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Read This First

This manual describes the 0S/VS - DOS/VSE - VM/370 assembler
language.

The 0S/VS - VM/370 assembler language offers the following improvements
over the 0S/360 assembler language as processed by the F assembler:

1. New instructions and functions

2. Relaxation of language restrictions on character string lengths,
attribute usage, SET symbol dimensions, and on the number of entries
allowed in the External Symbol Dictionary

3. New system variable symbols

4. New options: for example, for the printing of statements in the
program listings or for the alignment of constants and areas.

The figure on the following pages lists in detail these assembler
language improvements and indicates the sections in the manual where the
instructions and functions incorporating these improvements are
described. If you are already familiar with the 0S/360 assembler
language as processed by the F assembler, you need only read those
sections. Also included in the figure on the following pages are the
improvements of the DOS/VS assembler language over the DOS/360 assembler
language as processed by the D assembler.

NOTE: Sections I through L, describing the macro facility and the
conditional assembly language, have been expanded to include more
examples and detailed descriptions.

Note for VM/370 Users

The services provided by the OS Linkage Editor and Loader programs are
paralleled in VM/370 by those provided by the CMS Loader. Therefore,
for any reference in this publication to those 0OS programs, you may
assume that the CMS Loader performs the same function.

Certain shaded notes in this publication refer to "OS only" information.
Where you see these notes you may assume the information also applies
for VM/370 users.

Note for DOS/VSE Users

All references to DOS and DOS/VS are also applicable to DOS/VSE.
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COMPARISON OF ASSEMBLERS

Assemblers
Language Feature OS/Vs Described in
DOS/360 (D) DOS/VSE 08/360 (F) VM/370
1.  No of continuation lines allowed in 1 2 2 2 B1B
one statement
2. Location Counter value printed for 3 bytes 3 bytes 3 bytes 4 bytes C4B
EQU, USING, ORG (in ADDR2 field) {upto 3
leading zeros
suppressed)
3. Self-Defining Terms C4E
maximum value: 224-1 2244 224-1 231.1
number of digits
binary: 24 24 24 32
decimal: 8 8 8 10
hexadecimal: 6 6 6 8
character: 3 3 3 4
4.  Relocatable and Absolute Expressions ceB
unary operators allowed: no yes no yes
value carried: truncated to truncated to truncated to 31 bits
24 bits 24 bits 24 bits
number of operators: 15 15 15 19
levels of parentheses: 5 5 5 6
5. Alignment of Constants ALIGN/ constants constants constants D2
{with no length modifier) when NOALIGN not aligned aligned not aligned
NOALIGN option specified: option not
allowed
6. - Extended Branching Mnemonics D1H
for RR format instructions: no yes no yes
7.  COPY Instruction E1A
nesting depth allowed: none 3 none 5
macro definitions copied: no yes no yes
8.  END Instruction
generated or copied END
instructions: no no no yes E1l
9. All control sections initiated by a no yes no no E2C
CSECT start at location 0 in listing
and object deck
10. External Symbol Dictionary Entries E2G
maximum allowed: 255 511 255 399
{including
entry symbols
identified by
ENTRY)
11.  DSECT Instruction blank name entry: no yes no yes E3C
L4
12. DROP Instruction not aflowed signifies all not allowed signifies all Fi1B
blank operand entry: current base current base
registers registers
dropped dropped
13. EQU Instruction G2A
second operand as length attribute: no no no. yes
third operand as type attribute: no no no yes
14. DC/DS Instruction; one multiple multiple multiple G3B
number of operands:
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COMPARISON OF ASSEMBLERS

Lan Feature Assemblers .
guage OS/Vs - Described in
DOS/360 (D) DOS/VSE 08/360 (F) VM/370
15. Bit-length specification allowed: no yes yes yes G38
16. Literal Constants G3C
multiterm expression for .
duplication factor: no yes no yes
length, scale, and
exponent modifier: no yes no yes
Q- or S-type address constant: no no no yes
17. Binary and Hexadecimal Constants G3D
number of nominal values: one one one multiple G3F
18. Q-type address constant allowed: no no yes yes G3M H
19. ORG Instruction sequence symbol sequence symbol | sequence symbo! any symbol H1A
name entry allowed: or blank or blank or blank or blank
20. Literal cross-reference: no yes no yes H18
21.  CNORP Instruction sequence symbol sequence symbol | only sequence any symbol H1C
symbol as name entry: or blank or blank symbol or blank or blank
22. PRINT instruction
inside macro definition: no yes no yes H3A
23. TITLE iInstruction H3B
number of characters in name
(if not a sequence symbot): 4 4 4 8
24. OPSYN Instruction: no no yes yes H5A
| |
25. PUSH and POP Instructions H6
for saving PRINT and USING status: no no no yes
26. Symbolic Parameters and
Macro Instruction Operands
maximum number: 100 200 200 no fixed J2c
maximum K1B
mixing positional and keyword: all positional all positional all positional keyword param- J3c
parameters parameters parameters eters or operands] K3C
or operands or operands or operands can be inter-
must come must come must come spersed among
first first first positional param-
eters or operands
27. Generated op-codes START, CSECT, Jag
DSECT, COM allowed no yes no yes
28. Generated Remarks due to generated J4B
blanks in operand field: no no no yes
29. MNOTE Instruction J5D
in open code: no no no yes
30. System Variable Symbols J7
&SYSPARM: yes yes no yes
&SYSDATE: no no no yes
&SYSTIME: no no no yes
31.  Maximum number of characters in K5
macro instruction operand: 127 255 255 255
32. Type and Count Attribute of LiB
SET symbols: no no no yes ﬁ
&SYSPARM, &SYSNDX,
&SYSECT. & YSDATE, &SYSTIME: | no no no yes
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COMPARISON OF ASSEMBLERS

Language Feature Assemblers Described in
Dos/360 (D) | posivse |osiseo(F) | ORS
33. SET Symbol Declaration L2
global and local mixed: no, global must no, global must no, global must yes
precede tocal precede local precede local
global and local must immedi-
ately follow prototype state-
ment, if in macro definition: yes yes yes no
must immediately follow any source
macro definitions, if in open code: yes yes yes no
34. Subscripted SET Symbols L2
maximum dimension: 255 4095 2500 32,767
35. SETC Instruction L3B
duplication factor in operand: no no no yes
maximum number of characters
assigned 8 255 8 255
36. Arithmetic Expressions L4A
in conditional assembly
unary operators allowed: no yes no yes
number of terms: 16 16 16 up to 25
levels of parentheses: 5 5 5 up to 11
37. ACTR Instruction allowed anywhere no, only immedi- | yes no, only immedi- | yes L6C
in open code and inside macro ately after global ately after global
definitions: and local SET and local SET
symbol symbol
declarations declarations
38. Options for Assembler Program
ALIGN no yes yes yes D2
ALOGIC no no no yes L8
MCALL no no no yes J8B
EDECK no yes no no Order No.
GC33-4024
MLOGIC no no no yes L8
LIBMAC no no no yes JBA
R |
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‘:D| This is a reference manual for the 0S/VS - DOS/VSE - VM/370 assembler

language. It will enable you to answer specific questions about
language functions and specifications. In many cases it also provides
information about the purpose of the instruction you refer to, as well
as examples of its use.

The manual is not intended as a text for learning the assembler language.
Who This Manual Is For

| This manual is for programmers coding in the 0S/VS ~ VM/370 or DOS/VSE
assembler language.

Major Topics

This manual is divided into four main parts (aside from the
"Introduction® and the Appendixes) :

PART I (Sections B and C) describes the coding rules for, and the
structure of, the assembler language.

PART I1 (Section D) describes the machine instruction types and their
formats.

PART III1 (Sections E through H) describes the assembler instructions.
PART 1V (Sections I through L) describes the macro facility and the
conditional assembly language.

D

How To Use This Manual

Since this is a reference manual, you should use the Index or the Table
of Contents to find the subject you are interested in.

Complete specifications are given for each instruction or feature of the
assembler language (except for the machine instructions, which are
documented in Principles of Operation -- see "References You May Need").
In many cases, a "Purpose" section suggests why you might use the
feature; a "Specifications" section explains use of a complex feature;
and one or more figures give examples of coding an instruction.

If you are a present user of the 0OS Assembler F or the DOS Assembler D,
you need only read those sections listed in the table preceding this
"Preface" which indicates those language features that are different
from the DOS or 0OS System/360 languages.
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TABS: Tabs mark the beginning of the specifications portion of the
language descriptions. Use the tabs for quick referencing.

Tab -

0S-DOS DIFFERENCES: Wherever the 0S/VS and DOS/VS assembler languages
differ, the specifications that apply only to one assembler or the other
are so marked. The '0S only*' markings also apply for the VM/370
assembler.

OSonly

KEYS: The majority of figures are placed to the right of the text that
describes them. Numbered keys within a figure are duplicated to the
left of the text describing the figure. Use the numbered keys to tie
the underlined passages in the text to specific parts of the figure.

o @

GLOSSARY: The glossary at the back of the manual contains terms that
apply to assembler programming specifically and to allied terms in data
processing in general. You can use the Glossary for terms that are
unfamiliar to you.

IBM is grateful to the American National Standards Institute (ANSI) for
permission to reprint its definitions from the American National
Standard Vocabulary for Information Processing, which was prepared by
Subcommittee X3.5 on Terminology and Glossary of American National
Standards Committee X3.

References You May Need

You may want to refer to

IBM System/370 Principles of Operation, GA22-7000, or IBM 4300
Processors Principles of Operation for ECPS:VSE Mode, GA22-7070, the
definitive publications for machine instructions, and to

0s/VS - VM/370 Assembler Programmer's Guide, GC33-4021

for detailed information about the 0S/VS - VM/370 Assembler.

Guide to the DOS/VSE Assembler, GC33-4024

for detailed information about the DOS/AVSE Assembler.
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Q Section A: Introduction

What the Assembler Does

A computer can understand and interpret only machine
language. Machine 1anguage is in binary form and, thus,
very difficult to write. The assemkler language is a
symbolic programming language that you can use to code
instructions instead of coding in machine language.

Because the assembler language allows you to use meaningful
symbols made up of alphabetic and numeric characters instead
of just the binary digits 0 and 1 used in the machine
language, you can make your coding easier to read,
understand, and change.

The assembler must translate the symbolic assembler language
into machine language Eefore the computer can execute ycur
program, as shown in the figure below.

CODING SHEETS

Your iﬁ"f Im
Program j f___::> -rce ec SOURCE MODULE

Assembler Language Input

or

C ]

TERMINAL

ASSEMBLER

—

OBJECT MODULE
Machine Language Output

LISTINGS '

" LINKAGE
EDITOR

Load
Module

LOAD MODULE

g, ) : Main Storage of
O COMPUTER
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Assume that your prcgram, written in the assembler language,
has been punched into a deck of cards called the scurce
deck. This deck, alsc known as a source module, is the
input to the assembler. (You can also enter a source
module as input to the assembler through a terminal.)

The assembler processes your source module and prcduces
an obkject module in machine language (called object ccde).
Assume that the assembler punches this object module into
a deck of cards called the okject deck.

The okject deck or object module can be used as input to
be processed by another processing program, called the
linkage editor. The linkage editor produces a load module
that can be loaded later into the main storage of the
computer, which then executes the program. Your source
module and the object code produced is printed, alcng with
other information on a program listing.

Al - The Assembler Language

The assembler language is the symkolic prograrming language
that lies closest tc the machine language in form and

content. You will, therefore, find the assembler language
useful whens:

e You need to control your program closely, down to the
byte and even bit level or

e You must write subrcutines for functions that are not
provided by other symkolic programming languages such as:
ALGOL, COBOL, FORIRAN, or PL/I.

The assembler language is made up of statements that
represent instructions or comments. The instructicn
statements are the working part of the language and are
divided into the following three groups:

1. Machine instructicns

2. Assembler instructions

3. Macro instructions.

Machine Instructions

A machine instruction is the symbolic representation of

a machine language instruction of the IBM Systen/370
instruction set. It is called a machine instruction because
the assembler translates it into the machine language ccde
which the ccmputer can execute. Machine instructions are
described in PART 1I; SECTION L of this manual.

&
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Assembler Instructions

BAn assembler instruction is a request to the assenmnbler
program to perform certain operations during the assembly

of a source module, for example, defining data constants,
defining the end of the source module, and reserving stcrage
areas. Except for the instructions that define ccnstants,
the assembler does not translate assemkler instructions

into object code. The assembler instructions are described
in PART 111; SECTIONS E, F, G, and H and PART 1V; SECTIONS
J, K, and L of this manual.

Macro Instructions

A macro instruction is a request to the assembler program
to process a predefined sequence of code called a macrc
definition. From this definition, the assembler generates
machine and assembler instructions which it then processes
as if they were part of the original input in the source
module.

IBM supplies macro definitions for input/output, data
management, and supervisor operations that ycu can call
for processing by coding the required macro instruction.
(These I1BM-supplied macro instructions are not described
in this manual.)

You can also prepare your own macro definitions and call
them by coding the corresponding macro instructions. This
macro facility is introduced in PART IV; SECTION I. A
complete description of the macro facility, including the
macro definition, the macro instruction and the conditional
assembly language, is given in PART IV; SECTIONS J, K, and
L.

The Assembler Program

The assembler program, also referred to as the "assembler®,
processes the machine, assembler, and macro instructions
you have coded in the assemktler language and produces an
object module in machine language.

Section A: Introduction



A2A - ASSEMBLER PROCESSING SEQUENCE

The assembler processes the three types of assembler
language instructions at different times during its
processing sequence. You should be aware of the assembler's
processing sequence in order to code your program correctly.
The figure below relates the assembler processing seguence
to the other times at which your program is processed and

executed.
SOURCE
" PROGRAMMER
Coding PROGRAM
Time
Pre-Assembly
Tiipe 0
T L }  ASSEMBLER
Assembly 0 r
Time
;) J
4
Linkage A
Edit LINKAGE
Time EDITOR
' ) LOADER
Program can combine
Fetch linkage editing
Time J and loading
operations
0S only
Execution CPU of
Time e COMPUTER

The assembler processes most instructions on two occasions;
o first at pre-assembly time and later at assembly time. e
However, it does some processing, for exampie, macro

processing, only at pre-assembly time.

The assembler also produces information for other
processors. The linkage editor uses such information at

o linkage-edit time to combine object modules into load
modules. The loader loads your program (comkined load
modules) into virtual storage (see GLOSSARY) at program
fetch time. Finally, at execution time, the computer o
executes the object code produced ky the assembler at
assemkly tire. '

g



Machine Instruction Processing

The assembler processes all machine instructions and

translates them into okject code at assemkly time, as shcwn

in the figure belcw.

Machine
Instructions

Assembled
into
object code

Program
Fetch

Executed

Execution

Assembler Instruction Processing

Assembler instructions are divided intoc two main tyrges:

1. Ordinary assembler instructions

2. Conditional assembly instructions and the macro
processing instructions MACRO, MENL, MEXI1T and MNOUR .

Section A:

Introduction
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The assembler processes ordinary assemkler instructicns

0 at asserbly time, as shown in the figure below.

- —
Ordinary R e
Assembler p a
Instructions and ENTRY
assembly DC EXTRN
time DS WXTRN
TIMES o expressions CcCwW Address constants
Coding :
Pre-Assembly
J Assembly
Fully
Linkage Edit
Provide:
linkage
information
Program Fetch
Execution aa“w 50
| Argas used
in eﬁeea-
tionof .
machine inst.
“
NOTES:

1. The assembler evaluates absolute and relocatable

expressions at assembly time; they are sometimes called

assently time expressions.

2. Some instructions produce output for processing after

asserkly tire.

SN
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The assembler processes conditional assemkly instructicns
and macro processing instructions at pre-assembly time,
as shown in the figure telow.

Conditional Assembly
{and macro processing) P
instructions and

conditional assembly

TIMES 0 expressions
-

Coding

Pre-Assembly
Fully
processed

Assembty v

Generated
statements Printed
message

Linkage Edit

Program Fetch

Execution

NOTES :

1. The assembler evaluates the conditional assembly
expressions (arithmetic, logical, and character) at gre-

asserkly tire.

2. The assembler processes the machine and assenbler
instructicns generated from pre-assembly processing at
assembly time.
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Macro Instruction Processing

The assembler processes macro instructions at pre-assembly
time, as shown in the figure Lelow. -

Macro Macro
TIMES Instructions Definitions

Coding

Pre-Assembly

Fully
Processed

Assembly . e

Generated
Statements

Linkage
Edit

Program
Fetch

Execution

NOTE: The assembler processes the machine and ordinary
assembler instructions generated from a macro definition
called by a macro instruction at assemkly tire.

The assembler prints in a program listing all the
informaticn it produces at the various processing times
described in the above figures.
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A3 - Relationship of Assembler to Operating System

The assembler is a programming component of the 0S/VS,
VM/370, or DOS/VS. These system control programs provide
the assembler with the services:

e For assembling a source module and

¢

e For running the assembled okject module as a prograrw.
In writing a source module you must include instructions
that request the desired service functions from the
operating system.

Services Frovided by the Operating Systen

0s/VS and DOS/VS provide the following services:

1. For assembling the source module:
a. A control program

b. Libraries tc contain source code and macro
definitions

c. Utilities

2. For preparing for the execution of the assembler program
as represented by the okject module:

a. A control program

b. Storage allocation

c. Input and output facilities
d. A linkage editor

€. A locader.

VM/370 provides the following services:

1. For assembling the source module:

a. An interactive control program

b. Files to contain source code and macro definitions

c. Utilities.
2. For preraring for the execution of the assembler programs
as represented by the object modules:

a. An interactive control program

b. Storage allocation

c. Inéut and output facilities

d. The CMS Loader.

Section A:

Introduction
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A4 - Coding Aids

10

It can be very difficult to write an assemkler language
program using only machine instructions. The assembler
provides additional functions that make this task easier.
They are surmarized belcw.

Symbolic Rerresentation of Program Elements

Symbols greatly reduce programming effort and errcrs.

You can define symbols to represent storage addresses,
displacements, constants, registers, and almost any elerent
that makes up the assemkler language. These elements
include orerands, operand subfields, terms, and expressions.
Symbols are easier to rememker and code than numbers;
moreover, they are listed in a symkol cross~reference table
which is printed in the program listings. Thus, you can
easily find a symbol when searching for an error in your
code.

Variety of LCata Representation

You can use decimal, binary, hexadecimal or character
representation which the assemkler will convert fcr you
into the binaxy values required by the machine language.

Controlling Address Assignment

If you ccde the aprrorriate assembler instruction, the
assembler will compute the displacement from a base address
of any symbolic addresses you specify in a machine
instruction. It will insert this displacerent, along with
the base register assigned Ly the assemkler instruction,
into the object code of the machine instruction.

At execution time, the dbject code of address references
must be in the base-displacement form. The computer obtains
the required address ky adding the displacement tc the

kase address contained in the base register.

AT
;



Relocatability

The assembler produces an object module that can ke
relocated fror an originally assigned storage area to any
other suitable virtual storage area without affecting
program execution. This is made easier because most
addresses are assembled in their kase-displacement forr.

Segmenting a Program

You can divide a source module into one or more control
sections. BAfter assemkly, you can include or delete
individual ccntrol sections from the resulting object
module before you load it for execution. Control secticns
can ke loaded separately into storage areas that are not
contiguous.

Linkage Between Source Modules

You can create symbolic linkages ketween separately
assemkled scurce modules. This allows you to refer
symbolically from one source module to data defined in
another scurce module. You can also use symbolic addresses
to branch between modules.

Program Listings

The assembler produces a listing of your source mcdule,
including any generated statements, and the object cade
assembled from the source module. You can control the
form and content of the listing to a certain extent. 1The
assembler also prints messages akout actual errors anmd
warnings abcut potential errors in your source module.

Section A:

Introduction . 11
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0 Section B: Coding Conventions

This section describes the coding conventions that you must
follow in writing assembler language programs. Assembler
language statements are usually written on a coding form
before they are punched onto cards, or entered as source
statements through other forms of input (for example,
through terminals or directly onto tape).

Standard Assenmbler Ceding Form

You can write assembler language statements on the standard
coding form (Order No. GX28-6509) shown kelow. The cclumns
on this fcrm correspcnd to the columns on a punched card

or positions on a source statement entered through a
terrinal. The form has space for program identification
and instructions to keypunch ogperatcrs.

IBM IBM System 360 Assembler Coding Form GX286508.5 UIM 050
Printed in U.S.A.
PROGRAM nG GRAPHIC PAGE OF
TRUCTIONS
[ PROGRAME A ]D"E PUNCH | CARD ELECTRO NUMBER *
STATEMENT

—
1\ Saquenes
(SD — T A T —or

. : i ditl 4 EEER

t L " 14 16 0 s 30 s 40 a8 80
* A standard card form, 18M slectro 6509 is availadle for punching source statements from this form.

‘dnstructions for using this form are in any I8M Systen) /360 Assembler Reference Manual,

Address comments concerning this form to 18M Nordic Laboratory, Publications Development.

Box 962 S - 181 09 Lidingo 9, Sweden.

Section B: Coding Conventions 15



Bl - Cociing Specifications

B1A - FIELD BOUNDARIES

Assembler language statement usually occupy one 80-column
line on the standard form (for statements occupying more
than 80 columns, see B1B below). Note that any printable
character punched into any column of a card, or otherwise
entered as a position in a source statement, is reproduced
in the listing printed by the assembler. All characters
are placed in the line by the assembler. Whether they are
printed or not depends on the printer. Each line of

the coding form is divided into three main fields:

The Statement field,

The Identification -Sequence field, and

The Continuation Indicator field.

Stmnt Field

The Statement Field

The instructions and comments statements must be written
in the statement field. The statement field starts in
the "begin® column and ends in the “end” column. Any
continuation lines needed must start in the "continue"
column and end in the “end® column. The assembler assumes
the following standard values for these columns:

e The "begin® column is column 1
e The “end" column is column 71, and

e The "continue®™ column is column 16.

These standard values can be changed by using the ICTL
instruction. However, all references to the "“begin®”,
"end®, and "continue™ columns in this manual refer to the
standard value described above.

GX28-6509-5 U/M 050

IBM 1BM Systsm 360 Assembler Coding Form printed n U S A

g T e proe , p

= = e |2 -0
— m— oo STATEMENT j\ [——

1 8 10 14 18 20 25 30 as 40 s $0 L1] comm 80 55 71 I3 Sewuner 10

LalBlEL plciolo| lojpEirlaINID]s [ RIEMAR]K]S] | ] ] i AR

N clo it Injulalr]i]oln] i inE!s] MulsT [siTialr ? PR

I




The Identification - Sequence Field

The identification-sequence field can contain identification
characters or sequence numbers or both. If the ISEQ
instruction has been specified to check this field, the
assembler will verify whether or not the source statements
are in the correct sequence.

NOTE: The field the assembler normally checks lies in
columns 73 through 80. However, if the ICTL instruction
has been used to change the begin and end columns, the
boundaries for the identification-sequence field can be
affected.

The Continuation Indicator Field

The continuation indicator field occupies the column after
the end column. Therefore, the standard position for this
field is column 72. A non-blank character in this column
indicates that the current statement is continued on the
next line. This column must be blank if a statement is
completed on the same line; otherwise the assembler will
treat the statement that follows on the next line as a
continuation line of the current statement.

Field Positions

The statement field always lies between the begin and the
end columns. The continuation indicator field always lies
in the column after the end column. The identification-
sequence field usually lies in the field after the
continuation indicator field. However, the ICTL
instruction, by changing the standard begin, end, and
continue columns can create a field before the begin column.
This field can then contain the identification-sequence
field.

Section B:

Coding Conventions
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B1B - CONTINUATION LINES

18

Continuation

To continue a statement on another line, the following
applies:

1. Enter a non-blank character in the continuation indicator
field (column 72). This non-blank character must not be
part of the statement coding. When more than one
continuation line is needed, a non-blank character must

be entered in column 72 of each line that is to be
continued.

2. Continue the statement on the next line, starting in
the continue column (column 16). Columns to the left of
the continue column must be blank. Comments may be
continued after column 16.

Note that if an operand is continued after column 16 it
is taken to be a comment. Also if the continuation
indicator field is filled in on one line and the user
tries to start a totally new statement after column 16 on
the next line, this statement will be taken as a comment
belonging to the previous statement.

Only two continuation lines are allowed for a single
assembler language statement. However, macro instruction
statements and the prototype statement of macro definitions
can have as many continuation lines as needed.

IBM IBM System 360 Assembler Cading Form 2’:“2::1031%” %0
PROGRAM PUNCHING GRAPHI(C PAGE oF
an o
PROGRAMMER [DAW PUNCH CARD ELECTRO NUMBER *
e I
Py pra— g o o
1 T 8 10 14 16 20 25 30 . 35 40 45 50 ‘ 55 80 85 7 73 80
PlulniciH] [ 1INl [u]oEl [rlHjAls[El3 RiEIMalR]K]s] [clolnlT[iIn[ule] ToIN] T Ix
INE X[T| [LUIINE ? ! j A
- Ll/ IN
1 j
; ;]
LA L U S LR N AR N AN LI E S N S A A L . me ni+IX
hi+bli 3], REMIARKS| NEED, NDIr f
‘ cloinfrl NulEl 1IN ElolL] 116
B!
A 1,0+ l+pi+igi+io 2l dooy +IC IX .
O MM E IN|T Eis] [Colap el INTlol RiElG] 11],| bMMENT] I is] A REMARK
La 1] bltll+pl+bl+p . el
oM MEIN CIOMMIEINIT] [155] ILO AD[ED] |1 NfTO] [RIElG] |1 !
|
1 ’ 1 !
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C

- COMMENTS STATEMENT FORMAT

Comments statements are nct assemkled as part of the ckject
module, but are only printed in the assembly listing.

As many comments statements as needed can ke written,
subject to the following rules:

o 1. Comments statements require an asterisk in the begin

colunn. .

NOTE: Internal macro definition comments statements require
a period in the begin column, followed by an asterisk (for
details see J6n).

2. Any characters, including blanks and special characters,
of the 1IBM System/370 Character Set (see C3) can ke used.

3. Comments statements must lie in the statement field

o and not run over into the continuation indicator field;

otherwise the statement fcllowing the comments statement
will be considered as a continuation line of that comments
statement.

4. Comments statements must not appear ketween an
instruction statement and its continuation lines.

Comments

GX28-6509-5 U/M 050
mM 1BM System 360 Assembler Cading Form Printed in U.S.A.
PROGRAM NCHING GRAPHIC PAGE oF
INSTRUCTIONS

PROGRAMMER I:n unch CARD ELECTRO NUMBER *

STATEMENT idamtheation

[ Opweven Opwans Comments

)

20 s 39 35 L as s¢ 1]

(13 7 2]

Saquerce
20

[»] M
4

s }
TiH[Lis] [i]s] [a]N] [o]R) AlRlY[ [cloMIMEINTTIS] [s[TIATEIM[EIN[T],T WH[i [c]H] [claN] [AlPIPIE]AR]

AIN! JAISISIEMIBILIEIR] IP|R|OIGIR|AM.

L1

Section B:
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=~ INSTRUCTION STATEMENT FCRMAT

20

The statement field of an instructicn staterent nust ke
formatted tc include frcm one to four of the following
entries:

1. A narme entry

2. An oreraticn entry

3. An operand entry

4. A remarks entry.

Fixed Fcrrmat

The standard coding fcrm is divided into fields that provide
fixed positions for the first three entries, as fcllcws:

Instructions

GX2865085 U/M 060

IBM o IBM System 360 Assamblar Coding Form Printed in USA.
PAOGRAM P PUNCHUNG GRAMMC rAGE oF
\_’:‘3" / X la-u inaTRUCTIONS UNCH CARD ELECTRO NUMBER
Q BTATEMENT
5 R ™ & xh Commpnts. Sequence
ik L 38 40 48 80 113 0 i It 13
iL]a] EMaR]kls Furnv
plRlojP| | 1[0 NAME| JENTRIY] joMIITITIE D
SIECTD clslelclr olelelrialNID] JENTIRIY] IN[o]T. IRlE[alult [RElD
| «
olrlG o1 loplelrlalnp! lenlTiRlY | lojMii iTielD
* : ;

An 8-character name field starting in cclumn 1.
A S5-character cperaticn field starting in cclumn 10.
An operand field that begins in column 16.

Note that with this fixed format cne klank serarates each
field.

Free Format

It is not necessary to code the name, cperaticn, and crerand
entries acccrding tc the fixed fields on the standard

coding form. Instead, these entries can ke written in

any pcsiticn, subject tc the formatting specifications
below.

O



(:E? Formatting Specifications

Whether using fixed or free format, the following general
rules apply to the coding of an 1nstruction statement:

1. The entries must be written in the following order:
name, operation, operand, and remarks.

2. The entries must be contained in the begin column (1)
through the end column (71) of the first line and, if
needed, in the continue column (16) through the end cclurn
(71) of any continuaticn lines.

o 3. The entries must be separated from each other by one

or more blanks.

0 4. I1f used, the name entry must start in the begin column.

5. The name and operation entries, each followed by at

least one blank, must be contained in the first line cf

an instruction statement.

6. The operation entry must start at 1east one column tc
the right of the begin column.

IBM System 380 Asssmblar Coding Form

GX28-6508-5 U/M 050
Printed in U.S.A.

HNCIANG

GRAPMIC rAGE or

PROGRAMMEN

=

PETAUCTIONS.

owcn | cano siscrao numssn -

STATEMENT

30

Souaren
(13

I=

MIAR

71 13 0

50 3

THE NAME ENTRY: The name entry identifies an instruction

statement.

The following arrlies to the name entry:

1. It is usually optional.

2. It must be a valid symbol at assemkly time (after

substitution for variable symbols, if specified);
exception see the TITLE instruction (H3E).

for an

Section B: Coding Conventions
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THE OPERATION ENTRY: The operation entry provides the
symbolic operation code that specifies the machine,
assembler, or macro instruction to ke processed. The
following applies to the cperation entry:

1. It is mandatory.

2. For machine and assembler instructions it must be a
valid symkol at assembly time (after substitution for
variable symbols, if specified). The standard symkolic
operation codes are five characters or less (see Appendixes
IV and V) .

3. For macro instructions it can be any valid symbol that
is not identical to the operation codes described in 2
above.

THE COFERAND ENTRY: The operand entry has one or more
operands that identify and describe the data used by an
instruction. The following applies to operands:

1. One or more operands are usually required, depending
on the instruction.

2. Operands must be serarated by commas. No blanks are
allowed between the orerands and the commas that separate
them.

3. Operands must nct contain embedded blanks, because a
blank normally indicates the end of the operand entry.
However, klanks are allowed if they are included in
character strings enclosed in apostrophes (for example,
C'J N') or in logical expressions (see LU4C).

~
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IHE REMARKS ENTRY: The remarks entry is used tc descrire

the current instructicn. The following applies to the
remarks entry:

1. It is cpticnal.

2. It can ccntain any of the 256 characters (0xr punch
combinations) of the IEM Syster/370 character set, including
klanks and special characters.

*

3. It can follow any operand entry.

4. If an crticnal cperand entry is oritted, remarks arxe
allcwed if the absence cf the operand entry is indicated
by a comma, preceded and followed ty one cr mcre tlanke.

IBM 1BM System 360 Assembler Cading Form gﬁ":::“:‘s‘:’" 00
= PUNCHING havadind J race o
PROGRANNE A IDA'! INFTRUCTIONS PUNCH 0‘ CARD ELECTAO NUMBER L]
STATEMENT
L) el ] 10 O 14 16 20 »ll“ 30 3k a0 —————" S 13 fren L]
L MAY(S LR 10, [8] | TRIEMARIKIS] MUBTTT [B[E] [SE[PIARIATTIEID] IF [RIOM
R 1lo],le v i ojple/rlalND] EINTIRIY] [B]Y] [oinE] o[R! MIo[R]E

g j
PluiNiciH] |“[LiAB[EIL| lofP(c[oiDIE| (OfPIRI1], 0P[R 2, LdBIL |AINIK]S /. i

OlM1]T IsITIARIT cAlTIEIS] |aBSEIN[CIE! [ofF! lojPIND
T
IN[O/NO}1 ClsEiC|T 1
0INj0}2 EINID
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CD Section C: Assembler Language Structure

This section describes the structure of the assembler
language, that is, the various statements which are allowed

in the language and the elements that make up those
statements.

e

Section C:. Assembler Language Structure
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C1 -- The Source Module

A source module is a sequence of assembler language
statements that constitute the input to the assemkler.
The figure on the orrosite page shows an overall picture
of the structure of the assembler language.

C2 - Instruction Statements

26

The instruction statements of a source module are compcsed
of one to four entries that are contained in the statement
field. Cther entries outside the statement field are
discussed in B1A. The four statement entries are:

1. A name entry (usually optional)

2. An operation entry (mandatory)

3. An operand entry (usually required)

4., A remarks entry (optional).

NOTES:

1. The figures in this subsection show the overall structure

of the statements that represent the assembler language
instructions and are not specifications for these
instructions. The individual instructions, their purposes,
and their specifications are described in other sections of
this manual (as cross-referenced in the figures). Model
statements, used to generate assembler language statements,
are described in J4.

2. The remarks entry is not processed by the assembler, but
only copied into the listings of the program. It is
therefore nct shown except in the overview opposite.

/ R \

~
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Source Module
made up of
Source Statements

l Source Statements are ]

I

| |
EITHER INSTRUCTION COMMENTS
STATEMENTS STATEMENTS
Which are of three
main types
MACHINE or ASSEMBLER or MACRO
Instructions Instructions Instructions
Which are composed of
one to four entries
| i
NAME OPERATION OPERAND REMARKS

Which for machine instruc-
tions, is composed of

EXPRESSIONS

I Which are composed of ]

{ Which are composed of

J

Combination CHARACTER
TERMS or of terms STRINGS

1 I

|

|Which are composed of characters|

IBM SYSTEM/370
CHARACTER SET

Section C:

Assembler Language Structure







(:D C2A -- MACHINE INSTRUCTIONS

The machine instruction statements are described in the
figure below. '

The instructions themselves are discussed in Part 11 cf

this manual and summarized in Appendix 1IV.

NAME
Entry

A
Symbol
{or blank)

OPERATION OPERAND

Entry Entry

[t be | o s

A symbolic One or more

Operation operands

Code composed of

Exp(Exp,Exp) A
Expression or Exp {Exp) or or or
Exp (,Exp)

following

Which can be
any of the

|

or

Arithmetic
combination
of terms

Exp = Expression

Location
Counter

Reference
€. *

Symbol
Length
Attribute
Reference
e.g. L'HERE

A
Self-Defining
Term

Which can be
any of the

following

Decimal

e.g 9

Hexadecimal

e.g. X ‘D9’

|

Binary

e.q. B 1007

Character

e.g. C "JAN’

Literal
=H'Q'

Section C:

Assembler Language Structure
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C2B ~-- ASSEMBLER INSTRUCTIONS

The assemtler instruction statements can be divided into
two main groups: ordinary assemkler instructions and
conditional assembly instructions.

Ordinary Assembler Instructions

Ordinary assembler instruction statements are described
in the figure on the opposite page.

These instructions are discussed in Part 1III of this manual
and summarized in Appendix V.

30



NAME
Entry

A
Symbol
(or blank)

OPERATION
Entry

A symbolic
Operation
Code

OPERAND
Entry

One or more
operands

For Data Definition,
(DC and DS
Instructions)

For all other

Instructions

ordinary Assembler

Se~tion C:

1
Operands can be Operands can be
composed of one composed of
to four subfields
Expression Character Symbolic
Constant . X
Duplication Type Modifiers (Nominal or String Option
factor Value) 2.0 +4 eg. eg.
TO BE NOGEN
PUNCHED'
One or more
constants of
the format
e.g. 10.F L3 :200; below
'Decimal (Expression) 'Character
number’ or or string’
eg. F2 e.g. A(ADDR) e.g. CAis B’
1 Discussed more fully where individual instructions are described
A N A

Assembler Language Structure
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Conditional Assembly Instructions

Conditional assembly instruction statements and the racrc

processing statements (MACRO, MEND, MEXIT, MNOTE) are

described in the figure below.

The conditional assembly instructions are discussed in
Section L and macro processing instructions in Section
J; both types are summarized in Appendix V.

Which can be any
combination of
variable symbols

and other characters

that constitute an

Arithmetic

Expression
or

&A +1

Logical
Expression

&B1 OR &B2

Character
Expression

'JAN&C’

OPERATION OPERAND
Entry Entry Entry
r_—]:muswe n be

:equ::lce Variable A symbolic Zero or more

S?El or Symbol Operation operands

® & VAR Code composed of

{or blank)

i Expression Exp,"msg’

Sequence or ;/angr o or MN6TE or {exp)seq sym

Exp=Expression




C2C -- MACRC INSTRUCTIONS

Macro instruction statements are described in the figure
below; the prototype statement of a macro definition, which
serves as a model for the macro instruction staterent,

is also shown.

Macro instructicn statemrents are discussed in Section K
of this manual and the prototype statement is discussed
in Section J2.

Symbolic Symbolic Zero or more
Parameter Operation Symbolic
Code Parameters

Prototype
Statement
can be
Macro
Instruction :
Statement NAME OPERATION f OPERAND
Entry Entry Entry

Zero or more

E\E Operands

which can be

1

Ordinary . Sublists with
Symbol or Sequence or Variable Operandswith | o | oo e
{or blank) Symbol Symbol one value entries
Each entry
can have a
value
Values
can be
Character ‘Character
_ String or String’
Y i {excluding (including
blanks) blanks)
o AN ‘h

[9V]
w

Section C: Assembler Language Structure



C3 - Character Set

34

Terms, expressions, and character strings used to build
source statements are written with the fcllowing characters:

1. Alghameric Characters

Alghalketic characters (or letters): A through 2z, and
$, %, 3

Cigits (or numerals): 0 through 9
2. Special characters
+ - ,=.% () ' / €& klank

Examples, showing the use of the above characters are given
in the figure below.

Normally, ycu would use strings of alphameric characters
to represent data (terms, see C4), and special characters
as:

a. Arithmetic cperators in exgpressions

b. Data or field delimiters

c. Indicators to the assemkler for specific handling.

Characters are represented ky the card-runch ccrnbinaticns
and intermnal kit ccnfigurations listed in Appendix I.

In addition to the printakle characters listed abcve, any

of the 256 combinations for punched cards listed in Arrendix
I can be used:

1. Between paired apcstroghes
2. As staterxent remarks
3. In comments statements

4. In macrc instructicn cperands (for restrictions see
KS) .

N
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Page of GC33-4010-4
Revised Feb. 25, 197§
By TNL: GN33-8193

Characters Usage Example Constituting
Alphameric In symbols LABEL NINE#01 Terms
Digits As decimal 01 9 Terms
self-defining
terms
Special
Characters As Operators
+ Addition NINE+FIVE
= Subtraction NINE-5
Expressions
* Multiplication 9*FIVE P
/ Division TEN/3
+ or - {Unary) +NINE -FIVE Terms
As Delimiters r
Blanks Between fields LABEL AR 3,4 Statement
Comma Between operands OPND1,0PND2 Operand field
Apostrophes Enclosing
character strings C'STRING' String
Parentheses Enclosing subfields MOVE MVC TO(80),FROM Statement
or subexpressions (A+Bx(C-D)} Expression i
As indicators
for
Ampersand Variable symbol &VAR Term
Period Sequence symbol .SEQ (label)
Comments statement +*THIS IS A COMMENT Statement
in Macro definition
Concatenation &VAR.A Term
Bit-length DC CL.7'AB' Operand
specification
Decimal point DC F'1.7E4’ Operand
Asterisk Location counter *+72 Expression
reference
Comments statement * THIS IS A COMMENT Statement
Equal sign Literal reference L 6,=F'2' Statement
Keyword &KEY=D Keyword
Parameter

Section C:
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C4 -- Terms

A term is the smallest element of
the assembler language that
represents a distinct and separate
value. 1t can therefore ke used
alone or in ccmbination with other
terms to form expressions. Terms
have absolute or reloccatable values

Term Can Be

that are assigned by the assemkler
or are inherent in the terms Inherent in
Assembler Term
themselves.
A term is absolute if its value Symbols X X X
does not change upon program
relocation and is relocatable if Location
its value changes upon relocation. Counter X X
The various types of terms described Reference
below are summarized in the figure
to the right. Symbol
Length X X
Attribute
Other Data X X
Attributes
Self-Defining X X
Terms
L

C4A -- SYMBOLS

36

Furpose
——————

You can use a symbcl tc represent storage locations or
arbitrary values.

SYMBOIIC REPRESENTIATICN: You can write a symbol in the
name field of an instruction. Ycu can tren specify this
symkcl in the crerands cf other instructions and thus referx
to the former instructicn symbclically. This symkol
represents a relocatakle address.

You can alsc assign an absolute value to a symbol Ly coding
it in the name field of an EQU instructicn with an crerand
whose value is absclute. This allows you to use this
symbol in instruction operands tc represent registers,
displacements in explicit addresses, inmediate data,
lengths, and implicit addresses with aksclute values. Fcr
details cf these rrcgram elements, see L[5. The advantages
of symbolic over numeric representation are:

1. Syrnbcls are easier tc remember and use than numerical
values, thus reducing programming errcrs and increasing
programming efficiency.

2. Ycu can use meaningful symkcls to descrike the rrcgrarm
elements they represent; for example, INFUT can name a
field that is to contain input data, cr INCEX can nanre

a register to-ke used for indexing.

N
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3. You can change the value of one symtol (through an EQU
instructicn) more easily than you can change several
numerical values in many instructions.

4. Symbols are entered into a crcss-reference table that
the assenkler rrints in the grogram listing. This takle
helps you to find a symkol in a prcgrar listing, kecause
it lists (1) the numker of the staterent in which the
synkcl is defined (that is, used as the name entry) and
(2) the numkers of all the statements in which the synktcl
is used in the creranis.

THE SYMEOI TABLE: The assembler maintains an internal
takle called a symkcl takle. Wwhen the asserxkler prccesses
your source statements for the first time, the assemkler
assigns an aksolute or relocatakle value tc every syrmkcl
that arrears in the name field of an instruction. The
assemkler enters this value, which normally reflects the
setting cf the loccaticn ccunter, into the symbol takle;

it also enters the attrikutes asscciated with the data
represented by the symbcl. The values of the symkol and
its attrikutes are availakle later when the asserkler finds
this syrkcl cr attribute reference used as a term in an
operand or expression (Attrikute references used as ternms
are discussed in C4C and C4r below).

Specifications

The three tyres of symbol recognized
by the assembler are:

1. Ordinary symbcls

Symbols

2. Sequence symbcls
3. Variable symbols.

ORDINARY SYMBOLS: Ordinary symbols alphabetic character (letter)
can be used in the name and operand
field of machine and assembler 0t 7 alphameric characters
instruction statements. They must
be coded in the format shown in
the figure to the right.

IRDINSY M
NOTES: Examples:
HERE #01
READER #12
A001 @33

2. No blanks are allowed in an B002 $OPEN
ordinary syrmbcl

1. No special characters are allowed
in an ordinary symbol.

Section C: Assembler Language Structure - 37
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VARIABLE SYMBOLS: Variable symbols
can only be used in macro processing
and conditional assembly
instructions. They must be coded

in the format shown in the figure

to the right.

SEQUENCE SYMBOLS: Sequence symbols
can only be used in macro processing
and conditional assembly
instructions. They must be coded

in the format shown in the figure

to the right.

Symbol Definition

An ordinary symbol is considered
defined when it appears as:

1. The name entry in a machine or
assembler instruction of the
assembler language.

2. One of the operands of an EXTRN
or WXTRN instruction.

NOTE: Ordinary symbols that appear
in instructions generated from model
statements at pre-assembly time

are also considered defined.

ampersand

alphabetic character (letter)

0 to 6 alphameric characters

& MRS Y M

Examples:
&A &PARAM

&B &KEYWORD
&C &CHAR3

period

alphabetic character {letter)

0 to 6 alphameric characters
Cqs'E QU S ¥ M!

Examples:

.SEQ
.LOOP11
.EXIT20
.T0001




The assembler assigns a value to
the ordinary symbol in the name
fields as follows:

1. According to the address of the
leftmost byte of the storage field
that contains one of the following:

a. BAny machine or assemkler ‘
instruction (excert the EQU or
CESYN instructions)

b. A storage area defined by
the LS instruction

c. Any constant defined by the
DC instruction

d. A channel ccrmand word defined
by the CCW instruction.

The address value thus assigned

is relocatable, because the object
code assembled from these items

is relocatable; the relocatability
of addresses is descriked in L5B.

2. According to the value of the
first or only expressicn specified
in the operand of an EQU instruction.
This expressicn can have a

relocatable or absolute value, which

is then assigned to the ordinary a
symbol. The value of an ordinary
symbol must lie in the range -231
through +231-1,

Assembler Language

Address Value

Object Code

Statements of Symbol in Hex
Address of
» Relocatable AREA
LOAD L  3,AREA LoaD —#[58| 3] 0] xxxx]
AREA DS F AREA—#¥ (XX X X XXXX

Section C:

L R3,FULL
A R3,TW0O0

F200 DC F'200'° F200—/#[00 0 0 00C8
p
/
FULL EQU AREA o FULLV
TWOO EQU F200 THOO
Absolute
R3 EQU 3 0 R3=3

|

Address of

Assembler Language Structure

TWO00
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Restrictions cn Symbcls

UNIQUE DEFINITION: A symbol must
te defined only once in a source
module:

0 either in the name field of a
source statement

or in the operand field of an
e EXTRN or WXTRN instruction.

This is true even for a source

module which contains two or more

control sections. REG4, TABLE (INDEX)
NOTE: The ordinary symbol that

..~ appears in the name field of an
{OPSYN or TITLE instruction does

not constitute a definition of that

symbol. It can therefcre be used

in the name field of any other

statement in a source rmcdule.

SECOND

CL256 |

SECOND CSECT

CONTRCL SECTION NAMES: A duplicate
symbol can, however, be used as
the name entry of a START, CSECT,
DSECT, or CCM instruction. The
o first time a symbol is used to name
these instructions, it identifies
the teginning of the ccntrol section;
o a duplicate use of the syribol
fdentifies the resumption of an
interrupted control section.

REG3,ADRDR

RESUMEL

A (READER)

PREVIOUSLY DEFINED SYMBCL: In some
instructions the symbols used in

6 their operands must have keen defined
in a previous instruction.
Previously defined symbols are
required for the operands of the
following instructions:

INDEX, 20

EQU
cNop
CRG

CC and DS (in modifier and
duplication factor expressions).

40



(:D C4B -- LOCATION COUNTER REFERENCE

Purpose

The assembler runs a location counter
to assign storage addresses to your
program statements. It is the
assenkler's egquivalent of the
instruction counter in the computer.’
You can refer to the current value

of the location counter at any place
in a source mcdule by specifying

an asterisk as a term in an operand.

THE LOCATION COUNTER: As the
instructions and constants of a
source module are keing assemkled,
the location counter has a value

that indicates a location in storage.
The assembler increrwents the location
counter according to the following:

1. After an instructicn or constant
has been assembled, the location
counter indicates the next availakle
location.

2. Before assembling the current
instructicn or constant, the
assembler checks the koundary
alignment required fcr it and adjusts
the location counter, if necessary,
to indicate the prcper boundary.

3. While the instruction or constant
is being assembled, the location
counter value does not change.

It indicates the lccaticn of the
current data after boundary alignment
and is the value assigned to_the

s 0l, if present, in the name

field of the staterment.

4. After assembling the instruction
or ccnstant, the assembler increments
the location counter Ly the length

of the asserbled data tc indicate

the next available location.

The assembler maintains a location
counter for each control section
in a source module; fcr comglete
details about the location counter
setting in control sections, see
E2C. The assembler carries an
internal location ccunter value

as a 4-byte, 32-bit value, kut it
only uses the low-crder 3 bytes,
vhich are printed in the program
listings. However, if you specify
addresses greater than 224-1, you
cause overflow into the high-order
kyte, and the assembler issues *he
error message “"LOCATION COUNTER
OVERFLOW"™.

Location Source
in Hex Statements

000004 DONE DC CL3'SOB'

aoooom\e BEFORE EQU *

eDURING DC F'200'

0000084
oooooc° AFTER EQU =

000010 NEXT DS D

Section C: Assembler Language Structure 41



NOTE: In the figure below, an example of a location counter
overflow (or wrap-around) is shown.

The internal address value of the symbol B is carried as
a 4-byte value, but the printed location only includes
the low-order 3 bytes.

The location counter value for instructions or constants

is usually printed as a 3-byte value. However, the 4-byte
value, with up to 3 leading zeros suppressed, is printed

for the addresses specified in the operands of the fcllow1ng

42

You can control the setting of the location counter in

0 a particular control section by using the START or ORG
instructions.

Assembly Listings in Hexadecimal Representation

LocC OBJECT CODE | ADDR1 ADDR2 STMT SOURCE STATEMENT

0
000000 1 A START 0

000000 FPEER 2 6 ORG #+X'FFFFFE'
FFFFFE 58506004 00D08 3 L 5,4(,6)

okt ERROR ok (Locatioh counter overflow)

07FF | B BR 15

000004 C DC A(B)
’ﬁiﬁﬁﬁﬁﬁﬂ EQU C

Up to 3 leading zeros
are suppressed

N
\"“«:ﬂ/



Specifications

é::;i

Loc. Ctr Ref

The lccaticr ccuntex reference is
specified by an asterisk (*). The
asterisk can ke sgecified as a
relocatakle term according to tre
follcwing rules:

Address
Value of «

000104 HERE B «+8 same HERE
000108 B HERE+8 | effect]

fa—*/ | (1)

0011C" CONSTANT DC A(*) CONSTANT

|000120| THERE L 3,=A(*) THERE

1. It can only ke specified in thre
cperands cf:

a. Machine instructions

k. The IC and IS instructicns

c. The EQU, ORG, and USING
instructions.

2. 1t can alsc ke specified in
literal constants (see C5).

The value of the locaticn ccunter
reference (*) is the current value
cf the lccaticn ccunter cf the
control section in which the asterisk
(*) is specified as a tern. 1The
asterisk has the same value as tte
address cf the first byte of the
o instruction in which it arpears
(fcr the value cf the asterisk in
‘ address constants with duplicaticn
‘:j factcrs, see G3J).
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C4C -- SYMBOL LENGTH ATTRIBUTE REFERENCE

44

Purgose

When you specify a symbol length attribute reference, you
obtain the length of the instruction or data referred to
by a symbol. You can use this reference as a term in
instruction operands to:

1. Specify unknown storage area lengths

2. Cause the assembler to compute length specifications
for you

3. Build expressions to be evaluated by the assembler.

Specifications .

The symbol length attribute reference must be specified
according to the following rules:

1. The format must be L' immediately followed by a valid
symbol or the location counter reference (¥).

2. The symbol must be defined in the same source modul e

in which the symbol length attribute reference is specified.

3. The symbol length attribute reference can be used in
the operand of any instruction that requires an absolute
term. However, it cannot be used in the form L'#* in any

instruction or expression that requires a previously defined

symbol. .

N
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The value of the length attribute

is normally the length in bytes

of the storage area required by

an instruction, constant, or field
represented by a symbcl. The
assembler stores the value of the
length attribute in the symbol table
along with the address value assigned
to the syrbcl.

when the assembler encounters a ‘
symbol length attribute reference,
it substitutes the value of the
attrikute fror the symbol table
entry for the symbol specified.

The assembler assigns the length
attribute values to symkols in the
name field of instructions as
follows:

For machine instructions, it assigns
either 2, 4, or 6, depending on
the format of the instruction.

For the DC_and DS instructions,
it assigns either the implicit or
explicitly specified length. The
length attribute is not affected
ky a duplication factcr.

For the ECU instruction, it assigns
the length attribute value of the
leftmost cr only term of the first
expression in the first operand,
unless a specific length attribute
is supplied in a second orerand.

- only one cperand is allowed in the

,j“i@ﬁ instruction.a@

Note the lergth attribute values
of the following terms in an EQU
instructicn:

e self-defining terms

lccaticn ccunter reference

e L'*

The length attribute of the location
counter reference (L'*) is equal

to the lergth attrikfute of the
instruction in which the L** arrears.

For the remaining assernkler
instructions, see the specificaticns
for the individual instructions.

Length Attr.

Value of Symbol
Source Module Length Attribute
(at assembly time)

MACHA MVC TO,FROM L'MACHA [
MACHB L 3,ADCON L'MACHB o 4
MACHC LR 3,4 L'MACHC 2
TO DS CL80 L'TO 80
FROM DS CL240 L'FROM 240
ADCON DC A (OTHER) L'ADCON 4
CHAR DC C'YUKON' L'CHAR 5
DUPL DC 3F'200° L'DUPL 4
RELOC1 EQU L'RELOC1 80
RELOC2 EQU L'RELOC2 80
ABSOL1 EQU L'ABSOL1 240
ABSOL2 EQU L'ABSOL2 240
SDT1 EQU L'SDT1 1
SDT2 EQU L'SDT2 o 1l
SDT3 EQU L'SDT3 1
ASTERISK EQU L'ASTERISK 01
LOCTREF EQU

LENGTH1 DC A(L's)

LENGTH2 MVC TO(L'x ) ,FROM

LENGTH3 MVC TO(L'TO0-20) ,FROM

Section C:

L'LOCTREF o 1
4

L'

L'LENGTH] 4
L' 6
L'TO 80

Assembler Language Structure 45




C4D -- OTHER ATTRIBUTE REFERENCES

There are other attrikutes which describe the
characteristics and structure of the data you define in

a program. For example, the kind of constant you specify
or the number of characters you need to represent a value.
These other attributes are the type (T'), scaling (S"),
integer (1'), count (K'), and number (N') attributes.

NOTE: You can refer to these attributes only in conditional
assembly instructions and expressions; for full details,
see L1B.

C4E -- SELF-DEFINING TERMS

46

Purpose

A self-defining term allows you to specify a value
explicitly. With self-defining terms, you can specify
decimal, binary, hexadecimal, or character data. These
terms have absolute values and can ke used as absclute
terms in expressicns to represent bit configurations,
absolute addresses, displacements, length or other
modifiers, or duplication factors.



Specificaticns

C

GENERAL RULES: Self-defining terns:

a e Rerresent machine language blnary
values

e Are aksclute terrs; their values
do not change upon prcgranm
relccaticr.

The assemkler carries the values

represented bty self-defining terms

to 4 kytes or 32-kits; the high-
e crder kit is the sign bit.

C

Values are . caxraad to B | hytes ox
2“ bitSQ ‘:? . "

CECIN2L: PR deciral self-defining
term is an unsigned decimal number.
The assemkler allows:

° e High-cxder zerxcs

, e e A maximum of 10 decimal digits

e A range of values from 0 througk
2,147,483,647.

“Aiaaxamnn of 8 decimal digits.

. a xange af values fram 0 througr

Self-Defining
Self-Defining Decimal Binary
Term Value Value o

15 15 1111
241 241 11110001
B'11l11"’ 15 1111
B'11110001" 241 11110001
B'100000001"° 257 100000001
X'F!' 15 1111
X'F1l' 241 11110001
X'101"' 257 100000001
c'l’ 241 11110001
c'a? 193 11000001
C'AB' 49,602 1100000111000010
o 4 bytes ]

‘ (32 bits) bl

value bits
3130 24 16 8 0
(2]
1=Negative Value
‘ 0=Positive Value

9002

[T I———
2147483647 = 2 -10

Section C:
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BEINARY: A kinary self-defining
terr must ke ccded in the fcrmat
shown in the figure to the right.
The assernkler:

o e Assemkles each kinary digit as
it is sgecified

o e Allows a maximum of 32 Linary
digits —

e RAllows a range of values fronm
-2,147,483,648 thrcugh
2,147,483 ,647.

NOTE: When used as an absolute
term in expressions, a kinary self-
o defining terr has a negative value

if the high-order kit is 1.

apostrophes must enclose digits

B'110011.....101"
N

1 to 32 binary digits
binary —_—

Examples Binary Value

B'1010111'
0 \*0—@

B'11101010111"' 11107101011

High-order
ggn bit
B'@1111...111"'
N — —————

32 digits e

B'10000...000"

o 32 digits




apostrophes must enclose digit

X'FF...F56'

\

hexadecimal 1 to 8 hexadecimal digits

Conversion Table:

. . 4-hit
Hexadecimal | Decimal Binary
Digit Equivalent| pooresentation
0 0 0000
1 1 0001
2 2 0010
3 3 0011
BEXACECINMBAL: A hexadecimal self- g g gigg
defining term must ke ccded as shown € 6 0110
in the figure to the right. The
Eler: 7 7 0111
assenkler: 8 8 1000
e BAssemkles each hexadecimal digit z io igg%
intc its U4-kit binary equivalent
listed i Fe T To th Toht B 11 1011
e Allows a raximurmr cf 8 hexadecimal g 12 iigé
digits
c1gits F 15 1111
e Allows a range cf values from
@ -2.147,483,648 through 2,147,483,647.
A e . o les: Bi
1lows a maximum of 6 hexadecimal Examples inary Value
1lows a range of values from '
Arough 16.7T7 525, ee from vl @ T
NOTE: When used as an absolute
term in an expression, a hexadeciral X'A! 0000[.010]
self-defining termr has a negative
value if the high-order kit is 1. \
X'FFA' 2113113131070
Sdigitso
X' JFFFFFFF' = %31—1
o,
X'80000000' = -2
0/
hﬁ —
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CHARACTER: 2 character self-defining
tern nust ke ccded as shcewn in the
figure to the right. The assernkler:

e Allows any of the 256 punch
combinations when using punched
cards as input. This includes the
printable characters, that is,
tlanks and special characters.

e Assembles each character into

its 8-bit binary equivalent. (A
table of characters and their kinary
equivalents can be found in Appendix
I)-

e Requires that twc ampersands

or apostrophes be specified in the
character sequence fcr each ampersand
or apostrophe required in the
assernktled term.

o- Allows a maximum of 4 characters.

DOS « Allows a maxim

of 3 characters..

CS - Literals

50

Purpose

You can use literals as operands

in order to introduce data into
your program. However, you cannot
use a literal as a term in an
expression. The literal represents
data rather than a reference to
data. This is convenient, kecause

1. The data ycu enter as numbers
for computation, addresses, or

me ssages to be printed is visitle
in the instruction in which the
literal appears, and

2. You avoid defining constants
elsewhere in your source module
and then using their symbolic names
in machine instruction operands.

postrophes must enclose characters

C'ABCD'
1to 4 characters
character RESTIER
Examples:
:‘;""fa_'::fti:'in Characters | Hexadecimal Binary
term 9| Assembled |  Value Value
c'a’ X'cl! 1100000
A\\ o—
c'1 1 X'F1' 11110001
ct ! (blank)| X'40' 01000000
C'#' # X'7B' 01111011
C'e' @ xX'7¢c! 01111100
o 0 |
c'as’ & X'50 01010000
crrie ' X'7D' 01111101
C'L''AT L'A X'D37DC1"
Cvlllll " X'7D7Dl
C'FOUR' FOUR X'C6D6E4D9!

L 1,=F'200"'

L 2,=A (SUBRTN)

MVC

MESSAGE (16) ,=C'THIS IS AN ERROR'




O

The K assembler assembles the data
specified in a literal into a
®"literal pool®™ (fully described

in H1B) . It then assembles the
address of this literal data in

the pool into the object code of
the instruction that contains the
literal specification. Thus the
assembler saves you a programming
step by storing your literal data
for you. The assembler also
organizes literal pools efficiently
so that the literal data is aligned
on the proper boundary alignment
and occupies the minimum amount

of space.

v

LITERALS, CONSTANTS, AND SELF-
DEFINING TERMS: Do not confuse
literals with constants or self-
defining terms. They differ in
three important ways:

1. In where you can specify them
in machine instructicns, that is,
whether they represent data or an
address of data.

2. In whether they have relocatakle
or aksolute values.

3. In what is assembled into the
object ccde of the machine
instruction in which they agpear.

The figure to the right illustrates
the first two points.

0 e A literal represents data.

e A constant is rerresented Ly

its relocatable address. Note that
a symbol with an aksolute value

does not rerresent the address of

a constant, but represents immediate
data (see D5D) or an absclute

address.

e A self-defining term represents
data and has an absclute value.

A literal with a relocatable address

3,=F"33"

%, 3,732 }sameeffect
14
D

F33 c F'33

A Literal with a self-defining term
and a symbol with an absolute value

MVC FLAG,=X'UO'1
MVI FLAG,R Y010 ten!same effect
MVI FLAG,ZERO

FPLAG DS X
ZERO EQU X'00'

A symbol having an absolute address value
with a self-defining term

LA 4,LOCORE
LA 4 J

LOCORE EQU 1000

}same effect

Section C: Assembler Language Structure
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e " —
m Source Statements : 9"""" Code I
in Hex
displacement
Loc |
n Hex
LITERAL
RELCON
The figure to the right illustrates
the third point.
o e The address of the literal,
rather than the literal data itself
is assembled into the cbject code. ABSCON
o e The address of a constant is
asserkled intc the cbject code.
Note that when a symkol with an
absolute value represents immediate
data, it is the absolute value that SELFDT
is asserbled into the cbject code. 4
e The absolute value of a self-
defining term is assembled into FLAGCON EQU X'BS8'
the object code.
248 |F200 DC F'200'
24C|BYTE DS X
LTORG )
Literal
250 |[000000cg = F'200" |Pool




0 Specifications

. Literals
A literal must be ccded as shown

in the figure to the right.

OThe literal is specified in the
same way as the operand of a DC
instruction (for restrictions see
G3C) .

Literal Specification
16xL5'F3'

GENERAL RULES FOR LITERAL USAGE:

A literal is not a term and can

be specified only as a complete
operand in a machine instruction.
In instructions with the RX format
they must not be specified in
operands in which an index register
is also specified. o

Subfieids; Guplication type medifiers  nominal
imctor B value

Because literals provide "read-only"
data, they must not be used:

1. In operands that rerresent the
receiving field of an instruction
that modifies storage

2. In any shift or I/0 instructioms.

O C6 - Expressions

C6A -- PURPOSE

You can use an expression to specify:

o An address /E
| P ————|

e An explicit length X-Y+13-P/Q o
e A modifier
° A duplication factor /| TO+L'TO—L'FROM;,(L'FROM) ,FROM
oA corplete cperand

You can write an expression with (X-Y)XL(P/Q-10)

a simple term or as an arithmetic // \

combination of terms. The assembler o 0

reduces multiterm expressions to

single values. Thus, you do not
have to ccmpute these values
yourself.
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Expressions have absolute or relocatable values. Whether
an expression is absolute or relocatable depends on the
value of the terms it contains. You can use the absclute
or relocatakle exrression described in this subsection

in a machine instruction or any assemkler instruction cther
than a conditional assembly instruction. The assembler
evaluates relocatable and aksolute expressions at assenbly
time. Throughout this manual, the word “"expression® refers
to these types of expression.

NOTE: There are three types of expression that you can
use only in conditional assembly instructions: arithmetic,
logical, and character expressions. They are evaluated

at pre-asserbly time. 1In this manual they will always

be referred to by their full names; they are described
in detail in L4.

U



CéB -- SPECIFICATIONS

Expressions

The figgre below defines both absolute and relocatable
expressions.

NOTE: The relocatable values that are paired must have

the opposite sign after the resolution of all unary
operators.

P S S ais i eey

Absolute
Expression

Abs. Exp Abs.Exp
_ + / or |- Abs. Exp
Rel, Exp. Abs.Exp - Abs.Exp [ ’

Pairing of
Relocatable
Values

 [symbor
Defining jor{Length |
| Term | "{Attribute |

4
Relocatable Operators Allowed
Expression

-

Unary: + Positive
Negative

Binary: + Addition
— Subtraction
% Multiplication
/ Division

or| (Rel. Exp) |or

Abs. Exp = Absolute Expression

Rel. Exp = Relocatable Expression

Ordinary
Symbol -
Relocatable

lue_

Location
Counter
Reference
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Absolute and Relocatable Expressions
Source Module
An expressicn is absclute if its
value is not changed Ly program FIRST CSECT
relocation; it is relocatable if :
its value is changed upon program Canbe A DS F
relocation. A descrirtion cof the ired o B DS F
factors that determine whether an P2 C DS F
expression is absclute or relocatable LOCTREF EQU *
follows. ABSA EQU X'F'
ABSB EQU 300
PAIRED RELOCATABLE TERMS: An ABSC EQU c'a’
expression can be aksolute even
though it ccntains relocatable SECOND CSECT
terms, provided that all the :
relocatable terms are raired. The Can be D DS X
pairing of relocatakle terms cancels paired»” [ E DS X
the effect cf relocaticn. The F DS X
assembler reduces paired terms.to END
single absolute terms in the
intermediate stages of evaluation.
The assembler considers relocatable Examples:
terms as paired under the following
conditions: Paired Relocatable Terms o Absolute
Expressions
e The paired terms must be defined B-A
in the sag:elcom:rcl section of a C-A 0 0 ,
source module .(tl'_xat is, l_xave the TB-4C g:‘é‘ / N
same relocatability attribute). _A___B‘::a -A+B A+ABSA~B
e The paired terms must have LOCTREF-C
eopposite signs after all unary D-E D-E+ABSC
operators are resclved. In an F=D F._"_E*'E__'%
expression, the paired terms do paired paired

P not have to be contiguous, that

is, other terms can come between .
the paired terms. Unpaired Relocatable Terms

e The value represented ky the
opaired terms is absclute.

B
C
LOCTREF
D

Relocatable

Expressions
Unpaired

(gp;
\\ii



Absolute Expressions

The assembler reduces an absolute
expression to a single absolute
value if the expression:

1. Is composed of a symkol with
an aksolute value, a self-defining
term, or a symbol length attrikute
reference, or any arithmetic
Qcombination of absolute terms.

2. If it contains relocatable terms,

alone or in combination with aksolute

terms, and if all these relocatable
°terms are paired.

Source Module

A

B

o

FIRST CSECT

DC

DC

DC

Absolute
Expressions

o:

ABSA

L'A

e {ABSA+ABSC -ABSC=*15

Of

Section C:

ﬁg\

ABSA+15-B+C-ABSD/ (C-A+ABSA)

Assembler ianguage Structure
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Relocatable Expressions

A relccatable expressicn is one
whose value changes, for example,
ky a 1000, if the cbject module
into which it is assemkled is
relocated 1000 bytes away from its
originally assigned storage area.
The assembler reduces a relocatable
expression to a single relocatakle
value if the expression:

1. 1s composed of a single
relocatable term, or

2. Contains relocatable terms, alone
or in combination with absolute
terms, and:

a. All the relocatable terms
but one are paired. Note that
the unpaired term gives the
expression a relocatakle value;
the paired relccatable terms
and other absolute terms
constitute increments or
decrements to the value of the
unpaired term.

b. The relocatakility attrikute
of the whole exrression is that
of the unpaired term.

c. The sign preceding the unpaired
relocatable term must be positive,
after all unary operators have
been resolved.

COMPLEX RELOCATABLE EXPRESSIONS:
Complex relocatable expressions,
unlike relocatable expressions,
can contain:

a. Two or more unpaired
relocatable terms or

b. An unpaired relocatable term
preceded by a negative sign.

Complex relocatable expressions
can be used only in A-type and Y-
type address constants (see G3J) .

Rmoc;Exh

Source Module

FIRST CSECT

A DC H'Z'
B DC H'3!
C DC H'4'
ABSA EQU 10

ABSB EQU _—

ABSC EQU 10*(B-3)

END

Relocatable Expresssions:

{Belong to control section named FIRST
and have same relocatable attribute as
A, B and C)

N A+ABSA+10
B-+A+C-10+ABSC

o
B-A+é+lOO*ABSA+ABSA/ (C~-Aa)

\\\\\w",/”///”/

%:%ﬁ
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Rules for Coding Expressions

The rules for coding an absclute
or relocatable expression are:

1. Both unary (orerating on one
value) and binary (operating on
two values) operators are allowed
in expressions.

2. An expression can have one or
a more unary operatcrs preceding any
term in e expression or at the

keginning of the exrression.

3. An expression must not begin
with a binary operatcr, nor can
it contain two binary operators
in successicn.

4. An expression must not contain
two terms in successicn.

5. No blanks are allowed between
an operator and a term nor between
two successive Operators.

6. An expression can contain up

to 19 unary and binary operators
and up to 6 levels of parentheses.
Note that parentheses that are part
of an operand specification do not
count toward this limit.

7. A single relocatable term is
not allowed in a multiply or divide
operation. Note that paired
relocatable terms have absolute
values and can be multiplied and
divided if they are enclosed in
parentheses.

8. A literal is not a valid term
and is therefore not allowed in
an expression.

Operators

Unary +,-

Binary | +,-2%,/

?""/" -'= ABS ———cmd - ABS

=== . REL-ABS

Context determines whether
+ or — ig unary or binary
operator

—c—y A+B

ABSQ/ABSD#15 ee=———=—=p  ABSC /ABSD+15
REL+%ABS c— REL-ABS

Multiply

3 INVALID
o *+3 VALID

—
jl.ocation counter
. Ay % INVALID

| ABSA + VALID
ABSA + * ABsB INVALID

Context determines whether
an asterisk () is the binary
operator for multiplication
or the location counter
reference

two terms is binary

Leftmost operator betweeq

X'FF'(10= A) INVALID
_\""‘\ D
[ ¢

15B'101' INVALID

Section C: Assembler Lan
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Evaluation of Expressions

The assembler reduces a multiterm
expression to a single value as
follows:

1. 1t evaluates each term.

2. It performs arithmetic operations
from left tc right. Hcwever:

0 a. It performs unary operations
before binary cgerations, and

b. 1t performs the binary
o operaticns of multiglication
and division befcre the binary
0 operations of addition and

suktraction.

3. In division, it gives an integer
result; any fractional portion is
dropped. Civision by zero gives

4. In parenthesized exrressions,
the assembler evaluates the inner
most expressicns first and then
considers them as terms in the next
outer level of exrressions. 1t
continues this process until the
outermost expression is evaluated.

5. A term or expression's
intermediate value and computed

result must lie in the range of
=231 through +231-1,

NOTE: It is assumed that the
assemkler evaluates paired
relccatakle terms at each level
of expression nesting.

. Value of
Absolute Expressions Expression

A%-- X'A' /> 5%+ 10 ————— +50

/ /

B=2 |(A+10)/B =p (10+10)/220/2} 10

A=10 A/2 ===

A=11 A/2 ] —

A=] { A/2 (===
10%A/2 = 10% 1/2=10/2=

0
N

X'FF "% 2+B- (C/2#L.7C)

@

\'/

Final Evaluation
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Part II: Functions and Coding of Machine Instructions
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(") Section D: Machine Instructions

This section introduces the main functions of the machine
instructions and provides general rules for coding them

in their symbolic assembler language format. For the
complete specifications of machine instructions, their
object code format, their coding specifications, and their
use of registers and virtual storage (see GLOSSARY) areas
see the Principles of Operation manuals:

e 1IBM System/360 Principles of Operation, Order No. GA22-
6821

e IBM System/370 Principles of Operation, Order No. GA22-
7000

D1 - Functions

At assemkly time, the assembler converts the symbolic
assembler language representation of the machine
instructions to the corresponding object code. It is this
object code that the computer processes at execution tire.
Thus, the functions described in this section can be called
execution time functions.

Also at assemkly time, the assembler creates the okject
code of the data constants and reserves storage for the
areas you specify in your LC and L[S assemkler instructions
(see G3) . At execution time, the machine instructions

can refer to these constants and areas, kut the ccnstants
themselves are not executed.

Section D:

Machine Instructions
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C1A -- FIXELC-POINT ARITHMETIC

64

Purpose

You use fixed-point instructions
when you wish to perfcrm arithmetic
operations on data represented in
kinary form. These instructions
treat all numbers as integers.

If they are t¢ orerate upcn data
representing mixed numbers (such

as 3.14 and 0.235) ycu must keep
track of the decimal point yourself.
For your constants ycu must grcvide
the necessary number of binary
positions tc represent the fracticnal
porticn of the number specified

ry using the scale mcdifier (see
G3B) .

Operations Performed

Fixed-point instructicns allow ycu
to perform the operations listed
in the figure to the right.

Data Constants Used

In fixed-point instructions, you
can refer to the ccnstants listed
in the figure to the right.

NOTE: Except for the conversiocn
operations, fixed-point arithmetic
is performed on signed binary values.

Fixed - Point
Operations

Mnemonic
Operation Codes

Add

AR, A, AH, ALR, AL

Subtract SR, S, SH, SLR, SL
Multiply MR, M, MH

Divide DR, D

Arithmetic Compare CR,C,CH

(taking sign into
account)

Load into registers

LR, L, LH, LTR, LCR, LPR, LNR, LM

Store into areas

ST, STH, STM

Arithmetic Shift of
binary contents of
registers to left or
right (retaining

SLA, SRA, SLDA, SRDA

sign)

Convert (packed) cvB
decimal data to

binary

Convert binary data 0 CcvD

to {packed) decimal

data

Constants Used Type
Fixed-Point Hand F
Binary B
Hexadecimal X
Character c
Decimal (packed) [ 4
Address Y,A,S, VandQ

N
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1B -- CECIMAL ARITEMETIC

Furpose

You use the decimal instructions

when you wish to perform arithretic,

cperaticns cn data that has the
binary equivalent of decimal
representaticn, either in gpacked

or zoned form.

These instructions

treat all nunbkers as integers.
For example, 3.14, 31.4, and 314

are all processed as 314.

You nust

keer track cf the deciral pcint

yourself.

Operaticns Pexfcrrned

Ceciral instructicns allow yocu to
perform the operations listed in

the figure tc the right.

Lata Constants Used

In decimal instructions ycu can

refer tc the ccnstants
the figure to the right.

NOTE:

listed in

Excegt fcr the ccnversicn

operations, decimal arithmetic is
performed on signed packed deciral

values.

Decimal
Operations

Mnemonic Operation
Codes

Add

Subtract

Multiply

Divide

DP

Arithmetic Compare
(taking sign into
account)

cp

Move decimal data
with a 4-bit offset

MVO

Shift decimal data
in fields to left or
right

SRP

Set a field to zero
and add contents
of another field

Convert zoned to
packed decimal
data

Convert packed to
zoned decimal
data

PACK

UNPK

Constants Used

Decimal {packed)

(zoned)

Section D:

Machine Instructions
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C1C -- FICATING-FOINT ARITHMETIC
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Furpose

You use floating-point instructicns
when ycu wish tc perfcrm arithmetic
operations on binary data that
represents kcth integers and
fractions. Thus, you do nct have

to keer track cf the decimal point.
in ycur ccmputaticns. Flcating-
point instructions also allow ycu
to perfcrrm arithretic cperations

on both very large numkers and very
small nurkers, with greater rrecision
than with fixed-point instructions.

Operaticns Perfcrrmed

Floating-pcint instructicns allow
you to perform the operations listed
in the figure tc the right.

LCata Constants Used

In floating-point instructionms,
you can refer tc the ccnstants
listed in the figure to the right.

NOTE: Flcating-pcint arithmetic
is performed on signed values that
rust have a special floating-roint
forrat. The fracticnal pcrtion

of floating-point numkers, when
used in additicn and subtracticn,
can have a normalized (no leading
zercs) cr unncrrmalized format.

Fioating - Point
Operations

Mnemonic Operation
Codes

ADR, AD, AER, AE, AWR
AW, AUR, AU, AXR

Add l

Subtract J SDR, SD, SER, SE, SWR,
SW, SUR, SU, SXR

Multiply MDR, MD, MER, ME, MXR,
MXDR,MXD

Divide DDR, DD, DER, DE

Halve HDR, HER

(division by 2)

Arithmetic Compare
(taking sign into
account)

CDR, CD, CER, CE

Load into floating -
point registers

LDR, LD, LER, LE, LTDR,
LTER, LCDR, LCER, LPDR,
LPER,LNDR,LDER,LRDR,

LRER

Store into areas

Constants Used

STD, STE

Type

Floating - Point

E,D,and L

~ \\\
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DID -- TOGICAL OPERATIONS

Purpose

You can use the logical instructions
to introduce data, mcve data, or
0 inspect and change data.

Operations Performed

The logical instructions allow yocu
to p