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PREFACE

ASM386 supports the 486™ microprocessor and the entire Inte1386™ family, includ-
ing the 386™, 386SX™, and 376™ microprocessors, as well as the 287, 387™ and
387SX™ floating-point coprocessors. Throughout this manual, the word “‘processor”
refers to any of the above microprocessors and the words ““floating-point coproces-
sor” refer to any of the above coprocessors, as well as the 486 processors’s built-in
floating-point functions.

This manual is a reference for the ASM386 assembly language. It assumes that you
are familiar with assembly language programming and 8086/286/386 processor
architecture. Read Appendix A if you are already familiar with the 8086/286 proces-
sor architecture(s). If you aren’t, see the 80386 Programmer’s Reference Manual.

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

Chapter 9

Introduction, explains the lexical elements of the assembler and
provides an overview of assembler statements and program
structure.

Segmentation, explains assembler directives that define and
specify segment register access to the logical segments in
programs.

Program Linkage Directives, explains assembler directives that
support modular programs.

Defining and Initializing Data, explains assembler directives
that define variables and labels in programs.

Accessing Data, explains assembler expressions, operators, op-
erands, and addressing methods.

Processor Instruction Set, explains assembler instructions that
execute on the 386, 376 and 486 microprocessors.

Floating Point Instructions, explains assembler instructions that
may execute on a floating-point coprocessor or whose execution
may be emulated.

Textmacros, explains the predefined assembler macros and how
to define textmacros of your own.

Codemacros, explains the assembler codemacro directives and
how to define codemacros of your own.

Xiii



This manual includes the following reference appendixes:

Appendix A

Appendix B

Appendix C

Appendix D

Appendix E
Appendix F

Appendix G

Processor Architecture Summary, contains reference text and
illustrations for the processor data storage formats, registers,
memory organization, flags, and exceptions.

Sample Program, contains source code and a listing of an as-
sembler program that switches from real address to protected
mode.

Keywords and Reserved Words, lists assembler keywords and
reserved words.

ASCII Tables, lists the assembler character set with hexadeci-
mal equivalents; it summarizes the ASCII non-printable charac-
ters and their functions.

Differences between assembler and ASM286, summarizes the
differences between the these assembly languages.

Differences between the 386 and 376 processors, summarizes
the differences between these processors.

Differences between the 386 and 486 processors, summarizes
the differences between these processors.

An index follows the appendixes.
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The following Intel manuals contain detailed information about processor architec-
ture and the assembler for your development system:

® The 80386 Programmer’s Reference Manual, order number 230985, describes
processor architecture from an application or system programmer’s point of view.

® The ASM386 Macro Assembler Operating Instructions, order number 451290 for
DOS and 167675 for VAX/VMS, describes the assembler controls, assembler
output, and assembler error messages.

® The 386™ Microprocessor Hardware Reference Manual, order number 231732,
describes the processor from a system engineer’s or hardware designer’s point of

view.
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The following Intel manuals contain detailed information about using floating-point
coprocessors with the processor:

® The 80386 Programmer’s Reference Manual, order number 230985, Chapter 11,
describes coprocessing and multiprocessing.

® The 80387 Programmer’s Reference Manual, order number 231917.

® The iAPX 286 Programmer’s Reference Manual, order number 210498,
Numerics Supplement section, for information about the 287 coprocessor.

You may also need the processor systems utilities manual(s).
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INTRODUCTION
intel

This chapter introduces the assembly language. It has three major sections:

1. Lexical Elements. This section describes the assembler character set, tokens,
separators, identifiers, comments, and the difference between source file lines
and logical statement lines.

2. Statements. This section introduces the assembler directives, processor
instruction set, and floating-point instruction set.

3. Program Structure. This section provides a template for assembler programs
together with a simple example program (see Appendix B for another example
program). It summarizes the essential parts of every ASM386 program.

1.1 Lexical Elements
f This section describes the lexical elements of the assembly language, except for its
‘ keywords and reserved words. These are listed in Appendix C.

1.1.1 Character Set

The assembler character set is a subset of the ASCII character set (see Appendix D).
Each character in a source file should be one of the following:

Alphanumerics: ABCDEFGHIUUKLMNOPQRSTUVWXYZ
abcdefghijklmnopgrstuvwxyz
0123456789

Special Characters: + —*/()[]1<>;"." 7@ %&

Logical Delimiters: space tab carriage_return line_feed

If a program contains any character that is not in the preceding set, the assembler
treats the character as a logical space (see Section 1.1.2.1).

Uppercase and lowercase letters are not distinguished from each other except in char-
acter strings. For example, xyz and XYZ are interchangeable, but ‘xyz’ and ‘XYZ’
are not equivalent character strings.
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The special characters and combinations of special characters have particular mean-
ings in a program, as described throughout this manual.

1.1.2 Tokens and Separators

-

A token is the smallest meaningful unit of a source program, much as words are the
smallest meaningful units of a sentence. A token is one of the following:

®  An end of statement (see Section 1.1.4)

® A delimiter (see Section 1.1.2.2)

®  An identifier (see Section 1.1.3)

® A constant (see Chapter 4)

®  An assembler keyword or reserved word (see Appendix C)

A separator that is a logical space or a delimiter (see Sections 1.1.2.1 and 1.1.2.2)
must be specified between two adjacent tokens that are identifiers, constants, key-

words, and/or reserved words. The most commonly used separator is the space
character.

The end of statement token must be specified between two adjacent statements. The
most commonly used statement terminator (see Section 1.1.4) is the carriage_return/ N
line_feed character combination.

1.1.2.1 Logical Spaces

Any unbroken sequence of spaces can be used wherever a single space character
is valid. Horizontal tabs are also used as token separators. The assembler interprets
horizontal tabs as a single logical space. However, tabs are reproduced as multiple
space characters in the print (listing) file to maintain the appearance of the
source file. (The print file is described in the ASM386 Macro Assembler Operating
Instructions.)

Logical spaces may not be specified within tokens such as identifiers, constants,
keywords, or reserved words. The assembler treats any invalid character(s) in the
context of a source file as a separator.

1.1.2.2 Delimiters -~

Like logical spaces, delimiters mark the end of a token, but each delimiter has a
different special meaning. Some examples are commas and colons.
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When a delimiter is present, a logical space between two tokens need not be speci-
fied. However, extra space or tab characters often make programs easier to read.

Delimiters are described in context throughout this manual.

1.1.3 Identifiers

An identifier is a name for a programmer-defined entity such as a segment, variable,
label, or constant. Valid identifiers conform to the following rules:

® The initial character must be a letter (A..Z or a..z) or one of the following
special characters:

? A question mark (ASCII value: 3FH)
@ An at sign (ASCII value: 40H)
_ An underscore (ASCII value: SFH)

® The remaining characters may be letters, digits (0..9), and the preceding special
characters. Separators may not be specified within identifiers.

® An identifier may be up to 255 characters in length; it is considered unique only
up to 31 characters.

® Every identifier within a program module represents one and only one entity. A
named entity is accessible from anywhere in the module when it is referenced by
name. The assembler does not have identifier scope rules that allow you to spec-
ify the same name for two distinct entities in different contexts.

1.1.4 Continued Statements and Comments

An assembler statement usually occupies a single source file line. A source file line is
a sequence of characters ended by a valid line delimiter:

® Either a line_feed character

®  Or, a carriage_return/line_feed combination

However, the end of line in a source file is not necessarily the logical end of a
statement. Assembler statements do terminate with a line_feed or carriage_return/

line_feed combination, but logical statements can extend over several lines by using
the continuation character (&).

The end of line in a source file always terminates a comment. The semicolon (;) is the
initial character of a comment.
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Valid comments and statements conform to the following rules:

A comment begins with a semicolon (;) and ends when the line that contains it is
terminated. The assembler ignores comments.

A statement or comment may be continued on subsequent continuation lines. The
first character following the line terminator that is not a logical space must be an
ampersand (&).

Statements and comments may extend over many source file lines if they con-
form to the following:

— Symbols (such as identifiers, keywords, and reserved words) cannot be
broken across continuation lines.

— Character strings must be closed with an apostrophe on one line and re-
opened with an apostrophe on a subsequent continuation line, with an inter-
vening comma (,) after the ampersand. Space and tab characters within a
character string are significant; they are not treated as logical spaces.

— If a comment is continued, the first character following the ampersand that is
not a logical space must be a semicolon (;).

The following examples illustrate the difference between the end of a source file line
and the logical end of an assembler statement. The notation <cr_If> represents a
carriage_return/line_feed. Both examples are equivalent.

1.

This example has a single statement on a single source file line. The end of the
source file line and the logical end of the statement are the same.

3 1 2 3 b<cr-1f>
5 2345b78901234567890123456789012345L7890<cr-1f>
<cr-1f> 5 interpreted as logical space

MOV EAX. FOO<cr-1f>
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2. This example has many ends of lines in the source file, but it has only one logical

end of statement.
3 1 c

3 Y<cr-1f>

3 2345b67890123456789012345678901234567890<cr-1f>

<cr-1f> .
Mov
& EAX,

20 20 20 20

4% a° ae ge as ge ge

& FOO
<cr-1f>

1.2 Assembler Statements

interpreted as logical space
this ASM38bk<cr-1f>

statement extends<cr-1f>
<cr-1f>

<cr-1f>

over<cr-1f>

several lines<cr-1f>
statement ends here<cr-1f>

Assembler programs are constructed from statements. They may also contain defini-
tions of and calls to programmer-defined macros (see Chapter 8). There are two
kinds of statements: directives and instructions.

1.2.1 Assembler Directives

Directive statements tell the assembler to perform certain operations. Assembler
directives determine the organization of a program’s data, stack, and code segments,
and they affect almost every opcode that the assembler generates.

Table 1-1 lists the assembler directives by functional categories.

Table 1-1 Assembler Directives

Segmentation Directives

SEGMENT..ENDS Defines a program’s logical segments and specifies a
code or data segment’s attributes (access protection,
whether to combine with other logical segments, and
whether to use 32- or 16-bit addressing)

STACKSEG Defines stack segments and allocates a specified number
of bytes per module to the run-time stack

ASSUME Informs the assembler of the expected run-time contents
of the processor segment registers

Introduction



Table 1-1 Assembler Directives (continued)

Program Linkage Directives

NAME

END

PUBLIC

EXTRN

COMM

Specifies a source module’s unique name

Required last statement in module that terminates assem-
bly; in main module only, initializes CS and may also ini-
tialize DS and SS segment registers

Specifies that a named symbol is accessible from another
program module

Specifies that a named PUBLIC symbol in another pro-
gram module can be accessed in this module

Specifies that a named symbol is to be allocated common
and accessible data storage with COMM or EXTRN sym-
bols in other program modules or specifies that a named
PUBLIC symbol can be accessed in this module

Data Allocation and Type Definition Directives

DBIT

DB

DW

DD

DP

DQ

DT

RECORD

STRUC

DUP

Allocates storage for and may initialize values of BIT-type
variables

Allocates storage for and may initialize values of BYTE-
type variables

Allocates (2 bytes) storage for and may initialize values of
WORD-type variables

Allocates (4 bytes) storage for and may initialize values of
DWORD-type variables

Allocates (6 bytes) storage for and may initialize values of
PWORD-type variables

Allocates (8 bytes) storage for and may initialize values of
QWORD-type variables

Allocates (10 bytes) storage for and may initialize values
of TBYTE-type variables

Names a programmer-defined type that is a bit-encoded
data structure (1 to 4 bytes long)

Names a programmer-defined type with named fields;
each field may be any of the predefined types

Allocates contiguous storage for a specified number of
variables of a single type and may initialize their values
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Table 1-1 Assembler Directives (continued)

labelname:

PROC..ENDP

LABEL

Procedure and Label Definition Directives

Defines label within current code segment; assembler
generates an intrasegment return of type NEAR

Defines labeled sequence of instructions (assembler gen-
erates an intrasegment return) of type NEAR or (assem-
bler generates an intersegment return) of type FAR

Defines label of a specified type (NEAR, FAR, or a de-
clared variable’s type)

$

ORG
EVEN

ALIGN

Location Counter Symbol and Management Directives

Represents location counter (location of the statement
currently being assembled)

Sets $ to specified value

Sets $ for the following code or data to the next dword or
word

Sets $ to the next location for code or data that is evenly
divisible by the specified number.

EQU

PURGE

Symbol Equating and Purging Directives

Defines name (alias) for keyword reserved word, or pro-
gram symbol

Instructs assembler to delete specified symbol(s)

See Chapters 1 through 4 for more information about each directive in Table 1-1. See
Chapter 9 for more information about codemacro directives.

1.2.2 Assembler Instructions

The assembler translates assembler instruction statements into opcodes, operands,
-and addresses. The machine code causes the processor and/or floating-point copro-
cessor to perform particular operations on (and with) the program’s data. There are
two kinds of assembler instructions: processor instructions and floating-point instruc-
tions. The floating-point instructions may be emulated on the processor or they may
execute on a floating-point coprocessor.

Tables 1-2 and 1-3 list the assembler instructions by functional category. See Table 1-2 for
the processor instruction set and Table 1-3 for the floating-point instruction set.

Introduction
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Table 1-2 Processor Instructions

Data Transfer Instructions

MoV
MOVZX
MOVSX

IN

ouT
XCHG
CMPXCHG

XLAT/XLATB

Move data

Move with zero extend

Move with sign extend

Input from port

Output to port

Exchange register/memory with register

Compare and exchange (not available on 386 or 376
processors)

Table look-up translation

Address Transfer Instructions

LEA Load effective address offset
LDS Load full pointer into DS:register
LES Load full pointer into ES:register
LFS Load full pointer into FS:register
LGS Load full pointer into GS:register
LSS Load full pointer into SS:register
Logic Instructions
NOT  One’s complement negation
AND Logical AND
OR Logical (inclusive) OR
XOR Logical (exclusive) OR
TEST Logical compare (non-destructive AND)
CMP Compare operands
SHL Shift logical left
SHR Shift logical right
SAL  Shift arithmetic left
SAR Shift arithmetic right
SHLD Shift double precision left
SHRD Shift double precision right
ROL Rotate left
ROR Rotate right
RCL Rotate through carry flag (CF) left
RCR Rotate through carry flag (CF) right
BSWAP Byte swap (not available on 386 or 376

processors)
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Table 1-2 Processor Instructions (continued)

Stack Instructions

ENTER Make stack frame for procedure’s local variables
LEAVE High-level procedure exit
PUSH Push operand onto the stack
POP Pop operand from the stack
PUSHFD/PUSHF Push EFLAGS or FLAGS register onto stack
POPFD/POPF Pop top of stack into EFLAGS or FLAGS
register
PUSHAD/PUSHA Push all (32- or 16-bit) general registers onto the
stack
POPAD/POPA Pop stack into all (32- or 16-bit) general registers
Flag Instructions
STC Set carry flag (CF)
CLC Clear carry flag
CMC Complement carry flag
STD Set direction flag (DF)
CLD Clear direction flag
STI Set interrupt flag (IF)
CLI Clear interrupt flag
LAHF Load status flags into AH
SAHF Store AH into status flags
SETcc Set byte on (status flag) condition
Mathematical Instructions
ADD  Add
ADC Add with carry
XADD Exchange and add (not available on 386 or 376
processors)
INC Increment by 1
DEC Decrement by 1
SuB Integer subtraction
NEG Two’s complement negation
MUL Unsigned multiply
IMUL Signed multiply
DIV Unsigned divide
IDIV Signed divide
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Table 1-2 Processor Instructions (continued)

Data Adjustment Instructions

AAA ASCII adjust AL after addition
AAS  ASCII adjust AL after subtraction
DAA Decimal adjust AL after addition
DAS Decimal adjust AL after subtraction
AAM ASCII adjust AX after multiply
AAD  ASCII adjust AX before division
CBW  Convert byte to word
CWD Convert word to dword
CWDE  Convert word to dword extended
CDQ  Convert dword to quadword
String Instructions
MOVS Move string to string
CMPS Compare string operands
SCAS Compare (scan) string data
LODS Load string data
STOS Store string data
INS Input from port to string
OUTS Output string to port
Bit Test and Scan Instructions
BT Bit test
BTS Bit test and set
BTR Bit test and reset (to 0)
BTC Bit test and complement
BSF Bit scan forward
BSR Bit scan reverse

Control Transfer Instructions

Jee Jump if status flag condition is met
JMP  Jump unconditionally
CALL Call procedure
RET Return from procedure
LOOP Loop with (E)CX counter
LOOPcond Loop with (E)CX counter AND condition
Interrupt Instructions
INT Call to interrupt procedure
INTO  Call to interrupt procedure if overflow
IRET Interrupt return (16-bits)
IRETD Interrupt return (32-bits)
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Table 1-2 Processor Instructions (continued)

Processor Control
HLT
WAIT

Halt
Wait until BUSY# is inactive

Protected Mode Control Instructions

LGDT/LGDTW/LGDTD
LIDT/LIDTW/LIDTD

LLDT

LTR

LMSW
SGDT/SGDTW/SGDTD
SIDT/SIDTW/SIDTD
SLDT

STR

SMSW

ARPL

CLTS

Load global descriptor table register (GDTR) using
16- or 32-bit operand

Load interrupt descriptor table register (IDTR) using
16- or 32-bit operand

Load local descriptor table (LDT) register (LDTR)
Load task register (TR)

Load machine status word (MSW)

Store GDTR using 16- or 32-bit operand

Store IDTR using 16- or 32-bit operand

Store local descriptor table register

Store task register

Store machine status word

Adjust requesting privilege level (RPL) field of
selector

Clear task switch (TS) flag in CRO register

Parameter Verification Instructions

BOUND
LAR
LSL

VERR
VERW

Check array index against bounds
Load access rights

Load segment limit

Verify a segment for reading
Verify a segment for writing

Cache Control Instructions

INVLPG
INVD
WBINVD

Invalidate paging cache entry (not available on 386
or 376 processors)

Invalidate data cache (not available on 386 or 376
processors)

Write back and invalidate data cache (not available
on 386 or 376 processors)

No Operation Instruction

NOP

No operation (fills 1 byte and increments instruction
pointer)

Instruction Prefixes

LOCK
REP

Assert BUS LOCK# signal prefix
Repeat following string operation

Introduction
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Table 1-3 Floating-point Instructions

See Chapter 6 for an overview of the processor instruction set and for detailed infor-
mation about each processor instruction.

Data Transfer Instructions

FLD Load real
FST  Store real
FSTP  Store real and pop floating-point stack
FXCH Exchange stack elements
FILD Load integer
FIST  Store integer
FISTP  Store integer and pop floating-point stack
FBLD Load packed decimal real
FBSTP Store packed decimal real
Load Internal Constant Instructions
FLDZ Load +0.0
FLD1 Load 1.0
FLDPI Load =
FLDL2T Load log, 10
FLDL2E Load log,
FLDLG2 Load logyg 2
FLDLN2  Load log, 2
Comparison Instructions
FCOM Compare real
FCOMP Compare real and pop floating-point stack
FCOMPP Compare real and pop twice
FUCOM Unordered compare real (not available on 287
floating-point coprocessor)

FUCOMP Unordered compare real and pop floating-point
stack (not available on 287 floating-point copro-
cessor)

FUCOMPP Unordered compare real and pop twice (not avail-
able on 287 floating-point coprocessor)
FICOM Compare integer
FICOMP Compare integer and pop floating-point stack
FTST Test (compare to zero)
FXAM Examine
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Table 1-3 Floating-point Instructions (continued)

Transcendental Instructions

FSIN
FCOS
FSINCOS

FPTAN
FPATAN
F2XM1
FYL2X
FYL2XP1

Sine (not available on 287 floating-point
COoprocessor)

Cosine (not available on 287 floating-point
coprocessor)

Sine and cosine (not available on 287 floating-
point coprocessor)

Partial tangent

Partial arctangent

2%-1

Y * log? X

Y *log2 (X + 1)

Algebraic Instructions

FADD
FADDP
FIADD
FSUB
FSUBP
FSUBR
FSUBRP

FISuB
FISUBR
FMUL
FMULP
FIMUL
FDIV
FDIVP
FDIVR
FDIVRP
FIDIV
FIDIVR
FSQRT
FSCALE
FPREM
FPREM!1

FRNDINT
FXTRACT
FABS
FCHS

Add real

Add real and pop floating-point stack

Add integer

Subtract real

Subtract real and pop floating-point stack
Subtract real reversed

Subtract real reversed and pop floating-point
stack

Subtract integer

Subtract integer reversed

Multiply real

Multiply real and pop

Multiply integer

Divide real

Divide real and pop floating-point stack
Divide real reversed

Divide real reversed and pop floating-point stack
Divide integer

Divide integer reversed

Square root

Scale

Partial remainder

IEEE std.754 partial remainder (not available on
287 floating-point coprocessor)

Round real to integer

Extract exponent and significand

Absolute value

Change sign
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Table 1-3 Floating-point Instructions (continued)

Processor Control Instructions
FINIT/FNINIT Initialize floating-point coprocessor
FSTCW/FNSTCW Store control word
FLDCW Load control word
FSTSW/IFNSTSW Store status word
FCLEX/FNCLEX Clear exceptions
FSTENV/IFNSTENV Store environment
FLDENV Load environment
FSAVE/FNSAVE Store machine state
FRSTOR Restore machine state
FINCSTP Increment floating-point stack pointer
FDECSTP Decrement floating-point stack pointer
FFREE Free (empty) stack top element
FNOP No operation
FSETPM Set (287) protected mode (Otherwise FNOP)
FWAIT  Wait (alternate specification of processor WAIT)

See Chapter 7 for detailed information about each assembler floating-point in-
struction.

1.2.3 Specifying Assembler Statements

The general syntax for assembler directive statements is similar to that for
instructions.

1.2.3.1 Specifying Directive Statements

1-14

Assembler directive statements have the following general syntax:

[name] directive [argument [, . . .] ]

Where:
name is a valid identifier.
directive is one of the directives listed in Table 1-1.
argument is a modifier or value to be associated with name.

Each assembler directive has its own set and/or forms of argument(s). Some direc-
tives have no valid arguments in the context of a program. Some have a restricted set
of arguments that are reserved words. Others accept constant values and constant
expressions. See the reference pages in Chapters 2 through 4 for more detailed infor-
mation about each directive in Table 1-1.
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1.2.3.2 Specifying Instruction Statements

Assembler instruction statements have the following general syntax:

[label:] [prefix] mnemonic [argument], . . .] ]

Where:
label is a unique-to-the-module identifier that defines a label.
prefix is a processor instruction prefix (LOCK or REP).

mnemonic  is a processor or floating-point instruction (listed in Table 1-2 or
1-3) or it is a programmer-defined codemacro (see Chapter 9).

argument  is an operand.

Some instructions have no operands; others require one, two, or three operands.
Some operands may be expressions (see Chapter 5). The general form of an instruc-
tion with operands is one of the following:

mnemonic src where the execution result may be stored either in the
source itself (src) or in an implicit location (usually a
register or the floating-point stack top element ST).

mnemonic dest, src where the execution result is stored either in the desti-
nation (dest) or in an implicit location; the instruction’s
operation does not change the source operand.

Only a few processor instructions have three operands. For floating-point instruc-
tions, one operand is usually the stack top ST(0).

See the reference pages in Chapter 6 for more detailed information about the oper-
ands for each instruction in Table 1-2. See the reference pages in Chapter 7 for more
detailed information about the operands for each instruction in Table 1-3.

1.3 Assembler Program Structure

Figure 1-1 illustrates the essential parts of an assembler program that is contained in
a single source module and intended to run in processor protected mode. Figure 1-2
illustrates such an example program.

The following subsections explain what each assembler statement in Figure 1-1 does.
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This is a comment. Tokens in bold face can seldom

be omitted from any non-trivial assembler program.
Those in type like THIS are strongly recommended for
every assembler

5 program and some are required by all but the simplest.

ae ae ae s

NAME MAIN-MODULE

5 MAIN-MODULE is programmer defined for this module.

PROG-STACK STACKSEG 500

5 PROG-STACK is programmer defined for program's stack
5 segment and 500 is number of bytes in segment.

PROG-DATA SEGMENT RU

5 PROG-DATA is programmer defined for program's data

5 segment and RU (read/write) is this segment's

5 access attribute (Read0nly or ExecuteRead also possible).
5 Program data must be defined and may be initialized here.

PROG-DATA ENDS
PROG-CODE SEGMENT ER

5 PROG-CODE is programmer defined for program's code
5 segment and ER (execute/read) is this segment's
5 access attribute (ExecuteOnly also possible).

ASSUME DS:PROG-DATA

MAIN:

5 Tells assembler which processor segment register

points to program's data segment for the following
code. MAIN is programmer defined label specifying
program entry point (execution begins here). Assembler
instruction statements begin at label (MAIN) and must
be coded between SEGMENT..ENDS. DS, SS. ES. FS and GS
segment register initializations may be coded here too.

4e ae ae e e e

PROG-CODE ENDS 5 Code segment ends.
END CS:MAIN. DS:PROG-DATA. SS:PROG-STACK

Figure 1-1 Template for an Assembler Program

1.3.1 NAME Directive

1-16

Assembler programs with more than one source module must specify a unique name
for each module. The assembler will assign the module identifier ANONYMOUS if
the NAME statement is omitted. A multi-module program cannot be combined and
located by the system utilities if two modules have the same name.

See Chapter 3 for details about the NAME directive.
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NAME TOY-MAIN-MODULE
PROG-STACK STACKSEG 200
EXTRN EXIT: FAR
PROG-DATA SEGMENT RUW

VARL DB O
VARZ DD O
VAR3 DD 1000

PROG-DATA ENDS
PROG-CODE SEGMENT ER USE3Z2
ASSUME DS: PROG-DATA

MAIN: INC VARL
PUSH EAX
MOV EAX. VARZ
ADD EAX. 500
MOV VARZ2. EAX
POP EAX

MOV ECX. VAR3
SUB ECX~ VARZ

JNZ MAIN

CALL EXIT
PROG-CODE ENDS

END MAIN. DS:PROG-DATA. SS:PROG-STACK

4% dae e e e e e e e

increment counter
store EAX on stack
move VARZ value to EAX

store sum in VARZ2

restore original EAX value
from stack

move VAR3 to ECX

subtract 500

from 1000 in ECX

jump to MAIN if subtraction
result in ECX not zero and
end loop when result =0

Figure 1-2 An ASM386 Example Program

1.3.2 STACKSEG Directive

Any assembler program that allocates data dynamically on a stack should define a
named stack segment with a STACKSEG statement.

In assembler programs, source modules share a single stack segment. STACKSEG
must be specified with the same name in each source module that references data on
the stack. In such a source module, the STACKSEG statement specifies the number
of bytes that the module will allocate on the to-be-combined stack segment for the

whole program.
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1.3.3
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For stack segments, the assembler determines the use attribute. A stack segment’s use
attribute determines the upper limit for offsets within the segment; it also determines
whether the ESP or SP register is used for implicit stack references.

See Chapter 2 for details about the STACKSEG directive and Appendix A for more
information about processor stack architecture.

SEGMENT Directive for Data Segments

Assembler data must be defined withina SEGMENT..ENDS. This directive specifies
at least a name for one program (or module) data segment; it may also specify access,
use, and combine attributes for the named data segment.

Assembler source modules may define any number of named data segments with
SEGMENT..ENDS. The processor DS (default), ES, FS, and GS segment registers
provide access to data segments. At most four named data segments are accessible at
any given point in a module.

Each data segment within a module must have a distinct name. The assembler assigns
the RW (read/write access) attribute unless RO or ER is specified for the segment.

The assembler assigns the USE32 (use 32-bit addressing) attribute for the whole
module by default unless USE16 is specified as an assembler control. Segments
within the module may have individually specified USE attributes. When a USE
attribute is defined on a segment, it remains in effect throughout that segment. For all
segments, the USE attribute determines the maximum segment size: 4 gigabytes
(232 — 1) for USE32 and 64K bytes (2'® — 1) for USE16.

Named data segments may be shared across program source modules only if a
PUBLIC or COMMON combine attribute is specified in the SEGMENT statement.
Each data segment that is shared among modules must have the same name with the
same use and combine attributes and compatible access attributes.

See:

® Appendix A for more information about processor registers, memory organiza-
tion, and access protection features

®  Chapter 2 for details about the SEGMENT directive

®  Chapter 3 for more information about defining shared data entities inside the
SEGMENT..ENDS of multiple source modules

® Chapter 4 for how to define data (variables, labels, and constants) and how to
specify assembler data values within SEGMENT..ENDS

Introduction
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1.3.5

SEGMENT Directive for the Code Segment

All assembler instruction statements must be specified within SEGMENT..ENDS.
This directive specifies at least a name for the module’s code segment. It may also
specify access, use, and combine attributes for the code segment.

The assembler assigns ER (execute/read) access unless EO (execute only) is specified
for the segment. The assembler assigns USE32 (use 32-bit addressing) for the whole
module by default unless USE16 is specified as an assembler control. When a USE
attribute is defined on a segment, it remains in effect throughout that segment.

The USE attribute of a segment instructs the assembler to generate 32- or 16-bit
(offset) addresses and default lengths for instruction operands. It also determines the
segment’s maximum size: 4 gigabytes (232 — 1) for USE32 and 64K bytes (2!6 — 1)
for USEI6.

Code segments defined with the same name and specified with the PUBLIC combine
attribute are concatenated into a single code segment. If PUBLIC is not specified for
a module’s code segment, it is non-combinable and must be wholly contained in a
single source module.

The code segment of a program’s main module must have a label (MAIN: in Figures
1-1 and 1-2) at the first executable instruction of the program. The main module’s
END statement must specify this label.

See:
® Section 1.3.6 for more information about the END statement
®  Section 1.2 for a summary of the assembler instructions and directives

® Chapter 2 for details about the SEGMENT..ENDS directive, including the
PUBLIC combine attribute

®  Chapter S for detailed information about accessing data with address expressions

®  Chapters 6 and 7 for detailed information about each assembler instruction

ASSUME Directive

If no ASSUME statement is specified in an ASM386 code segment, the assembler
assumes that CS contains the selector of the code segment but that no other segment
register has been loaded. The assembler cannot generate a correct logical address for
a symbolic reference unless it knows which segment register contains the selector for
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the symbol’s defining segment. The assembler must know the correct segment regis-
ter whenever an instruction statement references memory data. Such references
include:

®  Symbolic references using the name of a variable, label, or constant as an oper-
and to an instruction (e.g., ADD EAX, VAR2)

® Non-symbolic references using segment overrides and the PTR operator (e.g.,
ADD EAX, GS:DWORD PTR 24)

Initialize a segment register for each memory segment that is referenced in your code
and specify ASSUME at each point in the source code where the run-time contents of
a segment register will change for subsequent instructions.

See:

® Section 1.3.7 for more information about how to initialize segment registers
within the code segment

®  Chapter 2 for more information about the ASSUME directive

® Appendix A for more information about the processor segment registers

END Directive

The END statement terminates assembly; it must be the last statement in an ASM386
source module.

The main module’s END statement must specify at least the code segment’s entry
point label in order to initialize the CS and (E)IP registers. When the program is
loaded, CS:(E)IP points to the entry point label of the code segment. EIP (32-bit
addressing) or IP (16-bit addressing) also points to the (labeled) instruction.

The SS and DS segment registers may also be initialized with the main module’s END
statement. If they are, when the program is loaded:

® SS contains the selector for the stack segment. ESP (32-bits) or SP (16-bits)
contains the offset of the first dword (32-bits) or word (16-bits) above the upper
segment limit if the stack segment was defined with STACKSEG; (E)SP has a
value equal to the size of the stack plus 4 (for ESP) or plus 2 (for SP). (E)SP is 0
if the stack segment was not defined with STACKSEG.

® DS contains the selector for the data segment.

Note that an explicit MOV reference to the data segment name is not required to
initialize DS to the data segment (see Figure 1-2) when DS is initialized by the END
statement.
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The ES, FS, and GS data segment registers cannot be initialized with the main mod-
ule’s END statement. In non-main modules, segment registers may not be initialized
with the END statement (see Chapter 3).

Initializing Segment Registers with Instructions

Memory data must be accessible if assembler instructions are to operate on it. If all
program modules have a single, shared data segment, specifying ASSUME DS:data-
segname and initializing DS with the main module’s END statement provides the
necessary access. Even one-module programs that define more than one named data
segment must initialize the ES, FS, or GS register(s) explicitly in the code segment.

Since each assembler module may define several data segments, individual modules
of a program may have local, as well as shared data segments. But, as the program
executes, only four data segment registers are available to access memory data. Thus,
the DS, ES, FS, and GS register contents may change within a module and from
module to module. In these cases, specify an ASSUME statement and initialize the
data segment register(s) before an instruction accesses memory data.

A module’s stack segment may also be initialized explicitly in the code segment,
rather than with the (main) module’s END statement (see Section 1.3.7.2).

1.3.7.1 Initializing DS, ES, FS, and GS

The DS, ES, FS, and GS registers may be initialized in four ways in a source mod-
ule’s code segment:

1. By specifying sequential MOV instructions using the data segment name:

® The first MOV has a destination operand that is a general register (AX, BX,
CX, DX, SI, DI, SP, BP) and a source operand that is the name of a data
segment in the module. Avoid specifying SP or BP if the module accesses the
stack segment (see Section 1.3.7.2).

® The next MOV has a destination operand that is a data segment register (DS,
ES, FS, or GS) and a source operand that is the destination register specified
in the preceding MOV.
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By specifying sequential MOV instructions and using the SEG operator:

® The first MOV has a destination operand that is a general register (AX, BX,
CX, DX, SI, DI, SP, BP) and a source operand that is a symbol (named
variable, label, or constant) preceded by SEG. The SEG expression repre-
sents the segment base address of the symbol’s defining data segment (see
Chapter 5 for more information about SEG). Avoid specifying SP or BP if the
module accesses the stack segment (see Section 1.3.7.2).

® The next MOV has a destination operand that is a data segment register (DS,
ES, FS, or GS) and a source operand that is the destination register specified
in the preceding MOV.

By specifying a MOV instruction with DS, ES, FS, or GS as the destination
operand and an initialized memory location as the source operand.

By specifying an LDS, LES, LFS, or LGS instruction with a memory operand
that is a pointer. Do not attempt to load a segment register directly by using a
segment name as a source operand; a segment name is an immediate operand,
not a memory operand.

This example initializes ES. ES will contain the selector of the DATA2 segment

after both MOV statements execute.

DATAL SEGMENT RUW
I 5 its data accessed

DATAL ENDS 5 by DS:EAX later
DATAZ2 SEGMENT RUW
VAR32 DD O

DATA2 ENDS

I 5 more segment definitions
MOV BX. DATAZ

ASSUME ES:DATAZ

MOV ES. BX

This example initializes FS. FS will contain the selector of VAR32’s defining
data segment after both MOV statements execute. The EXTRN directive indi-
cates that VAR32 is defined in another source module (see Chapter 3 for more
information about EXTRN).

EXTRN VAR32 DWORD

MOV CX. SEG VAR32
ASSUME FS:SEG VAR32
MOV FS. CX

Introduction



1.3.7.2 Initializing SS

The SS (stack segment) register and (E)SP may also be initialized in the code
segment:

1. By specifying sequential MOV instructions, just as for a data segment (see meth-
ods 1, 2, and 3 in Section 1.3.7.1) with SS as the destination segment register.

2. By specifying (E)SP as a MOV destination operand and the stack segment name
as the source operand preceded by the STACKSTART operator.

3. By specifying the LSS instruction with a memory operand that is a pointer. Do
not attempt to load a segment register directly by using a segment name as a
source operand; a segment name is an immediate operand, not a memory
operand.

(E)SP points to the top of the processor push-down stack. This register is referenced
implicitly by the processor ENTER, LEAVE, PUSH, POP, PUSHA, POPA, PUSHEF,
POPF, CALL and interrupt operations. (E)BP should be used as the stack-frame base
pointer to avoid having to specify SS explicitly for each data access within a stack
frame.

Example

This example uses STACKSTART to initialize (E)SP. A MOV into SS disables inter-
rupts for one instruction so that (E)SP can be initialized. After these instructions
execute, (E)SP points to the (d)word above the upper stack segment limit. See Chap-
ter 5 for more information about STACKSTART.

MOV AX. PROG-STACK
MOV SS. AX
MOV ESP. STACKSTART PROG-STACK

1.4 Trademarks

Intel386, 376, 386, 386SX, 387, 387SX, and 486 are trademarks of Intel Corporation.
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This chapter contains three major sections:

1. Overview of Segmentation. This section briefly describes processor segmenta-
tion, together with the assembler directives that define and set up access to logi-
cal program segments. See Appendix A for more information about processor
memory organization.

2. Defining Logical Segments. This section explains the SEGMENT..ENDS and
STACKSEG directives. These directives define code, data, and stack segments in
assembler programs.

3. Assuming Segment Access. This section explains the ASSUME directive. This
directive specifies which segments in an assembler program are accessed by the
processor segment registers at any given point in the program’s code.

2.1 Overview of Segmentation

The processor addresses 4 gigabytes of physical memory. Processor memory is seg-
mented. For programmers, processor memory appears to consist of up to six accessi-
ble segments at a time:

® One code segment containing the executable instructions

®  One stack segment containing the run-time stack

®  Up to four data segments, each containing part of the data

Assembler program segments are called logical segments, because they represent

logical addresses that must be mapped to processor physical addresses before pro-
gram execution.

The maximum size of a program segment depends on which USE attribute is speci-
fied in the source (see Section 2.2.1.2). When USE32 is specified, the maximum size
for a segment is 4 gigabytes. When USEI6 is specified, it is 64K bytes. Chapters 5
and 6 contain detailed information about how operand addressing is related to the
USE attribute.
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At run time, the physical base address of a program segment will be accessed by an
immediate value loaded into a segment register. This value is called a selector. A
selector points (indirectly in processor protected mode and directly in processor real
address mode) to the physical location of a segment. The processor segment registers
are CS, DS, and SS, which access code, data, and stack segments, respectively, and
ES, FS, and GS, which access additional data segments.

Logical segments are created in an assembler module with the SEGMENT (code and
data) and STACKSEG (stack or stack-and-data) directives. These directives specify a
segment name; this name defines a logical address for the segment. A segment name
can appear in several contexts throughout a program:

® Indata initializations, because it stands for the value of the selector (see Chapter 4)
® In segment register initializations (see Chapter 1)

® Inan ASSUME statement (described later in this chapter), which tells the assem-
bler which segment registers contain which selectors

After program code is assembled, the system utilities map assembler program seg-
ments to processor physical addresses. A named segment becomes a sequence of
contiguous physical addresses. A logical segment becomes physically accessible
when the segment name is loaded into a processor segment register during program
execution.

2.2 Defining Code, Data, and Stack Segments

The SEGMENT..ENDS directive defines an assembler program’s code and data seg-
ments. The STACKSEG directive defines the stack (or mixed stack and data) seg-
ment. Both directives specify a name for each logical segment defined in a program.

Because program segments are named, assembler logical segments need not be con-
tiguous lines of source code. Within a source module, a named segment can be closed
with ENDS and reopened with another SEGMENT.. that specifies the same name
(see Section 2.2.1.4). Logical segments can also be coded in more than one source
module (see Section 2.2.1.3 and Chapter 3).
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2.2.1 SEGMENT..ENDS Directive

Syntax

name SEGMENT [access] [use] [combine]

[instructions, directives, and/or data initializations]

name ENDS

Where:

Segmentation

name

access

use

combine

is an identifier for the segment; name must be unique within the
module. name represents the logical address of the beginning of the
program segment. The segment’s contents (specified between
SEGMENT..ENDS) represent logical addresses that are offsets
from the segment name.

is an optional RO (read only), EO (execute only), ER (execute and
read), RW (read and write). See Section 2.2.1.1 for more informa-
tion about access.

is USE32 or USE16. If use is not specified explicitly in the
SEGMENT statement, the segment’s USE attribute defaults to that
of its nearest enclosing segment or to that of the module. The overall
default for program modules is USE32. See Section 2.2.1.2 for
more information about use.

is unspecified (default), PUBLIC, or COMMON. If neither
PUBLIC nor COMMON is specified for name, the segment is non-
combinable: the entire segment is in this module and it will not be
combined with segments of the same name from any other module.
However, separate pieces of a non-combinable segment within a
module will be combined (see Section 2.2.1.4).

If a SEGMENT PUBLIC or SEGMENT COMMON directive has
been specified for the segment name, the combine specification for
segments with the same name in other modules must be the same.
See Section 2.2.1.3 for more information about PUBLIC and
COMMON combine attributes.



Discussion

The SEGMENT..ENDS directive defines all or part of a logical program segment
whose name is name. The contents of the segment consist of the assembled instruc-
tions, directives, label declarations, and/or data initializations that occur between
SEGMENT and ENDS. These contents will be mapped to a contiguous sequence of
processor physical addresses by the system utilities. When a segment name is used as
an instruction operand, it is an immediate value.

Within a single source module, each occurrence of SEGMENT..ENDS that has the
same name is considered part of a single program segment. All ASM386 source code
must be specified within a SEGMENT..ENDS. Every named variable and label in an
assembler program must also be defined within a SEGMENT..ENDS.

access, use, and combine are optional; they may be specified in any order (see Sec-
tions 2.2.1.1 to 2.2.1.3 for more information about access, use, and combine).

2.2.1.1 Specifying EO, ER, RO, or RW Access

access

is an assembler (and processor) protection feature; it specifies the kind(s) of ac-
cess permitted to the segment.

The assembler issues a warning for the initial definition of a segment if the access
specification is omitted. The assembler also assigns an access value according to
the contents of the segment. For a segment that contains data only, the value is
RW; for a segment that contains code only, it is EO. For mixed code and data, the
value is ER.

After a named segment has been defined with a SEGMENT statement (see Section
2.2.1), access can be omitted when the segment is reopened (see Section 2.2.1.4).
However, its value may not be changed when the segment is reopened.

2.2.1.2 Specifying USE32 or USE16

use

24

specifies the segment’s USE attribute, which determines the addressing mode,
maximum segment size, and operand size for code within the segment.

If use is not specified in the SEGMENT statement, the segment’s USE attribute
defaults to that of its nearest containing segment or to that of the module. The USE
attribute of a module may be specified as an assembler operating control when the
assembler is invoked (see the ASM386 Macro Assembler Operating Instructions).
The overall default for assembler program modules is USE32.

Segmentation



USE32 causes 32-bit offsets to be generated for identifiers (variables, labels, struc-
tures, records, and procedure names) defined within the segment (see Chapter 4).
USE32 segments can be up to 4 gigabytes long.

USE16 causes 16-bit address offsets to be generated for identifiers defined within the
segment. USE16 segments can be up to 64K bytes long.

The USE attribute of the segment also determines operand sizes for certain processor
instructions. For example, if the segment is USE32, the ENTER instruction will
assume that the required immediate operand is 32-bits; if the segment is USE16, the
operand will be zero-extended to 32-bits. Chapter 6 contains more information about
address and operand sizes.

2.2.1.3 Specifying PUBLIC or COMMON

combine  specifies how the segment will be combined with segments of the same name from
other modules to form a single physical segment in memory. The actual combina-
tion of modules occurs at bind time.

If a SEGMENT directive specifying PUBLIC or COMMON already exists for a
named segment, combine specifications in other modules must match it. The
named segment’s combine attribute should be specified (at least) for the initial
segment definition in subsequent modules. The following explains how a logical
segment in more than one module is combined:

Segmentation

All segments of the same name that are defined as PUBLIC will be concate-
nated to form one physical segment. Control the order of combination with
the binder.

The length of the combined PUBLIC segment will equal approximately the
sum of the lengths of the SEGMENT..ENDS pieces. For a segment declared
PUBLIC, there is no guarantee that the beginning of a particular segment part
within the module will have an offset of zero within the final combined
segment.

All segments of the same name that are defined as COMMON will be over-
lapped to form one physical segment. Each module’s version of the segment
begins at offset zero within the segment, so each version has the same physi-
cal address.

The length of the combined COMMON segment will be equal to the longest
individual length within any of its defining modules. A COMMON segment
may not specify EO or ER access.



If neither PUBLIC nor COMMON is specified, the segment is non-combinable.
The entire logical segment must be contained in a single source module. It cannot
be combined with segments from other program modules.

2.2.1.4 Multiple Definitions for a Segment

Assembler segments can be opened and closed (with the SEGMENT..ENDS direc-
tive) within a source module as many times as you wish. All separately defined parts
of the segment are concatenated by the assembler and treated as if they were defined
within a single SEGMENT..ENDS.

Assembler procedure, codemacro, and structure definitions may not overlap segment
boundaries.

When a segment is reopened, it is unnecessary to respecify its access, use, and
combine attributes, if any. Do not change the combine or use attribute when a seg-
ment is reopened.

If a segment’s access is respecified, both access specifications must form a compati-
ble set. The following are compatible sets:

® RO and RW are a compatible set with a resulting access attribute of RW.

® Any combination of RO, EO, and ER form a compatible set with a resulting
access attribute of ER.

There are no other compatible sets for access specifications.

Examples

2-6

1. This example reopens the segment named DATA.

DATA SEGMENT
ABYTE DB O
AWORD DU O

DATA ENDS

5 any number of other segments not named DATA
DATA SEGMENT
ANOTHERBYTE DB O

ANOTHERWORD DU O
DATA ENDS

Segmentation
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2. This example is an equivalent to the preceding example as a segment definition
for DATA.

DATA SEGMENT
ABYTE DB O

AWORD DU O
ANOTHERBYTE DB O
ANOTHERWORD DW O
DATA ENDS

3. This example defines a PUBLIC segment with ER access.
CODE SEGMENT RO PUBLIC USE32
CODE ENDS
CODE SEGMENT EO
HE 5 implied PUBLIC
5 and USE32 from above
CODE ENDS

4. This example has an error because RW and ER are not compatible access speci-
fications.

FOO SEGMENT RUW
FOO ENDS

FOO SEGMENT ER 5 error:
I % RWandER arenot compatible

FOO ENDS

5. This example has errors because it changes combine and use attributes when a
segment is reopened.

DATA SEGMENT RW COMMON USElb
DATA ENDS
DATA SEGMENT RW PUBLIC USE3Z
: : 3 errors:
5 cannot change combine
5 or USE attribute

DATA ENDS
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2.2.1.5 Lexically Nested or Embedded Segment Definitions

Assembler segments are never nested or embedded physically in processor memory.
For convenience, segment definitions may be nested in a program. This is a lexical
nesting; it does not represent a physical nesting. However, care must be taken to close
lexically nested segments inside their containing segment(s).

Examples

1. This example illustrates a nested segment definition that is a legal assembler
construct. The assembler considers the code segment to be separate from the
data segment. The contents of the data segment are not contained within the code
segment (their physical addresses on the processor might be far apart in memory
after binding).

PROG-CODE SEGMENT
A 5 begin PROG-CODE

PROG-DATA SEGMENT
R 5 begin PROG-DATA
5 stop assembling PROG-CODE

PROG-DATA ENDS
I 5 stop PROG-DATA
5 start PROG-CODE again

PROG-CODE ENDS 5 end PROG-CODE

2. This code will cause an error. For lexically nested segment definitions,
SEGMENT..ENDS pairs must be matched as shown in the preceding example.

PROG-CODE SEGMENT 5 begin PROG-CODE
PROG-DATA SEGMENT 5 begin PROG-DATA

error:

cannot close PROG-CODE
before closing
PROG-DATA

PROG-CODE ENDS

a0 ae ge ge

PROG-DATA ENDS

Segmentation
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2.2.2 STACKSEG Directive

Syntax

name STACKSEG exp
Where:
name is an identifier for the stack segment; name must be unique within the
program.
exp is this declaration’s contribution to the size (number of bytes) of the

segment. exp must evaluate to a constant between 0 and 4 gigabytes
(232 — 1) for USE32 segments, and between 0 and 64K bytes (65,535)
for USE16 segments.

Discussion

The STACKSEG directive is used to allocate exp bytes for a stack segment named
name. The STACKSEG directive both opens and closes the segment. Do not close
STACKSEG with ENDS.

Assembler stack segments always have RW access and PUBLIC combine attributes.
Multiple definitions of a stack segment with the same name will result in one segment
whose size is the sum of all specified sizes.

A stack segment is not explicitly assigned a use attribute of USE32 or USE16. A
stack segment’s use attribute is either the same as:

® The nearest enclosing segment’s, if any

®  Or, the module’s

Most single-task applications have only one stack segment. Code, labels, variables,
or data initializations (see Chapter 4) cannot be defined within a stack segment. The
STACKSTART operator (see Chapter 5) or the END directive (see Chapter 3) may be
used to initialize the stack pointer (contents of SS:(E)SP).

2.2.2.1 Combining Stack and Data Segments

If a data and a stack segment are given the same name, they are combined into a
single data/stack combined (dsc) segment if they have compatible attributes.
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Such a segment has both a stack part and a data part. Its data segment must be
declared PUBLIC with RO or RW access. If the declared access is RO, the combined
access is RW.

It is an error if the data segment is not PUBLIC (or if it has EO or ER access). The

stack and data segments will not be combined in this case. Instead, the assembler will N

append _STACK to the name of the stack segment to keep each segment distinct.

2.3 Assuming Segment Access

The ASSUME directive may not be omitted from assembler programs that reference
symbols (named variables and labels) unless segment overrides (see Chapter 5) are
specified for every symbolic reference. The ASSUME directive may not be omitted
from programs with non-symbolic memory references such as ES:WORD PTR 2.

The ASSUME directive tells the assembler which processor segment register points
to a particular logical segment in the program so that it generates code for instruction
operands that are named variables and labels in memory. However, ASSUME does
not load a segment register (see Chapter 1).

If no ASSUME statement is specified in a code segment, the assembler assumes that
CS contains the selector of the code segment but that no other segment register has
been loaded. The assembler cannot generate a correct logical address for a symbolic
reference unless it knows which segment register contains the selector for the sym-
bol’s defining segment.

The processor cannot access symbolic memory data unless the segment registers have
been correctly loaded. Whenever you load a new selector into a segment register,
specify an ASSUME if subsequently coded instructions will reference memory data
via that segment register.

2.3.1 ASSUME Directive

Syntax

2-10

ASSUME Sreg:segpart |, . . .]
ASSUME Sreg:NOTHING |, . . .]

or
ASSUME NOTHING

Segmentation
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Where:

Sreg is one of the registers DS, ES, FS, GS, or SS; Sreg may be CS only if
NOTHING is specified (see Section 2.3.1.2).

segpart  is the reserved word NOTHING, the name of a segment, or one of the
following forms:

SEG varname
SEG labelname
SEG externalname

The name of a segment indicates that Sreg contains the segment selec-
tor for variables and labels defined in the segment (see Section
2.3.1.1 for an example).

SEG varname, labelname, or externalname indicates that Sreg con-
tains the selector for the symbol’s defining segment.

See Sections 2.3.1.1 and 2.3.1.2 for more information about segpart
and NOTHING specifications.

Discussion

ASSUME specifies the contents of the DS, SS, ES, FS, or GS register for the source
code that follows until the next ASSUME statement for the register occurs. When an
instruction references a variable, label, or external symbol, the assembler checks for
the following:

® Either an explicit segment override (see Chapter 5) specifies that the symbol is
accessible via Sreg

®  Or, an ASSUME specifies which Sreg holds the selector of the symbol’s defining
segment

If neither has been specified, the assembler generates an error when an instruction
references the symbol.

An ASSUME statement is in effect until it is changed by another ASSUME. For
example, if you ASSUME some contents in DS, that assumption holds until you
ASSUME new contents or NOTHING in DS.

When an ASSUME specifies an appropriate selector in DS, ES, FS, GS, or SS, the
assembler generates any necessary segment override prefix byte when the symbol is
referenced. Otherwise, a segment override must be specified every time the symbol
is referenced.

Segmentation 2-11



ASSUME CS: may not be specified with the name of a segment or with a SEG
expression (see Section 2.3.1.2).

2.3.1.1 Specifying Segment Selectors with ASSUME

2-12

Specify an ASSUME wherever a new segment selector is loaded into a data or stack \

segment register.

When an ASSUME is specified as:
ASSUME Sreg:segpart|, . . .]

segpart defines a selector as:
® A segment name, as in
ASSUME DS:DATA, ES:EDATA, FS:FDATA
®  Or, as a SEG expression with one of the following forms:

SEG varname
SEG /abelname
SEG externalname

Assembler symbolic data (named variables, labels, or constants) represent logical
addresses that consist of a segment selector plus an offset. The selector part locates
the logical base address of the defining segment for the specified variable, label, or
external symbol. Within the segment, the variable, label, or external symbol name
represents an offset from this base address.

When ASSUME Sreg: segment name is in effect (see Example 1), the assembler
generates relocatable addresses for symbolic and non-symbolic (anonymous) refer-
ences via Sreg.

For SEG expressions, the Sreg is assumed to hold the selector of the segment in
which the named variable, label, or external symbol is defined (see Chapter 5 for
more information about the SEG operator). Use a SEG expression to access vari-
ables, labels, and symbols when you do not know their defining segment’s name (the
segment is part,of another module).

Both for segment names and for SEG expressions, the designated segment must have
attributes that are consistent with the assumed segment register:

® For SS, the segment can be a stack segment, a data segment, or a data/stack
combined segment. Its specified access must be RW.

¢ For DS, ES, FS, and GS, the segment may be a non-stack segment or a data/stack
combined segment. Its access must be RO, ER, or RW.

Segmentation
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Note that CS is illegal in an ASSUME statement that specifies a segment name or
SEG expression; the assembler generates a warning.

Examples

1. This example tells the assembler that the ES register holds the selector of the
segment in which ABYTE is defined. The assembler generates an ES override
byte and a relocatable address for the symbolic reference to ABYTE in CSEG. It
also generates a relocatable address for the non-symbolic reference to ES:BYTE
PTR 0.

ESEG SEGMENT RW USE3e
ABYTE DB ?
ESEG ENDS

CSEG SEGMENT ER USE 32

ASSUME ES:ESEG
MOV AL. ABYTE assembler generates ES
override byte and
relocatable address

for ABYTE

a0 a0 a0 e

MOV AL~ ES:BYTE PTR O
5 ES:BYTE PTR O is also
5 relocatable

2. This example tells the assembler that the DS register holds the selector of the
segment in which ABYTE is defined.

ASSUME DS:SEG ABYTE

3. The following example illustrates how the assembler handles ASSUME state-
ments and checks memory accesses:

DATA SEGMENT RW PUBLIC
ABYTE DB O

AWORD DU O

DATA ENDS

EDATA SEGMENT RW PUBLIC
WHERE DB O
EDATA ENDS

CODE SEGMENT ER PUBLIC
CBYTE DB O 5 constant in CODE segment

ASSUME DS:DATA
5 DATA segment
5 is addressable through DS
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MOV AX.DATA 5 AX := selector for DATA
MOV DS.AX initialize DS

MOV AL.ABYTE ABYTE is in DATA segment
and addressable via DS;
instruction is 0K

(BYTE is in CODE segment.
currently being assembleds
instruction is 0K and
assembler will generate

(S override byte

this is a program error:
WHERE is in EDATA segment
not covered by any ASSUME so
assembler issues warning

MOV BL.CBYTE

MoV CL.WHERE

4 2% e e e e e e e e ue ae e 4

MOV AX.EDATA
MOV ES.AX now ES can address
WHERE but assembler
hasn't been told.

so warning issued again

MOV CL.WHERE

4% ae ae e

ASSUME ES:EDATA
MOV CL.WHERE is legal. because WHERE's
segment. EDATA. is
assumed to be in ES and

assembler generates ES override

4% ae ae e

CODE ENDS

2.3.1.2 Specifying ASSUME NOTHING and ASSUME CS:NOTHING

2-14

The general form:
ASSUME NOTHING

is equivalent to the following statement:

ASSUME CS: NOTHING, DS:NOTHING, ES:NOTHING,
& FS:NOTHING, GS:NOTHING, SS:NOTHING

When an ASSUME is specified as:
ASSUME Sreg:NOTHING [, . . .]

NOTHING indicates that no known value is in that segment register during the execu-
tion of the following code. If there is no segment register assumption in effect for a
symbol’s defining segment, references to that symbol must have an explicit DS, ES,
FS, GS, or SS override (see Example 1). Note that this does not apply to symbols
defined in code segments; the assembler always assumes that the code segment will
be accessed via the CS register.

Segmentation



)

The assembler generates a non-relocatable address for a non-symbolic reference via
Sreg when an ASSUME. NOTHING is in effect for a particular segment register (see
Examples 2 and 3).

When ASSUME CS:NOTHING is specified (see Example 3), the assembler gener-
ates a relocatable address relative to the current code segment for a symbolic refer-
ence in that segment. It generates a non-relocatable address for a non-symbolic
reference.

When ASSUME CS:NOTHING is omitted (see Example 4), the assembler generates
relocatable addresses both for symbolic and for non-symbolic references within the
current code segment.

ASSUME. .NOTHING also affects the assembler’s generation of pointer relocatable
addresses within a data segment (see Example 5).

Examples

1. This example shows how ASSUME DS:DSEG and ASSUME DS:NOTHING
affect symbolic references to ABYTE in CSEG.

ASSUME DS:DSEG

DSEG SEGMENT RW USE3e
ABYTE DB ?

DSEG ENDS

CSEG SEGMENT ER USE3Z

ASSUME DS:DSEG still in effect
ABYTE is accessiblea

assembler always generates
relocatable address

for valid symbolic reference

MOV AL. ABYTE

a0 ae as ae e

ASSUME DS:NOTHING

MOV AL~ ABYTE 5 error generated

MOV AL. DS:ABYTE 5 segment override so
% no error
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This example shows how ASSUME DS:DSEG and ASSUME DS:NOTHING
affect identical non-symbolic references in CSEG.

5 DSEG and CSEG defined as
5 in Example 1
ASSUME DS:DSEG 5 assembler generates
MOV AL. DS:BYTE PTR O
5 relocatable address
5 for DS:BYTE PTR O

ASSUME DS:NOTHING 5 assembler generates

MOV AL. DS:BYTE PTR O
5 non-relocatable address
5 for DS:BYTE PTR O

This example shows how ASSUME CS:NOTHING affects symbolic and non-
symbolic address generation. It causes the assembler to generate a relocatable
address for CVAL but not for CS:BYTE PTR 0.

CSEG SEGMENT ER PUBLIC
CVAL DB A90H
ENTRY:
ASSUME CS:NOTHING
MOV AL. CVAL 5 assembler generates
5 relocatable address for
5 symbolic reference
MOV AL. CS:BYTE PTR O
3 non-relocatable address for
5 non-symbolic reference

The same code (see Example 3) without ASSUME CS:NOTHING causes the
assembler to generate relocatable addresses both for CVAL and for CS:BYTE
PTR 0.

CSEG SEGMENT ER PUBLIC
CVAL DB 90H
ENTRY: 5 assembler generates
MOV AL. CVAL
3 relocatable address for

5 symbolic reference
MOV AL. CS:BYTE PTR O

5 relocatable address for
5 non-symbolic reference

Segmentation



Segmentation

This example illustrates how ASSUME ES:segname and ASSUME
ES:NOTHING affect the assembler’s address generation within a data segment.

ASSUME DS:DSEG. ES:ESEG

DSEG SEGMENT RW USE32
VARL DP ES:WORD PTR O

ASSUME ES:NOTHING
VAR2 DP ES:WORD PTR O

DSEG ENDS

.
3

ESEG defined here

assembler generates
pointer relocatable address
for VARL

but not for VARE
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This chapter contains two major sections describing the five assembler directives that
support modular programs:

1. The NAME and END directives delimit program modules. NAME specifies a
unique name for each program module that the system utilities (binder and/or
system builder) will combine and locate. END terminates each program mod-
ule’s assembly. END also specifies a program’s main module: it defines the pro-
gram’s entry point (a label) and specifies the initial segment selector value for the
CS (code) segment register; it may specify the initial segment selector values for
the DS (data) and SS (stack) segment registers.

2. The PUBLIC directive defines variables and labels that can be accessed from
another module. The EXTRN directive defines variables and labels that are ac-
cessed in one module and declared PUBLIC in another. The COMM directive
defines variables as uninitialized symbols that will share storage with symbols of
the same name in other modules.

The system utilities allocate storage for COMM variables. They also resolve
PUBLIC, EXTRN, and COMM references.

3.1 Modular Programming with NAME and END

An assembler program may omit the NAME statement only if the entire program is
contained in an single object module. Otherwise, each module of the program should
include a NAME statement.

Every assembler program must specify the END statement as the last line of source.



3.1.1 NAME Directive

Syntax
NAME modname
Where:
modname  is a name for the module. modname must be a unique identifier that
occurs at most once within the program.
Discussion

The NAME directive defines a name for an object module. Each module of an assembler
program must have a unique name.

A NAME directive is usually placed at the beginning of a module. If the NAME directive
does not appear anywhere in an object module, the assembler assigns the default name
ANONYMOUS to the module and issues a warning. System utilities report an error if
two or more program modules have the same name, including ANONYMOUS.

Example

It is legal to specify the same name for a module as for the source file that contains it. The
source file for this non-main module is called SCAN.386.

NAME SCAN 5 names the module
END

3.1.2 END Directive

Syntax

END [ [CS:)labelname [,SS:segname] [,DS:segname) ]
Where:

labelname  is a name for the program entry point label; it must be a unique identi-
fier. CS is initialized with the segment selector and EIP (or IP, for
USE16 segments) is set to the offset of the specified label. labelname’s
defining segment must have an EO or ER access specification (see the
SEGMENT..ENDS directive in Chapter 2). labelname may be speci-
fied only in the main module of an program.
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segname is a segment name:

SS: A segname preceded by SS: causes the SS segment regis-

ter to be initialized to the named segment’s selector. The

- segment can be a stack segment defined with STACKSEG
( (see Chapter 2), or a data segment defined with the SEG-
MENT directive. The access specified for the segment

must be RW. For a segment defined with STACKSEG,

(E)SP is set to the offset of the first dword or word (de-

pending on the stack segment use attribute) immediately

above the stack segment limit in memory. (E)SP is 0 if the

stack segment was not defined with STACKSEG. For a

data segment, (E)SP is initialized to the segment’s size in

bytes plus 4 for a 32-bit stack or plus 2 for a 16-bit stack.

DS: A segname preceded by DS: causes the DS segment regis-
ter to be initialized to the specified segment’s selector. The
segment can be a nonstack segment or a data/stack com-
bined segment. Access specified for the segment must be
RO, RW, or ER.

PN Discussion

The END directive is required as the last statement in assembler modules. Its appear-
ance terminates the assembly process. If the assembler encounters any text beyond
the END directive, it issues a warning.

In the program’s main module, the END statement must include a segment register
initialization for CS. Non-main modules must specify END without segment register
initializations.

The optional DS:segname and SS:segname specify the values to be loaded into the
data and stack segment registers when the program is loaded. The assembler issues a
warning if these are omitted in a module with an entry point label.

The module that contains the END statement initialization of CS:EIP specifies the
code that is initially executed when the program is loaded into memory. Execution
begins at the specified label. An entry point label must be specified in main modules,
unless it is specified with the system builder. The END directive should also define
the initial contents of DS and SS.
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Example
NAME MAIN
STACK STACKSEG 10

DATA SEGMENT RUW
ABYTE DB O
DATA ENDS

CODE SEGMENT ER
ASSUME DS:DATA
START:MOV ESP. STACKSTART STACK
5 superfluous because SS
3 initialized with END
MOV AL. ABYTE

CODE ENDS

END CS:START. DS:DATA. SS:STACK

3.2 Defining Shared Data with PUBLIC, EXTRN,
and COMM

Variables and labels defined in a program module with PUBLIC can be accessed
from other modules where they are declared with EXTRN.

The COMM directive defines variables with undefined values whose storage is not
allocated until the program modules are combined.

3.2.1 PUBLIC Directive

Syntax
PUBLIC name |, . . ]
Where:
name is the identifier of a variable or label defined in the current module.
Discussion

The PUBLIC directive specifies which symbols in a module are accessible from other
modules after all modules are combined. These symbols can be variables, labels, or
constants that have been defined using the EQU directive; it is an error to specify any
other kind of symbol.

34 Program Linkage Directives
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Named constants that are referenced in other modules must be declared PUBLIC in
their defining module. An external constant must be an integer; it may be up to 32-

bits long.

NOTE

Do not confuse this use of the reserved word PUBLIC with the PUBLIC seg-
ment attribute used in the SEGMENT..ENDS statement (see Chapter 2).

Example
PUBLIC VAR 1. VAR 2
VAR 1 DBIT 0100B 5 VAR 1 and VAR 2 are made
VAR 2 DD 'ABCD' 35 accessible to other modules

5 when program is combined

3.2.2 EXTRN Directive

Syntax

EXTRN name:[type] [, . . .] [use]
EXTRN [uselname:[type] |, . . .]

or

[use] EXTRN name:[type] [, . . .]

Where:

name

type

use

is the name of the external symbol, which must be declared PUBLIC or
COMM in another module.

is BIT, BYTE, WORD, DWORD, PWORD, QWORD, TBYTE, ABS, a
defined record template name, a defined structure template name,
NEAR, or FAR (Chapter 4 explains variable and label types). Except
for ABS, the type specification must match that of the external sym-
bol, or the external symbol’s type must be overridden with PTR (see
Chapter 5).

is USE32 or USE16. The USE attribute specifies 32-bit or 16-bit ad-
dressing, respectively, for the named symbol or list of symbols. If no
attribute is specified, the USE attribute of the nearest enclosing segment
or module is assumed. (Chapter 2 describes segment USE attributes.)
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Discussion

The EXTRN directive specifies symbols that are declared PUBLIC or COMM in
another module. Such symbols can then be referenced in the current module.

All external variables have one of the following types: BIT, BYTE, WORD, DWORD,
PWORD, QWORD, TBYTE, a structure template name, or a record template name.
The type for a structure or record is its length in bytes. Structure and record template
names cannot be forward references.

External constants can be signed integers up to 32-bits long (USE32 segment) or up
to 16-bits long (USE16 segment). External constants must be declared PUBLIC in
another module and be declared with EXTRN:ABS in modules that reference them.
Such symbols are assigned type DWORD (USE32 EXTRN) or WORD (USE16
EXTRN).

All external labels and procedure labels have type NEAR or type FAR. The label or
procedure is NEAR if it is defined in the same named segment as its callers; other-
wise, it is FAR. If type is omitted, FAR is assumed for an EXTRN label.

3.2.2.1 Placement of EXTRN

3-6

Within program segments, the following rules apply to the placement of the EXTRN
directive:

1. If the external variable’s or label’s defining segment (in another module) is
known, place the EXTRN statement between a SEGMENT..ENDS pair that has
the same segment name as the SEGMENT..ENDS in which the symbol was
defined.

Such a symbol can then be referenced in the same manner as any other variable
or label. For example, if the module SCAN.386 contained the following segment
and variable definition:
DATA SEGMENT RW PUBLIC

COUNT DB O

PUBLIC COUNT
DATA ENDS

then the EXTRN directive should be specified in another module as follows:

DATA SEGMENT RW PUBLIC
EXTRN COUNT:BYTE
DATA ENDS

Program Linkage Directives



2. If the external symbol’s defining segment is unknown, if its defining segment is
non-combinable (see Chapter 2), or if the symbol is an EXTRN:ABS constant,
place the EXTRN statement outside of all SEGMENT..ENDS pairs in the mod-
ule. To address such an external symbol, load the segment selector of the symbol
into a segment register using the SEG operator (see Chapter 5 for a description of
SEG). For example:

MOV AX. SEG COUNT
MOV ES. AX

To validate its addressability, use an ASSUME directive (see Chapter 2) such as
the following:

ASSUME ES:SEG COUNT
MOV DX. COUNT

or use a segment override (see Chapter 5) for each reference to the symbol as in
the following:

MOV DX. ES:COUNT

3.2.3 COMM Directive

Syntax
COMM name |, . . .]
Where:
name is a variable name; it must be a unique identifier. name may not be a
variable of type BIT.
Discussion

The COMM directive specifies that a variable defined in the current module is a
COMM symbol. COMM symbols are classified as global variables.

The COMM directive allows the binder to allocate space for a symbol at bind time.
Variables specified with COMM in more than one module share storage space. They
are similar to FORTRAN blank common variables or C extern variables.

Variables declared with COMM cannot be initialized. Use a ? when defining COMM

variables to indicate uninitialized storage (see Chapter 4 for more information about
allocating uninitialized storage).
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The COMM directive may appear inside or outside the segment in which the variable
is defined. COMM may be placed before the definition of the variable it describes
(see the Example).

Variables cannot be declared EXTRN in the same module where they are declared
with COMM. They may be declared with PUBLIC or with EXTRN in other mod-
ules, as well as with COMM.

A COMM symbol does not actually occupy space in a segment until bind time. The
binder determines whether a variable reference will be resolved by a matching
PUBLIC definition from another module or whether space will be allocated for it in a
segment where the COMM symbol is defined. If a variable is not declared PUBLIC
in another module, the binder will allocate space for COMM data in the first-bound
module (and segment) in which it encounters the COMM symbol.

A COMM symbol may have a different type than its PUBLIC counterpart (with the
same name) in another module. However, such a COMM symbol is treated as an
EXTRN symbol; the binder “stores” the COMM symbol in the corresponding PUB-
LIC symbol’s defining segment.

A COMM symbol that has no PUBLIC counterpart in another module is treated as a
PUBLIC symbol. The binder allocates storage for the COMM symbol in the first-
bound segment where it is defined. The binder then resolves subsequent references
(COMM or EXTRN) to that symbol.

A COMM symbol’s containing storage segment is determined by the binder. For this
reason, loading a segment register in assembler modules with the name of a COMM
symbol’s defining segment is difficult. Use the SEG operator to reference COMM
symbols in modules. For subsequent symbolic references, use the SEG operator
again to reload the correct segment selector into the segment register.

Program Linkage Directives



Example

NAME MOD 1
CoMM X. Z

5 COMM statement before data definition

5 outside of defining segment

DATA SEGMENT RW PUBLIC
5 COMM statement before data definition

comMM A. B

A DU 13 DUP (?)
B DB ?

X DU ?

Z DD ?

LOCAL DD 2
DATA ENDS
END

Program Linkage Directives
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This chapter has four major sections:

1.

An overview of assembler labels, variables, and data. This section explains:

Assembler label and variable types

The relationship between assembler variable types and the values associated
with variables: the processor or floating-point coprocessor data types

How to specify data values in assembler programs

Assembler variables. This section explains:

Storage allocations for variables
Variable attributes

Defining and initializing simple-type variables with the DBIT, DB, DW, DD,
DP, DQ, and DT directives

Defining compound types with the RECORD and STRUC directives; defin-
ing and initializing variables of these types (records and structures)

Defining and initializing variables with DUP clause(s)

Assembler labels. This section explains:

Label attributes

The location counter and the ORG and EVEN directives
The LABEL directive

Defining implicit NEAR labels

The PROC directive

Using symbolic data, including named variables and labels, with the EQU and
PURGE directives.
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4.1 Overview of Assembler Labels and Variables

4.1.1

42

The labels and variables in an assembler program define logical addresses:

® A label defines an address that is either an offset within the segment currently
being assembled or a location outside the current segment whose address is both
a segment selector and an offset within that segment.

® A named variable also defines an address whose contents (a value) can be ac-
cessed by a reference to the variable name.

Labels and named variables are sometimes called symbolic addresses because their
names represent logical addresses. However, assembler variables are not required to
have names, as long as their values can be accessed. See Chapter 5 for more informa-
tion about accessing assembler addresses and values.

Assembler Label and Variable Types

The assembly language is strongly typed. The assembler enforces type rules when it
encounters a label or allocates storage for a variable (named or unnamed).

Each assembler label has one of the following types:

NEAR indicates that the logical address represented by the label is an offset.
NEAR is the default label type.

FAR indicates that the logical address represented by the label is both a
selector and an offset.

Each assembler variable has a type that must be specified when the variable is defined
with a storage allocation statement. A variable’s type indicates the processor or
floating-point coprocessor storage size for the variable’s value(s). A variable’s type is

either a simple type or a compound type. A compound type is constructed from one
or more simple types.

The assembler (reserved word) names for simple types are BIT, BYTE, WORD,
DWORD, PWORD, QWORD, and TBYTE. For BIT-type variables, the assembler
allocates a byte of storage because processor addresses fall on byte boundaries. For
variables of the other simple types, the assembler allocates storage of 8-, 16-, 32-,
48-,.64-, or 80-bits, respectively.

A compound-type variable is either a record or a structure. Records and structures
are programmer-defined (and named) types. A record or structure template defines a
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4.1.2

type that specifies the storage size(s) to be allocated for any variable of the type.
Record and structure storage allocation statements define assembler variables of
these types.

A DUP clause can be added to any assembler storage allocation statement to allocate
a sequence of storage units that are all of the same type. DUP allocates storage for
array-like variables whose elements are contiguous storage units, possibly with dif-
ferent values.

Assembler Data Values

The processor or floating-point coprocessor stores all data as a sequence of 1’s and
0’s. The value that such a sequence represents is subject to interpretation. The assem-
bler interprets values in the context of a program. For example, the logical address
represented by a label is 32-bits in a USE32 code segment; it is 16-bits in a USE16
segment.

The value of an assembler variable also has meaning only in context. If a variable is
used as the operand of a shift instruction, its corresponding value represents a simple
sequence of bits. If the same variable is used as the operand of a subtract instruction,
its corresponding value represents a number.

The contextually determined meaning of a variable value is called its processor or
floating-point coprocessor data type.

4.1.2.1 Data Types

The values of assembler variables can be interpreted as the following processor and
floating-point coprocessor data types:

®  Processor or floating-point coprocessor signed integers
®  Processor ordinals

®  Processor unpacked or packed BCD digit(s)

®  Floating-point coprocessor packed BCD integers

®  Processor strings
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®  Processor bit strings or bit fields
®  Processor near or far pointers

®  Floating-point coprocessor reals

For example, the value of a DWORD-type variable can represent any of the following
in the context of a program:

® A processor integer or a floating-point coprocessor short integer
® A processor ordinal
® A processor string that is 4 bytes long

® A processor bit string that is 32-bits long (it may contain a bit field up to 32-bits
long)

® A floating-point coprocessor single precision real

To access strings, BYTE-type assembler variables must be defined. Processor strings
are composed of contiguous bytes. The name of a BYTE-type variable (or the un-
named but initially allocated storage unit) defines the logical address of such a
string’s first byte.

Assembler pointer variables are 32-bit DWORD or 48-bit PWORD types that repre-
sent a logical address. DWORD (near) pointer variables represent an offset within a

segment. PWORD (far) pointers have two components: a 16-bit segment selector and
a 32-bit offset.

The assembler types WORD, DWORD, QWORD, and TBYTE can represent 16-,
32-, 64-, and 80-bit floating-point coprocessor data types. 16-bit data is a word inte-
ger, 32-bit data is either a short integer or a single precision real, 64-bit data is either
a long integer or a double precision real, and 80-bit data is either a packed decimal
integer or an extended precision real. See Chapter 7 for more information about
floating-point numbers.

4.1.2.2 Numeric Data Value Ranges

The type specified for a variable determines the range of values it can represent. The
assembler checks variable definitions for initial values that are too large for the de-
clared type. Table 4-1 summarizes the (decimal) range of values for each variable
type that can represent a processor or floating-point coprocessor number.
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4.1.3 Specifying Assembler Data Values

Assembler data can be expressed in binary, hexadecimal, octal, decimal, or ASCII
form. Decimal values that represent integers or reals can be specified with a minus
sign; a plus sign is redundant but accepted. Real numbers can also be expressed in
floating-point decimal or in hexadecimal notations. Table 4-2 summarizes the valid
ways of specifying data values in assembler programs.

Table 4-1 Assembler Variable Types and Numerical Value Ranges

Variable Length Value Range
Type Data Type in bits in Decimal
BIT bit 1 0 or 1 binary
BYTE byte 8 —128..127 for integers
0..255 for ordinals
WORD word 16 —32,768..32,767 for integers
0..65,535 for ordinals
FP word integer —-32,768..32,767
DWORD dword 32 —231 (231 — 1) for integers
0..(2%2 — 1) for ordinals
FP short integer —281 (281 — )
FP single —3.4E38..—1.2E-38, 0.0,
precision real 1.2E-38..3.4E38
QWORD FP long integer 64 —263 (263 _ q)
FP double —1.7E308.. —2.3E — 308, 0.0,
precision real 2.3E-308..1.7E308
TBYTE FP packed 80 —(10'8 — 1)..(10"8 — 1)
decimal integer
FP extended —1.1E4932.. —3.4E - 4932,
precision real 0.0, 3.4E—-4932..1.1E4932

FP in Table 4-1 indicates a floating-point coprocessor data type.
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Table 4-2 Assembler Data Value Specification Rules

Value in Examples Rules of Formation

Binary 1100011B 110B | A sequence of 0’s and 1’s followed
by the letter B.

Octal 77770 4567Q | A sequence of digits in the range
0..7 followed by the letter O or the
letter Q.

Decimal 3309 3309D | A sequence of digits in the range
0..9 followed by an optional letter D.

Hexadecimal 55H 4BEACH | A sequence of digits in the range

0..9 and/or letters A..F followed by
the letter H. A digit must begin the

sequence.

ASCII ‘AB’ ‘UPDATE.EXT’ Any ASCII string enclosed in single
quotes.

Decimal -1. 1E-32 3.14159 A rational number that may be pre-

ceded by a sign and followed by an
optional exponent. A decimal point
is required if no exponent is present
but is optional otherwise. The expo-
nent begins with the letter E fol-
lowed by an optional sign and a
sequence of digits in the range 0..9.
Hexadecimal 40490FR O0COO000R | A sequence of digits in the range
0..9 and/or letters A..F followed by
the letter R. The sequence must be-
gin with a digit, and the total num-
ber of digits and letters must be
(8/16/20) or (9/17/21 with the first
digit 0).

A real hexadecimal specification must be the exact sequence of hex digits to fill the
internal floating-point coprocessor representation of the floating-point number. For
this reason, such values must have exactly 8, 16, or 20 hexadecimal digits, corres-
ponding to the single, double, and extended precision reals that the floating-point
coprocessor and the floating-point instructions handle. Such values can have 9, 17, or
21 hexadecimal digits only if the initial digit must be a zero because the value begins
with a letter.

Data values can be specified in an assembler program in a variety of formats, as
shown in Table 4-2. The way the processor or floating-point coprocessor represents
such data internally is called its storage format.

See Appendix A for an illustration of the processor storage formats.
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See Chapter 7 for an illustration of the floating-point coprocessor storage formats.

4.1.3.1 Initializing Variables

Assembler variables can be initialized by:

® Variable or segment names that represent logical addresses

®  Constants (see Table 4-2)

® Constant expressions

A series of operands and operators is called an expression. (See Chapter 5 for de-

tailed information about assembler expressions.) An expression that yields a constant
value is called a constant expression.

The assembler evaluates constant expressions in programs.

4.1.3.2 How the Assembler Evaluates Constant Expressions

The assembler can perform arithmetic operations on 8-, 16-, and 32-bit numbers.
The assembler interprets these numbers as integer or ordinal data types.

An integer value specified with a sign is a constant expression. The assembler evalu-
ates integer or ordinal operands and expressions using 64-bit two’s complement inte-
ger arithmetic.

By using this arithmetic, the assembler can evaluate expressions whose operands’
sizes might extend beyond the storage type of the result. As long as the expression’s
value fits in the storage type of the destination, the assembler does not generate an
error when intermediate results are too large. The assembler does generate an error if
the final result is too large to fit in the destination.

4.2 Variables

A variable defines a logical address for the storage of value(s). An assembler variable
is not required to have a name as long as its associated value(s) are accessible. But,
every variable has a type; records and structures have a compound type.

Assembler variables must be defined with a storage allocation statement. A storage
allocation specifies a type (storage size in bytes) and defines a logical address for a
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variable that gives access to the variable’s value(s). A storage allocation statement
may also specify initial value(s) for a variable.

Use the DBIT, DB, DW, DD, DP, DQ, or DT directive to allocate storage for simple-
type variables of the following sizes:

™
DBIT 1-bit (zero padded to a byte boundary)

DB 8-bits (byte)
DW 16-bits (word)
DD 32-bits (dword)
DP 48-bits (pword)
DQ 64-bits (qword)
DT 80-bits (10 bytes)

Use the RECORD and STRUC directives to define type names that can be specified
as (compound) types for record or structure variables:

The RECORD  defines a storage template for variables of its type. The tem-
Directive plate defines 1 to 4 bytes of storage for fields of bits (see
Section 4.2.4.1). Use a record allocation statement to define
a variable of the record type (see Section 4.2.4.2). Variables
of a record type consist of contiguous fields of bit-encoded
data. Records are used for accessing specific bits in the flags, -
in the storage fields of a real number, in the fields of a )
pointer, etc. The assembler MASK, SIZE, and WIDTH oper-
ators (described in Chapter 5) can be used to access record

fields.
The STRUC defines a storage template with named fields, each of a speci-
Directive fied type. Variables of a structure type consist of contiguous

variables with the types (and names) of the constituent tem-
plate fields. Structure template fields are simple variables,
usually initialized with undefined values. Use a structure allo-
cation statement to define a variable of this type (see Section
4.2.4.4).

A structure template’s field names define offsets from a logi-
cal address. Any memory location pointed to by a base or
index register becomes an undeclared variable of the struc-
ture type if it is used to reference a field name with the dot
operator (e.g., [EBP).fieldname). o\

Use a DUP clause within any assembler data allocation statement to allocate and
optionally initialize a sequence of storage units of a single variable type (see Section
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4.2.5). DUP defines an array-like variable whose element values are accessed by an
offset from the variable name or from the initially specified storage unit.

4.2.1 Simple Data Allocations
\ Both simple-type variables and the components of compound types are defined by
simple data allocation statements. The general syntax of a simple data allocation
statement is:

Syntax
[name] dtyp init[, . . .]
Where:

name is the name of the variable. Within the module, it must be a unique
identifier.

dtyp is DBIT, DB, DW, DD, DP, DQ, or DT.

init is the initial value to be stored in the allocated space. init can be a
numeric constant (expressed in binary, hexadecimal, decimal, or octal),

P an ASCII string, or (except for BIT-type variables) the question mark

character (?), which specifies storage with undefined value(s). dtyp
restricts the values that may be specified for init.

Record and structure allocation statements define compound-type variables (see Sec-
tions 4.2.4.2 and 4.2.4.4).

4.2.2 Variable Attributes

A defined variable has four attributes:

1. Its segment attribute: the segment in which the variable is defined. The value of a
variable’s segment attribute is the selector for its segment.

2. Its USE attribute: the USE32 or USE16 of the segment in which the variable is
defined. (See Chapter 2 for an explanation of segment USE attributes.)

3. Its offset: the variable’s logical address within its defining segment. This value
f’\ represents the distance in bytes from the base (or start) of the defining segment to
the start of the variable in memory. For USE32 segments, the offset is a 32-bit

value; for USE16 segments, it is a 16-bit value.

Defining and Initializing Data 49



4.2.3

4. TIts type: the size in bytes of the variable. For simple-type variables, the data
initialization directive (DBIT, DB, DW, DD, DP, DQ, or DT) specifies the type.
For compound variables, the type is a programmer-defined record or structure
template name. A variable’s type determines how it can be used in an instruction
and, in some cases, how data will be stored within the variable.

When a variable is defined in a program, the assembler will store its definition,
which includes its attributes. See Chapter 5 for more information about expression
operators that override these attributes and access their values.

Defining and Initializing Variables of a Simple Type

All assembler variable definitions use the DBIT, DB, DW, DD, DQ, DP, or DT
directives. The template components of compound variable types are simple types
defined with these directives.

4.2.3.1 DBIT Directive

Syntax
[name] DBIT init |, . . .]
Where:
name is the name of the variable. Within the module, it must be a unique
identifier.
init is a binary digit (1 or 0) followed by the letter B or b, or a string of up to
32 binary digits followed by the letter B or b.
Discussion

4-10

DBIT reserves storage for and initializes a single-bit variable or a bit string of type
BIT. If init is not specified explicitly, the assembler assigns a C and issues a warning.

DBIT actually reserves an entire byte of storage for a 1-bit variable (unless it is
defined within a structure) because processor addresses fall on byte boundaries.
DBIT fills one or more bytes for an init list with the specified values and zero-pads
such a variable out to the nearest byte boundary. DBIT variables defined one at a time
occupy consecutive bytes in memory.

Within an assembler structure (see Sections 4.2.4.3 and 4.2.4.4), consecutively de-
fined bit variables will be concatenated; they are stored as contiguous bits in memory
and they can cross byte boundaries.
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Examples

1. The DBIT directive initializes a full byte for simple BIT variables, even when
fewer than 8 digits are specified for an initial value.

ONEBIT DBIT 1B 3 initializes a byte to 00000001
f TWOBITS DBIT 10B 5 initializes a byte to 0000001D

2. For each BIT-type variable defined outside a structure, the DBIT directive con-
catenates an init list and pads the value with zeros out to the nearest byte bound-
ary. However, each variable defined with DBIT is allocated storage separately.
BIT1 DBIT 1B~ 0B. 1B~ OB- 1B 5 00010101 is initial value

BIT2 DBIT 1B 5 0000000Y is initial value
BIT3 DBIT 10B 5 00000010 is initial value

3. For BIT-type fields of a structure, the assembler concatenates contiguous bit
fields and pads the value out to the nearest byte boundary. Structure fields of type
BIT can cross byte boundaries.

BITSTRUK STRUC
BIT1 DBIT 1B. 0OB. 1B. 0B~ 1B

BITZ DBIT 1B
BITSTRUK ENDS

BITS BITSTRUK <> 5 00110101 is initial value stored
\ 4.2.3.2 DB Directive
Syntax
[name] DB init[, . . .]
Where:
name is the name of the variable. Within the module, it must be a unique
identifier.
init is a question mark (?), a constant expression, or a string of up to 255
ASCII characters enclosed in single quotes ().
Discussion
DB reserves storage for and optionally initializes a variable of type BYTE. ? reserves
storage with an undefined value.
—_

\ Numeric initial values can be specified in binary, octal, decimal, or hexadecimal (see
Table 4-2). The specified constant or constant expression must evaluate to a number
in the range 0..255 (processor ordinal) or — 128..127 (processor integer).
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The components of character string values must be ASCII characters and the whole
string must be enclosed in single quotes. To include a single quote character within
such a string, specify two single quotes (’ ).

Each ASCII character requires a byte of storage. In BYTE strings, successive charac-
ters occupy successive bytes. The name of the variable represents the logical address
of the first character in such a string.

Examples
1.

This example initializes the variable ABYTE to the constant value 100 (decimal).
It reserves storage for another byte with an undefined value.

ABYTE DB 100

DB 7

This example initializes three successive bytes to the values 4, 10, and 200,
respectively.

BYTES3 DB 4.10.200

This example initializes seven bytes containing the ASCII values of the charac-
ters A, B, C,’, D, E, and F, respectively.
STRGWQUOT DB 'ABC''DEF'

4.2.3.3 DW Directive

Syntax
[name] DW init [, . . .]
Where:
name is the name of the variable. Within the module, it must be a unique
identifier.
init is a question mark (?), a constant expression, the name of a variable or
label defined in a USE16 segment, the name of a segment (USE16 or
USE32), or a string of up to 2 characters enclosed in single quotes ().
Discussion

DW defines storage for and optionally initializes a 16-bit variable of type WORD. ?
reserves storage with an undefined value.

4-12
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Numeric initial values can be specified in binary, octal, decimal, or hexadecimal (see
Table 4-2). The specified constant or constant expression must evaluate to a number
in the range 0..65535 (processor ordinal) or —32768..32767 (processor integer).

A USEI6 variable or label name yields an initial value that is the offset of the variable
or label. It is an error to initialize a WORD variable with the name of a variable or
label that has been defined in a USE32 segment; its offset is too large (32-bits). A
segment name yields an initial value that is the segment selector. A 1- or 2-character
string yields an initial value that is interpreted and stored as a number. The assembler
stores a 2-byte value even if the specified string has only one character:

® It stores the specified initial value in the least significant byte.

® It zeros the remaining byte.

Examples

1. This example tells the assembler to reserve storage for two uninitialized words.
UNINIT DW 2.7

2. This example initializes WORD variables with numeric values.

CONST DWw 5000 5 decimal constant
HEXEXP DW OFFFH -10 5 expression

3. This example initializes VARIOFF to the offset of VARI (both variables are
within a USE16 segment) and CODESEL to the selector of a segment named
CODE.

VARLOFF DU VARL
CODESEL DuW CODE

4. This example initializes NUMB to the ASCII value (interpreted as a number) of
the letters AB.

NUMB DW 'AB' 5 equivalent to NUMB DW 4lu4ZH
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4.2.34

Syntax

DD Directive

[name] DD init [, . . .]

Where:
name is the name of the variable. Within the module, it must be a unique
identifier.
init is a question mark (?), a constant expression, the name of a variable or

label, or a string of up to 4 characters enclosed in single quotes ().

Discussion

4-14

DD defines storage for and optionally initializes a 32-bit variable of type DWORD. ?
reserves storage with an undefined value.

Integer initial values can be specified in binary, octal, decimal, or hexadecimal (see
Table 4-2). The specified constant or constant expression must evaluate to a number
in the range:

—231,.231 -1 (processor integer or floating-point coprocessor short integer)

Or, 0..232—1 (processor ordinal).
Real initial values can be specified in floating-point decimal or in hexadecimal (see
Table 4-2). A decimal constant must evaluate to a real in the ranges:

—3.4E38.. —1.2E-38, 0.0, 1.2E —38..3.4E38

(floating-point coprocessor single precision real).

A constant expressed as a hexadecimal real must be the exact sequence of hex digits
to fill the internal floating-point coprocessor representation of a single precision real
(8 hexadecimal digits or 9 hexadecimal digits, including an initial 0).

A USEI16 variable or label name yields an initial value that fills the dword. Its high-
order word contains the segment selector and its low-order word contains the offset of
the USE16 variable or label.

A USE32 variable or label name yields an initial value that is the offset (from the
segment base) of the variable or label.
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A string (up to four characters) yields an initial value that is interpreted and stored as
a number. The assembler stores a 4-byte value even if the specified string has fewer
than than four characters:

® It stores the specified initial values in the least significant bytes.

® It zeros the remaining bytes.

Examples

1. This example defines two variables, a floating-point coprocessor short integer
and a single precision real.
INTVAR DD 12345k7
REALVAR DD 1.LE25

2. In this example, LAB1 was defined in a USE16 segment and LAB2 was defined
in a USE32 segment.

LABL-ADD DD LABL 5 LABL-ADD contains offset and
5 segment selector of LABl

LAB2-ADD DD LABe 5 LAB2-ADD contains offset of LAB2
3. This example initializes three unnamed dwords. The first contains an undefined

value. The second contains the ASCII numeric value of the letter A. The third
V contains the integer 450 (decimal).

DD 2~ 'A'4 450

4.2.3.5 DP Directive

Syntax
[name] DP init [, . . .]
Where:
name is the name of the variable. Within the module, it must be a unique
identifier.
init is a question mark (?), an integer constant expression, the name of a

variable or label, the name of a segment, or a string of up to 6 charac-
ters enclosed in single quotes ().

f“\ Discussion

DP defines storage for and optionally initializes a 48-bit variable of type PWORD. ?
reserves storage with an undefined value.
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Numeric initial values can be specified in binary, octal, decimal, or hexadecimal. The
specified constant expression must evaluate to an integer in the range:

=247, 247 —1.
Constants used to initialize pwords cannot be expressed as real numbers.

A variable or label name (whatever the USE attribute of its defining segment) yields
an initial value that fills the pword. The pword will contain both the variable’s or
label’s offset and the segment selector (16-bits). The low-order dword stores the
offset.

A segment name yields an initial value that is a logical address consisting of the
segment selector (16-bits) and an offset of zero (32-bits) to the start of the named
segment.

A string (up to six characters) yields an initial value that is interpreted and stored as a
number. The assembler stores a 6-byte value even if the specified string has fewer
than than six characters:

® [t stores the specified initial values in the least significant bytes.

® It zeros the remaining bytes.

Examples

1. This example initializes the low-order byte to the ASCII value (interpreted as a
number) of the digit 1, and the five high-order bytes to zero.

DP ']’ 5 first byte contains 31H
5 remaining bytes contain 00000000

2. This example initializes VARPTR to the segment selector and offset of VAR32.
VARPTR DP VAR3Z
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4.2.3.6 DQ Directive

Syntax

[name] DQ init [, . . .]
Where:
name is the name of the variable. Within the module, it must be a unique
identifier.
init is a question mark (?), a constant expression, or a string of up to eight
characters enclosed in single quotes ().

Discussion

DQ defines storage for and optionally initializes a 64-bit variable of type QWORD. ?
reserves storage with an undefined value.

Integer initial values can be specified in binary, octal, decimal, or hexadecimal (see
Table 4-2). The specified constant expression must evaluate to an integer in the range
—263,.263 — 1 (floating-point coprocessor long integer).

Real initial values can be specified in floating-point decimal or hexadecimal (see
Table 4-2). A decimal constant or expression must evaluate to a real in the ranges:

—1.7E308.. —2.3E-308, 0.0,
2.3E —308..1.7E308 (floating-point coprocessor double precision real).

A real hexadecimal constant must be the exact sequence of hex digits to fill the
internal floating-point coprocessor representation of a double precision real (16 hex-
adecimal digits or 17 hexadecimal digits, including an initial 0).

A string (up to 8 characters) yields an initial value that is interpreted and stored as a
number. The assembler stores an 8-byte value even if the specified string has fewer
than than 8 characters:

® ]t stores the specified initial values in the least significant bytes.

® [t zeros the remaining bytes.
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Examples

1. This example initializes VARG to a floating-point coprocessor double precision
real and VAR?7 to the same value in real hexadecimal notation.
VARE D@ -3.LE-200 3 decimal notation
VAR? D@ 9L8bL0BAB37993DEESR 3 real hexadecimal notation

2. This example allocates 64-bits of storage for UNDEFNUM with an undefined
value.

UNDEFNUM D@ ?
3. This example initializes CHAR’s low-order byte to the ASCII value (interpreted
as a number) of the comma, and its seven high-order bytes to zero.

CHAR D@ "' 5 first byte contains 2CH
5 remaining bytes contain 00000000

4.2.3.7 DT Directive

Syntax
[name] DT init [, . . .]
Where:
name is the name of the variable. Within the module, it must be a unique
identifier.
init is a question mark (?) or a constant expression.
Discussion

DT defines storage for and optionally initializes an 80-bit variable of type TBYTE. ?
reserves storage with an undefined value.
A constant expression must evaluate to an integer or real in the range(s):
—10'8—1..10'8 — 1 (floating-point coprocessor packed decimal integer)
Or, —1.1E4932.. —3.4E—4932, 0.0, 3.4E —4932..1.1E4932

(floating-point coprocessor extended precision real).

Real initial values can be specified in floating-point decimal or in hexadecimal (see
Table 4-2).
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A hexadecimal real constant must be the exact sequence of hex digits to fill the
internal floating-point coprocessor representation of an extended precision real (20
hexadecimal digits or 21 hexadecimal digits, including an initial 0).

Examples

1. This example allocates 80-bits of storage for ATBYTE with an undefined value.
ATBYTE DT ?

2. This example initializes EVARI1 to a floating-point coprocessor extended preci-
sion real and EVAR?2 to the same value in real hexadecimal notation.

EVARL DT 9E-15
EVARZ DT 3FD0OA2212C9L220bC27UR

4.2.4 Defining Compound Types and Their Variables

The RECORD and STRUC directives define the names of compound types, together
with a storage allocation template.

The RECORD directive defines a template that specifies the size and fields for vari-
ables of the record type. Use the record template name in a record allocation state-
ment to allocate storage for and initialize variables of a record type.

An assembler record consists of contiguous fields of bit-coded data. Records can be
defined to format bytes, words, or dwords for bit-packing. A record template can be
from 1 to 4 bytes in size. Each record of the template type has a specific number of
fields, and each field contains a specific number of bits. Information can be stored in
and accessed from these fields.

The STRUC directive defines a template with named and typed fields, optionally with
default data values. Each field is of a simple type (defined with DBIT, DB, DW, DD,
DP, DQ, or DT), but every field in a template may be of a different type.

Use structure templates to group associated data, such as the storage format fields of
floating-point coprocessor real numbers or the fields of a pointer. Use structure tem-
plates to impose structure on memory data that will be accessed by a base or index
register.

Use the structure template name as the type in a structure allocation statement to
allocate storage for and initialize variables of the structure type. ASM386 structures
are allocated memory in the same way bytes, words, and dwords are allocated. Their
fields can be accessed readily using the notation:

Structure-name-.field-name
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The (optional) default values of structure template fields can be:

® Overridden when a structure variable is allocated and initialized (see Section
42.4.4)

®  Accessed (see Chapter 5) or overwritten during program execution (see Chapters ﬂ
6 and 7) ;

4.2.4.1 RECORD Directive

Syntax
name RECORD field: exp [ =init-val] [, . . .]
Where:
name is an identifier that creates a record template type name; name must be
unique within the module.
field is an identifier that defines a bit field within the record type; field must
be unique within the module.
exp is a constant expression that evaluates to the number of bits in the field.
exp must evaluate to an ordinal in the range 1..32. The maximum num- *‘\)
ber of bits in a record is 32, so it is an error if the sum of a record
template’s exps is greater than 32.
init-val  is a constant expression or a character string enclosed in single quotes
).
Discussion

RECORD creates a BYTE-, WORD-, 3-BYTE- or DWORD-sized record template
definition. Record variables can then be allocated and initialized through the use of
the record name in a record allocation statement (see the next section).

Numeric initial values can be specified in binary, octal, decimal, or hexadecimal (see
Table 4-2). The specified constant expression must evaluate to a non-negative integer
value that fits in its field.

A character string has a maximum length of four characters because the maximum
size of a record is 4 bytes and each ASCII character requires a byte of storage. \

The first field specified in the record template occupies the most significant bits when
data is allocated for a record of the (template) type. Record template fields (and their
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default values) are not required to fill to a byte boundary. A record template whose
fields do not occupy a full BYTE, WORD, or DWORD is called a partial record.

The assembler right-justifies fields within a partial record and pads the record (with
zeros) out to the next byte boundary. A record whose fields total 17..23 bits is padded
to 24-bits (3 bytes). Figure 4-1 illustrates an example of a partial record.

Examples

1. This example defines a DWORD-sized record template, even though it specifies
30-bits total for its fields (processor addresses must fall on byte boundaries).

ERRFLAGS RECORD I0:3=0.SYS:3=0.MEM:24='ABC(C'

2. This example defines a record template for floating-point coprocessor single
precision reals (the template matches the floating-point coprocessor storage
format).

SIGNEDNUM RECORD SIGN:1L.EXP:8.FRAC:23

RECORD TEMPLATE:
PARTIAL RECORD A:16.B:9

31 25 24 9 8 0
(ZERO
FILLED) A B
7 bits 16 bits 9 bits

2692

Figure 4-1 Partial Record Definition Template
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4.2.4.2 Record Allocation Statement

Syntax
[name] recnm <[exp] [, . . .]>
Where:
name is an identifier; name must be unique within the module.
recnm is the name of the record template that defines how bit-fields are to be
allocated for the variable of the type. recnm may be followed by a DUP
clause (see Section 4.2.5).
exp is a value that overrides the default field value allocated for the record.
exp must evaluate to a number that will fit in the field specified in the
record template definition) that is to be overridden; it may be a ? (unde-
fined value).
Discussion

This statement allocates data in the form specified by the previously defined record
template. Default field values specified by the RECORD directive can be overridden.
The following rules must be observed for exp:

® To allocate a record without overriding the default values, specify < > (no exp
values).

® Assuming a record with fields <f1,f2,f3,....fn>, specify a comma for each
field with an acceptable default value and specify an overriding exp for each fn to
be overridden.

For example, use the following to override (f3 and f4) or fn, respectively:

< q2845>
<qq1-e012>

After the last field to be overridden, commas need not be specified for remaining
fields. In the first preceding example, commas must be specified only for f1 and
J2 (the f5.. fn default values are acceptable).
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Examples
1.

Use a ? to override a default field value (zero used).

A field defined with a single string of two or more characters can be overridden
only with another string. The overriding string need not be the same length as the
record template’s. If the overriding string is shorter than the original string, the
remaining characters of the default string are used. If the overriding string is
longer but still fits in the field, the overriding string is used. Otherwise, the
assembler generates an error.

This example allocates two record variables of type ERRFLAGS (this record
template is defined in Example 1 of the preceding section). FLAGSI uses the
ERRFLAGS default values without overrides. FLAGS overrides the defaults de-
fined with ERRFLAGS.

FLAGS1 ERRFLAGS<>
FLAGS ERRFLAGS<0.3.0>

This example allocates and initializes two record variables of type SIGNED-
NUM (this record template is defined in Example 2 of the preceding section).
For floating-point numbers, the sign bit is 0 for positive values and 1 for negative
values.

PLUSONE SIGNEDNUM <0.7FH.0>
MINUSLb SIGNEDNUM<1.83H.0>

4.2.4.3 STRUC Directive

Syntax

name STRUC
[field] storalloc

name ENDS

Where:

name is an identifier for the structure template; name must be unique
within the module.

field is an identifier; field must be unique within the module.

storalloc  is a DBIT, DB, DW, DD, DP, DQ, or DT storage allocation state-
ment. The storage allocation statement may contain DUP clauses
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(see Section 4.2.5). storalloc specifies the variable type of the cor-
responding field; it may also specify the default initial value of this
field for all subsequently defined variables of type name.

Discussion

The STRUC..ENDS block defines a template named name. The template name de-
fines a symbol table entry whose size equals the total number of bytes specified
between STRUC and ENDS. Each field name is also defined in the symbol table,
together with its attributes.

A structure field name represents the logical address (an offset) of this field within all
structures of type name. A field has two attributes: offset and type. The offset of a
field is the number of bytes from the start of the structure to the field. The field’s type
depends on the storage allocation (storalloc) statement used in the template.

Structure fields defined as contiguous variables of type BIT are concatenated into one
or more bytes and zero-filled to the nearest byte boundary.

A question mark (?) can be used to allocate storage for non-BIT-type fields with
undefined initial values. If a value is specified in the storage allocation statement, it
becomes the default value for the field. This default can be overridden by the struc-
ture allocation statement described in the next section.

Fields defined with more than one storalloc specification (a list) and fields defined
with DUP (?) have non-overridable default values.

The assembler supports up to 150 structure fields that are defined with uninitialized
values and without nested DUPs (see Section 4.2.5).

Examples
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1. This example defines a structure for procedure parameters that would be allo-
cated on the stack. The EBP register would point to the procedure’s stack frame;
its parameters could be accessed by name using the notation [EBP].field (see
Chapter 5 and the Examples in the next section for more information about the
dot operator).

THIS-PROC-PARAMS STRUC
OLD-EBP DD ?

RETURN DD 2

PARAMY DD 2

PARAMZ2 DU 7.7

PARAM3 DU 7.7
THIS-PROC-PARAMS ENDS
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The symbol THIS_PROC_PARAMS enters the symbol table as a structure 20
bytes in length. The five symbols OLD_EBP, RETURN, PARAM1, PARAM2,
and PARAM3 are defined as structure fields. OLD_EBP has type DWORD and
an offset of 0 within the structure; RETURN has type DWORD and an offset of
4. PARAMI1 has type DWORD and an offset of 8, PARAM2 has type WORD and
an offset of 12, and PARAM3 has type WORD and an offset of 16 within the
structure.

This example defines a 6-byte structure template for type POINTER.

POINTER STRUC
OFFST DD 7

SEGSEL DU ?
POINTER ENDS

This example defines a 16-byte structure template that represents a point on a
plane expressed in polar coordinates.
POLARPOINT STRUC
RADIUS D@ O
ANGLE D@ O
POLARPOINT ENDS

4.2.4.4 Structure Allocation Statement

[name] strucnm <[exp] [, . . .]>

Where:

name is an identifier that defines the logical address for a variable. The
segment part of its logical address is the current segment and its
offset is the current location counter (see Section 4.3.2); the binder
can relocate the offset. name must be unique within the module.

struecnm  is the name of a previously defined structure template. strucnm is the
variable’s type; it specifies the variable’s fields, their types, and a
variable storage size equal to the number of bytes allocated by the
template. strucnm may be followed by a DUP clause (see Section
4.2.5).

exp is a value that overrides the default field value given in the template
definition. exp is a question mark (?) (except for fields of type BIT),
a constant expression, or a string enclosed in single quotes (). If it is
not a ?, its value must fit in the type specified for the corresponding
structure template field.
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Discussion

Examples
1.
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This statement allocates storage based on a structure template (see the preceding
section). The amount of storage allocated will be the number of bytes defined in the
template (multiplied by any DUP clauses).

Field values defined in the structure template are defaults. They may be overridden in
the storage allocation statement with certain restrictions. The following rules must be
observed for exp:

To allocate a structure without overriding the default values, specify <> (no
exp values).

The default value specified in the structure template definition must be a ? (non-
BIT fields only), a constant expression, or a character string used as a default
value for a byte (DB) field. The overriding value must fit within the field.

Template fields defined with more than one storalloc specification (a list) and
template fields defined with DUP (?) may not be overridden.

Assuming a structure with fields <f1,f2,f3, . . . ,fn>, specify a comma for
each field with an acceptable default value and specify an overriding exp for each
Jfm to be overridden.

For example, use the following to override (f3 and f4) or fn, respectively:

<q11245>
€qv1:e.q8>

After the last field to be overridden, commas need not be specified for remaining
fields. In the first preceding example, commas must be specified only for f1 and
J2 (the f5.. fn default values are acceptable).

A DB field initialized with a single string of two or more characters can be
overridden only with another string. The overriding string need not be the same
length as the template’s. If the overriding string is shorter than the original string,
the remaining characters of the original string are used. If the overriding string is
longer but still fits in the field, the overriding string is used. Otherwise, the
assembler generates an error.

This example allocates storage for a structure of type THIS_PROC_PARAMS
(this structure template is defined in Example 1 of the preceding section).

APROC THIS-PROC-PARAMS <>
To access a field of APROC, use the dot operator (e.g., APROC.PARAMI).
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However, a structure field is not irrevocably tied to the structure in which it is
defined. [EBP].PARAM2 could be used in any context where you wanted a
BYTE variable that was offset by 4 bytes from the EBP base. It is not necessary
(and the assembler does not check) that the surrounding data pointed to by EBP
follows the template format defined for THIS_PROC_PARAMS. Assuming
that EBP has already been set to point to the beginning of this structure,
APROC parameters can be accessed as [EBP].PARAMI1, [EBP].PARAM2,
and [EBP].PARAM3.

This example allocates storage for and initializes a structure of type POLAR-
POINT (this structure template is defined in Example 3 of the preceding sec-
tion). This structure is initialized with radius 2.0 and angle 3.1416, overriding
the template’s specification (uninitialized storage for the field values).

VALUEL POLARPOINT<2.0.3.141bk>

To perform any calculations using VALUEI, refer to the fields of this structure
as VALUE1.RADIUS and VALUE1.ANGLE in the instruction.

This example allocates storage for an array of 20 structures of type POLAR-
POINT, each initialized with the same two data values.

POLPT-ARRL POLARPOINT 20 DUP (<2.0.3-141bk>)

This example defines a structure template with overridable fields, and allocates
storage for a variable that overrides the default STRUC values.

OVERRIDABLE STRUC

ASTRING DB 'ABCDEFG'
DONTCARE DW ?
AREAL DD 3.14159

OVERRIDABLE ENDS
VARO OVERRIDABLE <'HIJ'.1.1E-23>

This example defines a structure template with fields that may not be overridden
(see the Discussion section).

NONOVERRIDE STRUC
ALIST DB 1l.2.3 cannot override list

of default values

cannot override defaults

specified with DUP

ADUP DW 10 DUP (?)

4% g% ae e

NONOVERRIDE ENDS
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6. These equations illustrate results when multiple dot operators are used in an
expression. Given the following structure template definitions and address ex-
pression using the dot operator:

F0O STRUC

FE DB O 5 offset from FO0O
FI DU O 5 offset = 1

FOO ENDS

BAA STRUC

FO DB O 5 offset from BAA
FUM DD O 5 offset = 1

BAA ENDS

[EBP].FE.FI.FO.FUM =
[EBP] + 0 + 1 + D + 1 = [EBP] + @2

"
o

"
o

The result’s type is the same as the rightmost field specification, DWORD
(=FUM’s in this example). However, the result’s type can be overridden with
the PTR operator (see Chapter 5), as follows:

WORD PTR [EBP].FE.FI.FO.FUM

The PTR expression has the same value as [EBP].FE.FI.FO.FUM, but type
WORD.

4.2.5 DUP Clause

4-28

A DUP clause reserves storage for a sequence of variables of a single type. Use DUP
with any DBIT, DB, DW, DD, DP, DQ, or DT storage allocation statement to define
an array-like variable. Such a variable’s elements can be accessed as multiples of a
constant offset from the initial element; the constant value equals the size of the
element type. Use DUP with any record or structure allocation statement to allocate
contiguous storage for an array-like variable whose elements are records or
structures.
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Syntax

rep-val DUP (val[, . . .])

P Where:

rep-val  specifies the number of storage units to be allocated. A storage unit is
one of the following: BIT, BYTE, WORD, DWORD, PWORD,
QWORD, TBYTE, or previously specified (named) record or struc-
ture template.

val is any initialization expression (init or exp) that is valid for the speci-
fied storage unit, or it is another DUP clause.

Discussion

DUP allocates storage for and optionally initializes an array-like variable with ele-
ments of a single type. DUP is an optional part of any storage allocation statement,
including a record or structure allocation statement. For a variable allocated with
DBIT, DB, DW, DD, DP, DQ, or DT, specify a DUP clause as follows:

[name] dtyp rep-val DUP (init[, . . .])
For a variable allocated with a record or structure template name, specify a DUP
clause as follows:

[name] recnm rep-val DUP (<[exp] [, . . .]>)

or

[name] strucnm rep-val DUP (<[exp] [, . . .]>)

For non-BIT-type variables, DUP can be used to reserve storage space without pro-
ducing a data initialization record in the object module. The syntax
rep-val DUP (?)

reserves storage space with undefined values. The amount of reserved space depends
on the rep-val specified and the storage allocation size specified by the directive or
template that precedes DUP.

/ The assembler allows DUP clauses to be nested up to the limit of the symbol table

memory space for simple types. For structure types, this limit is less than 150. The
assembler fills DUP (?) specifications within a structure with zeros.
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Examples
1.

The assembler fills any other DUP(?) storage allocations with zeros when an initiali-
zation value is specified in the storage allocation statement. Specify ? for every ini-
tialization value when you want totally undefined storage in the object file. However,
variables defined with DBIT may not be initialized with the question mark.

These examples use DUP to initialize bit patterns.

THE-BITS DBIT 2 DUP (10b) initializes 2 bytes
at THE-BITS to
00000010

00000010

initializes 4 bytes
at BIG-BITS to
00011011

00011011

00011011

00011011

a° ae as ae

BIG-BITS DBIT 4 DUP (11011B)

4% ge e ae e g

This example initializes 50 bytes; each group of five bytes contains the value
48454C4C4FH.

BYTESL DB 10 DUP ('HELLO")

This example initializes 400 bytes.
ADDEXPS DW 100 DUP (1-0FFFFH-15.101010108B)

These examples initialize 420 bytes and reserve 40 bytes of uninitialized storage.
MANYDUPED DB 3 DUP(4DUP(5DUP(L- b DUP (0))))
NOINIT DD 10 DUP (?)

This example allocates contiguous storage for an array of 20 structures of type
POLARPOINT (this structure template is defined in Example 3 of Section
4.2.4.3). Each structure is initialized with the same two data values.

POLPT-ARRL POLARPOINT 20 DUP (<2.0+3.141bk>)

4.3 Labels

A label is a name that defines a logical address within an assembler program:

4-30

The location counter is a predefined label that keeps track of the current offset
within a segment being assembled (see Section 4.3.2). The ORG, EVEN, and
ALIGN directives control the location counter (see Sections 4.3.2.1, 4.3.2.2,
and 4.3.2.3).
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The LABEL directive creates a name for the current location of assembly in code
or data segments (see Section 4.3.3).

A labeled instruction in the code segment might be the target of a JMP or condi-
tional jump instruction. If both the jump and labelled instructions are in the same
segment, the (NEAR) label can be a name followed by a colon (:) that immedi-
ately precedes the target (see Section 4.3.4). The LABEL directive must be used
to define a FAR label (the labeled target instruction is not known to be in the
same segment as the jump instruction). The LABEL directive may also be used
to define a NEAR label.

A labeled sequence of instruction(s) in the code segment might be the target of a
CALL instruction. The PROC directive defines a NEAR or FAR label for such
an instruction sequence (see Section 4.3.5). The target sequence is usually inter-
preted as a subroutine or procedure.

Labels in code segments can be operands of the CALL, JMP, and conditional jump
instructions (see Chapter 6).

4.3.1 Label Attributes

A label has four attributes:

1.
2.

The segment in which it was defined

The USE attribute (USE32 or USE16) of the segment in which it was defined:
this determines the size of the label’s logical address.

The label’s offset: this is the label’s distance from the base of its defining seg-
ment. Offset is a 32-bit value for labels in USE32 segments and a 16-bit value for
labels in USE16 segments.

The label’s type: for labels in a data segment, this is the type of the target loca-
tion (a variable or defined storage location). For labels that target code, the type
indicates the kind of jump or CALL that will be made to the location it repre-
sents. These two types are as follows:

® Type NEAR represents a label that can be accessed by a jump or call that lies
within the same physical segment. This kind of access is called an intraseg-
ment jump or call. The logical address defined by a NEAR label is a simple
offset within the same segment.
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® Type FAR represents a label that can be accessed from another segment. This
kind of access is called an intersegment jump or call. Because control is
transferred from one segment to another, the contents of the CS register must
be changed when the jump or call occurs. The logical address defined by a
FAR label is a 16-bit segment selector with 32-bit offset. The JMP, condi-
tional jump, or CALL instruction will load this address into CS:EIP when it
executes.

4.3.2 The Location Counter

The location counter is a predefined label represented by the symbol $. The value of
the location counter is the current offset within the segment being assembled. The
location counter has the following attribute values:

® Segment — current segment
® Offset — current offset

® USE — current segment’s

® Type — NEAR

The $ may be used as an operand of instructions or expressions. The assembler will
maintain the correct offset within a segment even if the segment is repeatedly opened
and closed in the module with SEGMENT..ENDS pairs (see Chapter 2).

Three directives control the location counter
1. ORG sets the counter to a specified value.
2. EVEN sets the location counter to the next dword or word.

3. ALIGN sets the location counter to the next value that is evenly divisible by the
specified number.

4.3.2.1 ORG Directive

Syntax
ORG exp
Where:
exp is a constant expression or a label that is evaluated to a number in the
range of 0 to 232 — 1 (4 gigabytes) in USE32 segments or in the range of
0 to 65536 in USE16 segments.
4-32
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Discussion

Use the ORG directive to control the location counter value. An ORG expression
locates code or data at a specified offset within the current segment.

Examples

These examples use the value of the current location counter as an operand. The first
example sets the location counter to a value 1000 bytes beyond the current location.
The second example overwrites the just assembled 1000 bytes.

ORG OFFSET(s + 1000)

ORG OFFSET($ - 1000)
4.3.2.2 EVEN Directive

Syntax

EVEN

Discussion

The EVEN directive ensures that the location counter is a dword or word boundary
for subsequent code or data.

The assembler inserts (if necessary) up to three NOPs (90H) following EVEN to
align subsequent code to the nearest dword (for USE32 segments) or word (for
USE16 segments). In the data segment, the EVEN directive pads with zeroes to align
subsequent data to the nearest dword (for USE32 segments) or word (for USE16
segments).
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4.3.2.3 ALIGN Directive

Syntax
ALIGN [exp]
Where:
exp is any nonrelocatable constant expression that evaluates in the range 1 to
256. The ALIGN directive aligns subsequent code or data on an offset
that is evenly divisible by the specified number of bytes.
Discussion

The ALIGN directive sets the location counter to the specified boundary for the
subsequent alignment of code or data.

The assembler inserts NOP instructions (90H) if necessary to align subsequent code
to the specified boundary. When used in a data segment, the assembler pads to the
specified boundary with zeroes.

If exp is omitted, the default is 4-byte, or DWORD, alignment.

For example, the following directive causes paragraph (16-byte) alignment:
ALIGN 1b

As another example, the following directive causes page (256-byte) alignment:
ALIGN 25k

4.3.3 LABEL Directive

Syntax
name LABEL type

Where:
name s an identifier; name must be unique within the module.
type is NEAR or FAR, a variable type (BIT, BYTE, WORD, DWORD,
PWORD, QWORD, or TBYTE), a label name, a record template name,

or structure template name. Label, record, and structure names cannot
be forward references.
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Discussion

LABEL creates a name for the current location of assembly, whether data or code.
Use LABEL to define a variable or a label that has the following attributes:

("‘ .

The segment that is currently being assembled
The current offset within that segment
The USE attribute of the current segment

The specified type

Labels of type FAR must be defined with the LABEL directive. NEAR labels need
not be defined with LABEL but they can be. NEAR- and FAR-type labels may not be
overridden (see Chapter 5 for more information about attribute override operators).

It is possible use LABEL to alias a FAR label to a NEAR label. However, aliased
labels of opposite types can be used only as JMP or conditional jump operands. It is
an error to CALL the same procedure twice with aliased NEAR and FAR labels if a
return from the procedure is expected. The RET instruction coded within a procedure
is either near or far; it cannot be both.

P‘

[\

Examples
1.

This example allows two consecutive bytes to be accessed both as a WORD and
as two different BYTES.
AWORD LABEL WORD

LOWBYTE DB O
HIGHBYTE DB O

This example sets up three ways of accessing the same data location.
BIT_ARRAY. TBYTE_ARRAY, and WORD_ARRAY all refer to the same data
locations as BYTE_ARRAY; they provide alternate forms of addressing it.
BYTE-RECORD RECORD B7?:1.Bk:1+B5:1.B4:1-

& B3:1.B2:1.B1:1.B0:}

BIT-ARRAY LABEL BYTE-RECORD
TBYTE-ARRAY LABEL TBYTE
WORD-ARRAY LABEL WORD

BYTE-ARRAY DB 100 DUP (O)
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3. This example shows both NEAR and FAR labels at the same code location. Even
though there is a CALL at this location, this example will not cause an error. The
ABORT_MESSAGE routine does not return to the location that jumped to
ABORT_FAR or ABORT_NEAR.

ABORT-FAR LABEL FAR
ABORT-NEAR:

CALL ABORT-MESSAGE

JMP EXIT 5 do not RET to caller

4.3.4 Defining Implicit NEAR Labels

Syntax
Ibiname:[instruct]
Where:
Iblname is an identifier; lblname must be unique within the module.
instruct  is an instruction.
Discussion )

A label within the same segment is merely a name followed by a colon ( : ). Such a
label has the following attributes:

® The current segment being assembled
® The label’s offset (the current value of the location counter)
® The current segment’s USE attribute

® The default label type, NEAR

If no target instruction is specified, a jump to the label causes the instruction follow-
ing the label to be executed. This form of label is equivalent to the following:

Iblname LABEL NEAR

Example ‘
ALAB: MOV EAX. COUNT
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4.3.5 PROC Directive

Syntax

name PROC [type] [WC(exp) ]
name ENDP
Where:
name is an identifier; name must be unique within the module.
type is NEAR or FAR. NEAR is the default.
exp is the number of dwords (USE32 segment) or words (USE16 segment)
of parameters to be transferred to the more privileged stack during an
interlevel call. exp must evaluate to an integer in the range 0..31.

Discussion

PROC defines a label for a sequence of instructions that are interpreted as a subrou-
tine or procedure of type NEAR (called from within the same segment) or FAR
(called from another segment).

The type specified with PROC tells the assembler whether to generate a near or far
RET instruction for the procedure operand. A RET (return) instruction coded be-
tween PROC..ENDP has the same type (near or far) as its enclosing routine. It is an
error if paired CALL-RET instructions have mismatched near/far attributes.

If PROCLEN is specified between PROC..ENDBP, it returns OFFH if the procedure is
of type FAR. PROCLEN returns O for all other cases (see Chapter 9 for more infor-
mation about PROCLEN).

The assembler allows procedures to be nested. However, nested procedures do not
behave like nested procedures in some high-level languages:

® The assembler does not have scope rules for programmer-defined names. Every
variable and label in a module must have a unique identifier.

® The assembler is not a block-structured language. A nested procedure is coded
within the instruction sequence of another routine. Unless the containing routine
jumps around the nested procedure, the nested procedure will execute when its
containing routine executes. Furthermore, a nested procedure may cause some
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of the containing routine’s code to be skipped because a RET from the nested
procedure also causes a return from its containing routine (see Example 3).

Examples

1. The assembler has both near and far CALL and RET instructions. Whether a )
CALL is near or far depends on the type of its procedure operand. The following
is an example of a NEAR procedure with its appropriate call.

LOCALCODE SEGMENT ER PUBLIC
ANEARPROC PROC NEAR
: : 5 some code

RET 3 near return
ANEARPROC ENDP

CALL ANEARPROC 5 near call
o 5 (intrasegment)
LOCALCODE ENDS

2. This example shows a FAR procedure and its call.

GLOBALCODE SEGMENT ER
AFARPROC PROC FAR
: : 5 some code

RET 5 far return —
AFARPROC ENDP
GLOBALCODE ENDS

SPECSEG SEGMENT ER
CALL AFARPROC » far CALL

N 5 (intersegment)
SPECSEG ENDS
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3. When one procedure is defined within another, execution can fall into the nested
procedure.

Pl PROC NEAR

- MOV AX.15 5 execution begun here will
{ continue
ADD DX AX 5 through to the second MOV
AX.0
P2 PROC NEAR
MOV AX.D
CMP AX-COUNT
JE LAB
DEC COUNT

LAB:
MOV AX.0
RET 3 exit Pl and P2 here
P2 ENDP 5 remaining statements
CMP DX.10 5 will never be executed
JE LAB
RET
P1 ENDP

/" 4.4 Using Symbolic Data

Assembler label and variable names are symbolic data. All programmer-defined
identifiers referenced in assembler programs are symbolic data. Assembler keywords
and reserved words are symbols, as well (see Appendix C).

Both labels and variables define logical addresses that represent values. A label
identifier’s value is the logical address it defines. A variable identifier’s value is the
contents of the logical address it defines.

The EQU directive assigns new names to symbols. The PURGE directive directs the

assembler to omit object file information about particular EQUated symbols and
programmer-defined symbols.
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4.4.1 EQU Directive

Syntax
name EQU value
Where:
name is an identifier; name must be unique within the module.
value is a variable or label name, a constant or register expression, a proces-
sor register, a floating-point stack element (see Chapter 7), a mne-
monic (see Chapters 6 and 7) or instruction prefix (see Chapter 6), a
codemacro call or prefix (see Chapter 9), or the operators NOT, AND,
OR, XOR, SHL, or SHR. value can be any address expression (see
Chapter 5).
Discussion

4-40

EQU assigns a value to an identifier. In effect, EQU creates either:

®  Analias for a symbol’s value

®  An identifier for an assembly-time constant or run-time expression value.

If the assigned value is a variable or label name, it can be forward referenced. The

EQU directive defines another pointer to such a variable or label. However, the as-
signed value may not be an expression that contains a forward reference.

A global integer constant can be created by specifying the EQUated name in a
PUBLIC statement (see Chapter 3). The value of such a global constant must be in
the range:

e 231 (23'—1) in USE32 segments
® —32,768..32,767 in USE16 segments

The precision of an EQUated real expressed in decimal notation is determined in
context. The name equated to these values can initialize data of more than one type.
Floating-point numbers expressed in hexadecimal real notation also may be used as
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EQU values. However, the names equated to these values can only be used to initial-
ize data of a single type (see the DD, DQ, and DT directives for details).

Register expression values can include a segment override.

r Examples
1.

This example makes a forward reference to a value represented by the label
ALAB.

ALABEL EQU ALAB
ALAB:MOV EAX.O

This example defines aliases for processor registers.

COUNT EQU ECX

PNTR EQU EBX

MOV COUNT.10 s ECX
MOV PNTR.OFFSET ARRAY 3 EBX

10
of fset of array

This example defines aliases for the MOV and INC instructions.

DATAMOVE EQU MOV
INCREMENT EQU INC
DATAMOVE EAX.EBX
INCREMENT EAX

These examples illustrate integer and floating-point constant value specifica-
tions. A floating-point constant specified in decimal can initialize data of more
than one type; the precision of such values is determined in context. A floating-
point constant specified in hexadecimal real can initialize a single type of data
(DWORD, QWORD, or, as here, TBYTE).

TOTAL EQU b

PI EQU 3.141592k53589793

DD PI 5 single precision

D@ PI 5 double precision

DEG-TO-RAD EQU 3FF9BEFA351L294E9CBAER s PI 7/ 180
DT DEG-TO-RAD 3 extended precision

This example illustrates assembly-time initializations.

El EQU 2 + 3
E2 EQU EL AND Y4
E3 EQU (El-E2) / 12

This example uses EQU to define variables to be accessed on the stack.

STKWRD EQU WORD PTR [EBP+2]
ONEVAR EQU SS:[EBX+3]
TWOVAR EQU SS:[EBX]
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4.4.2 PURGE Directive

Syntax
PURGE name |, . . .]
Where:
name is a symbolic data identifier.
Discussion

Examples
1.

PURGE deletes the definition of one or more specified symbols. Labels, variables,
and keyword or register aliases defined with EQU can be purged.

The following kinds of symbols cannot be purged:

Names declared PUBLIC (see Chapter 3)
Register names

Assembler reserved words (see Appendix C)

A purged symbol remains undefined unless it is redefined. A reference to a symbol
after it has been purged but before it is redefined constitutes a forward reference to
the redefinition. If no redefinition occurs, such a reference is an error.

A PURGE coded just before the program END statement causes the assembler to
delete object file symbol information about purged symbols.

This example deletes aliases (defined with EQU) for an assembler instruction
and a processor register.

DATAMOVE EQU MOV

COUNT EQU ECX

PURGE DATAMOVE. COUNT

For the variable and label specified in this example, the assembler will omit
symbol information from the object file for the module.

PURGE ALABEL. VAR]
END 5 module

Defining and Initializing Data
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This chapter contains four major sections:

1. Overview of assembler expressions. This section introduces constant and ad-
dress expressions.

2. Operators. This section explains the assembler isolation, multiplication and divi-
sion, shift, addition and subtraction, relational, logical, attribute value, attribute
override, and record specific operators.

3. Instruction Operands. This section summarizes the operands to assembler in-
structions. See Chapter 6 for the processor instructions and Chapter 7 for the
floating-point instructions.

4. Memory Addressing Methods. This section explains the forms of assembler ad-
dress expressions in detail.

“~ 5.1 Overview of Assembler Expressions

Expressions contain operands and operators. An assembler expression specifies
either:

® A value that initializes data. Such a value must be a constant expression, an
external constant (see Section 5.1.1), or a relocatable address expression (see
Section 5.1.2.5).

®  Or, an address in memory that may be an instruction operand. This is sometimes
called an address expression.

Constant expressions specify values that are known at assembly time. Address ex-
pressions specify values that might not be known at assembly time; they represent an
address that will be accessed during program execution on the processor. The con-
tents at such an address might be modified during program execution.

For an assembler instruction to operate on data, the data must be accessible as an

_— instruction operand. Some instructions have implicit operands such as registers.
However, most instructions require explicit operand(s). An instruction operand can
be expressed as a register, a constant, a location in memory, or as a combination of
these components.



5.1.1

5.1.2

Some operands can be specified as expressions consisting of a series of variable
names, base and index registers, and constants combined by operators. For example,
the contents of a register and a constant could be added with the addition operator.

There are many assembler operators that can be used to create expressions. These
operators are explained in Section 5.2 of this chapter.

Constant Expressions

Constants (see Table 4-2) can be used as expression operands with most assembler
operators (see Table 5-1). The storage allocation directives (described in Chapter 4)
initialize data values using constant expressions. Constant expressions yield a value
that is known at assembly time.

However, a symbolic constant defined in another module has an unknown value at
assembly time. When modules are combined, such a constant’s value (see the
PUBLIC directive in Chapter 3) replaces each external reference to the constant. For
example:

EXTRN ANUMBER:ABS

DATA SEGMENT

AWORD DW ANUMBER 5 AWORD gets value of ANUMBER

3 when modules combined
DATA ENDS

External symbolic constants do not form constant expressions.

Address Expressions

An address expression defines a location in memory. This location can be interpreted
as either a variable or label, depending on the expression used. Every address expres-
sion has a simple type (BIT, BYTE, WORD, DWORD, PWORD, QWORD, TBYTE,
NEAR, or FAR). The rules for address expression formation preclude mixing varia-
ble or label types unless the PTR operator coerces uniformity of type. See Section
5.2.9.2 for more information about PTR.
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5.1.2.1 Variable and Label Names as Address Expressions

The simplest address expression is the name of a variable or label. In this case, the
name implies addressing using the variable’s or label’s offset from its defining seg-
ment’s base address. This address is relocatable (see Section 5.1.2.5).

For example:
ADD DX COUNT 5 COUNT is a simple address expression

ADD DX.COUNT + 2 3 In this case. address expression has
5 the same segment and type as COUNT
5 but has an offset that is 2 greater

5.1.2.2 Register Expressions

A register expression is an address expression that uses a base and/or an index regis-
ter. Possible forms are:

[base-reg] or [index-reg * scale]

[base-reg + index-reg * scale]

[base-reg + disp] or [index-reg * scale + disp]
[base-reg + index-reg * scale + disp]

Where:

base-reg  is any 32-bit general register (EAX, ECX, EDX, EBX, ESP, EBP,
ESI, EDI) for 32-bit addressing, and is BX or BP for 16-bit
addressing.

index-reg  is any 32-bit general register except ESP for 32-bit addressing, and
is SI or DI for 16-bit addressing.

scale is (an optional) constant or constant expression that evaluates to 1,
2, 4, or 8 for 32-bit addressing. It is invalid for 16-bit addressing.

disp is an 8- or 32-bit displacement for 32-bit addressing, and is an 8- or
16-bit displacement for 16-bit addressing.

At assembly time, a simple register expression operand is called an anonymous refer-
ence. The data addressed by a named register has no explicit type (BIT, BYTE,
WORD, DWORD, PWORD, QWORD, TBYTE, or record/structure template name).

For a two-operand instruction with one register operand, the assembler determines
the type of an anonymous reference from the size of the register. For example:

MOV CX.[BX] 5 move WORD data pointed to by BX into CX
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For all other kinds of anonymous references, the PTR operator (see Section 5.2.9.2)
must be used to specify a type. For example:

MOV WORD PTR [DI].5 5 assign 2 bytes
INC BYTE PTR [BX]+2 3 increments 1 byte

5.1.2.3 Combining Simple Address and Register Expressions

Register expressions can be combined with simple address expressions to form a
more complex address. The form is:

varname [reg-exp}

Where:
varname  is the name of a variable.
reg-exp  is a register expression (see the preceding section) enclosed in

brackets.

The register expression implies that the address of the operand will be computed
from the run-time contents of the register. For example:

COUNTIEBX] 5 simple base
COUNTIEBX] + 2 5 base plus displacement
COUNTIEBX] + [ESI] 5 base plus index

For the preceding examples, the offset of the variable COUNT will be added to the
contents of the register(s) in the register expression (see Section 5.2.5 for more
information about implicit bracket addition).

For more information about processor registers and memory addresses, see Appen-
dix A.

5.1.2.4 Structure Fields in Address Expressions

54

Another form of address expression uses a structure field name as a displacement
added to a structure’s offset within its segment.

For a variable of a structure type, a field name represents an offset within the struc-
ture. The field name can be combined with a named variable of the same type as the
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field or with a register expression to form an address expression. Such an address
expression has the following attributes:

® Its segment: this is the same as the variable’s, or it is the processor default for the
register.

® Its offset: this is the offset of the variable or register expression plus the offset of
the field within the structure.

® Its type: this is the type defined in the structure template for the field. If more
than one structure field is specified, the rightmost field determines the address
expression’s type.

For example, consider the following structure definition and instruction results:
ASTRUC STRUCTURE

ABYTE DB O 5 offset = 0

AWORD DW O 5 offset = 1

BYTEZ2 DB O 5 offset = 3

ASTRUC ENDS

ANARRAY DB l.2.3.4 5 ANARRAY.AWORD has type WORD
MOV AL-ANARRAY.BYTE2 3 AL := 4

MOV CX~-ANARRAY.AWORD CX := 0302H

MOV BX.OFFSET ANARRAY
MOV AL.[BX].ABYTE

BX holds offset
AL := 1 [BX]-ABYTE has type BYTE

40 e g o

5.1.2.5 Relocatable Expressions

Address expressions involving named variables, labels, and segments can have results
that might not be known until all program modules have been assembled, combined,
and located. Such expressions are called relocatable. The system utilities assign val-
ues to such address expressions.

The assembler automatically generates relocatable addresses for valid symbolic
references in code segments. See the ASSUME directive in Chapter 2 for more infor-
mation about relocatable and non-relocatable address generation.
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5-6

The assembler also generates various kinds of relocatable addresses for symbolic
references in data segments:

1.

A segment name in an address expression represents the logical address of its
selector. A segment name that is referenced in another data segment forms a base
relocatable address. For example, DATAL is base relocatable in the following:

DATAL SEGMENT

DATAL ENDS
DATA2 SEGMENT
SEGBASE DW DATAL 5 SEGBASE contains base
5 relocatable address of DATAl

DATA2 ENDS

A variable or label name in a data segment address expression forms an offset
relocatable address under either of the following conditions:

® The variable or label is defined in a USE32 segment and its name is used to
initialize a variable of type DWORD.

® The variable or label is defined in a USE16 segment and its name is used to
initialize a variable of type WORD.

For example, ABYTE + 2 forms an offset relocatable address in the following:

DATA SEGMENT USE32
ABYTE DB O
AN-OFFSET DD ABYTE + 2 3 AN-OFFSET contains offset

5 relocatable address of
DATA ENDS 5 ABYTE + 2

A variable or label name in a data segment address expression forms a pointer
relocatable address under either of the following conditions:

® The variable or label is defined in a USE32 or USE16 segment and its name
is used to initialize a variable of type PWORD.

® The variable or label is defined in a USE16 segment and its name is used to
initialize a variable of type DWORD.

For example, ABYTE forms a pointer relocatable address in the following:
DATA SEGMENT USE32

ABYTE DB O
A-POINTER DP ABYTE 5 A-POINTER contains pointer

5 relocatable address of ABYTE
DATA ENDS
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Expressions with external constant operands also have results that are unknown at
assembly time; the value of an EXTRN:ABS constant is supplied when modules are
combined (see Section 5.1.1). Any address expression with symbolic operands might
have results that cannot be determined until the program is located. The system utili-
- ties must supply these values.

For these reasons, there are restrictions on the use of relocatable expressions with
some operators. These restrictions are noted in the operator descriptions in the fol-

lowing sections.

5.2 Operators

Table 5-1 summarizes the assembler operators. These operators are explained in de-
tail later in this section.

Table 5-1 Assembler Operators

Operator

Description

HIGHW
Loww

- HIGH
{ LOW

Isolation Operators (1 Operand)

Returns high-order word of dword operand
Returns low-order word of dword operand
Returns high-order byte of word operand
Returns low-order byte of word operand

MOD

Multiplication and Division (2 Operands)

Multiplies one operand by another
Divides one operand by another
Takes the modulus

SHR
SHL

Shift Operators (1 Operand)

Shift operand bits right
Shift operand bits left

| +

Addition and Subtraction (2 Operands)

Adds operands
Subtracts one operand from another
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Table 5-1 Assembler Operators (continued)

Operator Description
Relational Operators (2 Operands)
EQ If operands equal, returns —1; otherwise, 0
NE If operands not equal, returns — 1; otherwise, 0
LT If 1st operand < 2nd, returns — 1; otherwise, 0
LE If 1st operand < = 2nd, returns —1; otherwise, 0
GT If 1st operand > 2nd, returns — 1; otherwise, 0
GE If 1st operand > = 2nd, returns — 1; otherwise, 0
Logical Operators (2 Operands, except NOT)
OR If either operand’s bit = 1, result bit = 1; otherwise, 0
XOR If operands’ bits different, result bit = 1; otherwise, 0
AND If both operands’ bits = 1, result bit = 1; otherwise, 0
NOT If operand bit = 1, result bit = 0, and vice versa
Attribute Value Operators (1 Operand)
THIS Defines variable or label at current assembly location
SEG Returns segment selector of specified variable or label
OFFSET Returns offset of variable or label
BITOFFSET Returns bit offset of bit variable
LENGTH Returns number of storage units allocated for variable
TYPE Returns encoded value for variable or label type
SIZE Returns number of bytes allocated for variable
STACKSTART Returns offset of first (d)word above stack segment
Attribute Override Operators (1 Operand)
Sreg: Overrides default segment attribute of a variable or label
PTR Overrides variable’s or label’s type
SHORT Specifies that forward-referenced label is within 127 bytes of
the end of a jump instruction
Record Specific Operators (1 Operand)
MASK Masks specified field with 1’s
ShiftCount | Shifts bits in record by size of specified field
WIDTH Returns number of bits in record or field
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5.2.1 Operator Precedence
Table 5-2 lists classes of assembler operators in decreasing order of precedence.

Table 5-2 Assembler Operator Precedence

Highest Precedence

1. Parenthesized expressions, angle-bracket (record) expressions, square-
bracket expressions, the structure ‘“dot” operator, and the operators
LENGTH, SIZE, WIDTH, MASK, and STACKSTART

2. PTR, OFFSET, BITOFFSET, SEG, TYPE, THIS, and the segment override
(CS:, DS, ES;, FS:, GS:, or SS:)

3. HIGHW, LOWW, HIGH, and LOW

4. Multiplication, division, and shifts: *, /, MOD, SHR, SHL
5. Addition and subtraction: +, —

a. unary

b. binary

Relational: EQ, NE, LT, LE, GT, GE

Logical NOT

Logical AND

Logical OR and XOR

10. SHORT

©® N

Lowest Precedence

Assembler expressions are evaluated from left to right following these precedence
rules. If two operators with equal precedence are adjacent, the leftmost operator has
precedence. Override this order of evaluation and/or operator precedence by using
parentheses.
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5.2.2 Isolation Operators

Syntax

HIGHW number32
LOWW number32
HIGH number16
LOW number16

Where:

number32 is a constant expression that evaluates to a 32-bit number.

number16 is a constant expression that evaluates to a 16-bit number.

Discussion

Examples
1.

5-10

The HIGHW and LOWW operators return the high and low WORDs, respectively, of
the 32-bit operand. '

The HIGH and LOW operators return the high and low BYTEs, respectively, of the
16-bit operand.

When applied to a WORD value, HIGHW returns 0. When applied to a BYTE value,
HIGH returns 0.

These examples contrast HIGH with LOW and HIGHW with LOWW as opera-

tors on the same values.

MOV AH. HIGH 1234H 5 AH := 12H
TENHEX EQU LOW 1234H 5 TENHEX := 3U4H
MOV AX. HIGHW 12345L78H 5 AX = 123u4H
MOV CX. LOWW 12345L78H 3 (X := 5bL78H

These equations illustrate the results when HIGH/LOW and HIGHW/LOWW

operator pairs are applied to each other.

HIGH LOW number = 0

HIGHW LOWW number = 0

LOW HIGH number = HIGH number

LOWW HIGHW number = HIGHW number

HIGHW HIGHW number = 0 5 HIGHU
LOW LOW number = LOW number

HIGHW HIGH number = 0 5 HIGHUW

applied to WORD

applied to BYTE
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3. These examples use more than one isolation operator in the same expression,
with one expression in parentheses. Compare results for the first and second
examples. The second example reverses the first example’s operators.

MOV AL. LOW (HIGHW 12345L78H) 5 AL := 34H
MOV AL~ HIGHW (LOW 1234H) 5 AL := 0 because

5 HIGHUW applied to BYTE
MOV AL~ HIGH (LOWW 12345kL78H) 5 AL := S5kLH

5.2.3 Multiplication and Division Operators

Syntax
Multiplication: operand » operand
Division: operand | operand
Modulo: operand MOD operand
Where:

operand is a constant expression.

Discussion
Use these operators only with constant expressions.

The result of a multiplication, division, or modulo operation is always an absolute
number. The result of a multiplication must be no greater than 32-bits, or an overflow
error will occur.

Examples

CMP AL~ 2 x 4 5 compare AL to &8
MOV CX. 123H / 1b 5 CX := 1l2H
ADD AX. 102 MOD Y4 5 AX = AX + 2
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5.2.4 Shift Operators

Syntax
Shift right:  operand SHR count *ﬂ\
Shift left: operand SHL count o
Where:
operand is a constant expression.
count is a constant expression that evaluates to an ordinal; count represents
the number of bits the operand is to be shifted.
Discussion

The shift operators cause a bit-wise shift of the operand; it is shifted count bits to the
right or left. Bits shifted into the operand are Os.
In effect:

®  Shifts to the left multiply the operand by 2 to the power specified by count.

®  Shifts to the right divide the operand by 2 to the power specified by count. ’\)

Examples

MOV BX. OFACBH SHR 4 5 BX := OFACH
ADD AL~ 111000B SHL @2 5 11100000 added to contents of AL

MOV BL. (OFACBH AND 0111000B) SHR 3 5 BL := 001B
5 (bits 3.4.5)

5.2.5 Addition and Subtraction Operators
Syntax

Addition: operand + operand
Bracket Addition:  primary [exp]

Subtraction: operand — operand

Where: A\

operand is a constant expression, or a variable or label defined in the current
module in the same segment.
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primary is a constant expression, an ordinal, the name of a record variable
followed by a record initialization, a string, a simple type name,
NEAR, FAR, or PROCLEN, enclosed in brackets or parentheses.
PROCLEN within a PROC..ENDP returns the value OFFH for a
FAR procedure; otherwise, PROCLEN returns O (see Chapter 9).

exp is a constant expression.

Discussion

Only constant expressions can be added or subtracted. The construct enclosed in
brackets ( [ ] ) alters operator precedence and implies that an addition operator pre-
cedes the bracketed expression (see Example 2).

Variables, labels, or identifiers that have been EQUated to labels or variables cannot
be added or subtracted unless they have been defined in the current module and are in
the same segment.

Examples
1.

This example illustrates assembly-time expressions.

El EQU 12 + 3
E2 EQU EL
E3 EQU E1 - EZ2

These equations illustrate the brackets as an addition operator. The last expres-
sion is an error. The brackets operator implies addition before its enclosed ex-
pression; it does not imply addition after its enclosed expression.

ALABL [3 x 5] = ALABL + (3 * 5)

ALABL + (3 x 5) [3 x 5] = ALABL + (3 x 5) + (3 x 5)

ALABL [3 x 5] [3 x 5] = ALABL + (3 x 5) + (3 x 5)
ALABL [3 x 5] (3 x §5) 5 = error
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5.2.6 Relational Operators

Syntax
Equal: operand EQ operand
Not equal: operand NE operand
Less than: operand LT operand
Less than
or equal: operand LE operand
Greater than:  operand GT operand
Greater than
or equal: operand GE operand
Where:
operands are either both constant expressions, or they are both variable or
label names that are defined in the current module and in the same
segment.
Discussion

A relational operation always returns a result of — 1 for true and O for false.

Either the result is 32-bits or it is truncated to 8 or 16-bits, depending on the context.

Examples
MOV AL~ 3 EQ O 5 AL := 0000D0OOOOB (false)
MOV BX. 2 LE 15 5 BX := OFFFFH (true)

5.2.7 Logical Operators
Syntax

operand OR operand
operand XOR operand
operand AND operand
NOT operand
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,;)

Where:

operand  is a constant expression.

Discussion

Logical operators operate on individual bits of their operand(s) and return an absolute
number. Each bit of the result depends on the corresponding bit(s) in the operand(s).

The functions performed by these operators are as follows:

Examples
1.

OR A result bit is 1 if corresponding operand bits are 1. A result bit is also
1 if either corresponding bit is 1. A result bit is 0 only if both operand
bits are 0. OR is the logical inclusive or.

XOR  Aresult bit is 1 if the corresponding operand bits are different. A result
bit is 0 if the operand bits are the same. XOR is the logical exclusive or.

AND A result bit is 1 only if both corresponding operand bits are 1. Other-
wise, a result bit is 0.

NOT A result bit is the opposite of the operand bit. It is 1 if the operand bit is
0; 0 if the operand bit is 1.

This example XORs two absolute numbers into AX. & is the assembler continua-
tion character.

MOV AX-. 11110000111100008B
2 XOR 0011001100110011B 5 AX := 1100001111000011B

These equations illustrate the effects of the OR and XOR operators.

111100008
OR 001100118
= 111100118

111100008
XOR 00110011B
= 110000118

This equation illustrates the effects of the AND operator.

111100008
AND 00110011B
= 001100008B

This equation illustrates the effects of the NOT operator.

NOT 00110011B
= 110011008

Accessing Data 5-15



5.2.8 Attribute Value Operators

THIS, SEG, OFFSET, BITOFFSET, LENGTH, TYPE, SIZE, and STACKSTART
return numerical values for the attributes of a variable, label or segment. These oper-
ators do not change the attributes of their operands.

5.2.8.1 THIS Operator

Syntax
THIS type
Where:
type can be BIT, BYTE, WORD, DWORD, PWORD, QWORD, TBYTE,
NEAR, or FAR.
Discussion

The THIS operator defines a variable or label at the current location of assembly.

The variable’s or label’s segment attribute will be the current segment being assem-
bled. Its offset will be the value of the current location counter. Specifying the loca-
tion counter symbol ($) is equivalent to specifying THIS NEAR (see Chapter 4 for a
description of the location counter.)

A variable or label type is specified by the operand of this operator. Its usage is
similar to that of the LABEL directive. THIS is used either in conjunction with the
EQU directive (see the following Example) or as part of an operand to an instruction.

Examples

5-16

1. THIS can be used to define another name with an alternate type for the same data
item.
AWORD EQU THIS WORD 5 defines label AWORD
5 at current location
BYTEL DB O
BYTEZ2 DB O

2. This code is equivalent to the preceding example.

AWORD LABEL WORD
BYTEL DB O
BYTEZ2 DB O
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3. THIS may be part of an instruction operand.
MOV EAX. THIS DWORD

5.2.8.2 SEG Operator

\ﬂ
\ Syntax
SEG varlab
Where:
varlab is the name of a variable or label.
Discussion
The SEG operator returns the segment selector of the variable or label. The segment
selector is a base relocatable quantity.
SEG is used:
1. To specify (with the ASSUME directive) the segment in which a variable or label
is defined (see Example 1).
! 2. To store a selector in a variable or to initialize a segment register (see Example
2). The initialized segment register cannot be CS.
Examples
1. This example tells the assembler that DS will hold the selector of the segment in
which COUNT was defined. In this case, the expression, SEG COUNT, is a
symbolic representation of the name of COUNT’s defining segment when
COUNT has been defined in a segment of another module.
ASSUME DS:SEG COUNT
2. This example stores the segment selector for COUNT into SETSTART and ini-
tializes DS with COUNT’s segment selector.
SETSTART DW SEG COUNT
5 store the selector for the segment
INIT:MOV AX. SEG COUNT
MOV DS. AX 5 initialize DS with COUNT's segment

3. This example is equivalent to Example 2.

SETSTART DW SEG COUNT
INIT:MOV DS. SETSTART
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5.2.8.3 OFFSET Operator

Syntax
OFFSET varlab
Where:
varlab  is the name of a variable or label defined in the current module.
Discussion

The OFFSET operator returns its operand’s offset in bytes from the base of the
segment in which the operand is defined. The value returned by OFFSET is a 32- or
16-bit number, depending on whether the segment is a USE32 or USE16 segment.

If the operand to OFFSET is a bit variable that is not within a structure, then it must
be byte-aligned; the OFFSET value is the number of bytes from the beginning of the
segment to the byte with which the bit is aligned. For bits within a structure, the
OFFSET value is the number of bytes from the beginning of the segment to the
nearest low byte boundary.

In most cases, the returned value is not set until bind time; it is a relocatable number.
The OFFSET operator is used primarily to initialize variables or registers to be used
for indirect addressing (see the Example).

Example

Some assembler instructions explicitly use indirect addressing when accessing data.
When coding these instructions, you must initialize a register to the offset value of the
data you wish to access.

TRANSLATE:

MOV EBX. OFFSET ASCIITABLE

MOV AL~ VALUE

XLATB 5 EBX points to translation table

5.2.8.4 BITOFFSET Operator
Syntax

BITOFFSET name. field
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Where:

name is the name of a structure.

field is a field of type BIT within the structure.

: Discussion

The BITOFFSET operator returns the bit offset from the nearest lower byte address
of a structure field of type BIT. Use the following expression to obtain a value equal
to the number of bits from the beginning of the structure to a specific bit:

( ( (OFFSET name. field) — (OFFSET name) ) * 8)

+ BITOFFSET name. field

For a BIT-type variable defined outside of a structure, BITOFFSET always returns a
0, because such a bit will always be byte-aligned. BITOFFSET also returns a 0 for
structure fields that are not of type BIT.

Example

Although the OFFSET operator is not a required part of a BITOFFSET expression,

BITOFFSET is intended for use with OFFSET.
TESTBIT STRUC

TSTBITO
TSTBITL
TSTBITE
TSTBIT3
TSTBITH
TSTBITS
TSTBITE
TSTBIT?
TSTBITAS
TSTBITSH

DBIT
DBIT
DBIT
DBIT
DBIT
DBIT
DBIT
DBIT
DBIT
DBIT

TESTBIT ENDS

Accessing Data

5 structure templates
5 can be defined
5 outside a segment
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These instruction statements contrast OFFSET and BITOFFSET assignments to AX.
DATA SEGMENT USE32

BITTSTVARS TESTBIT <> 5 assume offset 1001H
5 from data segment

DATA ENDS

CODE SEGMENT EO 5 default USE32
MOV AX. BITOFFSET BITTSTVARS.TSTBITH 5 AX =1

MOV AX. OFFSET BITTSTVARS.TSTBITH 5 AX := 1002H

MOV AX.( ( (OFFSET BITTSTVARS.TSTBITY)
& - (OFFSET BITTSTVARS)) x 8)
& + BITOFFSET BITTSTVARS.TSTBITH 3 AX =19
5 expression yields number of bits
5 from beginning of structure for TSTBITH

5.2.8.5 LENGTH Operator

Syntax
LENGTH varname
Where:
varname  is the name of a variable or structure field (without the dot operator).
Discussion

LENGTH returns the number of storage units (BITs, BYTEs, WORDs, DWORDs,
QWORDs, or TBYTESs) that have been allocated for its operand. For a BIT-type
operand, LENGTH returns a value equal to the number of bits in the storage alloca-
tion. Use LENGTH to set a counter for a loop that accesses the elements of an array
(see the TYPE operator’s Example in Section 5.2.8.6). -

Examples

These equations illustrate results for LENGTH.

ABYTEARRAY DB 1.12+3415+b47
LENGTH ABYTEARRAY = 7

AWORDARRAY DW 150 DUP (O)
LENGTH AWORDARRAY = 150
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5.2.8.6 TYPE Operator

Syntax
TYPE varlab

\ Where:

varlab is the name of a variable, a structure field (without the dot operator), or
a label.

Discussion

The TYPE operator returns a value that represents the number of bytes occupied by
the type of its operand. These values are listed in Table 5-3.

Note that TYPE applied to a label operand yields a negative value.

Use TYPE in instruction sequences where a pointer is to be incremented by the
number of bytes occupied by the TYPE operand. Or, use TYPE for scaling
operations.

- Examples

1. This example increments ESI using the TYPE operator and loops to the next
ARRAY element to be accumulated.

MOV EBX. OFFSET ARRAY
MOV ECX. LENGTH ARRAY
5 LENGTH = number of elements
MOV ESI. O 5 index into array
ALAB:ADD AX.[EBX] + [ESI] 5 add element to AX value
ADD ESI. TYPE ARRAY 5 increment pointer by size
3 of an array element
LOOP ALAB

2. This example is functionally equivalent to Example 1 (see Section 5.2.5 for the
brackets addition operator).

MOV EBX. OFFSET ARRAY
MOV ECX~ LENGTH ARRAY
5 LENGTH = number of elements
MOV ESI. O 3 index into array
f-‘\ ALAB:ADD AX[EBX]J[ESI x TYPE ARRAY]
5 add element to AX value
INC ESI
LOOP ALAB
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Table 5-3 TYPE Operator Results

Operand Type Value Returned

BIT
BYTE
WORD
DWORD
PWORD
QWORD
TBYTE 10
Structure number of bytes in structure
Record number of bytes (1 to 4) in record
NEAR -1
FAR -2

* For a BIT-type variable, TYPE returns a value equal to the number
of bytes allocated with DBIT (see Chapter 4). For BIT-type structure
fields, TYPE returns 0 if the field has less than 8-bits; otherwise,
TYPE returns 1.

O PN =

5.2.8.7 SIZE Operator

Syntax
SIZE varname
Where:
varname  is the name of a variable or structure field (without dot operator).
Discussion

The SIZE operator returns the number of bytes allocated for a variable. For a variable
allocated with DBIT that does not end on a byte boundary, the result is rounded up by
1 byte. For BIT-type structure fields with less than 8-bits, SIZE returns 1; otherwise,
SIZE returns the same value as LENGTH (see Section 5.2.8.5).

For non-BIT-type variables, SIZE returns a value that is related to the LENGTH and
TYPE results according to the following identity:

SIZE = LENGTH * TYPE
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Examples

1. These equations illustrate results for SIZE.

ABYTEARRAY DB 1.2+3.4.5.b47
SIZE ABYTE ARRAY =7

AWORDARRAY DW 150 DUP (O)
SIZE AWORDARRAY = 300

ADWORDARRAY DD 1.2+3.4.5.b.7
SIZE ADWORDARRAY = 28

2. This example initializes the variable ASIZE to 7 and assigns the value 300 to
AX.

ABYTEARRAY DB 1.243.4.5.5b.7
AWORDARRAY DW 150 DUP (O)
ASIZE DB SIZE ABYTEARRAY 5 ASIZE gets ?

MOV AX. SIZE AWORDARRAY 5 AX := 300

5.2.8.8 STACKSTART Operator

Syntax
STACKSTART segname
Where:
segname is the name of the stack segment (defined with STACKSEG).
Discussion

Use STACKSTART to initialize the stack pointer (E)SP. Because the processor stack
grows downward, the initial stack pointer value equals the offset of the first dword (or
word, depending on the stack use attribute) above the stack segment in memory.

Example
STACK STACKSEG 100

MOV ESP. STACKSTART STACK
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5.2.9 Attribute Override Operators

Use the attribute override operators to respecify attributes, such as a variable’s or
label’s segment or type. There are three kinds of attribute override operators:

1. Segment overrides, used to override a default segment register or to specify an
anonymous reference to a variable or label

2. The PTR operator, used to override type

3. The SHORT operator, used to override the type of a forward-referenced NEAR
label

5.2.9.1 Segment Override Operator

Syntax

CS.varlab
DS.varlab
ES.varlab
FS.varlab
GS.varlab
SS.varlab

Where:

varlab is a variable name, a label that is not of type NEAR or FAR, or an
address expression.

Discussion

5-24

This operation overrides the segment attribute of a variable or label. The explicit use
of a segment override takes precedence over an ASSUME directive and over default
segment register usage.

Use the segment override to specify a segment register as the segment part of a
memory address. A segment override applies only to a single instruction. The
ASSUME directive (see Chapter 2) tells the assembler to generate necessary segment
overrides for all subsequent instructions.

Use this operator to override the default segment register for operands that are (or
contain) only base or index registers. Such operands (and expressions) are assumed
to point to a variable. This usage is called an anonymous (or non-symbolic)
reference.
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Segment overrides cannot be specified for the default registers in the following cases:

ES as the destination of a string operation
SS for stack operations

CS for instruction fetches

See Appendix A for a summary of the processor default segment selection rules.

Examples
1.

This example compares the use of ASSUME and the segment override.

DATA SEGMENT
ABYTE DB O
DATA ENDS

CODE SEGMENT
ASSUME DS:DATA
MOV BL. ABYTE
3 reference to ABYTE is covered by the ASSUME
MOV BL- ES:ABYTE 3 override default (DS)
5 ASSUME not required for ABYTE reference
CODE ENDS

These examples make anonymous references. When the first MOV instruction
executes, the DS (default) register is used. The second MOV instruction specifies
that EBX points to data accessible through the ES register.

MOV BL. [EBX]

MOV BL. ES:[EBX]

The opcode for the second MOV will be preceded by a segment override prefix
(byte) that forces the processor to use the ES register in order to calculate the
physical address of the variable. (See Chapter 6 for more information about
segment override opcode prefixes.)
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5.2.9.2 PTR Operator

Syntax
type PTR exp
Where:
type can be BIT, BYTE, WORD, DWORD, PWORD, QWORD, TBYTE,
NEAR or FAR.
exp  can be a variable name, a label name, an address or register expression,
or an integer that represents an offset.
Discussion

Use PTR to override the type assigned to a variable or label name, or to assign a type
to an anonymous effective address expression such as [EBX] (see the Examples).

PTR assigns the rype attribute specified on the left to the variable, label or number
specified on the right. PTR also assigns segment and offset attributes to the variable
or label specified on the right.

When exp is a constant expression, type must be preceded by a segment override.
When the rype is NEAR or FAR, a segment override may not be specified.

Table 5-4 summarizes segment and offset attribute assignments for the possible val-
ues of exp.

Examples
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1. These examples increment a byte, word, and dword in memory.

INC BYTE PTR [BX]
INC WORD PTR [ESI]
INC DWORD PTR [EBX]

Table 5-4 PTR Result Attributes

exp is Segment Offset
variable or label exp’s exp’s
number specified by segment override exp itself
anonymous reference default segment unless overridden run-time value
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2. These examples move an immediate value to a byte, word, or dword in memory.

MOV BYTE PTR [EDI].99
MOV WORD PTR [EDI].99
MOV DWORD PTR [EDI].99
3. This example jumps through two levels of indirection.
JMP PWORD PTR [EBX] 5 EBX points to Y-byte offset
5 followed by 2-byte segment base
4. These examples pick up a word from a byte array and a byte from a word array.

FOOW DW 100 DUP (?)
FOOB DB 200 DUP (?)

ADD AL~ BYTE PTR FOOW[101])
5 add low byte of 50th word to AL
ADD DX. WORD PTR FO00B[20]
5 add word at 2lst byte to DX
5. This example accesses an anonymous variable at a given offset from a segment.

MOV AL.DS:BYTE PTR § 5 move byte 5 of DS segment to AL

6. These examples override the type attributes of a word variable and a label.

MOV CL- BYTE PTR AWORD 3 get 1lst byte of variable
MOV DL~ BYTE PTR AWORD + 1 3 get variable's 2nd byte
MOV AL~ BYTE PTR APROC + 5 5 read a byte of program code

5.2.9.3 SHORT Operator

Syntax
SHORT labelexp
Where:
labelexp s a label or label expression defined within the same segment as the
instruction being assembled.
Discussion

The SHORT operator specifies that a label referenced by a JMP or conditional jump
instruction is within the range of —128..127 bytes of the end of the instruction.
SHORT allows the assembler to check that the label is in this range and to generate
the most compact code for complex label expressions.
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When a single label is forward-referenced, the assembler optimizes the relative off-
set. However, complex forward references cannot always be optimized.

Example

This example illustrates the use of SHORT to save bytes of code. It assumes a USE32
segment.

JMP $+(FWUDLAB - FuWDLAB2) 5 8 bytes
JMP SHORT $+(FWDLAB - FuWDLAB2) 5 3 bytes

FUDLAB:
FMf)LAéE:
5.2.10 Record Specific Operators

The WIDTH operator returns a result equal to the number of bits in a record or
record field.

The MASK operator, together with a record field name used as a shift count, helps to

isolate and access the fields within a record. This provides an alternative to defining
BIT-type variables in order to isolate specific bits in a record.

5.2.10.1 WIDTH Operator

Syntax

WIDTH record

or

WIDTH rec-field

Where:

record is the name of a record variable.

rec-field is the name of a record field.
Discussion

The WIDTH operator returns a value equal to the number of bits in either a record or
a record field.
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Example

RECL RECORD Fl:2. F2:4. F3:1
RLNUMBITS DB WIDTH RECL 5 byte initialized to ?
F2NUMBITS DB WIDTH F2 5 byte initialized to 4

r ~ 5.2.10.2 MASK Operator

Syntax
MASK rec-field

Where:

rec-field is the name of a record field.

Discussion

The MASK operator defines a value that masks a selected field in a record. This value
has Is in the bit positions specified by rec-field and Os for every other bit position in
the record.

Examples
- P

1. This sequence of instructions creates a record in EAX of the same type as
REC’s. The EAX FULL field is a copy of the REC.FULL field. All other EAX
fields have zeros. (See also the Example in Section 5.2.10.3)

MOV EAX. REC
AND EAX~ MASK FULL

2. This sequence of instructions creates a record in EAX of the same type as
REC’s. The FULL field is zeroed. All other EAX fields are copies of the corres-
ponding REC fields.

MOV EAX. REC
AND EAX. NOT MASK FULL

5.2.10.3 Using Field Names as Shift Counts

Syntax

_— rec-field
Where:

rec-field is the name of a record field.
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Discussion

The record field name specifies the the number of bits the record will be shifted. To
evaluate a field, the record is shifted right to move the field’s contents to the low-order
bits of a BYTE, WORD, or DWORD (see the Example).

Example

This example defines a record. It then isolates and evaluates field C in the record.

PATTERN RECORD A:3. B:l. C:2. D:4. E:b
AREC PATTERN <>

MOV DX. AREC 3 move record into DX

AND DX. MASK C 5 mask out fields A.B.D.E with
5 0000ll0000000000B

SHR DX, C DX now equal to value of field C

5.3 Instruction Operands

5.3.1
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For an assembler instruction to operate on data, the data must be expressed in a form
that allows it to be accessed. Some instructions implicitly operate on certain registers.
In most cases, data must be specified as an explicit operand. An instruction operand
can be expressed as a register, a constant expression, an external constant, a location

in memory, or as an expression that combines these components using assembler
operators.

Register Operands

The following registers can be used as explicit operands for many processor
instructions:

® 32-bit general registers: EAX, EBX, ECX, EDX, EBP, ESP, ESI, EDI
® 16-bit general registers: AX, BX, CX, DX, SP, BP, SI, DI
® 8-bit general registers: AL, AH, BL, BH, CL, CH, DL, DH
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5.3.2

® Segment registers: CS, DS, ES, FS, GS, SS

® Control registers: CRO, CR2, and CR3

® Test registers: TR3, TR4, TRS, TR6, and TR7

® Debug registers: DRO, DR1, DR2, DR3, DR6, and DR7

The segment registers can be used only in MOV, PUSH, and POP instructions. All
general registers can be used in processor arithmetic and logical operations.

See Appendix A for more information about the processor registers and Chapter 6 for
the processor instructions.

The following examples show instructions that use processor registers as operands:

MOV AX. FS 3 contents of FS moved to AX
ADD ESI. EBX 5 ESI := ESI + EBX
MOV AX. BX 5 contents of BX moved to AX

The floating-point coprocessor has its own set of registers called the floating-point
stack. The floating-point stack consists of eight elements, each of which can be refer-
enced as follows:

ST()

Where:
i is a digit from O through 7.

The top-of-stack element is always ST(0), which can be abbreviated as ST. See Chap-
ter 7 for more information about the floating-point stack and the assembler floating-
point instructions.

Immediate Operands

An immediate operand is an integer or ordinal constant value. An immediate operand
is never the destination operand of an assembler instruction. Immediates are source
operands (see Chapter 6 for an explanation of destination and source operands). In
the following example, 5 is an immediate operand:

MOV AL. 5 5 AL = 5
CMP AX. OFFFFH 5 compare contents of AX to OFFFFH

An immediate may also be a constant expression, such as 15 OR 5 in the following
example:

CMP AL- 15 OR 5§ 5 15 OR 5 is a constant expression
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5.3.3

OFFSET VAR is an expression that yields an integer, so OFFSET VAR + 1000 is an
immediate operand in the following example:

MOV EAX- OFFSET VAR + 1000 3 EAX := sum of value of the
5 OFFSET of VAR and 1000

A segment name represents a logical base address (an ordinal value) so DATASEG is
an immediate operand in the following example:

MOV AX. DATASEG
MOV DS, AX 5 initializes DS to access DATASEG

Memory Operands

A memory operand refers to a particular location in memory. The general term for a
memory operand is an address expression. An address expression may be a simple
variable or label name, or it may involve registers, structure fields, and/or constants.
Each address expression uses one of the addressing methods described in the next
section.

5.4 Memory Addressing Methods
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Logical addresses specified in an assembler program must be mapped to processor
memory addresses so the program can be executed. The system utilities perform this
mapping after the program is assembled. The system utilities translate a program’s
logical addresses into processor effective addresses. An effective address is an offset
from a segment base address (see Appendix A for more information about processor
memory organization and effective addresses).

Assembler segment structure and memory addressing methods reflect the processor
memory addressing forms. The processor has two forms of addressing:

Direct
Addressing  The effective address (or offset from the segment base) can be:

1. A register
2. The value of a specified variable or label

3. A constant or the value of a constant expression.
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Indirect

Addressing  The effective address (offset) is calculated from the contents of a
specified base or index register (or a combination of both, with
an optional displacement) pointing to a memory location. There
are four forms of indirect addressing:

1. Register indirect addressing

2. Based addressing

3. Based indexed addressing

4. Indexed addressing, which may be scaled (32-bit addressing
only)

Direct address offsets can be BYTEs, WORDs, DWORDs or PWORD:s. In the special
case when individual bits in a string are accessed, the offset indicates the specific bit
in a string that is to be affected by the processor bit test instructions. Bit addressing,
although not a distinct addressing form, is described in Section 5.4.3

The following sections explain ASM386 direct and indirect addressing forms in more
detail.

5.4.1 Direct Memory Addressing

For direct memory addressing, the instruction operand is specified by a variable or
label name. The variable or label refers to a particular location in memory. The
contents of the memory location are used as the operand. For example:

MOV EAX. COUNT 35 the dword value at memory location
5 COUNT is moved into EAX

5.4.2 Indirect Memory Addressing

Figure 5-1 shows how an indirect address offset is calculated for each register ad-
dressing form explained after the figure (see Section 5.1.2 for examples).

The segment override operator (see Section 5.2.9.1) may be used in some cases to
override the processor defaults for segment registers listed in the first column of
Figure 5-1, except that segment overrides cannot be specified for the default registers
in the following cases:

® ES as the destination of a string operation
® SS for stack operations

® S for instruction fetches
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32-BIT ADDRESSING

SEGMENT + BASE + (INDEX * SCALE) + DISPLACEMENT

EAX' EAX
cs ECX ECX 1
ss EDX EDX NO DISPLACEMENT
os \ . ) esx %,/ EBX 2 \ ] 8BITDISPLACEMENT
ES ESP 32-BIT DISPLACEMENT
FS EBP EBP 4
GS ESI ESI

EDI EDI 8

16-BIT ADDRESSING
SEGMENT + BASE + INDEX + DISPLACEMENT

cs
ss NO DISPLACEMENT
os\, ) Bx \ J s 8-BIT DISPLACEMENT
ES BP DI * 16-BIT DISPLACEMENT
FS
GS

2688

Figure 5-1 Effective Address Calculation

See Appendix A for a summary of the processor default segment selection rules.
A register expression uses a base and/or an index register listed in the second and
third columns of Figure 5-1. The assembler register addressing forms are:

[base-reg] or [index-reg * scale]

[base-reg + index-reg * scale)

[base-reg + disp] or [index-reg * scale + disp]

[base-reg + index-reg * scale + disp]

Where:

base-reg  is any 32-bit general register (EAX, ECX, EDX, EBX, ESP, EBP,
ESI, EDI) for 32-bit addressing, and is BX or BP for 16-bit ad-
dressing.

index-reg  is any 32-bit general register except ESP for 32-bit addressing, and
is SI or DI for 16-bit addressing.
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scale is (an optional) constant or constant expression that evaluates to 1-,
2-, 4-, or 8- for 32-bit addressing. It is invalid for 16-bit addressing.

disp is an 8- or 32-bit displacement for 32-bit addressing, and is an 8- or
16-bit displacement for 16-bit addressing.

Indirect memory addresses can be formed from different combinations of a base
address, an index that may be scaled for 32-bit addressing, and a displacement from
the base. Each possible combination is one of the indirect memory addressing forms
shown in Figure 5-1.

For all forms, the notation of a set of brackets ( [ ] ) enclosing a register name
indicates that the register contents point to a memory location that will supply the
value to be used as an operand.

The following sections discuss the four forms of indirect addressing and bit
addressing.

5.4.2.1 Register Indirect Addressing

For register indirect addressing, the offset of the memory location is contained in a
base or index register. To address the location:

1. Load the offset into the register, and

2. Use the register name in brackets as the instruction operand.

To indirectly address a variable in a USE16 segment, code something like the follow-
ing example:
MOV BX. OFFSET AVAR 5 moves offset of AVAR into BX
MOV AX. [BX] 5 AX now contains contents of AVAR

5.4.2.2 Based Addressing

The based address form is similar to register indirect form except that a displacement
is added to the contents of the register. The displacement can be an 8- or 32-bit
number for 32-bit addressing and an 8- or 16-bit number for 16-bit addressing.

In the based address form, the base register contains the offset of a location in mem-
ory, called the base. The displacement is used to access another location relative to
that base. For example,

MOV EBX. OFFSET DATASTRUC 5 EBX: = base of DATASTRUC

MOV EBX. [EBX + 4] 5 EBX: = dword located at fourth
5 byte from DATASTRUC
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For 32-bit addressing instructions, any 32-bit general register can be used as the base
register. For 16-bit addressing instructions, the BX or BP register can be used as the
base register.

5.4.2.3 Based Indexed Addressing

Based indexed addressing uses the contents of a base register, the contents of an index
register, and an optional displacement. In this addressing form, the base register
points to the base of a data structure and the index register is an index into that
structure. For example:

XOR EAX-EAX 3 clear EAX

MOV EBX. OFFSET ARRAYSTRUC

3 load array's base address
MOV ECX+ LENGTH ARRAYSTRU

MOV ESI. O 5 set index to O
ALAB:ADD EAX. [EBX + ESI] 5 get element

ADD ESI. Y4 5 increment index

LOOP ALAB 3 repeat sequence

For 32-bit addressing, any 32-bit general register can be used as a base register, and
any 32-bit general register except ESP can be used as an index register. A scaling
factor may multiply the contents of the index register, as explained in the next
section.

If no scaling factor is used, the first register specified is assumed to be the base
register, and the second register is assumed to be the index register.

For 16-bit addressing, only registers BX and BP can be used as base registers and
only SI and DI can be used as index registers; the base and index address may be
specified in any order.

5.4.2.4 Indexed Addressing
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Indexed addressing uses an index register and a displacement. In this case, the con-

tents of the register specify a byte displacement from the offset of the base. For
example:

MOV SI. O 3 set indices

MOV DI, O 5 SI-. DI :=10

MOV CX-. LENGTH SOURCE: moves count of SOURCE
5 data units into CX

indexed address

indexed address

ALAB:MOV AX. SOURCE [SI]
MOV DEST [DI]. AX

4% ae ae ae e

ADD SI. 2 point to next word in SOURCE
ADD DI. 2 point to next word in DEST
LOOP ALAB jump back to ALAB
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For 32-bit addressing, any 32-bit general register except ESP can be used as an index
register. The assembler makes certain assumptions about registers for instructions
using 32-bit addressing:

® If there is only one 32-bit register used in an indirect address, it is assumed to be
a base register unless it has a scale factor (see Section 5.4.2.5 for more informa-
tion about scaling).

® Ifthe 32-bit register is scaled, it is assumed to be an index register even if it is the
only 32-bit register in the indirect address.

® If there are two 32-bit registers in an indirect address, the first one (specified on
the left) is assumed to be the base and the second is assumed to be the index
register, unless one register is scaled.

For 16-bit addressing instructions, only registers SI and DI can be used as index
registers.

5.4.2.5 Scaling

The scaling factor is used to multiply the value pointed to by the 32-bit index register
by 1, 2, 4, or 8. The syntax for specifying a scaled index register is:

[register * factor]

Where:
register is EAX, EBX, ECX, EDX, EBP, EDI, or ESI.

factor is a constant expression that evaluates to 1, 2, 4, or 8.

For example:
MOV EAX. [EDXxY]

uses a scaled indexed address, with the index (EDX) scaled by a factor of 4.

5.4.2.6 Default Segment Registers and Anonymous References

Anonymous references such as:

[BX]

[EBP]

WORD PTR [DI]
[EBX]-FIELDNAME
and BYTE PTR [BP]
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do not specify a variable name from which a segment can be determined. Note that
the structure field name in [EBX].FIELDNAME has type and offset attributes, but it
has no segment attribute.

Unless you explicitly code a segment override operator before an instruction (see
Section 5.2.9.1), segment registers for anonymous references are determined by the
processor default segment register selection rules.

DS is the default segment register for all memory references except when BP, EBP, or
ESP is used as the base register. When this occurs, SS is the default segment register.

However, you cannot override ES as the destination segment register for string opera-
tions. The processor string instructions always use ES as a segment register for oper-
ands pointed to by (E)DI, and DS for operands pointed to by (E)SI. Only DS can be
overridden with the segment override operator in string operations.

Take care that the correct segment is addressed when an anonymous offset is speci-
fied. Unless you code a segment override, the processor default segment will be
addressed, and the anonymous offset applied to the default segment.

For example, if a program’s variables all reside in segment SEG1, as specified by

SEGL SEGMENT Ru
VAR DW 500 DUP(D) 5 500 words filled with O's
SEGL ENDS

and if the ASSUME directive in the code segment is as follows:

ASSUME DS:SEGL

then all references to named variables in segment SEG1 assemble correctly.

If BP is selected as a base register to access elements of VAR, as follows:
MOV BP. OFFSET VAR
MOV AX. [BP]

the SS segment register is accessed at run time instead of DS (no assembly-time error
occurs).

To override this default segment register choice, a segment prefix must be used, as
follows:

MOV BP. OFFSET VAR
MOV AX. DS:[BP] 5 segment override operator
5 indicates DS register
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5.4.3 Bit Addressing

The BT (bit test), BTS (bit test and set), BTR (bit test and reset), and BTC (bit test
and complement) instructions operate on bit strings. These processor instructions
make it possible to manipulate individual bits.

A bit string may be stored in a general register or in memory. The following is the
general syntax for addressing a bit within a bit string:

base, offset

Where:

base can be specified using any of the previously mentioned addressing
modes described in Section 5.4.

offset  must be in the range 0 to 31 for a general register; it can range from —2
to +2 gigabits for a memory address.

The offset specified for a general register addresses a bit within the register. The
number specified for offset is taken MOD the size of the base (register). (See the
following examples).

All of the bit manipulation instructions load the carry flag with the value of the
selected bit. BTS then sets the bit to 1, BTR resets the bit to 0, and BTC complements
the bit.

BT EAX. 12
BTC MEM. 111lB

test bit 12 in register EAX
complement bit 15 in word-length
memory location MEM

set bit 1 in AX to O

set bit b in byte memory
location BYTELl to 1

BTR AX. 17
BTS BYTEL~ b

4% ae e ae e e

For more information about BT, BTS, BTR, and BTC, see the reference page for each
instruction in Chapter 6.
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PROCESSOR INSTRUCTIONS
intel mmm

This chapter has three major sections:
1. An overview of the processor instruction set

2. A discussion of instruction statements: their syntax, attributes, and encoding
format

3. An explanation of the notational conventions used in this chapter, followed by a
detailed reference for each processor instruction (see Chapter 7 for the floating-
point coprocessor instructions)

6.1 Overview of the Processor Instruction Set

This section groups the processor instructions according to their general functions. It
has three major subsections:

1. Data Transfer Instructions
2. Control Instructions

3. Systems Programming Instructions

Some processor instructions are listed more than once in these sections. See the
80386 Programmer’s Reference Manual for more information about the following
topics:

®  Processor application programming
®  Processor system programming:
— System architecture
— Memory management, protection, multitasking, and input/output
— Exceptions, interrupts, and debugging
— Processor initialization, coprocessing, and mulitprocessing

— Processor operating modes, mixing 16-bit and 32-bit code, and porting 286
or 8086 code to the processor
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6.1.1 Data Transfer Instructions

This section classifies the processor instructions according to the following criteria:

Does the instruction assign values? See Tables 6-1 to 6-4.
Does the instruction adjust data values? See Tables 6-5 and 6-6.
Does the instruction make stack transfers? See Table 6-7.

Does the instruction yield flag values that can be tested by conditional instruc-
tions? See Table 6-8.

Does the instruction test specific flag values to determine its execution or results?
See Table 6-9.

Instructions for application programming are listed first in these tables; those for
system-only programming, if any, are listed last. Some processor instructions satisfy
more than one criterion. These instructions are listed more than once in the following
subsections.

6.1.1.1 Instructions That Assign Data Values

Most processor instructions assign a value to a location. Tables 6-1 to 6-4 summarize
the processor instructions that assign data values:

Table 6-1  lists processor instructions that make external input/output assign-

ments.

Table 6-2 lists processor instructions that make internal load and store assign-

ments.

Table 6-3 lists processor instructions that make uncalculated value assignments.
Table 6-4 lists processor instructions that make calculated value assignments.

Table 6-1 External I/0 Instructions

Processor Instruction
Instruction Description
IN Input from port
ouT Output to port
INS Input string from port
OUTS Output string to port
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Table 6-2 Internal Load and Store Instructions

Processor
Instruction

Instruction Description

LODS
STOS
LAHF
SAHF
LEA
LDS
LES
LFS
LGS
LSS
LSL
LAR
LGDT
LGDTW
LGDTD
SGDT
SGDTW
SGDTD
LIDT
LIDTW
LIDTD
SIDT
SIDTW
SIDTD
LLDT
SLDT
LTR
STR
LMSW
SMSW

Load string operand

Store string operand

Load flags into AH register

Store AH into flags

Load effective address offset

Load full pointer into DS:register

Load full pointer into ES:register

Load full pointer into FS:register

Load full pointer into GS:register

Load full pointer into SS:register

Load segment limit

Load access rights (AR) byte

Load global descriptor table (GDT) register
Load GDTR using 16-bit operand

Load GDTR using 32-bit operand

Store GDT register

Store GDTR using 16-bit operand

Store GDTR using 32-bit operand

Load interrupt descriptor table (IDT) register
Load IDTR using 16-bit operand

Load IDTR using 32-bit operand

Store IDT register

Store IDTR using 16-bit operand

Store IDTR using 32-bit operand

Load local descriptor table (LDT) register
Store LDT register

Load task register

Store task register

Load machine status word (MSW)

Store MSW

Processor Instructions
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Table 6-3 Instructions That Make Uncalculated Value Assignments

Processor
Instruction

Instruction Description

MoV
MOVSX
Movzx
STC
CLC
MOVS
STD
CLD
XCHG
Mov
STI

cu
CLTS

Move data

Move sign-extended data

Move zero-extended data

Set carry flag (CF)

Clear carry flag

Move string to string

Set direction flag

Clear direction flag

Exchange register/memory with register
Move to/from control, debug, or test registers
Set interrupt flag

Clear interrupt flag

Clear TS (task switch) flag in CRO

Table 6-4 Instructions That Make Calculated Value Assignments

Process_or Instruction Description

Instruction

ADD Add

ADC Add with carry

XADD Exchange and add (not available on 386 or 376
processors)

SuB Subtract

SBB Subtract with borrow

MUL Unsigned multiplication

IMUL Signed multiplication

DIV Unsigned divide

IDIV Signed divide

INC Increment by 1

DEC Decrement by 1

NEG Two’s complement negation

NOT One’s complement negation (logical NOT)

AND Logical AND

OR Logical inclusive OR

XOR Logical exclusive XOR

TEST Logical compare

CMP Compare two operands

CMPXCHG Compare and exchange (not available on 386
or 376 processors)

6-4
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Table 6-4 Instructions That Make Calculated Value Assignments (continued)

Processor
Instruction

Instruction Description

CMPS
SCAS
CMC
BT

BTS
BTR
BTC
BSF
BSR
NOP
SETcc
LOOPcond
Jee
LEA
VERR
VERW .

Compare two strings

Compare string data

Complement carry flag (CF)

Bit test

Bit test and set

Bit test and reset

Bit test and complement

Bit scan forward (LSB to MSB)

Bit scan reverse (MSB to LSB)

No operation (advances (E)IP)

Set byte on condition

Loop control with (E)CX counter (decrements (E)CX)
Conditional jumps (add displacement to (E)IP)
Load effective address

Verify segment for reading

Verify segment for writing

Processor Instructions
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6.1.1.2 Instructions That Adjust Data

The instructions in Tables 6-5 and 6-6 adjust data values, either by converting data
from one type or format to another or by shifting or rotating data values.

Table 6-5 Data Conversion Instructions

Processor
Instruction

Instruction Description

MOVSX
MOvVzZX
cBwW
CWD
CWDE
cbQ
AAA
AAS
DAA
DAS
AAM
AAD
ARPL

Move sign-extended data

Move zero-extended data

Convert byte to word

Convert word to dword

Convert sign-extended word to dword
Convert sign-extended dword to qword
ASCII adjust AL after addition

ASCII adjust AL after subtraction
Decimal adjust AL after addition
Decimal adjust AL after subtraction
ASCII adjust AX after multiplication
ASCII adjust AX before division
Adjust RPL field of selector

Table 6-6 Shift and Rotate Instructions

Processor
Instruction

Instruction Description

SHL
SHR
SAL
SAR
SHLD
SHRD
ROL
ROR
RCL
RCR
BSWAP

Shift logical left

Shift logical right

Shift arithmetic left

Shift arithmetic right

Shift double precision arithmetic left
Shift double precision arithmetic right
Rotate left

Rotate right

Rotate through carry flag left

Rotate through carry flag right

Byte swap (not available on 386 or
376 processors)

Processor Instructions
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6.1.1.3 Instructions That Make Stack Transfers

These instructions transfer data values to or from the stack. They also decrement or
increment the 32- or 16-bit stack pointer (E)SP. See Chapter 7 for more information

- about the floating-point stack. Table 6-7 lists processor instructions that make stack
transfers.

Table 6-7 Stack Transfer Instructions

Proces.'?or Instruction Description
Instruction
PUSH Push operand onto stack
POP Pop dword or word from stack
PUSHF Push FLAGS register (16-bits) onto stack
PUSHFD Push EFLAGS (32-bits) register onto stack
POPF Pop stack into FLAGS
POPFD Pop stack into EFLAGS
PUSHA Push all general word registers onto stack
PUSHAD Push all general dword registers onto stack
POPA Pop stack into word registers (discard SP value)
POPAD Pop stack into dword registers (discard ESP value)
ENTER Make stack frame for procedure parameters
[ LEAVE High level procedure exit

6.1.1.4 Instructions That Yield Definitive Flag Values

Processor instructions that assign an either/or flag value also create a value that can
be tested for conditional loops, jumps, or other assignments. For the processor com-
parison and bit test instructions, flag value assignments are the primary execution
results. For other processor instructions, either/or flag value assignments are second-
ary execution results. Table 6-8 lists processor instructions that make either/or as-
signments to the zero (Z), sign (S), carry (C), auxiliary carry (A), overflow (O),
and/or parity (P) flag(s).

See Appendix A for more information about the processor flags.
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Table 6-8 Processor Instructions That Yield Definitive Flag Values

Instruction

Assigns Either/Or

Value to Flags

Instruction Description

CMP

CMPS
CMPXCHG

SCAS
BT
BTS
BTR
BTC
BSF
BSR
ADD
ADC
XADD

SuB
SBB
MUL
IMUL
INC
DEC
NEG
AND
OR
XOR
TEST
AAA
AAS
AAM
AAD
DAA
DAS
ROL
ROR
RCL
RCR
SHL
SAL
SAR
SHR
SHLD
SHRD
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Compare two operands (non-
destructive SUB)

Compare two strings

Compare and exchange (not available
on 386 or 376 processors)
Compare string data

Bit test

Bit test and set

Bit test and reset

Bit test and complement

Bit scan forward (LSB to MSB)

Bit scan reverse (MSB to LSB)

Add

Add with carry

Exchange and add (not available on
386 or 376 processors)

Subtract

Subtract with borrow

Multiply

Signed multiplication

Increment by 1

Decrement by 1

Two’s complement negation

Logical AND

Logical (inclusive) OR

Logical (exclusive) XOR

Logical compare (non-destructive AND)
ASCII adjust AL after addition

ASCII adjust AL after subtraction
ASCII adjust AX after multiplication
ASCII adjust AX before division
Decimal adjust AL after addition
Decimal adjust AL after subtraction
Rotate left

Rotate right

Rotate through carry flag left

Rotate through carry flag right

Shift logical left

Shift arithmetic left

Shift arithmetic right

Shift logical right

Shift double precision arithmetic left
Shift double precision arithmetic right
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Table 6-8 Processor Instructions That Yield Definitive Flag Values (continued)

Instruction Assigns Either/Or Instruction Description
Value to Flags
ARPL y4 Adjust RPL field of selector
LAR Z Load AR (access rights) byte
LSL Y4 Load segment limit
VERR y4 Verify segment for reading
VERW 4 Verify segment for writing

6.1.1.5 Conditional Instructions That Test Flag Values

6.1.2

Three processor instructions depend on flag values for their execution results. The
conditional loops and jumps are primarily control transfer instructions; SETcc is not.

Table 6-9 lists these instructions and indicates whether each tests the zero (Z), sign
(S), carry (C), auxiliary carry (A), overflow (O), and/or parity (P) flag(s).

Table 6-9 Conditional Instructions That Test Flag Values

Instruction Tests Flag Values Description
LOOPcond y4 Loop control with (E)CX counter
SETcc Z | S |C|O /| P |Setbyte on condition

Jee Z|S|C|O | P |Jumpif condition is met

Control Instructions

Control instructions either transfer control between code sections or exert control
over the processor. Tables 6-10 and 6-11 list these processor instructions.

Table 6-10 Control Transfer Instructions

Proces‘sor Instruction Description

Instruction

LOOP Loop until count in (E)CX = 0

LOOPcond Loop until count in (E)CX = 0 AND zero
flag = condition

JMP Jump to location

Jec Jump if flag value(s) = condition

CALL Call procedure

RET Return from procedure

INT Call to interrupt procedure

INTO Call to interrupt procedure on overflow

IRET/IRETD Return from interrupt procedure

Processor Instructions
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Table 6-11 Processor Control Instructions

Process_or Instruction Description

Instruction

NOP No operation (uses clocks)

HLT Halt

WAIT Wait until BUSY# pin is inactive
(high)

6.1.3 System Instructions

6-10

This section lists processor system instructions. System instructions handle the fol-
lowing general functions:

1.

Verification of pointer parameters:

ARPL
LAR
LSL
VERR
VERW

Adjust RPL (requesting privilege level) of selector
Load AR (access rights) byte

Load segment limit

Verify segment for reading

Verify segment for writing

Accessing/storing descriptor tables:

LGDT Load GDT (global descriptor table) register
LGDTW Load GDT register using 16-bit operand
LGDTD Load GDT register using 32-bit operand
SGDT Store GDT register

SGDTW  Store GDT register using 16-bit operand
SGDTD  Store GDT register using 32-bit operand
LLDT Load LDT (local descriptor table) register
SLDT Store LDT register

LIDT Load IDT (interrupt descriptor table) register
LIDTW  Load IDT register using 16-bit operand
LIDTD Load IDT register using 32-bit operand
SIDT Store IDT register

SIDTW  Store IDT register using 16-bit operand
SIDTD  Store IDT register using 32-bit operand
Input and Output:

IN Input from port

OouT Output to port

INS Input string from port

OUTS Output string to port

Processor Instructions



4. Interrupt control:

LIDT Load IDT (interrupt descriptor table) register
LIDTW  Load IDT register using 16-bit operand
LIDTD  Load IDT register using 32-bit operand
SIDT Store IDT register

SIDTW  Store IDT register using 16-bit operand
SIDTD  Store IDT register using 32-bit operand

CLI Clear IF (interrupt enable) flag in (E)FLAGS register
STI Set IF flag
5. Multitasking:
LTR Load task register
STR Store task register

CLTS Clear TS (task switch) flag in CRO
6. Coprocessing and Multiprocessing:

ESC Escape instructions (floating-point coprocessor instructions — See
Chapter 7)

CLTS Clear TS (task switch) flag in CRO

WAIT Wait until coprocessor is not busy

LOCK Assert bus LOCK# signal

7. Debugging and/or TLB (translation lookaside buffer) testing in a paged memory
system:

MOV Transfer data to/from debug and/or test registers

8. System control:

MOV Transfer data to/from control registers
LMSW  Load MSW (machine status word) into CRO
SMSW  Store MSW

HLT Halt processor

9. Cache control (not available on 386 or 376 processors):

INVLPG Invalidate paging cache entry
INVD Invalidate data cache
WBINVD Write back and invalidate data cache
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6.2 Instruction Statements

6.2.1

6-12

Instruction statements form the core of an assembler program. These statements
define the actual program that the processor (and optional floating-point coprocessor)

execute.

Instruction Statement Syntax

Each assembler instruction has the following syntax:

[label:] [prefix] mnemonic [argument], . . .] ]

Where:
label

prefix

mnemonic

argument

is a unique identifier that defines a label (see Chapter 4). Labels
are optional.

isa processor instruction prefix (LOCK or REP). An explicit pre-

fix is optional. See Section 6.2.3.1 for more information about the
code generated for LOCK, REP, and the implicit prefixes.

is a processor or floating-point coprocessor instruction or a
programmer-defined codemacro. See the end of this chapter for
the processor instructions, Chapter 7 for the floating-point copro-
cessor instructions, and Chapter 9 for information about how to
define codemacros.

is an operand. Some processor and floating-point coprocessor in-
structions have no operand. For these instructions, operand(s) are
implicit. Other processor instructions require one, two, or three
explicit operands. Floating-point coprocessor instructions have, at
most, two explicit operands.

For both the processor and the floating-point coprocessor, the general form of an
instruction with operands is one of the following:

mnemonic src

where the execution result may be stored either in the source
(src) itself or in an implicit location.

mnemonic dest,src where the execution result is stored either in the destination

(dest) operand or in an implicit location; the instruction’s op-
eration does not change the source operand.

The instruction reference pages at the end of this chapter list the valid and/or required
operands for each processor instruction (IMUL, SHLD, and SHRD are the only

Processor Instructions
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~ 6.2.2

processor instructions that require three operands). The instruction reference pages
at the end of Chapter 7 list the valid and/or required operands for each floating-point
instruction.

Instruction Attributes

In the context of an assembler program, every instruction has an address size attri-
bute; it may also have an operand size attribute and a stack size attribute. The assem-
bler determines these attributes.

6.2.2.1 Address Size Attribute

The assembler can calculate either 32- or 16-bit addresses and offsets.

The assembler determines an instruction’s address size attribute as follows:

® If the instruction has an operand, the assembler checks the USE attribute of the
segment containing the operand:

— For a USE32 segment, the instruction’s address size attribute is 32-bits.
— For a USE16 segment, it is 16-bits.

® If the instruction has no operand and no predefined address size attribute, the
assembler checks the USE attribute of the current code segment to determine the
address size attribute.

® If the instruction contains an anonymous reference the assembler checks the size
of the register used in the reference. For example,

PUSH DWORD PTR [EAX]
implies the USE32 attribute. Because EAX is a 32-bit register, this PUSH in-

struction’s address size attribute is 32-bits. See Chapter 2 for more information
about USE16 and USE32 segments.

6.2.2.2 Operand Size Attribute

When determining the operand size attribute for most instructions, the assembler
considers the type of the instruction operand(s), or, for no-operand instructions, the
type of the operand implied by the instruction’s mnemonic. An instruction that ac-
cesses dwords (32-bits) or words (16-bits) has an operand size attribute of 32- or 16-
bits, respectively. An instruction that accesses a byte has the operand size attribute of
the current code segment.
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The assembler will flag an inconsistency in the use of operands as an error. For
example,

ADD EAX WORD_VAR

will be flagged as an error because EAX (32-bit register operand) cannot be used
with WORD_VAR (16-bits).

6.2.2.3 Stack Size Attribute

Instructions that use the stack have a stack size attribute of 32- or 16-bits. The assem-
bler determines an instruction’s stack size attribute according to the USE attribute of
the stack segment. The stack segment USE attribute is either:

® The current default for the module containing the instruction
®  Or, the USE attribute of the stack segment definition
Instructions with a stack size attribute of 32 use the 32-bit ESP register as the stack

pointer; those with a stack size attribute of 16 use the 16-bit SP register as the stack
pointer.

6.2.3 Instruction Encoding Format
All instruction encodings are subsets of the general instruction opcode format shown
in Figure 6-1.
INSTRUCTION ADDRESS- OPERAND SEGMENT
PREFIX SIZE PREFIX SIZE PREFIX OVERRIDE
OOR1 OOR1 OOR1 OOR1
NUMBER OF BYTES
OPCODE MODRM siB DISPLACEMENT IMMEDIATE
10R2 OOR1 OOR1 0,1,20R4 0,1,20R4
NUMBER OF BYTES
2652
Figure 6-1 Instruction Encoding Format
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Instruction encodings consist of:
® Optional instruction prefixes
®  One or two primary opcode bytes
®  Possibly an address specifier consisting of:
— The ModRM byte and the SIB (Scale Index Base) byte
— A displacement, if required
— An immediate data field, if required
Encoding fields vary depending on the class of operation. Smaller encoding fields
can be defined within the primary opcode(s). These fields define the direction of the

operation, the size of the displacements, the register encoding, or the sign extension
(see Section 6.2.3.2).

Most instructions that refer to an operand in memory have an addressing form byte
following the primary opcode byte(s). (The exceptions are the IRET/IRETD,
INT/INTO, and all PUSH and POP instructions.) This byte, called the ModRM byte,
specifies the address form to be used. Certain encodings of the ModRM byte indicate
a second addressing byte, the SIB (Scale Index Base) byte; this follows the ModRM
byte and is required to fully specify the addressing form (see Figure 6-2).

Addressing forms can include a displacement immediately following either the
ModRM or SIB byte. If a displacement is present, it can be 8-, 16-, or 32-bits.

If the instruction specifies an immediate operand, the immediate operand follows any
displacement bytes; it is always the last field of the instruction.

6.2.3.1 Instruction Prefix Codes

Instruction prefix codes occur in three cases:

1. A programmer-specified REP or LOCK prefix precedes the instruction. The
assembler generates one of the following prefixes:

F3H  REP prefix (used only with string instructions)

F3H REPE/REPZ prefix (used only with string instructions)
F2H REPNE/REPNZ prefix (used only with string instructions)
FOH LOCK prefix
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2. A segment override is specified for the instruction. The assembler automatically
generates one of the following prefixes:

2EH  CS segment override prefix
36H  SS segment override prefix
3EH DS segment override prefix
26H  ES segment override prefix
64H  FS segment override prefix
65H  GS segment override prefix

3. An instruction’s address and/or operand size requires, at most, a 2-byte prefix.
The assembler automatically generates one or more of the following prefixes:

67H  Address size prefix
66H  Operand size prefix

See the LOCK and REP reference pages for more information about specifying these
prefixes with instructions.

Table 6-12 shows when the assembler generates address and operand size prefixes for
an instruction according to the relationships among its USE, address size, and oper-
and size attributes.

Table 6-12 Generation of Address and Operand Size Prefixes

Prefixes Generated .
by Assembler Attributes
Address | Operand | Address | Operand USE of Current
67H 66H Size Size Code Segment
no no 16 16 USE16
no yes 16 32 USE16
yes no 32 16 USE16
yes yes 32 32 USE16
no no 32 32 USE32
no yes 32 16 USE32
yes no 16 32 USE32
yes yes 16 16 USE32

See Sections 6.2.2.1 and 6.2.2.2 for an explanation of address size and operand size
attributes.

6-16 Processor Instructions



6.2.3.2 ModRM and SIB Bytes

The ModRM and SIB bytes follow the opcode byte(s) in many of the processor
instructions. They contain the following information:

® Indexing type or register number to be used in the instruction
® Register to be used, or more information to select the instruction

® Base, index, and scale information

Figure 6-2 shows the formats of the ModRM and SIB bytes.

MODRM BYTE

7 6 5 4 3 2 1 0

MOD REG/OPCODE R/M

SIB (SCALE INDEX BASE) BYTE
7 6 5 4 3 2 1 0

SF INDEX BASE

2653

Figure 6-2 ModRM and SIB Byte Formats

The ModRM byte contains three fields of information:

mod occupies the 2 most significant bits. The mod field combines with the
r/m field to form 32 possible values representing 8 general registers
and 24 indexing modes.

reg occupies the next 3-bits following the mod field. The reg field speci-
fies either a register number or three more bits of opcode information.
The meaning of the reg field is determined by the first (opcode) byte of
the instruction. (See the MOV Special Registers instruction for the
control, test, and debug register reg values.)

r/m occupies the 3 least significant bits. The r/m field can specify a regis-
ter as the location of an operand, or it can be combined with the mod
field to form the addressing-mode encoding.
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32-bit based-indexed and scaled-indexed addressing forms also require the SIB byte.
The presence of the SIB byte is indicated by certain encodings of ModRM bytes. The
SIB byte then includes the following fields:

sf occupies the 2 most significant bits. It specifies the scale factor.

index  occupies the next 3-bits. It specifies the register number of the index \
register.

base occupies the 3 least significant bits. It specifies the register number of

the base register.
The following tables illustrate the addressing forms for 16- and 32-bit ModRM bytes
and for 32-bit SIB bytes:

Table 6-13  shows the 16-bit addressing forms specified by the ModRM byte.
Table 6-14  shows the 32-bit addressing forms specified by the ModRM byte.
Table 6-15  shows the 32-bit addressing forms specified by the SIB byte.
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Table 6-13 16-Bit Addressing Forms with ModRM Byte in Hexadecimal

() AL] ©CL| DL|] BL| AH| CH| DH]| BH
F16() Ax| cox| ox| Bx| sP| ep S| DI
32(1r) EAX | Ecx | eox| Eesx| Esp| Esp| Esi| eI
Idigit(Opcode) 0 1 2 3 4 5 6 7
REG = 000 | oo1| ow]| ot1| 00| 01| 10| 111
i';‘:;:;’: ModRM ModRM Values in Hexadecimal
BX + SI] 00| 00 | o8 | 10 | 18 | 20 | 28 | 30 | 38
[BX + DI] 001 | o1 09 | 11 19 | 21 20 | a1 39
(BP + SI] oo| o2 | oa | 12 | 14 | 2 | 2a | 32 | 3
(BP + DI] 00| 0 [o8 | 13 | B | 2 | 8 | 3 | B
(SI] 100| o4 | oc | 14 | 1c | 24 | 2¢ | 3 | 3
(DI} 101] o5 | oo | 15 | © | 25 | 20 | 3 | 3
disp16 10| o6 | o | 16 | 1€ | 26 | 2 | 3 | 3
BX] m | o7 | of | 17 | F | 27 | 2 | 3 | 3F
[BX + SI]+disp8 00| 40 | 4 | 5 | 5 | 60 | e | 70 | 78
[BX + DI] +disp8 001 | a1 9 | 51 59 | 61 60 | 71 79
[BP + SI]+disp8 00| 42 | 4o | s2 | sa | 62 | ea | 72 | 7A
[BP +Dij+dispg | (011 | & | 48 | s | 58 | 63 | 68 | 73 | 78
[SI] + disp8 10| 44 | ac | 54 | sc | 64 | 6c | 74 | 7C
[DI] + disp8 101| 45 | a0 | 55 | 50 | 65 | e | 75 |
[BP] + disp8 10| 46 | 4 | s6 | s | 66 | 6E | 7 | 7E
[BX] + disp8 m | a7 | o | 57 | s | 67 | e | 7 | 7
[BX + SI]+disp16 00| 8 | 8 | 9 | 9% | A0 | A8 | B0 | B8
BX + DI+ disp16 001 | 8t 8 | of 99 | at | A9 | Bt | B9
BX + SI] +disp16 oo| 82 | 8a | 92 | oo | A2 | Aa | B2 | BA
[BX + Dil+dispt6 | 011 | 8 | 88 | 9 | 98 | A3 | AB | B3 | BB
[S1] + disp16 10| 8¢ | sc | 94 .| oc | A | ac | B4 | BC
(DI} + disp16 11| 85 | a0 | 5 | oo | A5 | aD | B5 | BD
[BP]+ disp16 10| s | 8 | 9 | 9 | A6 | AE | B6 | BE
[BX]+ disp16 11| 87 | e | o7 | oF | a7 | AF | B7 | BF
EAX/AX/AL 00| co | c8 | o | o8 | E0 | E8 | Fo | F8
ECX/CX/CL oot | ¢t | co | o1 | Do | Ef E9 | Ff F9
EDX/DX/DL 00| c2 | ca | o2 | pA | E2 | EA | F2 | FA
EBX/BX/BL qot| ca | c8 | b3 |08 | 3| EB| F | FB
ESPISPIAH 10| ca | cc | ba | oc | E4a | EC | F4 | FC
EBP/BPICH 11| cs | co | o5 | oo | Es | ED | F5 | FD
ESUSIDH 10| c6 | ce | o6 | pE | E6 | EE | F6 | FE
EDI/DIBH | c7 | ce | o7 | oF | E7 | EF | F7 | FF

disp8 denotes an 8-bit displacement following the ModRM byte that is sign-extended bits and added to the index. disp16
denotes a 16-bit displacement following the ModRM byte that is added to the index. The default segment register is SS for
effective addresses containing a BP index; it is DS for other effective addresses.
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Table 6-14 32-Bit Addressing Forms with ModRM Byte in Hexadecimal

) AL cL DL BL AH CH DH BH
r16(l) AX X DX BX sP BP sl DI
32(0) EAx | Ecx | eox | esx | Esp | Esp | Esi | EDI
Idigit(Opcode) 0 1 2 3 4 5 6 7
REG = 000 | oot | ot | o1 100 | 101 1o | 111
Effective |\ aRm ModRM Values in Hexadecimal
Address
[EAX] 000 | 00 08 10 18 20 28 30 38
[ECX] 001 | o 09 1 19 21 29 31 39
(EDX] 010 | o2 0A 12 1A 2 2A 32 3A
[EBX) 0 | 08 13 18 23 2B 33 3B
- 100 | o4 oc 14 1c 2 2C 34 ac
dispa2 101 | o5 oD 15 1 25 2D 35 3D
[ESI] 10 | o6 0E 16 1E 2 2E 36 3E
[EDI] m | o7 OF 17 1F 27 oF 37 3F
dispBIEAX] 000 | 40 48 50 58 60 68 70 78
disp8ECX] 001 | 4 49 51 59 61 69 7 79
disp8[EDX] 010 | 42 aA 52 5A 62 6A 72 7A
disp8[EBX] o 01| 4 48 53 58 63 68 73 78
disp8[-][-] 100 | 44 aC 54 | sC 64 6C 74 7C
disp8[EBP] 101 | 45 4D 55 5D 65 6D 75 70
disp8[ESI] 10 | 46 4E 56 5E 66 6E 76 7E
disp8[EDI] m | 47 oF 57 5F 67 6F 7 7
disp32[EAX] 000 | 80 88 90 % A0 A8 B0 B8
disp32[ECX] 001 | st 89 of 99 At A9 B1 )
disp32[EDX] 010 | &2 8A 92 oA A2 AA B2 BA
dispazleBX] | 011 | 83 88 93 9B A3 AB B3 BB
disp32[-]-] 100 | 84 8C % oC A4 AC B4 BC
disp32[EBP)] 101 | ss 8D 95 9D A5 AD B5 BD
disp32[ESI] 110 | 86 8E % oF A6 AE B6 BE
disp32[EDI] m | e 8F o7 oF A7 AF 87 BF
EAX/AX/AL 000 | co c8 Do D8 E0 E8 Fo F8
ECX/CX/CL 001 | ci Co D1 D9 E1 E9 F1 F9
EDX/DX/DL o0 | c2 CA D2 DA E2 EA F2 FA
EBX/BX/BL qon | cs CB D3 DB E3 EB F3 FB
ESPISPIAH 100 | ca cc D4 DC E4 EC F4 FC
EBP/BPICH 101 | cs cD D5 ) E5 ED F5 FD
ESISIDH 10 | cs CE D6 DE E6 EE F6 FE
EDI/DVBH m | o7 CF D7 DF E7 EF F7 FF

[--}[--] means a SIB byte follows the ModRM byte. disp8 denotes an 8-bit displacement following the SIB byte that is sign-
extended to 32 bits and added to the index. disp32 denotes a 32-bit displacement following the ModRM byte that is added

to the index.
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6.3 Processor Instruction Set Reference

6.3.1

This section first explains how to use the instruction set reference pages and how to
find instructions that are grouped with others. The reference pages for each processor
instruction are at the end of this section.

How to Read the Instruction Set Reference Pages

For each processor instruction, a table summarizes the opcode, instruction syntax,
clocks, and description of its operation. Following the instruction table are reference
page sections titled Operation, Discussion, Flags Affected, and Exceptions by Mode.
The following is an example of an instruction table:

Opcode
oCib
0D iw
oDid
80/1ib
81 /1iw
81/1id
08 /r

09 /r

09 /r
OA /r
0B/
0B/

Instruction Clocks Description

OR AL,imm8 2 OR immediate byte to AL

OR AX,imm16 2 OR immediate word to AX

OR EAX,imm32 2 OR immediate dword to EAX
OR r/m8,imm8 217 OR immediate byte to /m byte
OR r/m16,imm16 217 OR immediate word to /m word
OR r/m32,imm32 217 OR immediate dword to r/m dword
OR r/m8,r8 2/6 OR byte register to /m byte
OR/m16,r16 2/6 OR word register to /m word
OR r/m32,r32 2/6 OR dword register to /m dword
OR r8,r/m8 217 OR r/m byte to byte register
ORr16,/m16 217 OR r/m word to word register
OR r32,r/m32 217 OR r/m dword to dword register

6.3.1.1

6-22

The following subsections explain the notational conventions and abbreviations used
in the instruction table columns and in the reference page sections.

Opcode Column

The opcode column gives the complete object code produced for each form of the
instruction. When possible, codes are expressed as hexadecimal bytes in the same
order in which they appear in memory. Definitions of entries other than hexadecimal
bytes are as follows:

/digit is a digit from O to 7; it indicates that the ModRM byte of the instruction
uses only the r/m (register or memory) operand. The reg field of the
ModRM byte contains the digit (0..7) that provides an extension to the
instruction’s opcode.
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r indicates that the ModRM byte of the instruction contains both a register
operand and an r/m operand.

cb, cw, is a 1-byte (cb), 2-byte (cw), 4-byte (cd), or 6-byte (cp) value following
cd, cp the opcode that is used to specify a code offset and possibly a new value
for the code segment register.

ib, iw, id is a 1-byte (ib), 2-byte (iw), or 4-byte (id) immediate operand to the
instruction that follows the opcode, ModRM, and SIB bytes. The op-
code determines if the operand is a signed value. All words (iw) and
dwords (id) are given with the low-order byte first.

+rb, +rw, 1is aregister code from O to 7 that is added to the hexadecimal byte at the

+rd left of the plus sign to form a single opcode byte. The register codes are:
rb w rd
AL=0 AX=0 EAX =0
CL=1 CX=1 ECX =1
DL=2 DX =2 EDX =2
BL=3 BX =3 EBX =3
AH=4 SP=4 ESP=4
CH=5 BP=5 EBP=5
DH=6 SI=6 ESI=6
BH=7 DI=7 EDI=7

6.3.1.2 Instruction Column

The instruction column gives the syntax of the instruction statement as it would ap-
pear in a assembler program.

The following is a list of the symbols used to represent operands in the instruction

statements:

r8 is one of the byte registers AL, CL, DL, BL, AH, DH, CH, or BH. For
example, MOV r8,imm8 can be coded
MOV DH.3

r1ié is one of the word registers AX, CX, DX, BX, SP, BP, SI, or DI. For
example, INC r16 can be coded
INC BX

r32 is one of the dword registers EAX, EBX, ECX, EDX, ESP, EBP, ESI, or
EDI. For example, DEC r32 can be coded
DEC EDX
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’/m8

r/m16

/m32

m8

mi16

is a 1-byte operand that is either the contents of a byte register (AL, BL,
CL, DL, AH, BH, CH, DH), or a byte from memory. For example, MOV
r8,r/m8 could be coded

MOV DL.AH
meaning ““set DL to the value in AH.” It could also be coded
MOV DL-POWER_FLAG

meaning “set DL to the memory byte variable POWER_FLAG,” where
POWER_FLAG was declared at the top of the program.

is a word register or memory operand used for instructions whose operand
size attribute is 16-bits. The word registers are AX, BX, CX, DX, SP, BP,
SI, DI. The contents of memory are found at the address provided by the
effective address computation. As an example, ADD r/m16,imm8 could be
coded

ADD SP.10
meaning “add 10 to the contents of the SP register.” It could also be coded
ADD [BP].WORD_ELEM-10

meaning *“add 10 to the memory word WORD_ELEM,” which is part of a
structure addressed by the BP register.

is a dword register or memory operand used for instructions whose oper-
and size attribute is 32-bits. The dword registers are EAX, EBX, ECX,
EDX, ESP, EBP, ESI, EDI. The contents of memory are found at the
address provided by the effective address computation.

is a memory byte that can apply to all addressing forms. m8 can be a
simple memory variable of type BYTE, or it can be indexed. For example,
LODS m8 can be coded

LODS BSTRING
where BSTRING is a byte array addressed by the (E)SI register.

is a memory word that can apply to all addressing forms. m16 can be a
simple variable of type WORD, or it can be indexed. For example, MOV
DS,m16 can be coded

MOV DS.DATA_SELECTOR

where DATA_SELECTOR is a memory variable declared with the follow-
ing statement

DATA_SELECTOR DW DATA
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MOV DS, m16 can also be coded
MOV DS.SELECTOR_ARRAY[DI]

where DI is a run-time index into the fixed word array SELECTOR_

ARRAY.
m32 is a memory dword that can apply to all addressing forms.
m is a memory operand whose type is not checked by the assembler. (See the

bit instructions, such as BTS, for an explanation of its usage.)

imm8 is an immediate byte value. imm8 is a signed number in the range
—128..127, a symbol equated to such a number, or an expression evaluat-
ing to such a number. For example, ADD AL,imm8 can be coded

ADD AL.37
meaning ‘“‘add the number 37 to the AL register”” IN AX,imm8 can be
coded

IN AX.SERIAL_PORT

if the following statement appears elsewhere within the program
SERIAL_PORT EQU 4OH

MOV r8,imm8 can be coded
MOV DL-LENGTH PTR_TABLE + 1

if the following statement appears elsewhere within the program
PTR_TABLE DW 30 DUP (?)

MOV DL,LENGTH PTR_TABLE + 1 loads 31 into the DL register.
Negative values between — 128 and —255 wrap around to positive num-
bers because the largest negative number that can be represented with
8-bits is — 128. Numbers between 127 and 255 can be used for the repre-
sentation of unsigned numbers. When instructions combine an imm8 with a
word or dword operand, the immediate value is sign-extended to form a
word or dword.

imm16  is an immediate word value used for instructions whose operand size attri-
bute is 16-bits. This is a number in the range —32763..32762, a symbol
equated to such a number, or an expression evaluating to such a number.
For example, ADD AX,imml6 can be coded

ADD AX.1000

meaning ‘“‘add the number 1000 to the AX register.” MOV r16,imml16 can
be coded

MOV DI.OFFSET COUNTER
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imm32

rel8

rel16,
rel32

ptr16:16,
ptr16:32

where COUNTER is a label. The instruction would move COUNTER’s
offset within its segment (not the contents of COUNTER) into the DI
register.

is an immediate dword value used for instructions whose operand size attri-
bute is 32-bits. This is a number in the range —2147483648..
2147483647.

is a label in the range from 128 bytes before the end of the instruction to
127 bytes after the end of the instruction. For example, JMP rel8 can be
coded

JMP PROCESS_NEXT

if the label PROCESS_NEXT: appears nearby in the same code segment.
LOOP rel8 can be coded

LOOP XY_LOOP
if XY_LOOP: appears several lines above.

is a label within the same code segment as the instruction. rell6 applies to
instructions with an operand size attribute of 16-bits; rel32 applies to in-
structions with an operand size attribute of 32-bits. The label cannot be a
FAR label. For example, JMP rell6 can be coded

JMP ABORTX

if the destination label is declared (possibly several pages away) in the
same code segment as the jump. CALL rell6 can be coded

CALL GET_CONSOLE

if the following statement appears elsewhere in the program
EXTRN GET_CONSOLE:NEAR

is a FAR label, typically in a code segment different from that of the
instruction. These labels are also called “full pointers.” ptrl16:16 is used
when the instruction’s operand size attribute is 16-bits; ptrl6:32 is used
with the 32-bit attribute. The notation 16:16 indicates that the value of the
pointer has two parts. The value on the left of the colon is a 16-bit selector
or value destined for the code segment register. The value on the right
corresponds to the offset within the destination segment. For example,
CALL ptrl6:16 can be coded

CALL SERVICE_ACTION

if the following statement appears elsewhere in the program
EXTRN SERVICE_ACTION:FAR
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m16:16,
m16:32

m16&32,
m16&16,
m32832

moffs8,
moffs16,
moffs32

Sreg

is a memory operand containing a full pointer composed of two numbers.
The number to the left of the colon corresponds to the pointer’s segment
selector. The number to the right corresponds to its offset. Like the
ptr16:16 and ptr16:32 operands, m16:16 and m16:32 operands are mem-
ory locations which contain full pointers.

is a memory operand consisting of paired data items whose sizes are indi-
cated on the left and the right side of the ampersand. All memory address-
ing forms are allowed. An ml6&16 or m32&32 operand is used by the
BOUND instruction (the operand specifies upper and lower bounds for
array indices). LIDT ml6&32 and LGDT mi6&32 load a word into the
limit field, and a dword into the base field of the Interrupt and Global
Descriptor Table registers. For example, LGDT ml6&32 can be coded

LGDT GLOBAL_ARRAY

if the following statement appears in a data segment elsewhere in the pro-
gram (and is followed by the array initializations)

GLOBAL_ARRAY LABEL BYTE

LIDT m16&32 can be coded

LIDT[BP]-IPT_TABLE

where IPT_TABLE is the element of a structure addressed by the BP
register.

(memory offset) is a simple memory variable of type BYTE, WORD, or
DWORD used by the MOV instruction. A simple offset relative to the
segment base specifies the actual address. No ModRM byte is used in the
instruction. The number shown with moffs indicates its size, which is de-
termined by the address size attribute of the instruction. For example, the
instruction MOV moffs32,EAX can be coded

MOV ITEM_COUNT.EAX

where ITEM_COUNT is a simple dword memory variable. These special
forms of the MOV instruction generate less code.

is a segment register. The segment register values are ES=0, CS=1,
SS=2,DS=3, FS=4, and GS =5.

6.3.1.3 Clocks Column

The clocks column gives the number of clock cycles for each form of the instruction.
The clock values apply only to the 386 processor. Instructions which are not available
on the 386 or 376 processors have a dash (—) in the clocks column.
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The clock count calculations make the following assumptions:

1.
2.

Bus cycles do not require wait states.

delaying processor access to the bus.

The instruction has been prefetched and decoded and is ready for execution.

There are no a numeric coprocessor data transfers or local bus HOLD requests

No exceptions are detected during instruction execution.

Memory operands are aligned on 4-byte boundaries.

Opcode
oCib
oD iw
oDid
80/1ib
81 /1iw
81/1id
08 /r

09 /r

09 /r
OA /r
0B /r
0B /r

Instruction

OR AL,imm8

OR AX,imm16
OR EAX,imm32
OR r/m8,imm8
OR /m16,imm16
OR /m32,imm32
OR r/m8,r8
OR/m16,r16
OR r/m32,r32
OR r8,r/m8
ORr16,/m16
OR r32,/m32

Clocks

2

2

2

217
217
217
2/6
2/6
2/6
217
217
217

Description

OR immediate byte to AL

OR immediate word to AX

OR immediate dword to EAX
OR immediate byte to /m byte
OR immediate word to /m word
OR immediate dword to r/m dword
OR byte register to /m byte

OR word register to /m word
OR dword register to /m dword
OR r/m byte to byte register

OR r/m word to word register
OR r/m dword to dword register

6-28

Clock counts for instructions that have an r/m (register or memory) operand are
separated by a slash. The count to the left is used for a register operand; the count to
the right is used for a memory operand.

The following symbols are used in the clock count specifications:

Norn

represents the number of times a clock cycle is repeated.

m  represents the number of components in the next instruction executed,
where the entire displacement (if any) counts as one component, and all
other bytes of the instruction and prefix(es) each count as one component.

pm=  is a label that applies when the instruction executes in protected mode.
pm= is omitted when the clock counts are the same for protected, real

address, and virtual 8086 modes.

tortt indicates additional information about clock counts below the table.
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6.3.1.4 Description Column

The description column briefly explains the various forms of the instruction.

r The Operation and Discussion sections that follow the table contain more details of
the instruction’s operation.

6.3.1.5 Operation Section

This reference page section contains an algorithmic description of the instruction
coded in a notation similar to the Algol languages. The algorithms are composed of
the following elements:

1.

Keywords of the algorithmic language, labels, and processor registers are capi-
talized; variables, functions, and prose descriptions are in capital and lower case
letters. Comments are enclosed within the symbol pairs (* and *). Semi-colons
separate the statements of the algorithms.

Compound statements are indented; compound statements are sometimes termi-
nated by ENDIF, ENDIFELSE, ENDWHILE, or ENDFOR for clarity or if their
component statements extend across page breaks.

A register name implies the contents of the register. A register name enclosed in
brackets ( [ ] ) implies the contents of the location whose address is contained in
that register. For example, ES:[DI] indicates the contents of the location whose
ES segment relative address is in register DI. [SI] indicates the contents of the
address contained in register SI relative to SI's default segment (DS) or over-
ridden segment.

: = is the assignment operator. For example, A : = B; indicates that the value of
B is assigned to A.

=,NOT = ,>, > =, <, and < = are relational operators used to compare
two values. These operators mean ‘“‘equal, not equal, greater than, greater or
equal, less than, less or equal,” respectively. A relational expression such as
A = B is TRUE if the value of A is equal to that of B; otherwise, it is FALSE.
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6. OperandSize represents the 16- or 32-bit operand size attribute of an instruction.

StackSize represents the 16- or 32-bit stack size attribute of an instruction. Ad-
dressSize represents the 16- or 32-bit address size attribute of the instruction.
For example,

IF instruction = CMPSW THEN
OperandSize : = 16;
ELSE
IF instruction = CMPSD THEN
OperandSize : = 32;

indicates that the assembler will set the operand size attribute according to the
mnemonic form of the CMPS instruction used. See Sections 6.2.2.1 t0 6.2.2.3
for general guidelines on how OperandSize, StackSize, and AddressSize are
determined. The Operation sections for certain instructions indicate how the as-
sembler determines these attributes.

The following functions are used in the algorithmic descriptions:

1.

Truncate(value) reduces the size of the value to fit in 16-bits by discarding high-
order bits as needed.

Addr(operand) returns the effective address of the operand. (This value is the
address calculation prior to adding the segment base).

ZeroExtend(value) returns a value zero-extended to the operand size attribute of
the instruction. For example, ZeroExtend of a byte-long — 10D value converts
the byte from F6H to 000000F6H. If the value passed to ZeroExtend and the
operand size attribute are the same size, ZeroExtend returns the value unaltered.

SignExtend(value) returns a value sign-extended to the operand size attribute of
the instruction. For example, SignExtend of a byte-long — 10D converts the byte
from F6H to FFFFFFF6H. If the value passed to SignExtend and the operand
size attribute are the same size, SignExtend returns the value unaltered.

Push(value) pushes a value onto the stack. The number of bytes pushed is deter-
mined by the operand size attribute of the instruction. See the PUSH instruction’s
Operation section at the end of this chapter for details.
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7. Bit[BitBase,BitOffset] returns the address of a bit within a bit string. Bits are
numbered from right to left within registers and within memory bytes. If the base
operand is a 32-bit register, the offset can be in the range 0..31. This offset
addresses a bit within the indicated register. An example, BIT[EAX,21], is illus-
trated in Figure 6-3.

31 21 0

BITOFFSET = 21
2654

Figure 6-3 BitOffset for BIT[EAX,21]

In memory, the 2 bytes of a word are stored with the low-order byte at the lower
address. If BitBase is a memory address, BitOffset can range from —2 gigabits
to +2 gigabits. The addressed bit is numbered (BitOffset MOD 8) within the
byte at address (BitBase + (BitOffset DIV 8) ), where DIV is signed division
with rounding towards negative infinity, and MOD returns a positive number.
This is illustrated in Figure 6-4.

POSITIVE OFFSET
76543210 76543210 76543210
BITBASE + 1 BITBASE BITBASE - 1
11

I

BITOFFSET = 13

NEGATIVE OFFSET
76543210 76543210 76543210
|
BITBASE BITBASE - 1 BITBASE - 2
11
BITOFFSET = 11

2655

Figure 6-4 Memory Bit Indexing
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8. IOPermission(Src, width(Src) ) checks the I/O permission bits for every byte of
the Src operand before external 1/0 operations (see Appendix A for more infor-
mation about the I/O permission bit map).

9. SwitchTasks performs certain protected mode checks before the processor
changes the value of CS:(E)IP. Before the processor executes a CALL, RET,
INT, IRET, or JMP instruction in protected mode, it checks the access rights
(AR) of the descriptor table entry for the selector associated with the new CS.
AR determines whether an intersegment control transfer is:

® Through a gate
® A task switch
® Merely a FAR jump to a code segment at the same privilege level

The SwitchTasks function is an abbreviation for the following checks and
actions:

IF new TSS descriptor NOT PRESENT (*P bit of AR = 0*) THEN
#NP(new TSS);
IF new TSS descriptor BUSY (*B bit of AR = 1*) THEN
#GP(new TSS);
IF new TSS descriptor limit < 103 (*or < 43 for 286 TSS*) THEN
#TS(new TSS);
Save machine state in current TSS;
(*copy general, segment, and flags registers to current TSS*)
IF nesting tasks THEN
new TSS backlink : = current TSS selector;
ELSE (*in current TSS descriptor*)
AR := NOT BUSY; (*B bit = 0*)
ENDIFELSE;
TR (*task register*) : = new TSS selector;
new TSS descriptor : = BUSY; (*B bitof AR = 1%)
TS (*flag in MSW of CRO*) : = 1;
Set general and EFLAGS (*NT : = 1 if nested task*) registers to new TSS values;
Load selectors for LDT, SS, CS, DS, ES, FS, GS, and, if paging enabled, CR3
page directory physical address associated with new TSS;
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(*Check validity of selectors for LDT and Sreges; if paging enabled, check CR3
associated with new TSS*)
(*Check LDT validity: *)
IF LDT selector NOT within GDT limits
OR LDT selector does not index GDT THEN
#TS(LDT selector);
IF AR (*of LDT descriptor*) indicates non-LDT segment THEN
#TS(LDT selector);
IF AR (*of LDT descriptor*) indicates NOT PRESENT THEN
#TS(LDT selector);
(*END check LDT validity*)
Load new LDT descriptor into LDT cache; (*valid LDT*)
CPL (*of new TSS*) : = RPL; (*of new TSS CS selector*)
(*Check validity CS: *)
IF CS selector = null THEN #TS(CS selector);
IF CS selector NOT within its descriptor table limits THEN
#TS(CS selector);
IF AR (*of CS descriptor*) indicates non-code segment THEN
#TS(CS selector);
IF nonconforming AND DPL NOT = CPL THEN #TS(CS selector);
IF conforming AND DPL > CPL THEN #TS(CS selector);
IF AR (*of CS descriptor*) indicates NOT PRESENT THEN
#NP(CS selector);
(*END checks CS validity*)
Load new CS descriptor into CS cache; (*valid CS*)
(*Check validity SS: *)
IF new SS selector = null THEN #TS(SS selector):
IF SS selector NOT within its descriptor table limits THEN
#TS(SS selector);
IF RPL (*of SS selector*) NOT = CPL THEN #TS(SS selector);
IF DPL (*of SS descriptor*) NOT = CPL THEN #TS(SS selector);
IF AR (*of SS descriptor*) indicates code
OR non-writable data segment THEN
#TS(SS selector);
IF AR (*of SS descriptor*) indicates NOT PRESENT THEN
#NP(SS selector);
(*END checks SS validity*)
Load new SS descriptor into SS cache; (*valid SS*)
(*Check each of DS, ES, FS, GS segment selector(s) validity *)
IF selector index NOT within its descriptor table limits THEN
#TS(segment selector);
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IF AR (*of new selector*) indicates non-data
OR non-readable code segment THEN
#TS(segment selector);
IF data OR nonconforming code THEN
IF DPL < CPL THEN #GP(segment selector);
IF DPL < RPL THEN #GP(segment selector);
ENDIF; (*data or nonconforming code*)
IF AR (*of segment descriptor*)indicates NOT PRESENT THEN
#NP(segment selector);
(*END checks DS, ES, FS, GS validity*)
Load new segment descriptor(s) into Sreg cache(s); (*valid DS,ES,FS,GS*)
IF PG (*bit 31 of CR0*) = 1 THEN (*paging enabled*)
IF current TSS CR3 = new TSS CR3 THEN
NOP;
ELSE
Flush page translation cache;
Load CR3 (*of new TSS*);
ENDIF; (*page directory base address in CR3*)

6.3.1.6 Discussion Section

This section contains a further explanation of the instruction’s operation.

6.3.1.7 Flags Affected Section

6-34

This section lists the flags that are affected by the instruction, as follows:

® Ifaflag is always cleared or always set by the instruction, the flag’s value (=0 or
=1) is also listed.

® If a flag is undefined, its value may be changed by the instruction in an indeter-
minate manner.

Most processor instructions assign values to flags in the uniform manner described in
Appendix A. See each instruction’s Operation section for any unconventional flag
value assignments it makes. If a flag is not mentioned in the Flags Affected section,
the instruction leaves it unchanged.
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6.3.1.8 Exceptions by Mode Section

This section lists the exceptions that can occur when the instruction executes. Each
processor operating mode can generate different exceptions:

Protected

Real
Address

Virtual 8086

This subsection lists the exceptions that can occur when the in-
struction executes in protected mode. If you write applications in
a protected mode environment, consult your operating system
documentation to determine what is done when processor
exceptions occur.

This subsection lists the exceptions that can occur when the instruc-
tion executes in real address mode. This mode has fewer exception
conditions than protected mode. Real address mode exceptions do
not pass error codes to interrupt procedures.

One possible exception for many instructions is Interrupt 13. The
processor generates an Interrupt 13 whenever a memory operand is
partly or wholly accessed from the effective address OFFFFH in a
segment. This exception occurs because the second byte of the
word is at location 10000H, not at O; thus, it exceeds the segment’s
addressability limit.

This subsection lists the exceptions that can occur when the instruc-
tion executes in virtual 8086 mode. Virtual 8086 mode allows the
processor to simulate virtual 8086 machines. Virtual 8086 mode
exceptions are the same as those for Real 8086, with the following
additions:

® 1/0 instructions cause a #GP(0) exception if the IOPL (I/0 privi-
lege level) is less than 3 and an I/O permission bit is set.

® Memory references can cause page faults, noted in the reference
pages as #PF(fault-code).

When a virtual 8086 mode exception occurs, the processor is set to
protected mode.

Processor exception names are formed from a cross-hatch character (#) followed by 2
letters and an optional error code in parentheses. Table 6-16 summarizes the proces-

sor exceptions.
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Table 6-16 Processor Exceptions and Interrupts

Interrupt Instruction that
Name Cause Number May Generate this Interrupt
Divide error 0 DIV, IDIV
Debug exceptions 1 Any instruction
1-byte INT opcode 3 INT
2-byte interrupt 32-255 INT number
Interrupt on overflow 4 INTO
Array bounds check 5 BOUND
#UD Invalid opcode 6 Any illegal
instruction
#NM No math unit available 7 ESC, WAIT
#DF Double fault 8 Any instruction that can gen-
erate an exception
Coprocessor segment 9 Any operand to an ESC in-
overrun struction that wraps around
the end of a segment
#TS Invalid task state 10 JMP, CALL, any interrupt,
segment (TSS) IRET
#NP Segment/gate not 11 Any segment register
present modifier
#SS Stack fault 12 Any instruction that refer-
ences memory through the
SS segment register
#GP General protection 13 Any memory reference in-
fault struction or code fetch
#PF Page fault 14 Any memory reference in-
struction or code fetch
#MF Math fault 16 ESC, WAIT

See Appendix A for more information about the processor exceptions.

6.3.2 How to Look Up an Instruction
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The processor instructions are presented in mnemonic alphabetical order, with the
following exceptions:

Floating-point instructions (ESC instructions for the a numeric coprocessor) are
at the end of Chapter 7.

String handling instructions that have byte, word, and dword variants (with suf-
fixes B, W, and D, respectively) are grouped with the basic instruction form.

Processor Instructions



The REP prefix variants for string instructions are also grouped. See the follow-
ing instructions for the variants that are listed on the right:

CMPS CMPSB, CMPSW, and CMPSD
INS INSB, INSW, and INSD

LODS LODSB, LODSW, and LODSD
MOVS MOVSB, MOVSW, and MOVSD

OUTS OUTSB, OUTSW, and OUTSD
SCAS SCASB, SCASW, and SCASD
STOS STOSB, STOSW, and STOSD

REP REPE, REPZ, REPNE, and REPNZ

® Some conversion instructions are grouped. See the following instructions for the
variant listed on the right:

CBW CWDE
CWD CDQ

® See the Jcc and SETcc instruction tables for the many variant forms of these
conditional instructions. See LOOP for the LOOPcond variants.

® See the following instructions for the variants listed on the right:

INT INTO
IRET IRETD
POPA POPAD
PUSHA PUSHAD
POPF POPFD

PUSHF PUSHFD
XLAT XLATB

® Some load and store instructions are grouped. See the following instructions for
those listed on the right:

LGDT LIDT

LGDTW  LGDTD, LIDTW, and LIDTD
SGDT SIDT

SGDTW  SGDTD, SIDTW, and SIDTD
LDS LES, LFS, LGS and LSS
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® The rotate instructions and some of the shift instructions are grouped. See the
following instructions for those listed on the right:

RCL RCR, ROL, and ROR
SAL SAR, SHL, and SHR
® See VERR for the VERW instruction. N

The remainder of this chapter consists of the processor instruction reference pages in
mnemonic alphabetical order.

6-38 Processor Instructions



AAA
ASCII Adjust after Addition

Opcode Instruction Clocks Description
37 AAA 4 ASCII adjust AL after addition
Operation IF ((AL AND OFH) > 9) OR (AF = 1) THEN

Discussion

Flags Affected

AL := AL + 6;

AH:= AH + 1;

AF:= 1,

CF:=1;
ELSE

CF:=0;

AF := 0;
ENDIFELSE;

AL := AL AND OFH;

Code AAA only following an ADD instruction that leaves a byte
result in the AL register. The lower nibbles of the ADD operands
should be in the range 0 through 9 (BCD digits) so that AAA adjusts
AL to contain the correct decimal digit result. If ADD produced a
decimal carry, AAA increments the AH register and sets the carry
(CF) and auxiliary carry (AF) flags to 1. If ADD produced no deci-
mal carry, AAA clears the carry and auxiliary flags (0) and leaves
AH unchanged. In either case, AL is left with its upper nibble set to
0. To convert AL to an ASCII result, follow the AAA instruction with
OR AL, 30H.

AF and CF as described in the Discussion section; OF, SF, ZF, and PF
are undefined

Exceptions by Mode

Protected

Real Address

Virtual 8086

Processor Instructions

None

None

None
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AAD
ASCII Adjust AX before Division

Opcode Instruction Clocks Description
D5 0A AAD 19 ASCII adjust AX before division )
Operation AL:= AH * 0AH + AL;
AH := 0;
Discussion AAD prepares 2 unpacked BCD digits (the least significant digit in

AL, the most significant digit in AH) for a division operation that will
yield an unpacked result. This is done by setting AL to AL + (10 *
AH), and then setting AH to 0. AX is then equal to the binary equiva-
lent of the original unpacked 2-digit number.

Flags Affected SF, ZF, and PF as described in Appendix A; OF, AF, and CF are

undefined
Exceptions by Mode
Protected None A\
Real Address None
Virtual 8086 None
B
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AAM
ASCII Adjust AX after Multiply

Opcode Instruction Clocks Description
D4 0A AAM 17 ASCII adjust AX after multiply
Operation AH : = AL/ OAH;

AL : = AL MOD 0AH;

Discussion Code AAM only following a MUL instruction on two unpacked BCD
digits that leaves the result in the AX register. AL contains the MUL
result, because it is always less than 100. AAM unpacks this result by
dividing AL by 10, leaving the quotient (most significant digit) in AH
and the remainder (least significant digit) in AL.

Flags Affected SE, ZF, and PF as described in Appendix A; OF, AF, and CF are

undefined
Exceptions by Mode
Protected None
Real Address None
Virtual 8086 None
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AAS
ASCII Adjust AL after Subtraction

Opcode Instruction Clocks Description
3F AAS 4 ASCII adjust AL after subtraction
Operation IF (AL AND OFH) > 9 OR AF = 1 THEN
AL:= AL - 6;
AH:= AH - 1;
AF:=1;
CF:=1,
ELSE
CF:=0;
AF:= 0;
ENDIFELSE;

AL : = AL AND OFH;

Discussion Code AAS only following a SUB instruction that leaves the byte result
in the AL register. The lower nibbles of the SUB operands should be
in the range O through 9 (BCD digits) so that AAS adjusts AL to
contain the correct decimal digit result. If SUB produced a decimal
carry, AAS decrements the AH register and sets the carry (CF) and
auxiliary carry (AF) flags to 1. If SUB produced no decimal carry,
AAS clears the carry and auxiliary carry flags (0) and leaves AH
unchanged. In either case, AL is left with its upper nibble set to 0. To
convert AL to an ASCII result, follow the AAS with OR AL, 30H.

Flags Affected AF and CF as described in the Discussion section; OF, SF, ZF, and PF
are undefined

Exceptions by Mode

Protected None
Real Address None
Virtual 8086 None
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ADC

Add with Carry
Opcode Instruction Clocks Description
14ib ADC AL,imm8 2 Add with carry immediate byte to AL
15 iw ADC AX,imm16 2 Add with carry immediate word to AX
15id ADC EAX,imm32 2 Add with carry immediate dword to EAX
80/2ib ADC r/m8,imm8 207 Add with carry immediate byte to /m
byte
81/2iw ADC r/m16,imm16 217 Add with carry immediate word to /m
word
81/2id ADC r/m32,imm32 217 Add with carry immediate dword to /m
dword
83/2ib ADC r/m16,imm8 217 Add with carry sign-extended immediate
byte to /m word
83/2ib ADC r/m32,imm8 217 Add with carry sign-extended immediate
byte into /m dword
10/r ADC r/m8,r8 217 Add with carry byte register to /m byte
11/ ADC r/m16,r16 217 Add with carry word register to /m word
11/ ADC r/m32,r32 217 Add with carry dword register to /m
dword
12/ ADC r8,r/m8 2/6 Add with carry r/m byte to byte register
137 ADC r16,r/m16 2/6 Add with carry /m word to word register
13/ ADC r32,r/m32 2/6 Add with CF r/m dword to dword
register
Operation IF (Src is byte) AND (Dest is word or dword) THEN
Dest : = Dest + SignExtend(Src) + CF;
ELSE
Dest : = Dest + Src + CF;
Discussion ADC performs integer addition of the two operands, Dest and Src,

and of the carry flag, CF. ADC assigns the result to the first operand
(Dest), and sets the flags accordingly. ADC is usually executed as
part of a multi-byte or multi-word addition operation. When an
immediate byte value is added to a word or dword operand, the imme-
diate value is first sign-extended to the size of the operand.
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ADC (continued)

Flags Affected OF, SF, ZF, AF, CF, and PF as described in Appendix A

Exceptions by Mode

Protected #GP(0) if the result is in a nonwritable segment; #GP(0) for an illegal
memory operand effective address in the CS, DS, ES, FS, or GS seg-
ments; #SS(0) for an illegal address in the SS segment; #PF(fault-
code) if page fault

Real Address Interrupt 13 if any part of the operand would lie outside the effective
address space from 0 to OFFFFH

Virtual 8086 Same as Real Address Mode; #PF(fault-code) for a page fault
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ADD

(Integer) Add

Opcode Instruction Clocks Description

04 ib ADD AL,imm8 2 Add immediate byte to AL

05 iw ADD AX,imm16 2 Add immediate word to AX

05 id ADD EAX,imm32 2 Add immediate dword to EAX

80/0ib ADD r/m8,imm8 2/7 Add immediate byte to //m byte

81/0iw ADD r/m16,imm16 217 Add immediate word to /m word

81/0id ADD r/m32,imm32 2/7 Add immediate dword to /m dword

83/0ib ADD r/m16,imm8 217 Add sign-extended immediate byte to

r/m word
83/0ib ADD r/m32,imm8 2/7 Add sign-extended immediate byte to
r/m dword

00 /r ADD r/m8,r8 217 Add byte register to r/m byte

o1/ ADD r/m16,r16 217 Add word register to /m word

o1/ ADD r/m32,r32 217 Add dword register to /m dword

02/ ADD r8,r/m8 2/6 Add r/m byte to byte register

037 ADD r16,r/m16 2/6 Add r/m word to word register

03/ ADD r32,r/m32 217 Add r/m dword to dword register

Operation IF (Src is byte) AND (Dest is word or dword) THEN

Dest : = Dest + SignExtend(Src);
ELSE
Dest : = Dest + Src;

Discussion ADD performs integer addition of the two operands. ADD assigns the
result to the first operand (Dest) and sets the flags accordingly. When
an immediate byte is added to a word or dword operand, the immedi-
ate value is sign-extended to the size of the operand.

Flags Affected OF, SF, ZF, AF, CF, and PF as described in Appendix A
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ADD (continued)

Exceptions by Mode

Protected

Real Address

Virtual 8086

#GP(0) if the result is in a nonwritable segment; #GP(0) for an illegal
memory operand effective address in the CS, DS, ES, FS, or GS seg-
ments; #SS(0) for an illegal address in the SS segment; #PF(fault-
code) for a page fault

Interrupt 13 if any part of the operand would lie outside the effective
address space from 0 to OFFFFH

Same as Real Address Mode; #PF(fault-code) for a page fault
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AND

Logical AND

Opcode Instruction Clocks Description
24ib AND AL,imm8 2. AND immediate byte to AL
25 iw AND AX,imm16 2 AND immediate word to AX
25id AND EAX,imm32 2 AND immediate dword to EAX
80/4ib AND r/m8,imm8 217 AND immediate byte to /m byte
81 /4 iw AND r/m16,imm16 217 AND immediate word to r/m word
81/4id AND r/m32,imm32 217 AND immediate dword to /m dword
83/4ib AND r/m16,imm8 217 AND sign-extended byte to /m word
83/4ib AND r/m32,imm8 217 AND sign-extended byte to /m dword
20 /r AND r/m8,r8 217 AND byte register to r/m byte
21/ AND r/m16,r16 217 AND word register to /m word
21 /r AND r/m32,r32 217 AND dword register to /m dword
2/ AND r8,r/m8 2/6 AND r/m byte to byte register
23/ AND r16,r/m16 2/6 AND r/m word to word register
237/ AND r32,r/m32 2/6 AND r/m dword to dword register
Operation Dest : = Dest AND Src;

CF:=0;

OF := 0;
Discussion If corresponding bits of the operands are both 1, AND sets the corres-

ponding result bit to 1. Otherwise, AND sets the corresponding result
bit to 0.

Flags Affected CF = 0, OF = 0; PF, SF, and ZF as described in Appendix A

Exceptions by Mode

Protected #GP(0) if the result is in a nonwritable segment; #GP(0) for an illegal
memory operand effective address in the CS, DS, ES, FS, or GS seg-
ments; #SS(0) for an illegal address in the SS segment; #PF(fault-
code) for a page fault

Real Address Interrupt 13 if any part of the operand would lie outside the effective
address space from 0 to OFFFFH

Virtual 8086 Same as Real Address Mode; #PF(fault-code) for a page fault
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ARPL
Adjust RPL Field of Selector

Opcode Instruction Clocks Description

63/ ARPL r/m16,r16 pm =20/21 Adjust RPL of /m16 to not
less than RPL of r16

Operation IF RPL (*bits 0,1*) of Dest < RPL (*bits 0,1*) of Src THEN
ZF:=1;
RPL (*bits 0,1*) of Dest : = RPL (*bits 0,1*) of Src;
ELSE
ZF .= 0;
Discussion The ARPL instruction has 2 operands:

1. The first operand is a 16-bit memory variable or word register
that contains the value of a selector.

2. The second operand is a word register that also contains a
selector.

If the RPL field (requesting privilege level — lower two bits) of the
first operand is less than the RPL field of the second operand, ARPL
sets ZF to 1 and increases the RPL field of the first operand to match
that of the second operand. Otherwise, ARPL clears ZF (0) and
makes no change in the first operand.

ARPL appears only in operating system software. It is used to guaran-
tee that a selector parameter to a subroutine does not request more
privilege than the caller is allowed. The second operand of ARPL is
normally a register that contains the CS selector value of the caller.

Flags Affected ZF as described in the Discussion section
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ARPL (continued)

Exceptions by Mode

Protected

Real Address

Virtual 8086

Processor Instructions

#GP(0) if the result is in a nonwritable segment; #GP(0) for an illegal
memory operand effective address in the CS, DS, ES, FS, or GS seg-
ments; #SS(0) for an illegal address in the SS segment; #PF(fault-
code) for a page fault

Interrupt 6

Interrupt 6; #PF(fault-code) for a page fault



BOUND

Check Array Index Against Bounds

Opcode Instruction Clocks Description
62/ BOUND r16,m16&16 10 Interrupt 5 if r16 is not within bounds
62 /r BOUND r32,m32&32 10 Interrupt 5 if r32 is not within bounds

*Does not include clocks for Interrupt 5.

Operation

Discussion

Flags Affected

IF (LeftSrc < [RightSrc] (* lower limit *)
OR LeftSrc > [RightSrc + OperandSize/8] ) (* upper limit *)
THEN Interrupt 5;

BOUND checks that a signed array index is within limits. The regis-
ter operand contains the index. Contiguous dword or word operands
specify the lower and upper limits. If the index is not within bounds,
an Interrupt 5 occurs; the return EIP points to the BOUND instruc-
tion. The second operand must be a memory operand, not a register.

The bounds limit data structure can be placed in memory just before
the array itself. This makes the limits addressable via a constant offset
from the beginning of the array.

None

Exceptions by Mode

Protected

Real Address

Virtual 8086
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Interrupt 5 if the bounds test fails; #GP(0) for an illegal memory
operand effective address in the CS, DS, ES, FS, or GS segments;
#SS(0) for an illegal address in the SS segment; #PF(fault-code) for a
page fault; #UD if the second operand is a ModRM byte representing
a register

Interrupt 5 if the bounds test fails; Interrupt 13 if any part of the
operand would lie outside the effective address space from 0 to
OFFFFH; Interrupt 6 if the second operand is a register

Same as Real Address Mode; #PF(fault-code) for a page fault
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BSF

Bit Scan Forward

Opcode Instruction Clocks Description
OF BC BSF r16,r/m16 10+ 3n' Bit scan forward on r/m word
OF BC BSF r32,r/m32 10+3n' Bit scan forward on /m dword

“n is the number of leading zero bits.

Operation

Discussion

Flags Affected

IF/m = 0 THEN

ZF:= 1;

register : = UNDEFINED;
ELSE

temp:= 0;

ZF := 0;

WHILE Bit[r/m,temp] = 0 DO

temp :=temp + 1;
ENDWHILE;
register : = temp;

BSF scans the bits in the second operand from right to left starting at
bit 0. BSF places the index of the first set bit that it finds into the first
operand and clears ZF. If no bit is set in the second operand, BSF sets
ZF, and the first operand is undefined.

ZF as described in the Discussion section

Exceptions by Mode

Protected

Real Address

Virtual 8086

Processor Instructions

#GP(0) for an illegal memory operand effective address in the CS,
DS, ES, FS, or GS segments; #SS(0) for an illegal address in the SS
segment; #PF(fault-code) for a page fault

Interrupt 13 if any part of the operand would lie outside the effective
address space from 0 to OFFFFH

Same as Real Address Mode; #PF(fault-code) for a page fault
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BSR

Bit Scan Reverse

Opcode Instruction Clocks Description

OF BD BSR r16,/m16 10+3n' Bit scan reverse on r/m
word

OF BD BSR r32,r/m32 10+3n' Bit scan reverse on r/m
dword

*n is the number of leading zero bits.

Operation

Discussion

Flags Affected

IF/m = 0 THEN
ZF:=1;
register : = UNDEFINED;
ELSE
temp : = OperandSize — 1;
ZF .= 0;
WHILE Bit[r/m,temp] = 0 DO
temp : = temp — 1;
ENDWHILE;
register : = temp;

BSR scans the bits in the second operand from left to right starting at
the most significant bit (31 or 15). BSR places the index of the first bit
that it finds set into the first operand and clears ZF. If no bit is set,
BSR sets ZF, and the first operand is undefined.

ZF as described in the Discussion section

Exceptions by Mode

Protected

Real Address

Virtual 8086
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#GP(0) for an illegal memory operand effective address in the CS,
DS, ES, FS, or GS segments; #SS(0) for an illegal address in the SS
segment; #PF(fault-code) for a page fault

Interrupt 13 if any part of the operand would lie outside the effective
address space from 0 to OFFFFH

Same as Real Address Mode; #PF(fault-code) for a page fault
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BSWAP

Byte Swap

(not available on 386™
or 376™ processors)

Opcode Instruction
OFC8 + rd BSWAP r32

Clocks Description

— Swaps r32 high byte for low byte, middle-
high byte for middle-low byte

Operation temp : = r32;

r32[0..7]:= temp[ 24..31];
r32[8..15] : = temp[ 16..23 ];

r32[16..23]: =

temp[ 8..15];

r32[24..31]:= temp[ 0..7 ];

Discussion BSWAP swaps the high bytes and low bytes of a 32-bit register.
BSWAP takes a single operand as its source and destination.

Flags Affected None

Exceptions by Mode

Protected None
Real Address None
Virtual 8086 None

Processor Instructions
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BT

Bit Test

Opcode Instruction Clocks Description

OF A3 /r BT r/m16,r16 3/12 Save bit in carry flag
OF A3 /r BT r/m32,r32 312 Save bit in carry flag

OF BA/4ib BT r16,imm8
OF BA/4ib BT r32,imm8
OFBA/4ib BT m,imm16
OF BA/4ib BT m,imm32
OFBA/4ib BTm

Save bit in carry flag
Save bit in carry flag
Save bit in carry flag
Save bit in carry flag
Save bit in carry flag

DO WW

Operation

Discussion
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CF : = Bit[LeftSrc,RightSrc];

BT copies the value of a selected bit into the carry flag. The BT
operands specify:

® A bit string (register first operand) or bit string base address
(memory first operand)

® A bit offset (second operand) to the selected bit

If the first operand is a register, the bit offset of the selected bit can be
specified as an immediate byte constant as well as a value in a general
register. The bit offset is taken modulo the operand size, so the range
is 0..31 (or 0..15 for a 16-bit operand).

If the bit string is in memory, the first operand is its base address, and
the second operand is an offset relative to this base address. The USE
attribute of the first operand determines register size and offset limits
for the second operand.

If the first operand is in a USE32 segment, the second operand must
be either a dword register, containing a value, or an immediate con-
stant value within the range:

—2 gigabits to (+ 2 gigabits — 1).
For non-combinable USE32 segments, assembly time address calcu-

lation requires the effective address of the bit string and bit offset to
satisfy:

0 < = ( (effective address * 8) + (bit offset) ) < 32 gigabits.

Processor Instructions
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BT (continued)

If the first operand is in a USE16 segment, the second operand must
be either a word register, containing a value, or an immediate constant
value within the range:

— 32 Kbits to (+32 Kbits — 1).

For non-combinable USE16 segments, assembly time address calcu-
lation requires the effective address of the bit string and bit offset to
satisfy:

0 < = ( (effective address * 8) + (bit offset) ) < 512 Kbits.

If the bit string is in memory, the assembler will combine the bit offset
with the effective address to generate a dword aligned 32-bit address,
or a word aligned 16-bit address, and it will adjust the bit offset
accordingly.

When accessing a bit in memory, the processor may access 4 or 2
bytes starting from the memory address:

® Effective Address + (4 * (BitOffset DIV 32) ) for a 32-bit oper-
and size

® Effective Address + (2 * (BitOffset DIV 16) ) for a 16-bit oper-
and size

It may do this even when only a single byte needs to be accessed in
order to reach the given bit. Therefore, avoid referencing areas of
memory close to address space holes. In particular, avoid references
to memory-mapped I/O registers. Instead, use the MOV instructions
to load from these addresses. Then, use a register form of BT to
manipulate the data.
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BT (continued)

The BT m form (without offset) assumes an operand of type DBIT,
but the assembler does not check the type. For example,

BT BAZ.Y

accesses a bit where BAZ and Y were defined as follows:

35 structure definition
FOO STRUC

X DBIT 11 DUP (110B)
Y DBIT 1B

Z DBIT 1B
FOO ENDS

BAZ F00 <>

Flags Affected CF as described in the Discussion section; all other flags are

undefined
Exceptions by Mode
Protected #GP(0) if the result is in a nonwritable segment; #GP(0) for an illegal

memory operand effective address in the CS, DS, ES, FS, or GS seg-
ments; #SS(0) for an illegal address in the SS segment; #PF(fault-
code) for a page fault

Real Address Interrupt 13 if any part of the operand would lie outside the effective
address space from 0 to OFFFFH

Virtual 8086 Same as Real Address Mode; #PF(fault-code) for a page fault
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BTC

Bit Test and Complement

Opcode Instruction Clocks Description
OF BB /r BTC r/m16,r16 6/13 Save bit in carry flag; complement bit
OF BB /r BTC r/m32,r32 6/13 Save bit in carry flag; complement bit

OFBA/7ib BTCr16,imm8
OFBA/7ib BTC r32,imms8
OFBA/7ib BTC m,imm16
OFBA/7ib BTC m,imm32

OFBA/7ib BTCm

Save bit in carry flag; complement bit
Save bit in carry flag; complement bit
Save bit in carry flag; complement bit
Save bit in carry flag; complement bit
Save bit in carry flag; complement bit

0 0o,

Operation

Discussion

Processor Instructions

CF : = Bit[LeftSrc, RightSrc];
Bit[LeftSrc,RightSrc] : = NOT Bit[LeftSrc,RightSrc];

BTC copies the value of a selected bit into the carry flag and then
complements the bit. The BTC operands specify:

® A bit string (register first operand) or bit string base address
(memory first operand)

® A bit offset (second operand) to the selected bit

If the first operand is a register, the bit offset of the selected bit can be
specified as an immediate byte constant as well as a value in a general
register. The bit offset is taken modulo the operand size, so the range
is 0..31 (or 0..15 for a 16-bit operand).

If the bit string is in memory, the first operand is its base address, and
the second operand is an offset relative to this base address. The USE
attribute of the first operand determines register size and offset limits
for the second operand.

If the first operand is in a USE32 segment, the second operand must
be either a dword register, containing a value, or an immediate con-
stant value within the range:

—2 gigabits to (+ 2 gigabits — 1).
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BTC (continued)
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For non-combinable USE32 segments, assembly time address calcu-
lation requires the effective address of the bit string and bit offset to
satisfy:

0 < = ( (effective address * 8) + (bit offset) ) < 32 gigabits.

If the first operand is in a USE16 segment, the second operand must
be either a word register, containing a value, or an immediate constant
value within the range:

— 32 Kbits to (+ 32 Kbits — 1).

For non-combinable USE16 segments, assembly time address calcu-
lation requires the effective address of the bit string and bit offset to
satisfy:

0 < = ( (effective address * 8) + (bit offset) ) < 512 Kbits.
If the bit string is in memory, the assembler will combine the bit offset
with the effective address to generate a dword aligned 32-bit address,

or a word aligned 16-bit address, and it will adjust the bit offset
accordingly.

When accessing a bit in memory, the processor may access 4 or 2
bytes starting from the memory address:

® Effective Address + (4 * (BitOffset DIV 32) ) for a 32-bit oper-
and size

® Effective Address + (2 * (BitOffset DIV 16) ) for a 16-bit oper-
and size

Processor Instructions
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Flags Affected

BTC (continued)

It may do this even when only a single byte needs to be accessed in
order to reach the given bit. Therefore, avoid referencing areas of
memory close to address space holes. In particular, avoid references
to memory-mapped I/O registers. Instead, use the MOV instructions
to load from (or store to) these addresses. Use a register form of BTC
to manipulate the data.

The BTC m form (without offset) assumes an operand of type DBIT,
but the assembler does not check the type. For example,

BTC BAZ.Y

accesses a bit where BAZ and Y were defined as follows:

5 structure definition
FOO STRUC
X DBIT 11 DUP (110B)
Y DBIT 1B
Z DBIT 1B
FOO ENDS

BAZ F0O <>

CF as described in the Discussion section; the other flags are un-
defined

Exceptions by Mode

Protected

Real Address

Virtual 8086

Processor Instructions

#GP(0) if the result is in a nonwritable segment; #GP(0) for an illegal
memory operand effective address in the CS, DS, ES, FS, or GS seg-
ments; #SS(0) for an illegal address in the SS segment; #PF(fault-
code) for a page fault

Interrupt 13 if any part of the operand would lie outside the effective
address space from 0 to OFFFFH

Same as Real Address Mode; #PF(fault-code) for a page fault
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BTR

Bit Test and Reset

Opcode Instruction Clocks Description

OF B3/ BTR r/m16,r16 6/13 Save bit in carry flag; clear bit
OF B3/ BTR r/m32,r32 6/13 Save bit in carry flag; clear bit
OFBA/6ib BTRr16,imm8 6 Save bit in carry flag; clear bit
OFBA/6ib BTRr32,imm8 6 Save bit in carry flag; clear bit
OFBA/6ib BTR m,immi16 13 Save bit in carry flag; clear bit
OFBA/6ib BTR m,imm32 13 Save bit in carry flag; clear bit

OFBA/6ib BTRm

13 Save bit in carry flag; clear bit

Operation

Discussion
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CF : = Bit[LeftSrc,RightSrc];
Bit[LeftSrc,RightSrc] : = 0;

BTR copies the value of a selected bit into the carry flag and then
clears the bit. The BTR operands specify:

® A bit string (register first operand) or bit string base address
(memory first operand)

® A bit offset (second operand) to the selected bit

If the first operand is a register, the bit offset of the selected bit can be
specified as an immediate byte constant as well as a value in a general
register. The bit offset is taken modulo the operand size, so the range
is 0..31 (or 0..15 for a 16-bit operand).

If the bit string is in memory, the first operand is its base address, and
the second operand is an offset relative to this base address. The USE
attribute of the first operand determines register size and offset limits
for the second operand.

If the first operand is in a USE32 segment, the second operand must
be either a dword register, containing a value, or an immediate con-
stant value within the range:

—2 gigabits to (+ 2 gigabits — 1).
For non-combinable USE32 segments, assembly time address calcu-

lation requires the effective address of the bit string and bit offset to
satisfy:

0 < = ( (effective address * 8) + (bit offset) ) < 32 gigabits.
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BTR (continued)

If the first operand is in a USE16 segment, the second operand must
be either a word register, containing a value, or an immediate constant
value within the range:

— 32 Kbits to (+ 32 Kbits — 1).

For non-combinable USE16 segments, assembly time address calcu-
lation requires the effective address of the bit string and bit offset to
satisfy:

0 < = ( (effective address * 8) + (bit offset) ) < 512 Kbits.

If the bit string is in memory, the assembler will combine the bit offset
with the effective address to generate a dword aligned 32-bit address,
or a word aligned 16-bit address, and it will adjust the bit offset
accordingly.

When accessing a bit in memory, the processor may access 4 or 2
bytes starting from the memory address:

® Effective Address + (4 * (BitOffset DIV 32) ) for a 32-bit oper-
and size

® Effective Address + (2 * (BitOffset DIV 16) ) for a 16-bit oper-
and size

It may do this even when only a single byte needs to be accessed in
order to reach the given bit. Therefore, avoid referencing areas of
memory close to address space holes. In particular, avoid references
to memory-mapped I/O registers. Instead, use the MOV instructions
to load from (or store to) these addresses. Use a register form of BTR
to manipulate the data.
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BTR (continued)

The BTR m form (without offset) assumes an operand of type DBIT,
but the assembler does not check the type. For example,

BTRBAZ.Y

accesses a bit where BAZ and Y were defined as follows:

3 structure definition
FOO STRUC
X DBIT 11 DUP (110B)
Y DBIT 1B
Z DBIT 1B
FOO ENDS

BAZ F00 <>

Flags Affected CF as described in the Discussion section; the other flags are un-

defined
Exceptions by Mode
Protected #GP(0) if the result is in a nonwritable segment; #GP(0) for an illegal

memory operand effective address in the CS, DS, ES, FS, or GS seg-
ments; #SS(0) for an illegal address in the SS segment; #PF(fault-
code) for a page fault

Real Address Interrupt 13 if any part of the operand would lie outside the effective
address space from 0 to OFFFFH

Virtual 8086 Same as Real Address Mode; #PF(fault-code) for a page fault
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BTS

Bit Test and Set
Opcode Instruction Clocks Description
OF AB Ir BTS r/m16,r16 6/13 Save bit in carry flag; set bit
OF AB Ir BTS /m32,r32 6/13 Save bit in carry flag; set bit

OFBA/5ib BTSr16,imm8
OFBA/5ib BTS r32,imm8
OFBA/5ib BTS m,imm16
OF BA/Sib BTS m,imm32

OFBA/5ib BTSm

Save bit in carry flag; set bit
Save bit in carry flag; set bit
Save bit in carry flag; set bit
Save bit in carry flag; set bit
Save bit in carry flag; set bit

@ o oo ®

Operation

Discussion

Processor Instructions

CF : = Bit[LeftSrc,RightSrc];
Bit[LeftSrc,RightSrc] : = 1;

BTS copies the value of a selected bit into the carry flag and then sets
the bit. The BTS operands specify:

® A bit string (register first operand) or bit string base address
(memory first operand)

® A bit offset (second operand) to the selected bit

If the first operand is a register, the bit offset of the selected bit can be
specified as an immediate byte constant as well as a value in a general
register. The bit offset is taken modulo the operand size, so the range
is 0..31 (or 0..15 for a 16-bit operand).

If the bit string is in memory, the first operand is its base address, and
the second operand is an offset relative to this base address. The USE
attribute of the first operand determines register size and offset limits
for the second operand.

If the first operand is in a USE32 segment, the second operand must
be either a dword register, containing a value, or an immediate con-
stant value within the range:

—2 gigabits to (+2 gigabits — 1).
For non-combinable USE32 segments, assembly time address calcu-

lation requires the effective address of the bit string and bit offset to
satisfy:

0 < = ( (effective address * 8) + (bit offset) ) < 32 gigabits.

6-63



BTS (continued)

6-64

If the first operand is in a USE16 segment, the second operand must
be either a word register, containing a value, or an immediate constant
value within the range:

—32 Kbits to (+32 Kbits — 1).

For non-combinable USE16 segments, assembly time address calcu-
lation requires the effective address of the bit string and bit offset to
satisfy:

0 < = ( (effective address * 8) + (bit offset) ) < 512 Kbits.

If the bit string is in memory, the assembler will combine the bit offset
with the effective address to generate a dword aligned 32-bit address,
or a word aligned 16-bit address, and it will adjust the bit offset
accordingly.

When accessing a bit in memory, the processor may access 4 or 2
bytes starting from the memory address:

® Effective Address + (4 * (BitOffset DIV 32) ) for a 32-bit oper-
and size

® Effective Address + (2 * (BitOffset DIV 16) ) for a 16-bit oper-
and size

It may do this even when only a single byte needs to be accessed in
order to reach the given bit. Therefore, avoid referencing areas of
memory close to address space holes. In particular, avoid references
to memory-mapped I/O registers. Instead, use the MOV instructions
to load from (or store to) these addresses. Use a register form of BTS
to manipulate the data.
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BTS (continued)

The BTS m form (without offset) assumes an operand of type DBIT,
but the assembler does not check the type. For example,

BTS BAZ.Y

accesses a bit where BAZ and Y were defined as follows:

5 structure definition
F0O0 STRUC

X DBIT 11 DUP (110B)
Y DBIT 1B

Z DBIT 1B
FOO ENDS

BAZ F0O0 <>

Flags Affected CF as described in the Discussion section; the other flags are un-

defined
Exceptions by Mode
Protected #GP(0) if the result is in a nonwritable segment; #GP(0) for an illegal

memory operand effective address in the CS, DS, ES, or GS seg-
ments; #SS(0) for an illegal address in the SS segment; #PF(fault-
code) for a page fault

Real Address Interrupt 13 if any part of the operand would lie outside the effective
address space form 0 to OFFFFH

Virtual 8086 Same as Real Address Mode; #PF(fault-code) for a page fault
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CALL

Call Procedure

Opcode Instruction
E8 cw CALL rel16

FF /2 CALL /m16
9A cd CALL ptr16:16
9A cd CALL ptr16:16
9A cd CALL ptr16:16
9A cd CALL ptr16:16
9A cd CALL ptr16:16
FF /3 CALL m16:16
FF /3 CALL m16:16
FF /3 CALL m16:16
FF /3 CALL m16:16
FF /3 CALL m16:16
E8 cd CALL rel32

FF /12 CALL r/m32
9A cp CALL ptr16:32
9A cp CALL ptr16:32
9A cp CALL ptr16:32
9A cp CALL ptr32:32
9A cp CALL ptr16:32
FF /3 CALL m16:32
FF /3 CALL m16:32
FF /3 CALL m16:32
FF /3 CALL m16:32
FF /3 CALL m16:32

Clocks
7+m

7+m/0+m
17+mpm=34+m

pm=52+m
pm=86+m

pm=94 +4x+m

pm =217 —309'
22+m,pm=38+m

pm=56+m
pm=90+m

pm=98 +4x+m

pm =222 314"
7+m

7+mM0+m
17+m,pm=34+m

pm=52+m
pm=86+m

pm=94 +4x+m

pm =217 —309'
22+m,pm=38+m

pm=56+m
pm=90+m

pm=98+4x+m

pm =222 —-314"

Description

Call near, displacement
relative to next instruction
Call near, register indirect/
memory indirect

Call intersegment to full
pointer given

Call gate, same privilege
Call gate, more privilege,
no parameters

Call gate, more privilege, x
parameters

Call to task

Call intersegment, address
at r/m dword

Call gate, same privilege
Call gate, more privilege,
no parameters

Call gate, more privilege, x
parameters

Call to task

Call near, displacement
relative to next instruction
Call near, indirect

Call intersegment, to full
pointer given

Call gate, same privilege
Call gate, more privilege,
no parameters

Call gate, more privilege, x
parameters

Call to task

Call intersegment, address
at /m dword

Call gate, same privilege
Call gate, more privilege,
no parameters

Call gate, more privilege, x
parameters

Call to task

See the 80386 Programmer’s Reference Manual
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CALL (continued)

Operation IF destination address > its segment limit THEN #GP(0);
IF rel16 or rel32 type call THEN (*near relative call*)
IF OperandSize = 16 THEN
Push(IP);
EIP : = (EIP + rel16) AND 0000FFFFH;
ELSE (*OperandSize = 32*)
Push(EIP):
EIP : = EIP + rel32;
ENDIF; (*rel16 or rel32 type call*)
IF /m16 or /m32 type call THEN (*near absolute call*)
IF OperandSize = 16 THEN
Push(IP);
EIP : = [/m16] AND 0000FFFFH,;
ELSE (*OperandSize = 32*)
Push(EIP);
EIP : = [r/m32);
ENDIF; (*r/m16 or r/m32 type call*)
IF(PE =00R(PE = 1ANDVM = 1))
(*mode = real address or virtual 8086*)
AND instruction = FarCall THEN
(*operand is m16:16/32 or ptr16:16/32*)
IF OperandSize = 16 THEN
Push(CS);
Push(IP); (*next instruction address: 16-bits*)
ELSE (*OperandSize = 32*)
Push(CS);
Push(EIP);
IF operand is m16:16 or m16:32 THEN (*indirect far call*)
IF OperandSize = 16 THEN
CS:IP : = [m16:16];
EIP : = EIP AND 0000FFFFH; (*clear upper bits*)
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CALL (continued)

ELSE
CS:EIP : = ptr16:32,
ENDIF; (*ptr16:16 or ptr16:32 type call*)
ENDIF; (*mode = real address or virtual 8086*)

IF (PE = 1 AND VM = 0) (*mode = protected™)
AND instruction = FarCall THEN

IF new CS selector is null THEN #GP(0);

IF new CS selector is NOT within its descriptor table limits
THEN #GP(new CS selector);

(*Examine AR of selected descriptor for various

legal values; depending on value: *)
GOTO CONFORMING_CODE_SEGMENT,
GOTO NONCONFORMING_CODE_SEGMENT;
GOTO CALL_GATE;
GOTO TASK_GATE;
GOTO TASK_STATE_SEGMENT;

ELSE #GP(code segment selector); (*AR illegal*)

CONFORMING_CODE_SEGMENT:
IF DPL > CPL THEN #GP(code segment selector);
IF segment NOT PRESENT THEN
#NP (code segment selector);
Stack must be big enough for return address ELSE
#SS(0);
IF target_offset NOT in code segment limit THEN #GP(0);
Load code segment descriptor into CS cache;
Load CS with new code segment selector;
Load EIP with ZeroExtend(new offset);
IF OperandSize = 16 THEN
EIP : = EIP AND 0000FFFFH;

NONCONFORMING_CODE_SEGMENT:
IF RPL > CPL THEN #GP(code segment selector);
IF DPL NOT = CPL then #GP(code segment selector);
IF segment NOT PRESENT THEN
#NP(code segment selector);
Stack must be big enough for return address ELSE #SS(0);
IF target_offset NOT in code segment limit THEN #GP(0);
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CALL (continued)

Load code segment descriptor into CS cache;
Load CS with new code segment selector;
Set RPL of CS to CPL;
Load EIP with ZeroExtend(new offset);
IF OperandSize = 16 THEN

EIP : = EIP AND 0000FFFFH;

CALL_GATE:

IF call gate DPL < CPL THEN #GP(call gate selector);
IF call gate DPL < RPL THEN #GP(call gate selector);
IF call gate NOT PRESENT THEN #NP(call gate selector);
(*Examine code segment selector in call gate descriptor: *)
IF selector is null THEN #GP(0);
IF selector is NOT within its descriptor table limits THEN
#GP (code segment selector);
IF AR of selected descriptor indicates non-code segment THEN
#GP(code segment selector);
IF DPL of selected descriptor > CPL THEN
#GP(code segment selector);
IF non-conforming code segment AND DPL < CPL THEN
GOTO MORE_PRIVILEGE;
ELSE
GOTO SAME_PRIVILEGE;

MORE_PRIVILEGE:
Get new SS selector for new privilege level from TSS;
(*Check selector and descriptor for new SS: *)
IF selector is null THEN #TS(0);
IF selector index NOT within descriptor table limits THEN
#TS(SS selector);
IF selector’'s RPL NOT = DPL of code segment THEN
#TS(SS selector);
IF stack segment DPL NOT = DPL of code segment THEN
#TS(SS selector);
Descriptor must indicate writable data segment ELSE
#TS(SS selector);
IF segment NOT PRESENT THEN #SS(SS selector);
IF OperandSize = 32 THEN
New stack must have room for parameters plus 16 bytes
ELSE #SS(0);

6-69



CALL (continued)

IF target_offset NOT in code segment limit THEN #GP(0);
Load new SS:ESP value from TSS;
Load new CS:EIP value from gate;

ELSE (*OperandSize = 16*)
New stack must have room for parameters plus 8 bytes

ELSE #SS(0);

IF target_offset NOT in code segment limit THEN #GP(0);
Load new SS:SP from TSS;
Load new CS:|P value from gate;

ENDIFELSE;

Load CS descriptor;

Load SS descriptor;

Push long pointer of old stack onto new stack;

Get word count from call gate, mask to 5-bits;

Copy parameters from old stack onto new stack;

Push return address onto new stack;

Set CPL to stack segment DPL;

Set RPL of CS to CPL;

(*END CALL_GATE to MORE_PRIVILEGE*)

SAME_PRIVILEGE:
IF OperandSize = 32 THEN
Stack must have room for 6-byte return address
(*padded to 8 bytes*) ELSE #SS(0);
IF target_offset NOT in code segment limit THEN #GP(0);
Load CS:EIP from gate;
ELSE (*OperandSize = 16*)
Stack must have room for 4-byte return address
ELSE #SS(0);
IF target_offset NOT in code segment limit THEN #GP(0);
Load CS:IP from gate;
ENDIFELSE;
Push return address onto stack;
Load code segment descriptor into CS cache;
Set RPL of CS to CPL;
(*END CALL_GATE*)

TASK_GATE:
IF task gate DPL < CPL THEN #TS(gate selector);
IF task gate DPL < RPL THEN #TS(gate selector);
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CALL (continued)

IF task gate NOT PRESENT THEN #NP(gate selector);
(*Examine selector to TSS, given in task gate descriptor: *)
Must specify global in local/global bit ELSE #TS(TSS selector);
Index must be within GDT limits ELSE #TS(TSS selector);
(*END checks selector in task gate descriptor*)
IF new TSS stack selector(s) THEN
(*Check new TSS privileged stack selectors: *)
IF stack selector NOT PRESENT THEN #SS(bad stack selector);
IF stack selector invalid THEN #TS(bad stack selector);
(*END checks new TSS stack selector(s)*)
SwitchTasks (*with nesting*) to TSS;
IF (E)IP NOT in code segment limit THEN #TS(0);

TASK_STATE_SEGMENT:
IF TSS DPL < CPL THEN #TS(TSS selector);
IF TSS DPL < RPL THEN #TS(TSS selector);
SwitchTasks (*with nesting*) to TSS;
IF (E)IP NOT in code segment limit THEN #TS(0);

The CALL instruction causes a procedure (designated by the oper-
and) to be executed. After a RET instruction is executed within the
procedure, the caller’s execution resumes at the instruction following
the CALL.

The assembler automatically generates the correct form of CALL
according to the procedure operand’s type. A procedure name is a
label representing the destination of the CALL.

Near calls are those with r/m16, r/m32, rell6, or rel32 operands.
Near calls do not need to change or save the segment register (CS)
value. The CALL rel32 and CALL rell6 forms determine the desti-
nation by adding a signed offset to the next instruction’s address:

® The rel32 form is used when the operand size attribute is 32-bits.
The result is stored in the 32-bit EIP register.

®  The rell6 form is used when the CALL’s operand size attribute is
16-bits. The result is also stored in EIP, but its upper bits are
cleared so that the offset value does not exceed 16-bits.
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CALL (continued)

Flags Affected

6-72

CALL r/ml16 and CALL r/m32 specify a register or memory location
from which the absolute segment offset for the procedure is fetched.

Far calls are those with ptr16:32, ptr16:16, m16:32, and m16:16 op-
erands. CALL ptr]16:32 uses a 6-byte operand as a long pointer to the
procedure; CALL ptrl6:16 uses a 4-byte operand. CALL m16:32
and CALL m16:16 fetch the long pointer from the specified memory
location (indirection).

In real address or virtual 8086 mode, the long pointer provides
16-bits for the CS register and 32- or 16-bits for the EIP register
(depending on the operand size attribute). These forms of CALL push
both CS and EIP or IP as a return address.

In protected mode, CALL ptr16:32 and CALL ptr16:16 consult the
access rights (AR) in the descriptor indexed by the selector part of the
long pointer. Depending on the value of AR, CALL will perform one
of the following control transfers:

® A far call to the same protection level
®  An inter-protection level far call

® A task switch
Any far call from a 32-bit code segment to a 16-bit code segment
should be made from the first 64K bytes of the 32-bit code segment.

CALL'’s operand size attribute is set to 16, so it can save only 16-bits
as a return address offset.

All flags are affected if a task switch occurs; otherwise, no flags are
affected
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CALL (continued)

Exceptions by Mode

Protected

Real Address

Virtual 8086

Processor Instructions

For near indirect calls: #GP(0) for an illegal memory operand effec-
tive address in the CS, DS, ES, FS, or GS segments; #SS(0) if push-
ing the return address exceeds the bounds of the stack segment;
#GP(0) if the indirect offset obtained is beyond the code segment
limits; #PF(fault-code) for a page fault

For near direct calls: #GP(0) if procedure location is beyond the code
segment limits; #SS(0) if pushing the return address exceeds the
bounds of the stack segment; #PF(fault-code) for a page fault

For far calls: #GP, #NP, #SS, and #TS, as indicated in the Operation
section

Interrupt 13 if any part of the operand would be outside the effective
address space from 0 to OFFFFH

Same as Real Address Mode; #PF(fault code) for a page fault
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CBW/CWDE
Convert Byte to Word/Convert Word to Dword

Opcode Instruction Clocks Description

98 cBw 3 AX : = sign-extend of AL
98 CWDE 3 EAX : = sign-extend of AX
Operation IF OperandSize = 16 (*instruction = CBW*) THEN

AX : = SignExtend(AL);
ELSE (*OperandSize = 32, instruction = CWDE*)
EAX : = SignExtend(AX);

Discussion CBW converts the signed byte in AL to a signed word in AX by
extending the most significant bit of AL (the sign bit) into all of the
bits of AH. CWDE converts the signed word in AX to a dword in
EAX. Note that CWDE is not a variant of CWD. CWD uses DX:AX,
rather than EAX, as a destination.

Flags Affected None

Exceptions by Mode

Protected None
Real Address None
Virtual 8086 None
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CLC

Clear Carry Flag
Opcode Instruction Clocks Description
F8 CLC 2 Clear carry flag
Operation CF:=0;
Discussion CLC clears the carry flag. It does not affect other flags or registers.
Flags Affected CF=0
Exceptions by Mode
Protected None
Real Address None
Virtual 8086 None

Processor Instructions
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CLD

Clear Direction Flag

Opcode Instruction Clocks Description

FC CLD 2 Clear direction flag

Operation DF:=0;

Discussion CLD clears the direction flag. After CLD executes, string operations

will increment the index registers (E)SI and/or (E)DI. CLD does not
affect other flags or registers.

Flags Affected DF =0

Exceptions by Mode

Protected None
Real Address None
Virtual 8086 None
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CLI

Clear Interrupt Flag
Opcode Instruction Clocks Description
FA CLI 3 Clear interrupt flag; interrupts disabled
Operation IF CPL > IOPL THEN

#GP(0);
ELSE
IF (*interrupt flag*) : = 0;

Discussion CLI clears the interrupt flag if the current privilege level is at least as
privileged as IOPL. (IOPL specifies the least privileged level at
which I/O can be performed.)

After CLI executes, external interrupts are not recognized until the
interrupt flag is set. CLI affects no other flags.

Flags Affected IF=0

Exceptions by Mode

Protected #GP(0) if the current privilege level is greater (has less privilege) than

‘IOPL in the flags register.

Real Address None

Virtual 8086 #GP(0) as for Protected Mode

Processor Instructions
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CLTS

Clear Task Switched Flag in CRO

Opcode Instruction Clocks Description

OF 06 CLTS 5 Clear task-switched flag

Operation TS (*Flag in CR0*) : = 0;

Discussion CLTS clears the task-switched (TS) flag in the machine status word
(MSW) of register CRO. The processor sets this flag every time a task
switch occurs.

CLTS appears only in operating system software. It is a privileged

instruction that can be executed only at level 0. The TS flag is used to

synchronize processor task switching with numerics coprocessor

context switching as follows:

® Every execution of an ESC instruction is trapped if the TS flag is
set.

® Every execution of an (F)WAIT instruction is trapped if both the
TS and MP flags are set.

These cases generate Interrupt 7. If a task switch occurs after an ESC

(numeric) instruction begins executing, the numerics coprocessor

context may need to be saved before a new ESC instruction can be

issued. A fault handler should save the current context, restore the

new task context, and reset the TS flag.

Flags Affected TS = 0 (TS in CRO, not the (E)FLAGS register)

Exceptions by Mode

Protected #GP(0) if CLTS is executed with a current privilege level other than 0

Real Address None (valid in Real Address Mode to allow initialization for Protected
Mode)

Virtual 8086 #GP(0)
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CcCMC

Complement Carry Flag
o~ Opcode Instruction Clocks Description
L F5 CMC 2 Complement carry flag
Operation CF := NOT CF;
Discussion CMC changes the carry flag value from 0 to 1 or from 1 to 0. It does

not affect any other flags.

Flags Affected CF as described

Exceptions by Mode

Protected None

Real Address None
A Virtual 8086 None

Processor Instructions 6-79



CMP

Compare Two Operands

Opcode Instruction Clocks Description

3Cib CMP AL,imm8 2 Compare immediate byte to AL

3D iw CMP AX,imm16 2 Compare immediate word to AX

3Did CMP EAX,imm32 2 Compare immediate dword to EAX

80/7ib CMP r/m8,imm8 2/5 Compare immediate byte to /m byte

81/7iw CMP r/m16,imm16 2/5 Compare immediate word to /m word

81/7id CMP r/m32,imm32 2/5 Compare immediate dword to /m dword

83/7ib CMP r/m16,imm8 2/5 Compare sign extended immediate byte
to /m word

83/7ib CMP r/m32,imm8 2/5 Compare sign extended immediate byte
to /m dword

38/ CMP r/m8,r8 2/5 Compare byte register to /m byte

39/ CMP r/m16,r16 2/5 Compare word register to /m word

39/ CMP r/m32,r32 2/5 Compare dword register to /m dword

3A/ CMP r8,r/m8 2/6 Compare r/m byte to byte register

3B CMP r16,r/m16 2/6 Compare r/m word to word register

3B/ CMP r32,r/m32 2/6 Compare r/m dword to dword register

Operation (*CMP’s purpose is to set the flags*)

Discussion

Flags Affected

IF (RightSrc is byte) AND (LeftSrc is word or dword) THEN
LeftSrc - SignExtend(RightSrc);

ELSE
LeftSrc - RightSrc;

CMP subtracts the second operand from the first and sets the flags
accordingly. If an operand greater than one byte is compared to an
immediate byte, the byte value is first sign-extended. CMP does not
store the result of its non-destructive subtraction. CMP is used in
conjunction with conditional jumps and the SETcc instructions. (See
the Jcc instructions for a list of signed and unsigned flag tests
provided.)

OF, SF, ZF, AF, PF, and CF as described in Appendix A
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CMP (continued)

Exceptions by Mode
/™ Protected #GP(0) for an illegal memory operand effective address in the CS,
\ DS, ES, FS, or GS segments; #SS(0) for an illegal address in the SS
segment; #PF(fault-code) for a page fault
Real Address Interrupt 13 if any part of the operand would lie outside the effective
address space from 0 to OFFFFH
Virtual 8086 Same as Real Address Mode; #PF(fault-code) for a page fault
o~
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CMPS/CMPSB/CMPSW/CMPSD

Compare String Operands

Opcode Instruction Clocks Description

A6 CMPS m8,m8 10 Compare bytes ES:[ (E)DI] (second
operand) with [ (E)SI] (first operand)

A7 CMPS m16,m16 10 Compare words ES:[ (E)DI] (second
operand) with [ (E)SI] (first operand)

A7 CMPS m32,m32 10 Compare dwords ES:[ (E)DI] (second
operand) with [ (E)Sl] (first operand)

A6 CMPSB 10 Compare bytes ES:[ (E)DI] with
DS:[ (E)SI]

A7 CMPSW 10 Compare words ES:[ (E)DI] with
DS:[ (E)SI]

A7 CMPSD 10 Compare dwords ES:[ (E)DI] with
DS:[ (E)SI]

Operation IF (instruction = CMPSD) OR (instruction has dword operands) THEN

OperandSize = 32; (*Assembler action*)
ELSE

OperandSize = 16;
IF AddressSize = 16 THEN
Use Sl for Srcindex and DI for Destindex;
ELSE (*AddressSize = 32*)
Use ESI for Srcindex and EDI for Destindex;
IF byte type instruction THEN
[Srcindex] - [Destindex]; (*low-byte comparison in words*)
IF DF = 0 THEN IncDec : = 1 ELSE IncDec: = —1;
ELSE
[Srcindex] — [Destindex]; (*comparison*)
IF OperandSize = 16 THEN

IF DF = 0 THEN IncDec : = 2 ELSE IncDec : = —2;
ELSE (*OperandSize = 32*)
IF DF = O THEN IncDec : = 4 ELSE IncDec : = —4;

Srcindex : = Srcindex + IncDec;
Destindex : = Destindex + IncDec;
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Discussion

Processor Instructions

CMPS/CMPSB/CMPSW/CMPSD (continued)

CMPS compares the byte, word, or dword pointed to by the source
index register with the byte, word, or dword pointed to by the destina-
tion index register. CMPS does the comparison by subtracting the
destination operand from the source operand. CMPS does not store
the result of its subtraction; it sets the flags.

If the address size attribute of this instruction is 16-bits, CMPS uses
SI and DI for source and destination index registers; otherwise, it
uses ESI and EDI. Load the correct index values into the appropriate
registers before executing CMPS. The (E)SI) and (E)DI contents de-
termine addresses for compared memory values.

The direction of subtraction for CMPS is [SI] — [DI] or [ESI] —
[EDI]. The left operand ( (E)SI) is the source, and the right operand
( (E)DI) is the destination. CMPS reverses ASM386’s conventional
operand ordering: left-to-right is usually destination-source.

The CMPS operands determine whether bytes, words, or dwords are
compared. The segment addressability of the first operand (SI or ESI)
determines whether a segment override byte is produced or whether
the default segment register DS is used. The second operand (DI or
EDI) must be addressable from the ES register; no segment override
is possible.

After the comparison, both the source index and destination index
registers are automatically advanced. If the direction flag is 0 (CLD
was executed), the registers increment; if the direction flag is 1 (STD
was executed), the registers decrement. The registers increment or
decrement by 1 if a byte is compared, by 2 if a word is compared, or
by 4 if a dword is compared.

CMPSB, CMPSW, and CMPSD are synonyms for the byte, word,
and dword CMPS instructions. They are simpler, but they do not
provide type checking, nor do they allow the (E)SI operand to over-
ride the DS segment.

CMPS can be preceded by the REPE or REPNE prefix for block
comparison of (E)CX bytes, words, or dwords. See the REP refer-
ence page for details about this operation.
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CMPS/CMPSB/CMPSW/CMPSD (continued)
Flags Affected OF, SF, ZF, AF, PF, and CF as described in Appendix A

Exceptions by Mode ’\
Protected #GP(0) for an illegal memory operand effective address in the CS,
DS, ES, FS, or GS segments; #SS(0) for an illegal address in the SS
segment; #PF(fault-code) for a page fault

Real Address Interrupt 13 if any part of the operand would lie outside the effective
address space from 0 to OFFFFH

Virtual 8086 Same as Real Address Mode; #PF(fault-code) for a page fault
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CMPXCHG
Compare Exchange
(not available on 386™
or 376™ processors)

Opcode Instruction Clocks
OF A6 Ir CMPXCHG r/m8,r8 —

OF A7 Ir CMPXCHG r/m16,r16  —

OF A7 Ir CMPXCHG /m32,r32 —

Description

Compare AL with /m8; if equal, move r8
to r/m8; if not equal, move /m8 to AL

Compare AX with /m16; if equal, move
r16 to r/m16; if not equal, move r/m16 to
AX

Compare EAX with /m32; if equal, move
r32 to r/m32; if not equal, move /m32 to
EAX

Operation IF OperandSize = 8 (*r/m8, r8, AL*) THEN

temp : = r/m8;

IF AL = temp THEN
r/m8: =8,

ELSE
r/m8 : = temp;
AL : = temp;

IF OperandSize = 16 (*r/m16, r16, AX*) THEN

temp : = r/m16;

IF AX = temp THEN
r/m16 : = r16;,

ELSE
/m16 : = temp;
AX := temp;

IF OperandSize = 32 (*r/m32, r32, EAX*) THEN

temp : = /m32;

IF EAX = temp THEN
/m32 : = r32;

ELSE
/m32 : = temp;
EAX : = temp;

Processor Instructions
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CMPXCHG (continued)

Discussion

Flags Affected

CMPXCHG compares the contents of AL, AX, or EAX with the
contents of the first operand and sets the flags accordingly. If the
comparison is equal, the second operand is copied into the first; if the
comparison is not equal, the first operand is copied into AL, AX, or
EAX.

The LOCK prefix is only valid for the forms of CMPXCHG which
involve memory operands.

OF, SF, ZF, AF, PF, and CF as described in Appendix A

Exceptions by Mode

Protected

Real Address

Virtual 8086

6-86

#GP(0) if the result is in a nonwritable segment; #GP(0) for an illegal
memory operand effective address in the CS, DS, ES, FS, or GS seg-
ments; #SS(0) for an illegal address in the SS segment; #PF(fault-
code) for a page fault

Interrupt 13 if any part of the operand would lie outside the effective
address space from 0 to OFFFFH

Same as Real Address Mode; #PF(fault-code) for a page fault
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cwbD/CDQ

Convert Word to Dword/Convert Dword to Qword

—~ Opcode Instruction Clocks Description
\ 99 CWD 2 DX:AX : = sign-extend of AX
99 cDQ 2 EDX:EAX : = sign-extend of EAX
Operation IF Operand Size = 16 (*CWD instruction*) THEN
IF AX < 0 THEN
DX : = OFFFFH;
ELSE
DX := 0;
ELSE (*OperandSize = 32, CDQ instruction™)
IF EAX < 0 THEN
EDX : = OFFFFFFFFH;
ELSE
EDX:= 0;
Discussion CWD converts the signed word in AX to a signed dword in DX:AX
-— by extending the most significant bit of AX into all the bits of DX.

CDQ converts the signed dword in EAX to a signed qword in the
register pair EDX:EAX by extending the most significant bit of EAX
(the sign bit) into all the bits of EDX.

Note that CWDE is not a variant of CWD. CWDE uses EAX as a
destination, rather than (E)DX:(E)AX.

Flags Affected None

Exceptions by Mode

Protected None
Real Address None
Virtual 8086 None
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DAA

Decimal Adjust AL after Addition

Opcode Instruction Clocks Description

27 DAA 4 Decimal adjust AL after addition

Operation IF ( (AL AND OFH) 9) OR (AF = 1) THEN

AL := AL + 6;
AF:=1;
ELSE
AF:= 0;
IF (AL > 9FH) OR (CF = 1) THEN
AL := AL + 60H;
CF:= 1,
ELSE
CF:=0;

Discussion Code DAA only after an ADD instruction that leaves a 2-BCD-digit
byte result in the AL register. The ADD operands should consist of 2
packed BCD digits. The DAA instruction adjusts AL to contain the
correct 2-digit packed decimal result.

Flags Affected AF and CF as described in the Operation section; SF, ZF, and PF, as
described in Appendix A

Exceptions by Mode

Protected None

Real Address None

Virtual 8086 None
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DAS

Decimal Adjust AL after Subtraction

Processor Instructions

Opcode Instruction Clocks Description
{\ 2F DAS 4 Decimal adjust AL after subtraction
Operation IF (AL AND OFH) > 9 OR AF = 1 THEN
AL:= AL - 6;
AF : = 1;
ELSE
AF := 0;
IF (AL > 9FH) OR (CF = 1) THEN
AL := AL — 60H;
CF:=1;
ELSE
CF:=0;
Discussion Code DAS only after a subtraction instruction that leaves a 2-BCD-
digit byte result in the AL register. The operands should consist of 2
- packed BCD digits. DAS adjusts AL to contain the correct 2-digit
' packed decimal result.
Flags Affected AF and CF as described in the Operation section; SF, ZF, and PF as
described in Appendix A
Exceptions by Mode
Protected None
Real Address None
Virtual 8086 None
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DEC

Decrement by 1

Opcode Instruction Clocks Description

FEN DEC r/m8 2/6 Decrement r/m byte by 1

FF /1 DEC r/m16 2/6 Decrement r/m word by 1

FF 1 DEC r/m32 2/6 Decrement r/m dword by 1

48 +rw DECr16 2 Decrement word register by 1

48 +rd DEC r32 2 Decrement dword register by 1

Operation Dest : = Dest — 1;

Discussion DEC subtracts 1 from the operand. DEC does not change the carry
flag. (Use the SUB instruction with an immediate operand of 1 to
affect the carry flag.)

Flags Affected OF, SF, ZF, AF, and PF as described in Appendix A

Exceptions by Mode

Protected #GP(0) if the result is a nonwritable segment; #GP(0) for an illegal
memory operand effective address in the CS, DS, ES, FS, or GS
segments; #SS(0) for an illegal address in the SS segment; #PF(fault-
code) for a page fault

Real Address Interrupt 13 if any part of the operand would lie outside the effective
address space from 0 to OFFFFH

Virtual 8086 Same as Real Address Mode; #PF(fault-code) for a page fault
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DIV

Unsigned Divide
Opcode Instruction Clocks Description
F6 /6 DIV r/m8 14/17 Unsigned divide AX by r/m byte (AL =
Quo, AH = Rem)
F716 DIVr/m16 22/25 Unsigned divide DX:AX by r/m word (AX
= Quo, DX = Rem)
F71/6 DIV r/m32 38/41 Unsigned divide EDX:EAX by /m dword

(EAX = Quo, EDX = Rem)

Operation

Discussion

Processor Instructions

(*Divisions are unsigned. The only operand is the divisor; the divi-
dend, quotient, and remainder use implicit registers.*)
IF/m = 0 THEN
Interrupt O;
temp : = dividend / (/m);
IF temp does not fit in quotient THEN
Interrupt O;
ELSE
quotient : = temp;
remainder : = dividend MOD (/m);

DIV performs an unsigned division. The dividend is implicit; DIV’s
single operand is the divisor. The remainder is always less than the
divisor.

The divisor, dividend, quotient, and remainder locations are summa-
rized as follows:

Table 6-17 Operands and Implicit Destinations for DIV

Size Divisor Dividend Quotient Remainder
byte r/m8 AX AL AH
word ’/m16 DX:AX AX DX
dword ’/m32 EDX:EAX EAX EDX
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DIV (continued)
Flags Affected OF, SF, ZF, AR, PF, and CF are undefined
Exceptions by Mode

Protected Interrupt 0 if the quotient is too large to fit in the destination register
(AL or AX), or if the divisor is 0; #GP(0) for an illegal memory
operand effective address in the CS, DS, ES, FS, or GS segments;
#SS(0) for an illegal address in the SS segment; #PF(fault-code) for a
page fault

Real Address Interrupt O if the quotient is too large to fit in the destination register
(AL or AX), or if the divisor is 0; Interrupt 13 if any part of the
operand would lie outside the effective address space from 0 to
OFFFFH

Virtual 8086 Same as Real Address Mode; #PF(fault-code) for a page fault
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ENTER

Make Stack Frame for Procedure Parameters

Opcode Instruction Clocks Description
~ C8 iw 00 ENTER imm16,0 10 Make procedure stack
' frame
C8iw 01 ENTER imm16,1 12 Make stack frame for
nested procedure
C8iwib ENTER imm16,imm8 15+4(n-1) Make stack frame for

nested procedure

Operation level : = level MOD 32; (*level is rightmost parameter*)
IF stack segment is USE = 32 THEN
StackAddrSize : = 32; (*Assembler action™)
Push(EBP);
frame_pointer : = ESP;
ELSE
StackAddrSize : = 16;
Push(BP);
frame_pointer : = SP;
_— IF level > 0 THEN
FORi:= 1TO (level — 1) DO
IF StackAddrSize = 16 THEN
Push[BP]J;
BP:= BP — 2;
ELSE (*StackAddrSize = 32%)
Push[EBP];
EBP:= EBP - 4;
ENDFOR;
ENDIF; (*level > 0*)
IF StackAddrSize = 16 THEN
BP : = frame_pointer;
SP := SP - first_operand;
ELSE
EBP : = frame_pointer;
ESP : = ESP — ZeroExtend(first_operand);
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ENTER (continued)

Discussion

Flags Affected

ENTER creates the stack frame required by most block-structured
high-level languages. The first operand specifies the number of bytes
of dynamic storage allocated on the stack for the routine being en-
tered. The second operand gives the lexical nesting level (0-31) of the
routine within the high-level source code. It determines the number
of stack frame pointers copied into the new stack frame from the
preceding frame.

If the stack size attribute is 16-bits, the processor uses BP as the
frame pointer and SP as the stack pointer. If the stack size attribute is
32-bits, the processor uses EBP for the frame pointer and ESP for the
stack pointer.

ENTER pushes the frame pointer (BP or EBP). ENTER copies the
frame pointer addresses for enclosing callers’ frames, if any; it then
sets the frame pointer to the current stack pointer value and subtracts
the first operand from the stack pointer.

For example, a procedure with 12 bytes of local variables would have
an ENTER 12,0 instruction at its entry point and a LEAVE instruc-
tion before every RET. The 12 local bytes would be addressed as
negative offsets from (E)BP.

None

Exceptions by Mode

Protected

Real Address

Virtual 8086
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#SS(0) if SP or ESP would exceed the stack limit at any point during
instruction execution; #PF(fault-code) for a page fault

None

None
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HLT

Halt
Opcode Instruction Clocks Description
Fa HLT 5 Halt
Operation Enter Halt state;
Discussion HLT stops instruction execution and places the processor in a Halt

state. An enabled interrupt, NMI, or a hardware RESET# will re-
sume execution. If an interrupt or NMI is used to resume execution
after HLT, the saved CS:IP (or CS:EIP) value points to the instruction
following HLT.

Flags Affected None

Exceptions by Mode

Protected HLT is a privileged instruction: #GP(0) if the current privilege level
isnot 0

Real Address None

Virtual 8086 Same as Protected Mode
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IDIV
Signed Divide

Opcode Instruction Clocks Description

F6 /7 IDIV r/m8

19 Signed divide AX by /m byte
(AL =Quo,AH =Rem)

F717 IDIV /m16 27 Signed divide DX:AX by /m word

(AX = Quo,DX = Rem)

F717 IDIV /m32 43 Signed divide EDX:EAX by r/m dword

(EAX =Quo,EDX = Rem)

Operation

Discussion

6-96

(*The only operand is the divisor; the dividend, quotient, and remain-
der use implicit registers.*)
IFr/m = 0 THEN
Interrupt 0;
ELSE
temp : = dividend / (/m);
IF temp does not fit in quotient register THEN
Interrupt O;
ELSE
quotient : = temp;
remainder : = dividend MOD (r/m);

IDIV performs a signed division. The dividend, quotient, and remain-
der are implicitly allocated to fixed registers. Only the divisor is given
as an explicit /m operand. The type of the divisor (size) determines
which instructions and registers to use as follows:

Table 6-18 Operands and Implicit Destinations for IDIV
Size Divisor Dividend Quotient Remainder

byte r/m8 AX AL AH
word r/m16 DX:AX AX DX
dword| /m32 EDX:EAX EAX EDX

If the resulting quotient is too large to fit in the destination, or if the
divisor is 0, an Interrupt O is generated. Nonintegral quotients are
truncated toward 0. The remainder has the same sign as the dividend,
and its absolute value is always less than the divisor’s.
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IDIV (continued)

Flags Affected For dword operands, CF and OF are set (1) if EDX is not the sign
extension of EAX; otherwise, CF = 0 and OF = 0; SF, ZF, AF, and
PF are undefined

Exceptions by Mode

Protected Interrupt O if the quotient is too large to fit in the implicit destination
register, or if the divisor is 0; #GP (0) for an illegal memory operand
effective address in the CS, DS, ES, FS, or GS segments; #SS(0) for
an illegal address in the SS segment; #PF(fault-code) for a page fault

Real Address Interrupt O if the quotient is too large to fit in the implicit destination
register, or if the divisor is 0; Interrupt 13 if any part of the operand

would lie outside the address space from 0 to OFFFFH

Virtual 8086 Same as Real Address Mode; #PF(fault-code) for a page fault
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IMUL

Signed Multiply

Opcode Instruction Clocks Description

F6 /5 IMUL /m8 9-14/12-17 AX:=AL * r/m byte

F7 /5 IMUL /m16 9-22/12-25 DX:AX := AL * r/m word

F7 /5 IMUL #/m32 9-38/12-41 EDX:EAX := EAX * r/m
dword

OF AF /r IMUL r16,/m16 9-22/12-25 word register : = word
register * r/m word

OF AF /r IMUL r32,r/m32 9-38/12-41 dword register : = dword
register * r/m dword

6B /rib IMUL r16,r/m16,imm8 9-14/12-17 word register : = /m16 *
sign-extended immediate
byte

6B /rib IMUL r32,r/m32,imm8 9-14/12-17 dword register : = /m32 *
sign-extended immediate
byte

6B /rib IMUL r16,imm8 9-14/12-17 word register : = word
register * sign-extended
immediate byte

6B rib IMUL r32,imm8 9-14/12-17 dword register : = dword
register * sign-extended
immediate byte

69 /riw IMUL r16,r/m16,imm16 9-22/12-25 word register : = /m16 *
immediate word

69 /rid IMUL r32,r/m32,imm32 9-38/12-41 dword register : = /m32 *
immediate dword

69 /riw IMUL r16,imm16 9-22/12-25 word register : = /m16 *
immediate word

69 /rid IMUL r32,imm32 9-38/12-41 dword register : = /m32 *

immediate dword

NOTE: The processor uses an early-out multiply algorithm. The actual number of clocks depends on the
position of the most significant bit in the optimizing multiplier, shown underlined in the table. The optimiza-
tion occurs for positive and negative values. Because of the early-out algorithm, clock counts given are
minimum to maximum. To calculate the actual clocks, use the following formula:

IF m = 0 THEN ActualClock : = 9;

ELSE ActualClock : = max( ceiling( log, |m|), 3) + 6 clocks;

where m is the optimizing multiplier. Add 3 clocks if the multiplier is a memory operand.

6-98

Processor Instructions



Operation

™ Discussion

Flags Affected

IMUL (continued)
result : = multiplicand * multiplier;

IMUL performs signed multiplication. Some forms of the instruction
use implicit register operands. The operand combinations for all
forms of the instruction are shown in the Description column of the
preceding table.

IMUL clears the overflow and carry flags under the following
conditions:

Table 6-19 When IMUL Clears CF and OF

Operand(s) Condition for Clearing CF and OF

r/m8 AX = sign-extend AL to 16-bits

r/m16 DX:AX = sign-extend AX to 32-bits
r/m32 EDX:EAX = sign-extend EAX to 64-bits
r16,/m16 Result exactly fits within r16

r32,r/m32 Result exactly fits within r32
r16,r/m16,imm16 Result exactly fits within r16
r32,r/m32,imm32 Result exactly fits within r32

The IMUL accumulator forms (IMUL r/m8, IMUL r/m16, or IMUL
r/m32) yield a result even if the overflow flag is set because such a
result is twice the size of the multiplicand and multiplier. This is large
enough to handle any possible result.

OF and CF as shown in Table 6-19; SF, ZF, AF, and PF are undefined

Exceptions by Mode

Protected

Real Address

Virtual 8086

Processor Instructions

#GP(0) for an illegal memory operand effective address in the CS,
DS, ES, FS, or GS segments; #SS(0) for an illegal address in the SS
segment; #PF(fault-code) for a page fault

Interrupt 13 if any part of the operand would lie outside the effective
address space from 0 to OFFFFH

Same as Real Address Mode; #PF(fault-code) for a page fault
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Input from Port

Opcode Instruction Clocks Description

E4ib IN AL,imm8 12,om =6'/26™ Input byte from immediate
port into AL

E5ib IN AX,imm8 12,om = 6'/26™ Input word from immediate
port into AX

E5ib IN EAX,imm8 12,om =6'/26™ Input dword from immedi-
ate port into EAX

EC IN AL,DX 13,om =7"27" Input byte from port DX into
AL

ED IN AX,DX 13,om =7'27™ Input word from port DX
into AX

ED IN EAX,DX 13,om=7"27" Input dword from port DX
into EAX

fIif CPL < = IOPL

Hif CPL > IOPL or if in virtual 8086 mode

Operation

Discussion

Flags Affected

6-100

IF (PE = 1) AND ((VM = 1) OR (CPL > IOPL)) THEN
(*virtual 8086 mode or protected mode with CPL > IOPL*)

IF NOT IOPermission(Src, width(Src)) THEN #GP(0);
Dest : = [Src]; (*reads from I/O address space*)

IN transfers a data byte, word, or dword from the port numbered by
the second operand into the register (AL, AX, or EAX) specified by
the first operand. Access any port from 0 to 65535 by placing the port
number in the DX register and using an IN instruction with DX as the
second operand. These I/O instructions can be shortened by using an
8-bit number of a port in the instruction.

If executed in virtual 8086 mode or in protected mode with CPL
greater than IOPL:

® IN cannot access any given byte unless the I/O permission bit
map (see Appendix A) has a corresponding clear bit.

® IN also cannot access a dword or word unless it can access every
byte in the dword or word.

None
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IN (continued)

Exceptions by Mode
# Protected #GP(0) if the current privilege level is larger (has less privilege)
\ than IOPL and any of the corresponding I/O permission bits in TSS
equals 1
Real Address None
Virtual 8086 #GP(0) if any of the corresponding I/O permission bits in TSS
equals 1
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INC

Increment by 1

Opcode Instruction Clocks Description

FE /O INC /m8 2/6 Increment r/m byte by 1

FF /0 INC /m16 2/6 Increment /m word by 1

FF /0 INC r/m32 2/6 Increment r/m dword by 1

40 + rw INC r16 2 Increment word register by 1

40 + rd INC r32 2 Increment dword register by 1
Operation Dest : = Dest + 1;

Discussion INC adds 1 to the operand. It does not change the carry flag. (Use the

ADD instruction with a second operand of 1 to affect the carry flag.)

Flags Affected OF, SF, ZF, AF, and PF as described in Appendix A

Exceptions by Mode

Protected #GP(0) if the operand is in a nonwritable segment; #GP(0) for an
illegal memory operand effective address in the CS, DS, ES, FS, or
GS segments; #SS(0) for an illegal address in the SS segment;
#PF(fault-code) for a page fault

Real Address Interrupt 13 if any part of the operand would lie outside the address
space from 0 to OFFFFH

Virtual 8086 Same as Real Address Mode; #PF(fault-code) for a page fault
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INS/INSB/INSW/INSD
Input from Port to String

Opcode
6C

6D
6D
6C
6D

6D

Instruction Clocks Description

INS m8,DX 15,0om =9'/29'" Input byte from port DX into
ES:(E)DI

INS m16,DX 15,om =9"/29'"" Input word from port DX
into ES:(E)DI

INS m32,DX 15,0m = 9'/29™ Input dword from port DX
into ES:(E)DI

INSB 15,0m = 9"/29'™ Input byte from port DX into
ES:(E)DI

INSW 15,0m =9"/29™ Input word from port DX
into ES:(E)DI

INSD 15,0m =9'/29"" Input dword from port DX
into ES:(E)DI

If CPL < = IOPL
If CPL > IOPL or if in virtual 8086 mode

Operation

IF AddressSize = 16 THEN

Use DI for Destindex;
ELSE (*AddressSize = 32%)

Use EDI for Destindex;
IF (PE = 1) AND ((VM = 1) OR (CPL > IOPL) ) THEN
(*virtual 8086 mode or protected mode with CPL > IOPL*)

IF NOT IOPermission(Src, width(Src) ) THEN #GP(0);
IF byte type instruction THEN

ES:[Destindex] : = [DX]; (*reads at DX from I/O address space*)

IF DF = 0 THEN IncDec : = 1 ELSE IncDec: = —1;
ELSE (*read word or dword*)

IF OperandSize = 16 THEN

ES:[Destindex] : = [DX];

IF DF = 0 THEN IncDec : = 2 ELSE IncDec : = —2;
ELSE (*OperandSize = 32%)

ES:[Destindex] : = [DX];

IF DF = 0 THEN IncDec : = 4 ELSE IncDec : = —4;

Destindex : = Destindex + IncDec;
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INS/INSB/INSW/INSD (continued)

Discussion

Flags Affected

6-104

INS transfers data from the port numbered by the DX register to the
memory byte, word, or dword at ES:DestinationIndex. The memory
operand must be addressable from ES; no segment override is possi-
ble. The destination is DI if the address size attribute of the instruc-
tion is 16-bits, or EDI if the address size attribute is 32-bits.

INS does not allow the specification of the port number as an immedi-
ate value. The port must be addressed through the DX register. Load
the correct value into DX before executing the INS instruction.

The destination address is determined by the contents of the (E)DI
register (not by the first operand to INS). The purpose of the operand
is to validate ES segment addressability and to determine the data type
(byte, word, or dword).

After the transfer, (E)DI advances automatically. If the direction flag
is 0 (CLD was executed), (E)DI increments; if the direction flag is 1
(STD was executed), (E)DI decrements. (E)DI increments or decre-
ments by 1 if a byte is input, by 2 if a word is input, or by 4 if a dword
is input.

INSB, INSW and INSD are synonyms of the byte, word, and dword
INS instructions. They are simpler, but they provide no type or seg-
ment checking.

If executed in virtual 8086 mode or in protected mode with CPL
greater than IOPL:

® INS cannot access any given byte unless the I/O permission bit
map (see Appendix A) has a corresponding clear bit.

® NS also cannot access a dword or word unless it can access
every byte in the dword or word.

INS can be preceded by the REP prefix for block input of (E)CX
bytes or words. See the REP reference page for details of this
operation.

None
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INS/INSB/INSW/INSD (continued)

Exceptions by Mode

™  Protected #GP(0) if CPL is numerically greater than IOPL and any of the cor-
\ responding I/O permission bits in TSS equals 1; #GP(0) if the desti-
nation is in a nonwritable segment; #GP(0) for an illegal memory
operand effective address in the ES segment; #PF(fault-code) for a

page fault

Real Address Interrupt 13 if any part of the operand would lie outside the address
space from 0 to OFFFFH

Virtual 8086 #GP(0) if any of the corresponding I/0 permission bits in TSS equals

1, #GP(0) for an illegal memory operand effective address in the ES
segment; #PF(fault-code) for a page fault
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INT/INTO

Transfer Control to Interrupt Procedure

Opcode Instruction Clocks

CcC INT 3 33

CcC INT 3 pm =59

CC INT 3 pm=99

cC INT 3 pm=119

cC INT 3 pm =224-314!

CDib INT imm8 37

CDib INT imm8 pm =59

CDib INT imm8 pm=99

CDib INT imm8 pm=119

CDib INT imm8 pm =224-314'

CE INTO Fail:3,o0m=3
Pass:35

CE INTO pm =59

CE INTO pm =99

CE INTO pm=119

CE INTO pm =224-314!

Description

Interrupt 3 — trap to

debugger

Interrupt 3 — protected mode,
same privilege

Interrupt 3 — protected mode,
more privilege

Interrupt 3 — from virtual 8086
mode to privilege level 0
Interrupt 3 — protected mode,
via task gate

Interrupt numbered by immedi-
ate byte

Interrupt — protected mode,
same privilege

Interrupt — protected mode,
more privilege

Interrupt — from virtual 8086
mode to privilege level 0
Interrupt — protected mode, via
task gate

Interrupt 4 — if overflow flag

is 1

Interrupt 4 — protected mode,
same privilege

Interrupt 4 — protected mode,
more privilege

Interrupt 4 — from virtual 8086
mode to privilege level 0
Interrupt 4 — protected mode,
via task gate

TSee the 80386 Programmer’s Reference Manual
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INT/INTO (continued)

Operation (*These operations also occur for exceptions and external interrupts*)
IF PE = 0 THEN (*real address mode*)
p IF interrupt table entry > IDT limit THEN #DF(0);
\ ELSE
Push(FLAGS);
IF : = 0; (*Clear interrupt flag*)
TF := 0; (*Clear trap flag*)
Push(CS);
Push(IP);
(*no error codes are pushed*)
CS : = IDTJinterrupt number * 4].selector;
IP : = IDT[interrupt number * 4].offset;

ELSE
IFVM = 1 THEN
GOTO INTERRUPT_FROM_VIRTUAL8086_MODE;
ELSE

GOTO PROTECTED_MODE;

PROTECTED_MODE:
 an IF interrupt vector NOT within IDT table limit THEN
#GP(vector number * 8 + 2 + EXT);
Descriptor AR must indicate interrupt, trap or task gate
ELSE #GP(vector number * 8 + 2 + EXT);
IF software interrupt (*caused by INT n, INT 3, INTO, BOUND™*)
AND gate descriptor DPL < CPL THEN
#GP(vector number * 8 + 2 + EXT);
IF gate NOT PRESENT THEN #NP(vector number * 8 + 2 + EXT);
IF trap gate OR interrupt gate THEN
GOTO TRAP_OR_INTERRUPT_GATE;
ELSE
GOTO TASK_GATE;

TRAP_OR_INTERRUPT_GATE:
(*Examine CS selector and descriptor given in gate descriptor: *)
IF selector is null THEN #GP(EXT);
IF selector NOT within its descriptor table limits THEN
A— #GP(selector + EXT);
IF descriptor AR indicates non-code segment THEN
#GP(selector + EXT);

Processor Instructions 6-107



INT/INTO (continued)

IF segment NOT PRESENT THEN #NP(selector + EXT);
IF code segment is non-conforming AND DPL < CPL THEN
GOTO INTERRUPT_TO_MORE_PRIVILEGED; S
IF code segment is conforming OR code segment DPL = CPL
THEN GOTO INTERRUPT_TO_SAME_PRIVILEGE;
ELSE #GP(CS selector + EXT);

INTERRUPT_TO_MORE_PRIVILEGED:
(*Check selector and descriptor for new stack in current TSS: *)
IF selector is null THEN #GP(EXT);
IF selector index NOT within descriptor table limits THEN
#TS(SS selector + EXT);
IF selector's RPL NOT = DPL of code segment THEN
#TS(SS selector + EXT);
IF stack segment DPL NOT = DPL of code segment THEN
#TS(SS selector + EXT);
Descriptor must indicate writable data segment
ELSE #TS(SS selector + EXT);
IF segment NOT PRESENT THEN #SS(SSselector + EXT);
IF 32-bit gate THEN -
New stack must have room for 24 bytes ELSE #SS(0); ‘
IF interrupt caused by exception with error code THEN
Stack limits must allow pushing 2 more bytes
ELSE #SS(0);
gate_offset must be within CS segment boundaries
ELSE #GP(0);
Load new SS and ESP values from TSS;
CS:EIP : = selector:offset from gate;
ELSE (*16-bit gate™)
New stack must have room for 12 bytes ELSE #SS(0);
IF interrupt caused by exception with error code THEN
Stack limits must allow pushing 2 more bytes
ELSE #SS(0);
gate_offset must be within CS segment boundaries
ELSE #GP(0);
Load new SS and SP values from TSS;
CS:IP : = selector:offset from gate; ﬁ
ENDIFELSE;
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Processor Instructions

INT/INTO (continued)

Load CS descriptor into CS cache;
Load SS descriptor into SS cache;
IF 32-bit gate THEN
Push(long pointer to old stack); (*3 words padded to 4*)
Push(EFLAGS);
Push(long pointer to return location); (*3 words padded to 4*)
ELSE (*16-bit gate*)
Push(long pointer to old stack); (*2 words*)
Push(FLAGS);
Push(long pointer to return location); (*2 words™)
ENDIFELSE;
CPL : = (*new code segment’s*) DPL;
RPL (*of CS*) : = CPL;
Push error code if exception;
IF interrupt gate THEN IF : = 0; (*interrupt flag disabled*)
TF:= 0;
NT:= 0;

INTERRUPT_TO_SAME_PRIVILEGE:
IF 32-bit gate THEN
Current stack limits must allow pushing 12 bytes
ELSE #SS(0);
IF interrupt caused by exception with error code THEN
Stack limits must allow pushing 2 more bytes
ELSE #SS(0);
gate_offset must be within CS limit ELSE #GP(0);
Push(EFLAGS);
Push(long pointer to return location); (*3 words pad to 4*)
CS:EIP : = selector:offset from gate;
ELSE (*16-bit gate*)
Current stack limits must allow pushing 6 bytes
ELSE #SS(0);
IF interrupt caused by exception with error code THEN
Stack limits must allow pushing 2 more bytes
ELSE #SS(0);
gate_offset must be in CS limit ELSE #GP(0);
Push(FLAGS);
Push(long pointer to return location); (*2 words*)
CS:IP : = selector:offset from gate;
ENDIFELSE;
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INT/INTO (continued)

Load CS descriptor into CS cache;

RPL (*of CS*) : = CPL;

Push error code (*if any*) onto stack;

IF interrupt gate THEN IF : = 0; (*clear interrupt flag*)
TF:=0;

NT:= 0;

INTERRUPT_FROM_VIRTUAL8086_MODE:
tempEFlags : = EFLAGS;
VM:= 0;
TF := 0;
IF service through task gate THEN GOTO TASK_GATE;
ELSE (*service through trap or interrupt gate™)
IF interrupt gate THEN IF : = 0; (*Clear interrupt flag*)
tempSS : = SS;
tempESP : = ESP;
SS : = TSS.SS0; (*Change to level 0 stack segment*)
ESP : = TSS.ESPO; (*Change to level 0 stack pointer*)
Push(GS); (*padded to 2 words™)
Push(FS); (*padded to 2 words™)
Push(DS); (*padded to 2 words*)
Push(ES); (*padded to 2 words*)
GS:=0;
FS:=0;
DS:= 0;
ES:=0;
Push(TempSS); (*padded to 2 words™)
Push(TempESP);
Push(TempEFlags);
Push(CS); (*padded to 2 words*)
Push(EIP);
CS:EIP : = selector:offset from trap or interrupt gate;
(*starts execution of new routine in protected mode*)
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Discussion

Processor Instructions

INT/INTO (continued)

TASK_GATE:

(*Examine selector to TSS in task gate descriptor: *)

IF TSS selector specifies local in local/global bit THEN
#TS(TSS selector);
IF index NOT within GDT limits THEN #TS(TSS selector);

SwitchTasks (*with nesting*) to TSS;

IF interrupt caused by exception with error code THEN
Stack limits must allow pushing 2 more bytes ELSE #SS(0);
Push error code onto stack;

ENDIF;

(E)IP must be in CS limit ELSE #GP(0);

The INT n instruction gives control to an interrupt procedure via
software. The immediate operand gives the index number (0 to 255)
into the interrupt descriptor table (IDT) for the routine called. In
protected mode, the IDT consists of an array of 8-byte descriptors;
each descriptor must indicate an interrupt, trap, or task gate. In real
address mode, the IDT is an array of 4 byte-long pointers. In pro-
tected and real address modes, the base linear address of the IDT is
defined by the contents of the IDTR.

The INTO conditional software instruction is identical to the INT n
instruction except that the interrupt number is implicitly 4, and the
interrupt is made only if the processor overflow flag is set.

The first 32 interrupts are reserved by Intel for system use. Some of
these interrupts are used for internally generated exceptions.

INT n behaves like a far call except that the flags register is pushed
onto the stack before the return address. Interrupt procedures return
via the IRET/IRETD instruction, which pops the flags and return
address from the stack.

In real address mode, INT n pushes the flags, CS, and the return IP
onto the stack and then jumps to the long pointer indexed by the
interrupt number.

6-111



INT/INTO (continued)

Flags Affected None

Exceptions by Mode
Protected #GP, #NP, #SS, and #TS as described in the Operation section
Real Address None; if SP or ESP = 1, 3, or 5 before executing INT or INTO, the

processor will shut down due to insufficient stack space
Virtual 8086 For INT n only, #GP(0) if IOPL is less than 3 to allow emulation;

Interrupt 3 (OCCH) generates Interupt 3; INTO generates Interrupt 4
if the overflow flag equals 1
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INVD

Invalidate Data Cache
(not available on 386™
or 376™ processors)

Opcode Instruction Clocks Description
OF 08 INVD — Destructively flush data cache
Operation FOR ALL CacheEntries DO

Bit[CacheEntry,Valid] : = 0;
Discussion INVD destructively invalidates (flushes) the data cache of all entries.
The entries are flushed by resetting their valid bits. This instruction

takes no operand.

Flags Affected None

Exceptions by Mode

Protected None
Real Address None
Virtual 8086 None
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INVLPG

Invalidate Paging Cache Entry
(not available on 386™

or 376™ processors)

Opcode Instruction Clocks Description
OF 01 /7 INVLPG m — Invalidate paging cache entry for m
Operation VirtualAddr : = Segment + Addr(m);

IF VirtualAddr IN PagingCache THEN
Bit[PageCacheEntry,0] : = 0;

Discussion INVLPG invalidates (flushes) a page entry from the 486 processor’s
on-chip paging cache (translation lookaside buffer). The full virtual
address of m is generated. The paging cache is then checked to see if
the corresponding entry for that virtual address exists in the cache. If
so, the entry is flushed by resetting the Present bit (bit 0).

Only memory operands are valid with this instruction.

Flags Affected None

Exceptions by Mode

Protected #UD if a register operand is used.
Real Address None

Virtual 8086 None
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IRET/IRETD

Interrupt Return

Opcode
CF

CF
CF
CF
CF
CF

CF

Instruction
IRET

IRET

IRET

IRETD

IRETD

IRETD

IRETD

Clocks
22,pm =38

pm =82

pm =214-275"
22,pm=38
pm =60

pm =82

pm = 214-275'

Description

16-bit interrupt return (far
return, pop flags)

16-bit interrupt return to
lesser privilege

16-bit interrupt return differ-
ent task (NT = 1)

32-bit interrupt return (far
return, pop flags)

32-bit interrupt return to
virtual 8086 mode

32-bit interrupt return to
lesser privilege

32-bit interrupt return, dif-
ferent task (NT = 1)

See the 80386 Programmer’s Reference Manual

Operation

IF PE = 0 THEN (*real address mode*)

IF OperandSize = 32 (*instruction IRETD*) THEN
EIP : = Pop( ); (*pop stack top into EIP*)

ELSE (*instruction IRET*)
IP:= Pop(),

CS : = Pop();

IF OperandSize = 32 THEN
EFLAGS : = Pop();

ELSE (*OperandSize = 16*)
FLAGS : = Pop();

ELSE (*protected mode*)

Processor Instructions

IFVM = 1 THEN #GP(0);

IFNT = 1 THEN
GOTO TASK_RETURN;
ELSE

IF VM = 1 (*in flags image on stack*) THEN
GOTO STACK_RETURN_TO_VIRTUALB8086;

ELSE
GOTO STACK_RETURN;
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IRET/IRETD (continued)

TASK_RETURN:

(*Examine back link selector in TSS addressed by current TR: *)

Must specify global in local/global bit ELSE
#TS(new TSS selector);

Index must be within GDT limits ELSE #TS(new TSS selector);
AR must specify TSS ELSE #TS(new TSS selector);
New TSS must be busy ELSE #TS(new TSS selector);
IF TSS NOT PRESENT THEN #NP(new TSS selector);

(*END check back link selector*)

SwitchTasks without nesting to TSS
specified by back link selector;

Mark task just abandoned as NOT busy;

(E)IP must be within code segment limit ELSE #GP(0);

STACK_RETURN_TO_VIRTUALB8086:
EFLAGS : = SS:[ESP + 8]; (*sets VM in interrupted routine*)
EIP : = Pop();
CS : = Pop(); (*behaves as in 8086, due to VM = 1*)
throwaway : = Pop( ); (*Pop EFLAGS already read*)
ES : = Pop(); (*pop 2 words; throw away high-order word*)
DS : = Pop( ); (*pop 2 words; throw away high-order word*)
FS : = Pop(); (*pop 2 words; throw away high-order word*)
GS : = Pop( ); (*pop 2 words; throw away high-order word*)
tempESP : = Pop( );
tempSS : = Pop();
SS:ESP : = tempSS:tempESP;

(*resume execution in virtual 8086 mode*)

STACK_RETURN:
IF OperandSize = 32 THEN
Fourth word on stack must be within stack limits ELSE #SS(0);
ELSE (*OperandSize = 16*)
Second word on stack must be within stack limits ELSE #SS(0);
IF return CS selector RPL < CPL THEN #GP(return selector);
IF return selector RPL = CPL THEN
GOTO RETURN_SAME_PRIVILEGE;
ELSE
GOTO RETURN_LESS_PRIVILEGED;
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IRET/IRETD (continued)

RETURN_SAME_PRIVILEGE:
IF OperandSize = 32 THEN
Top 12 bytes on stack must be within limits ELSE #SS(0);
Return CS selector (*at ESP +4*) must be non-null ELSE
#GP(0);
ELSE (*OperandSize = 16*)
Top 6 bytes on stack must be within limits ELSE #SS(0);
Return CS selector (*at SP +2*) must be non-null ELSE
#GP(0);
ENDIFELSE;
IF selector index NOT within its descriptor table limits THEN
#GP(return selector);
AR must indicate code segment ELSE #GP(return selector);
IF non-conforming AND code segment DPL NOT = CPL THEN
#GP(return selector);
IF conforming AND code segment DPL > CPL THEN
#GP(return selector);
IF segment NOT PRESENT THEN #NP(return selector);
return_offset must be within code segment boundaries ELSE
#GP(0);
IF OperandSize = 32 THEN
Load CS:EIP from stack;
Load CS cache with new code segment descriptor;
Load EFLAGS with third dword from stack;
(E)SP : = (E)SP + 12;
ELSE (*OperandSize = 16*)
Load CS:IP from stack;
Load CS cache with new code segment descriptor;
Load FLAGS with third word on stack;
(E)SP : = (E)SP + 6;

RETURN_LESS_PRIVILEGED:
IF OperandSize = 32 THEN
Top 20 bytes on stack must be within limits ELSE #SS(0);
ELSE (*OperandSize = 16*)
Jop 10 bytes on stack must be within limits ELSE #SS(0);
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IRET/IRETD (continued)

(*Examine return CS selector and associated descriptor: *)
IF selector is null THEN #GP(0);
IF selector index NOT within its descriptor table limits THEN
#GP(return selector);

IF AR does NOT indicate code segment THEN
#GP(return selector);

IF non-conforming AND

code segment DPL NOT = CS selector RPL THEN
#GP(return selector);

IF conforming AND code segment DPL < = CPL THEN
#GP(return selector);

IF segment NOT PRESENT THEN #NP(return selector);
(*END check return CS selector and associated descriptor*)
(*Examine return SS selector and associated descriptor: *)

IF selector is null THEN #GP(0);

IF selector index NOT within its descriptor table limits THEN

#GP(SS selector);

IF selector RPL NOT = RPL of return CS selector THEN
#GP(SS selector);

IF AR does NOT indicate writable data segment THEN
#GP(SS selector);

IF stack segment DPL NOT = RPL of return CS selector
THEN #GP(SS selector);

IF SS NOT PRESENT THEN #NP(SS selector);
(*END check return SS selector and associated descriptor*)
return_offset must be in code segment ELSE#GP(0);
IF OperandSize = 32 THEN

Load CS:EIP from stack;

Load EFLAGS with values at (ESP + 8);

ELSE (*OperandSize = 16*)

Load CS:IP from stack;

Load FLAGS with values at (SP + 4);
ENDIFELSE;

Load SS:(E)SP from stack;

CPL : = RPL of CS return selector;
Load CS cache with CS descriptor;
Load SS cache with SS descriptor;
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Discussion

Flags Affected

Processor Instructions

IRET/IRETD (continued)

FOR each of ES, FS, GS, and DS DO
IF current register value NOT valid for interrupted routine
THEN zero register and clear valid flag;
(*To be valid, register setting must satisfy:
Selector index is within its descriptor table limits;
AR indicates data or readable code segment;
IF segment is data or non-conforming code THEN
DPL must be > = CPL or DPL must be > = RPL;")
ENDFOR;

IRETD is a 32-bit and IRET is a 16-bit return from an interrupt
routine, whatever the USE attribute (32- or 16-bit) of the containing
segment. In real address mode, IRET(D) pops the (E)IP, CS, and the
flags register from the stack and resumes the interrupted routine. In
protected mode, the action of IRET(D) depends on the setting of the
nested task flag (NT) bit in the flag register. When popping the new
flag image from the stack, the IOPL bits in the flag register are
changed only when CPL equals O.

If NT equals 0, IRET(D) returns from an interrupt procedure without
a task switch. The code that resumes execution after IRET(D) must
be equally or less privileged than the interrupt routine (as indicated
by the RPL bits of the CS selector popped from the stack). If the
destination code is less privileged, IRET(D) also pops (E)SP and SS
from the stack.

If NT equals 1, IRET(D) reverses the operation of the CALL or INT
that caused a task switch. The task executing IRET(D) has its up-
dated state saved in its task state segment. If the task is reentered, the
code that follows IRET(D) is executed.

All; the flags register is popped from stack
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IRET/IRETD (continued)

Exceptions by Mode
Protected #GP, #NP, #TS, or #SS, as indicated in the preceding Operation ™
section :
Real Address Interrupt 13 if any part of the operand being popped lies beyond
address OFFFFH
Virtual 8086 #GP(0) if IOPL is less than 3 to permit emulation
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Jcc
Jump if Condition is Met

— Opcode Instruction Clocks Description
L 77 cb JA rel8 7+m,3 Jump short if above (CF =0 and ZF =0)
‘ 73c¢cb JAE rel8 7+m,3 Jump short if above or equal (CF =0)
72cb JB rel8 7+m,3 Jump short if below (CF = 1)
76 cb JBE rel8 7+m,3 Jump short if below or equal (CF =1 or
ZF=1)
72 cb JC rel8 7+m,3 Jump short if carry (CF =1)
E3cb JCXZ rel8 9+m,5 Jump short if CX register is 0
E3cb JECXZ rel8 9+m,5 Jump short if ECX register is 0
74 cb JE rel8 7+m,3 Jump short if equal (ZF =1)
74 cb JZ rel8 7+m,3 Jump short if 0 (ZF =1)
7F cb JG rel8 7+m,3 Jump short if greater (ZF =0 and
SF=0F)
7D cb JGE rel8 7+m,3 Jump short if greater or equal (SF = OF)
7Ccb JL rel8 7+m,3 Jump short if less (SF NOT = OF)
7E cb JLE rel8 7+m,3 Jump short if less or equal (ZF =1 and
SF NOT = OF)
76 cb JNA rel8 7+m,3 Jump short if not above (CF =1 or
—~ ZF =1)
\ 72cb JNAE rel8 7+m,3 Jump short if not above or equal
(CF=1)
73 cb JNB rel8 7+m,3 Jump short if not below (CF =0)
77 cb JNBE rel8 7+m,3 Jump short if not below or equal (CF =0
and ZF =0)
73c¢cb JNC rel8 7+m,3 Jump short if not carry (CF =0)
75 cb JNE rel8 7+m,3 Jump short if not equal (ZF =0)
7Ecb JNG rel8 7+m,3 Jump short if not greater (ZF =1 or SF
NOT = OF)
7Ccb JNGE rel8 7+m,3 Jump short if not greater or equal (SF
NOT = OF)
7D cb JNL rel8 7+m,3 Jump short if not less (SF = OF)
7F cb JNLE rel8 7+m,3 Jump short if not less or equal (ZF =0
and SF =OF)
71c¢cb JNO rel8 7+m,3 Jump short if not overflow (OF =0)
7B cb JNP rel8 7+m,3 Jump short if not parity (PF =0)
79 cb JNS rel8 7+m,3 Jump short if not sign (SF =0)

P NOTE: The first clock count is for the true condition (branch taken); the second clock count is for the false

‘ condition (branch not taken). re/16/32 indicates that these instructions map to two; one with a 16-bit rela-
tive displacement, the other with a 32-bit relative displacement, depending on the operand size attribute of
the instruction. The assembler does not allow an operand override for relative jumps.
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Jcc (continued)

Opcode

75cb
70cb
7A cb
7A cb
7B cb
78 cb
74 cb
OF 87 cw/cd
OF 83 cw/cd
OF 82 cw/cd
OF 86 cw/cd

OF 82 cw/cd
OF 84 cw/cd
OF 84 cw/cd
OF 8F cw/cd
OF 8D cw/cd

OF 8C cw/cd
OF 8E cw/cd

OF 86 cw/cd
OF 82 cw/cd

OF 83 cw/cd
OF 87 cw/cd

OF 83 cw/cd
OF 85 cw/cd
OF 8E cw/cd

OF 8C cw/cd

Instruction

JNZ rel8

JO rel8

JP rel8

JPE rel8
JPO rel8
JSrel8
JZrel8

JA rel16/32
JAE rel16/32
JB rel16/32
JBE rel16/32

JC rel16/32
JE rel16/32
JZ rel16/32
JG rel16/32
JGE rel16/32

JL rel16/32
JLE rel16/32

JNA rel16/32

JNAE rel16/32

JNB rel16/32
JNBE rel16/32

JNC rel16/32
JNE rel16/32
JNG rel16/32

JNGE rel16/32

Clocks

7+m,3
7+m,3
7+m,3
7+m,3
7+m,3
7+m3
7+m,3
7+m,3
7+m,3
7+m,3
7+m,3

7+m,3
7+m,3
7+m,3
7+m,3
7+m,3

7+m,3
7+m,3

7+m3
7+m,3

7+m,3
7+m,3

7+m,3
7+m,3
7+m,3

7+m,3

Description

Jump short if not zero (ZF =0)

Jump short if overflow (OF = 1)

Jump short if parity (PF=1)

Jump short if parity even (PF =1)
Jump short if parity odd (PF =0)
Jump short if sign (SF=1)

Jump short if zero (ZF = 1)

Jump near if above (CF =0 and ZF =0)
Jump near if above or equal (CF =0)
Jump near if below (CF =1)

Jump near if below or equal (CF =1 or
ZF =1)

Jump near if carry (CF =1)

Jump near if equal (ZF = 1)

Jump near if 0 (ZF =1)

Jump near if greater (ZF =0 and
SF=0F)

Jump near if greater or equal
(SF=OF)

Jump near if less (SF NOT = OF)
Jump near if less or equal (ZF =1 and
SF NOT = OF)

Jump near if not above (CF=1 or
ZF=1)

Jump near if not above or equal
(CF=1)

Jump near if not below (CF =0)

Jump near if not below or equal
(CF=0and ZF=0)

Jump near if not carry (CF =0)

Jump near if not equal (ZF =0)

Jump near if not greater (ZF =1 or SF
NOT = OF)

Jump near if not greater or equal (SF
NOT = OF)

NOTE: The first clock count is for the true condition (branch taken); the second clock count is for the false
condition (branch not taken). re/76/32 indicates that these instructions map to two; one with a 16-bit rela-
tive displacement, the other with a 32-bit relative displacement, depending on the operand size attribute of
the instruction. The assembler does not allow an operand override for relative jumps.
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Jcc (continued)

Opcode

OF 8D cw/cd
OF 8F cw/cd

OF 81 cw/cd
OF 8B cw/cd
OF 89 cw/cd
OF 85 cw/cd
OF 80 cw/cd
OF 8A cw/cd
OF 8A cw/cd
OF 8B cw/cd
OF 88 cw/cd
OF 84 cw/cd

Instruction Clocks Description

JNL rel16/32 7+m,3 Jump near if not less (SF = OF)

JNLE rel16/32 7+m,3 Jump near if not less or equal (ZF =0
and SF =OF)

JNO rel16/32 7+m,3 Jump near if not overflow (OF =0)

JNP rel16/32 7+m,3 Jump near if not parity (PF =0)

JNS rel16/32 7+m,3 Jump near if not sign (SF =0)

JNZ rel16/32 7+m,3 Jump near if not zero (ZF =0)

JO rel16/32 7+m,3 Jump near if overflow (OF = 1)

JP rel16/32 7+m,3 Jump near if parity (PF = 1)

JPE rel16/32 7+m,3 Jump near if parity even (PF = 1)

JPO rel16/32 7+m,3 Jump near if parity odd (PF =0)

JSrel16/32 7+m,3 Jump near if sign (SF=1)

JZ rel16/32 7+m,3 Jump near if 0 (ZF =1)

NOTE: The first clock count is for the true condition (branch taken); the second clock count is for the false
condition (branch not taken). re/16/32 indicates that these instructions map to two; one with a 16-bit rela-
tive displacement, the other with a 32-bit relative displacement, depending on the operand size attribute of
the instruction. The assembler does not allow an operand override for relative jumps.

Operation

Discussion

IF condition THEN
EIP : = EIP + SignExtend(rel8/rel16/rel32);
IF OperandSize = 16 THEN
EIP : = EIP AND 0000FFFFH;

Conditional jumps (except JECXZ and JCXZ) test the flags which
have been set by a previous instruction. If the given condition is true,
a jump is made to the location (label) specified as the operand. The
conditions for each mnemonic are parenthesized in the Description
column of the preceding table. The terms less and greater are used for
comparisons of signed integers; above and below are used for un-
signed integers.
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Jcc (continued)

Flags Affected

6-124

Instruction coding is most efficient when the target for the conditional
jump is in the current code segment and within —128 to + 127 bytes
of the next instruction’s first byte. The jump can also target a label in
the range:

® 32768 to + 32767 for a USE16 code segment.
o 2310 (423 —1) for a USE32 code segment.

When the target for the conditional jump is a far label (in a different
segment), use the opposite case of the jump instruction (i.e., JE and
JNE), and then access the target with an unconditional jump to the far
label. For example, you cannot code:

JZ FARLABEL

You must instead code:

JNZ BEYOND
BEYOND:
JMP FARLABEL

The assembler provides more than one mnemonic for most of the
conditional jump opcodes because there are several interpretations for
a particular state of the flags. For example, use JE for a jump when
two characters compared in AX are equal. Or, use JZ (a synonym for
JE) for a jump when the result is 0 if AX is ANDed with a bit field
mask.

Use J(E)CXZ within a conditional loop. The conditional loop instruc-
tions use an implicit limiting count in the ECX or CX register, and
J(E)CXZ tests the contents of (E)CX for 0. (The other Jcc instruc-
tions test the flags.) J(E)CXZ is useful at the beginning of a condi-
tional loop that terminates with a conditional loop instruction (such as
LOOPNE TARGET_LABEL). J(E)CXZ prohibits entry to such a

loop if (E)CX equals O; otherwise, the loop would execute 32G or
64K times.

None
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Jcc (continued)

Exceptions by Mode
P Protected #GP(0) if the offset jumped to is beyond the limits of the code
‘ segment

Real Address None

Virtual 8086 None
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JMP

Jump

Opcode Instruction Clocks Description

EBcb JMP rel8 7+m Jump short

E9 cw JMP rel16 7+m Jump near, displacement
relative to next instruction

FF /4 JMP r/m16 7+m/10+m Jump near indirect

EA cd JMP ptr16:16 12+m,pm=27+m Jump intersegment, 4-byte
immediate address

EA cd JMP ptr16:16 pm=45+m Jump to call gate, same
privilege

EA cd JMP ptr16:16 pm=218-312" Jump via task state
segment

EA cd JMP ptr16:16 pm=218-312' Jump via task gate

FF /5 JMP m16:16 43+m,pm=31+m Jump r/m16:16 indirect and
intersegment

FF /5 JMP m16:16 pm=49+m Jump to call gate, same
privilege

FF /5 JMP m16:16 pm=223-317" Jump via task state
segment

FF /5 JMP m16:16 pm =223-317" Jump via task gate

E9 cd JMP rel32 7+m Jump near, displacement
relative to next instruction

FF /4 JMP r/m32 7+m,10+m Jump near, indirect

EAcp JMP ptr16:32 12+m,pm=27+m Jump intersegment, 6-byte
immediate address

EA cp JMP ptr16:32 pm=45+m Jump to call gate, same
privilege

EAcp JMP ptr16:32 pm=218-312' Jump via task state
segment

EAcp JMP ptr16:32 pm=218-312" Jump via task gate

FF /5 JMP m16:32 43+m,pm=31+m Jump intersegment,
address at /m dword

FF /5 JMP m16:32 pm=49+m Jump to call gate, same
privilege

FF /5 JMP m16:32 pm =223-317" Jump via task state
segment

FF /5 JMP m16:32 pm =223-317" Jump via task gate

See the 80386 Programmer’s Reference Manual
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JMP (continued)

Operation IF instruction = relative JMP (*rel8/16/32 operand*) THEN
EIP := EIP + rel8/16/32,
IF protected mode AND destination address > its segment limit
THEN #GP(0);
IF OperandSize = 16 THEN
EIP : = EIP AND 0000FFFFH;
ENDIF; (*relative JMP*)
IF instruction = near indirect JMP (*r/m16/m32 operand*) THEN
IF OperandSize = 16 THEN
EIP : = [/m16] AND 0000FFFFH;
ELSE (*OperandSize = 32*)
EIP : = [r/m32];
ENDIF; (*near indirect JMP*)
IF (PE = 0 OR (PE = 1 AND VM = 1)) (*real address or virtual 8086
mode*) AND instruction = far JMP (*m/ptr16:16/32 operand*) THEN
IF operand = m16:16 OR m16:32 (*indirect*) THEN
IF OperandSize = 16 THEN
CS:IP : = [m16:16];
EIP : = EIP AND 0000FFFFH; (*clear upper 16-bits*)
ELSE (*OperandSize = 32*)
CS:EIP : = [m16:32);
ENDIF; (*m16:16 or m16:32 indirect JMP*)
IF operand = ptr16:16 or ptr16:32 (*absolute JMP*) THEN
IF OperandSize = 16 THEN
CS:IP : = ptr16:16;
EIP : = EIP AND 0000FFFFH; (*clear upper 16-bits*)
ELSE (*OperandSize = 32*)
CS:EIP : = ptr16:32;
ENDIF; (*ptr16:16 or ptr16:32 absolute JMP*)

IF (PE = 1 AND VM = 0) (*protected mode*)
AND instruction = far JMP THEN
IF operand = m16:16 OR m16:32 (*indirect*) THEN
(*check access of dword effective address*)
IF limit violation THEN #GP(0);
ENDIF; (*check access*)
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JMP (continued)

6-128

IF destination selector is null THEN #GP(0);

IF destination selector index NOT within its descriptor table limits

THEN #GP(selector);
(*Examine AR of destination descriptor: *)

IF invalid AR THEN #GP(selector);

ELSE (*depending on AR value: *)
GOTO CONFORMING_CODE_SEGMENT;
GOTO NONCONFORMING_CODE_SEGMENT;
GOTO CALL_GATE;
GOTO TASK_GATE;
GOTO TASK_STATE_SEGMENT;

CONFORMING_CODE_SEGMENT:
IF target_segment DPL > CPL or
gate DPL < Max(CPL,RPL) THEN #GP(selector);
IF segment NOT PRESENT THEN #NP(selector);
IF target_offset NOT within code segment limit THEN #GP(0);
IF OperandSize = 32 THEN
Load CS:EIP from destination pointer;
ELSE
Load CS:IP from destination pointer;
Load CS cache with new segment descriptor;

NONCONFORMING_CODE_SEGMENT:
IF gate DPL < Max(CPL,RPL) THEN #GP(selector);
IF target_segment DPL NOT = CPL THEN #GP(selector);
IF segment NOT PRESENT THEN #NP(selector);
IF target_offset NOT within code segment limit THEN #GP(0);
IF OperandSize = 32 THEN
Load CS:EIP from destination pointer;
ELSE
Load CS:IP from destination pointer;
Load CS cache with new segment descriptor;
RPL (*of CS*) : = CPL;

CALL_GATE:
IF descriptor DPL < CPL THEN #GP(gate selector);
IF descriptor DPL < gate selector RPL THEN
#GP(gate selector);
IF gate NOT PRESENT THEN #NP(gate selector);
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JMP (continued)

(*Examine selector to code segment in call gate descriptor: *)

IF selector is null THEN #GP(0);

IF selector NOT within its descriptor table limits THEN
#GP(CS selector);

IF descriptor AR indicates non-code segment THEN
#GP(CS selector);

IF nonconforming AND

code segment descriptor DPL NOT = CPL THEN
#GP(CS selector);

IF conforming AND

code segment descriptor DPL > CPL THEN
#GP(CS selector);

IF code segment NOT PRESENT THEN #NP(CS selector);

IF target_offset NOT within code segment limit THEN
#GP(0);

(*END check code segment selector in call gate descriptor*)
IF OperandSize = 32 THEN

Load CS:EIP from call gate;

ELSE

Load CS:IP from call gate;

Load CS cache with new code segment descriptor;
RPL (*of CS*) : = CPL;

TASK_GATE:
IF gate descriptor DPL < CPL THEN #TS(gate selector);
IF gate descriptor DPL < gate selector RPL THEN

#TS(gate selector);

IF task gate NOT PRESENT THEN #NP(gate selector);
(*Examine selector to TSS given in task gate descriptor: *)

IF selector specifies local in local/global bit THEN
#TS(TSS selector);
IF index NOT within GDT limits THEN #TS(TSS selector);

(*END check TSS selector given in task gate descriptor*)
SwitchTasks (*without nesting*) to TSS;
IF (E)IP NOT within code segment limit THEN #TS(0);

6-129



JMP (continued)

TASK_STATE_SEGMENT:
IF TSS DPL < CPL THEN #TS(TSS selector);
IF TSS DPL < TSS selector RPL THEN #TS(TSS selector); .
SwitchTasks (*without nesting*) to TSS;
IF (E)IP NOT within code segment limit THEN #TS(0);

Discussion The JMP instruction transfers control to a different point in the in-
struction stream without recording return information.

The assembler automatically generates the correct form and sets the
operand size attribute of the instruction according to the type of label:

Table 6-20 JMP Label Types, Operand Sizes and Instructions

Operand Instruction
Size Chosen Label Type
! E8 cd JMP rel8 NEAR (short within code segment)
' E9 cw JMP rel16 NEAR within USE16 code segment
' E9 cd JMP rel32 NEAR within USE32 code segment
' FF /4 JMP r16 NEAR (label in register and USE16
code segment) ’\
' FF /4 JMP r32 NEAR (label in register and USE32
code segment)
16 FF /4 JMP m16 memory indirect NEAR USE16 code
segment
32 FF /4 JMP m32 memory indirect NEAR USE32 code
segment
16 FF /5 JMP m16:16 memory indirect FAR USE16 code
segment
32 FF /5 JMP m16:32 memory indirect FAR USE32 code
segment
16 EA cd JMP ptr16:16 FAR to USE16 code segment
32 EA cp JMP ptr16:32 FAR to USE32 code segment

The operand size attribute defaults to the USE attribute of the code segment.

Jumps with labels of type r/ml6, r/m32, rel8, rell6, and rel32 are
near jumps. They do not involve changing the segment register value.

™
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Flags Affected

Processor Instructions

JMP (continued)

JMP rel8, IMP rell6, and IMP rel32 determine the destination by
adding an offset to the address of the instruction following the JMP.
The rell6 form is used when the instruction’s operand size attribute is
16-bits (USE16 segment only); rel32 is used when the operand size
attribute is 32-bits (USE32 segment only). The result is stored in the
32-bit EIP register. The upper 16-bits of EIP are cleared for a rell6
operand so that the offset does not exceed 16-bits.

JMP r/mi6 and JMP r/m32 specify a register or memory location
from which the absolute offset is fetched. The number of bits in the
offset depends on the operand size attribute.

JMP ptri6:16 and IMP ptr16:32 use a 4-byte or 6-byte operand as a
long pointer to the destination. JMP m16:16 and JIMP m16:32 fetch
the long pointer from the memory location specified (indirection).

In real address or virtual 8086 mode, the long pointer provides 16-
bits for the CS register and 16- or 32-bits for the EIP register (de-
pending on the operand size attribute). In protected mode, the long
pointer forms of JMP check the access rights (AR) in the descriptor
indexed by the selector part of the long pointer. Depending on the
value of AR, JMP performs one of the following control transfers:

® A jump to a code segment at the same privilege level

® A jump to a conforming code segment (at a more privileged
level)

® A task switch

For more information on protected mode control transfers, see the
80386 Programmer’s Reference Manual.

All if a task switch takes place; none if no task switch occurs
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JMP (continued)

Exceptions by Mode
Protected Near direct jumps: #GP(0) if the label is beyond the code segment
limits

Near indirect jumps: #GP(0) for an illegal memory operand effective
address in the CS, DS, ES, FS, or GS segments: #SS(0) for an illegal
address in the SS segment; #GP if the indirect offset obtained is be-
yond the code segment limits; #PF(fault-code) for a page fault

Far jumps: #GP, #NP, #SS, and #TS, as indicated in the Operation

section

Real Address Interrupt 13 if any part of the operand would be outside of the address
space from 0 to OFFFFH

Virtual 8086 Same as Real Address Mode; #PF(fault-code) for a page fault
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LAHF
Load Flags into AH Register

Opcode Instruction Clocks Description

9F LAHF 2 Load AH with flags SF ZF xx AF xx PF
xx CF

Operation (AH) : = (SF):(ZF):xx:(AF):xx:(PF):xx:(CF);

Discussion LAHF transfers the low byte of the flag dword to AH. The bits, from

MSB to LSB, are sign, zero, indeterminate, auxiliary, carry, indeter-
minate, parity, indeterminate, and carry.

Flags Affected None

Exceptions by Mode

Protected None
Real Address None
Virtual 8086 None
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LAR

Load Access Rights

Opcode Instruction Clocks Description

OF 02 /r LARr16,/m16 pm=15/16 r16 : = r/m16 masked by
FF0O

OF 02 /r LAR r32,r/m32 pm=15/16 r32 : = r/m32 masked by
00FxFF00

Operation IF selector index NOT within its table limits

OR ( (descriptor (*selected by Src*) does
NOT indicate conforming code segment)
AND (CPL > DPL (*of descriptor™)

OR RPL (*of Src*) > DPL))

OR
descriptor (*selected by Src*) is Invalid
(*see Table 6-21*)
THEN
ZF:=0;
ELSE
ZF:= 1,

temp : = second dword of selected descriptor;
IF OperandSize = 32 THEN

Dest : = temp AND 00FxFFOOH;
ELSE (*OperandSize = 16*)

Dest : = (Truncate(temp)) AND FFOOH;

Discussion LAR loads the destination register (first operand) with the segment
descriptor’s access rights that it obtains from the second operand; the
second operand should be a selector. LAR clears ZF if:
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The selector (second operand) index is outside its table limits.

The associated descriptor does not indicate a conforming code
segment, and the current privilege level or the selector’s privi-
lege level does not permit access to the descriptor.

The AR of the descriptor has an invalid type field value (see
Table 6-21).
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LAR (continued)

Otherwise, LAR sets ZF and loads a masked form of the second
dword of the descriptor. LAR masks this dword with 00FxFF00 and
loads the result (or its lower 16-bits) into the destination register. The
X in the 32-bit mask value indicates that the upper 4-bits of the limit
field are undefined in the value loaded by LAR.

All code and data segment descriptors are valid for LAR. The valid/
invalid system descriptor types for LAR are the following:

Table 6-21 System Descriptor Types for LAR

Type Valid/Invalid Name
0 Invalid Invalid
1 Valid Available 286 processor TSS
2 Valid LDT
3 Valid Busy 286 processor TSS
4 Valid 286 processor call gate
5 Valid 286/386 processor task gate
6 Valid 286 processor trap gate
7 Valid 286 processor interrupt gate
8 Invalid Invalid
9 Valid Available 386 processor TSS
A Invalid Invalid
B Valid Busy 386 processor TSS
C Valid 386 processor call gate
D Invalid Invalid
E Valid 386 processor trap gate
F Valid 386 processor interrupt gate
Flags Affected ZF as described in the Discussion section
Exceptions by Mode
Protected #GP(0) for an illegal memory operand effective address in the CS,
DS, ES, FS, or GS segments; #SS(0) for an illegal address in the SS
segment; #PF(fault-code) for a page fault
Real Address Interrupt 6; LAR is not recognized in Real Address Mode
Virtual 8086 Same as Real Address Mode
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LDS/LES/LFS/LGS/LSS
Load Full Pointer

Opcode Instruction Clocks Description
C5/r LDS r16,m16:16 7.pm=22 Load DS:r16 with pointer from
memory
Cs/r LDS r32,m16:32 7.,om=22 Load DS:r32 with pointer from
memory
OF B2 1 LSS r16,m16:16 7.,om=22 Load SS:r16 with pointer from
memory
OF B2 /r LSS r32,m16:32 7,pm=22 Load SS:r32 with pointer from
memory
Car LES r16,m16:16 7.om=22 Load ES:r16 with pointer from
‘ memory
Car LES r32,m16:32 7,pm=22 Load ES:r32 with pointer from
memory
OF B4 /r LFSr16,m16:16 7,pm=25 Load FS:r16 with pointer from
memory
OF B4 /r LFS r32,m16:32 7.om=25 Load FS:r32 with pointer from
memory
OF BS /r LGS r16,m16:16 7.pm=25 Load GS:r16 with pointer from
memory
OF B5 /r LGS r32,m16:32 7.,pm=25 Load GS:r32 with pointer from
memory
Operation CASE instruction OF
LSS: Sreg is SS; (*load SS register*)
LDS: Sreg is DS; (*load DS register*)
LES: Sreg is ES; (*load ES register*)
LFS: Sreg is FS; (*load FS register™)
LGS: Sreg is GS; (*load GS register*)
ENDCASE;
IF mode = protected THEN
GOTO CHECK_SREG_LOAD;
ELSE
GOTO LOAD_SREG;
CHECK_SREG_LOAD:
IF Sreg = SS THEN
IF selector is null THEN #GP(0);
IF selector index NOT within its descriptor table limits THEN
#GP(selector);
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LDS/LES/LFS/LGS/LSS (continued)

IF selector RPL NOT = CPL THEN #GP(selector);
AR must indicate writable data segment
ELSE #GP(selector);
IF DPL (*in AR*) NOT = CPL THEN #GP(selector);
IF segment NOT PRESENT THEN #NP(selector);
GOTO LOAD_SREG;
(*END checks protected mode, load SS*)
IF Sreg = DS OR ES OR FS OR GS THEN
IF selector index NOT within its descriptor table limits THEN
#GP(selector);
AR must indicate data or readable code segment
ELSE #GP(selector);
IF data or nonconforming code segment AND
RPL > DPL (*in AR*) OR CPL > DPL THEN
#GP(selector);
IF segment NOT PRESENT THEN #NP(selector);
GOTO LOAD_SREG;
(*END checks protected mode, load DS, ES, FS, or GS*)

LOAD_SREG:
IF OperandSize = 16 THEN
r16 : = [EffectiveAddress]; (* 16-bit transfer *)
Sreg : = ([EffectiveAddress] + 2); (* 16-bit transfer *)
ELSE (*OperandSize = 32*)
r32 : = [EffectiveAddress]); (* 32-bit transfer *)
Sreg : = ( [EffectiveAddress] + 4); (* 16-bit transfer *)
ENDIFELSE; (*OperandSize = 16 or 32*)
IF mode = protected THEN
Load Sreg cache with descriptor;

Discussion LDS/LES/LFS/LGS/LSS read a full pointer (second operand<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>