recognized because no
continue column is specified.

ISEQ (Input Sequence Checking) Instruction

The ISEQ ‘instruction is used to check the sequence of input
cards. (A sequence error is considered serious, but the
assembly is not terminated.) See Figure 4-23 for the format
of the ISEQ instruction.

Name Operation Operand

blank . ISEQ - two decimal self-

defining values of the
-~ form 1, r; or blank

Figure 4-23. ISEQ Instruction

The operands I and 7, respectively, specify the leftmost

“and rightmost columns of the field in the input cards to be

checked. ‘Operand r must equal or exceed operand . Col-
umns to be checked must not be between the begin and end
columns.

.-Sequence checking begms w1th the first card following
the ISEQ statement. Comparison of adjacent cards makes
use of the eight-bit internal collating sequence. Each card
checked must have a sequence number higher than that of
the preceding card.



An ISEQ statement with a blank operand terminates the
operation. (Note that this ISEQ statement is also sequence
checked.) Checking may be resumed with another ISEQ
statement. :

Sequence checking is performed only on statements
contained in the source program. Statements inserted by
the COPY assembler instruction are not checked for correct
sequence; macro definitions in a macro library also are not
checked. ’

Listing Format and Output

The PRINT, TITLE, EJECT, and SPACE instructions
request the assembler to produce listings and identify out-
put cards in the object deck according to your special needs.
They allow you to determine printing and page formatting
options other than the ones the assembler program assumes
by default. Among other things, you can introduce your
own page headings, control the line spacing, and suppress
unwanted detail.

Note: TITLE, SPACE, and EJECT do not appear in the
source listing unless the statement is continued onto
another card. Then the first card of the statement is
printed. However, none of these three types of instruc-
tions, if generated as macro instruction expansion, will
ever be listed, regardless of continuation.

PRINT (Print Optional Data) Instruction

The PRINT instruction is used to control printing of the
assembly listing; see Figure 4.24.

Name Operation

PRINT

Operand

sequence symbol
or blank

one to three operands
Figure 4-24. PRINT Instruction

The one to three operands may include an operand from
each of the following groups,in any sequence: "

‘@ ON — A listing is printed.
.~ ® OFF — No listing is printed.

e GEN — All statements generated by macro instruc-
tions are printed :

® NOGEN  — Statements generated by macro instructions
are not printed; however, the macro
instruction itself will appear in the listing,
with the exception of MNOTE, which will
print regardless of NOGEN.

e DATA — Constants are printed out in full in the

listingT
® NODATA — Only the leftmost eight bytes are printed
on the listing. ‘

A program may contain any number of PRINT instruc-
tions. A PRINT instruction controls the printing of the
assembly listing until another PRINT instruction is encoun-
tered. Each option remains in effect until the correspond-
ing opposite option is specified.

Until the first PRINT instruction (if any) is encountered,
PRINT, ON, NODATA, GEN is assumed.

The hierarchy of print control statements is:

1. ON and OFF
2. GEN and NOGEN
3. DATA and NODATA

Thus, with the following statement nothing would be
printed:

PRINT OFF, DATA, GEN

Note: For OS/VS only, the PUSH and POP instructions,
described under Saving and Restoring Programming
Environment later in this chapter, also influence the
PRINT options by saving and restoring the PRINT status.

TITLE (Identify Assembly Output) Instruction

The TITLE instruction enables the programmer to identify
the assembly listing and assembly output cards. See Figure
4-25 for the format of the TITLE instruction.

Name Operation Operand

special sequence TITLE
or variable symbol

or blank

a sequence of characters
enclosed in apostrophes

Figure 4-25. TITLE Instruction

The name field can contain a special symbol of from one
to four (OS/VS: one to eight) alphabetic or numeric char-
acters, in any combination. The contents of the name field
is punched into columns 73-76 (OS/VS: 73-80) of all out-
put cards for the program except those produced by the
PUNCH and REPRO assembler instructions. Only the first
TITLE statement in a program may have a special symbol
or variable symbol in the name field. The name field of all
subsequent TITLE statements must contain either a
sequence symbol or a blank. (Exception: For OS/VS, the
name field may contain an alphameric character string, or a
variable symbol, or a combination of the two. Any of these
options has significance only when coded in the first valid
TITLE instruction in the program. If coded in subsequent
TITLE instructions, they are accepted but are ignored.)

The operand field can contain up to 100 characters
enclosed in apostrophes. The contents of this operand
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