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PREFACE

MANUAL OBJECTIVES

This manual describes the VAX-11] MACRO language. It 1includes the
format and function of each feature of the language. The VAX-11 MACRO
User's Guide describes how to use VAX-11 MACRO.

INTENDED AUDIENCE

This manual is intended for all programmers writing VAX-11 MACRO
programs. Programmers should be familiar with assembly language
programming, the VAX-1l instruction set, and the VAX/VMS operating
system before reading this manual.

The VAX-11 MACRO User's Guide provides a brief introduction to the
assembler and describes the commands necessary to use VAX-11 MACRO.
The VAX-11 Architecture Handbook describes the VAX-11 instruction set.
All programmers should read these manuals before using this language
reference manual.

STRUCTURE OF THIS DOCUMENT

This manual is organized into six chapters and four appendixes, as
follows:

e Chapter 1 introduces the features of the VAX-11 MACRO
language.

e Chapter 2 describes the format used 1in VAX-11 MACRO source
statements.

e Chapter 3 describes the components of VAX-11] MACRO source
statements: the character set; numbers; symbols; local
labels; terms and expressions; unary and binary operators;
direct assignment statements; and the current location
counter,

e Chapter 4 summarizes and gives examples of the wuse of the
VAX-11 MACRO addressing modes.

e Chapter 5 describes the VAX-11 MACRO general assembler
directives,.
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Chapter 6 describes the directives used 1in defining and
expanding macros.

Appendix A lists the ASCII character set that can be used in
VAX-11 MACRO programs.

Appendix B summarizes the general assembler and macro
directives (in alphabetical order), special characters, unary
operators, binary operators, and addressing modes.

Appendix C lists alphabetically and by opcode the permanent
symbols (instruction set) defined for use with VAX-11 MACRO.

Appendix D gives rules for hexadecimal/decimal conversion.

ASSOCIATED DOCUMENTS

The following documents are relevant to VAX-11 MACRO programming:

VAX-11 Architecture Handbook

VAX-11 MACRO User's Guide

VAX/VMS Command Langquage User's Guide

VAX-11 Linker Reference Manual

VAX-11 Symbolic Debugger Reference Manual

For a complete 1list of all VAX-11 documents, including a brief
description of each, see the VAX-11 Information Directory and Index.

CONVENTIONS USED IN THIS DOCUMENT

The following conventions are observed in this manual, as in the other
VAX-11 documents:

Convention Meaning
Uppercase words Uppercase words and letters, used 1in
and letters examples, indicate that you should type the
word or letter exactly as shown.
Lowercase words Lowercase words and letters, wused in format
and letters examples, indicate that you are to substitute

a word or value of your choice.

] Square brackets indicate that the enclosed
item is optional.

A horizontal ellipsis indicates that the

preceding item(s) can be repeated one or more
times.

A vertical ellipsis indicates that not all of

the statements 1in an example or figure are
shown.
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SUMMARY OF TECHNICAL CHANGES

This manual documents VAX-11] MACRO V2.0, as released with Release 2.0
of VAX/VMS. This section summarizes the technical changes from the
last version, released with Release 1.5 of VAX/VMS.

Changes affecting directives:

There is a new data type, the octaword, which stores 128 bits (16
bytes) of binary data. The octaword storage directive is .OCTA. A
new block storage directive, .BLKO, reserves octawords for data. A
new operand generation directive, .REF16, generates an octaword
operand. However, DIGITAL recommends using the opcode definition
directive, .OPDEF, instead of .REF; there are new operand descriptors
for use with .OPDEF which describe octaword operators.

Two new floating-point directives provide additional flexibility and
capacity for floating-point numbers. The .G FLOATING directive
generates 64-bit data (quadwords) of which one bit™ is the sign, 11
bits are exponent, and 52 bits are fraction. The .H_FLOATING
directive generates 128-bit data (octawords) with one bit for sign, 15
bits for exponent, and 112 bits for fraction. There are new block
storage directives, .BLKG and .BLKH, which reserve G floating
quadwords and H floating octawords, respectively. There are new
operand descriptors for use with .OPDEF which describe G floating and
H_floating operands. (Note: not all VAX-11 processors support the
G_floating and H_floating data types.)

To bring the formats of the floating-point data types and directives
into a consistent format, there are new alternate forms of the .FLOAT
directive — .F FLOATING - and the .DOUBLE directive — .D FLOATING.
The terms F floating and D floating are used in this manual to denote
single-precision and 64-bit double precision data.

A new program section attribute, VEC, has been added for use with the
.PSECT directive. It shows that a program section contains
information to be used in a privileged shareable image.

The new directives, attributes, and operand descriptors listed above
are all described under the directive names in Chapter 5.

New opcodes have been added to the VAX-11 instruction set to make use
of octaword, G_floating, and H _floating data. These opcodes, and the
mnemonics that represent them in source code, are listed in Appendix
C.
Miscellaneous changes:
e User-defined symbols may now be up to 31 characters long.
e The ASCII string used with the ASCII operator ("A) may now be
up to 16 characters long, depending on the data type of the
operand.

e Source statements used within macros may now be up to 1000
characters long.
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CHAPTER 1

INTRODUCTION

The VAX-11 MACRO programming language is an assembly language for
programming VAX-11 computers under the VAX/VMS operating system.
Source programs written in the VAX-11 MACRO programming language are
translated into object (or binary) code by the VAX-11 MACRO assembler,
which produces an object module and, optionally, a 1listing file.
These functions of the assembler are described in the VAX-11 MACRO
User's Guide. The features of the language itself are introduced in
this chapter.

VAX-11 MACRO source programs consist of a sequence of source
statements. These source statements may be any of the following:

e VAX-11 native-mode instructions
e Direct assignment statements
e Assembler directives

Instructions manipulate data. They perform. such functions as
addition, data conversion, and transfer of control. Instructions are
usually followed in the source statement by operands, which can be any
kind of data needed for the operation of the instruction. The VAX-11
instruction set is summarized in Appendix C of this wvolume and 1is
described in detail in the VAX-11 Architecture Handbook.

Direct assignment statements equate symbols to values.
Assembler directives guide the assembly process and provide tools for
using the instructions. There are two classes of assembler
directives: general assembler directives and macro directives.
General assembler directives can be used to perform the following:

e Store data or reserve memory for data storage

e Control the alignment in memory of parts of the program

e Specify the methods of accessing the sections of memory in
which the program will be stored.

e Specify the entry point of the program or of part of the
program

e Specify the way in which symbols will be referenced

e Specify that a part of the program is to be assembled only
under certain conditions
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e Control the format and content of the listing file
e Display informational messages
e Control the assembler options that are used to 1interpret the
source program
e Define new opcodes
Macro directives are used to define macros and repeat blocks. They
allow programmers to do the following:
® Repeat identical or similar sequences of source statements
throughout a program
.

Use string operators to manipulate and test the contents of
source statements

Use of macros and repeat blocks helps to minimize programmer errors
and to speed the debugging process.



CHAPTER 2

MACRO SOURCE STATEMENT FORMAT

A source program consists of a sequence of source statements, which
the assembler interprets and processes, one by one, generating object

code or performing a specific assembly-time process. A source
statement can occupy one source line or can extend onto several source
lines. Each source line can be up to 132 characters 1long; however,

no line should exceed 80 characters to ensure that the source line
fits (with its binary expansion) on one line in the listing file.

MACRO statements can consist of up to four fields:

e Label field -- symbolically defines a location in a program
e Operator field -- specifies the action to be performed by the
statement; this field can be an instruction, an assembler

directive, or a macro call

e Operand field -- contains the instruction operand(s) or the
assembler directive argument(s) or the macro argument(s)

e Comment field -- contains a comment that explains the meaning
of the statement; this field does not affect program
execution

The label field and the comment field are optional. The label field
ends with a colon (:) and the comment field starts with a semicolon
(;). The operand field must conform to the format of the instruction,
directive, or macro specified in the operator field.

Although statement fields can be separated by either a space or a tab
(see Table 3-2), formatting statements with the tab character is
recommended for consistency and clarity. By DIGITAL convention, tab
characters are used to separate the statement fields as follows:

Field Begins in Column Tab Characters to Reach Column
Label 1 0
Operator 9 1
Operand 17 2
Comment 41 5

For example:

.TITLE ROUTI1

.ENTRY START,O BEGINNING OF ROUTINE

CLRL RO ; CLEAR REGISTER
LABT: SUBL3 #10,4 (AP)R2 ; SUBTRACT 10
LAB2: BRB CONT ; BRANCH TO ANOTHER ROUTINE






