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Preface

This document is an update to the specifications contained in the Affected Documents
table below. This document is a compilation of device and documentation errata,
specification clarifications and changes. It is intended for hardware system
manufacturers and software developers of applications, operating systems, or tools.

Affected Documents

. Document
Document Title Number/Location

Intel/® 64 and IA-32 Architectures Software Developer’s Manual, Volume

. . . 253665
1: Basic Architecture
Intel/® 64 and IA-32 Architectures Software Developer’s Manual, Volume 253666
2A: Instruction Set Reference, A-M
Intel® 64 and IA-32 Architectures Software Developer’s Manual, Volume 253667
2B: Instruction Set Reference, N-Z
Intel® 64 and IA-32 Architectures Software Developer’s Manual, Volume 253668
3A: System Programming Guide, Part 1
Intel® 64 and IA-32 Architectures Software Developer’s Manual, Volume 253669
3B: System Programming Guide, Part 2

Nomenclature

Documentation Changes include typos, errors, or omissions from the current
published specifications. These will be incorporated in any new release of the
specification.
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Summary Tables of Changes

The following table indicates documentation changes which apply to the Intel® 64 and
IA-32 architectures. This table uses the following notations:

Codes Used in Summary Tables

Change bar to left of table row indicates this erratum is either new or modified from the
previous version of the document.

Documentation Changes(Sheet 1 of 2)

No. DOCUMENTATION CHANGES
1 Updates to Chapter 1, Volume 1

2 Updates to Chapter 4, Volume 1

3 Updates to Chapter 5, Volume 1

4 Updates to Chapter 7, Volume 1

5 Updates to Chapter 13, Volume 1
6 Updates to Appendix C, Volume 1
7 Updates to Chapter 1, Volume 2A
8 Updates to Chapter 3, Volume 2A
9 Updates to Chapter 4, Volume 2B
10 Updates to Chapter 5, Volume 2C
11 Updates to Chapter 6, Volume 2C
12 Updates to Appendix A, Volume 2C
13 Updates to Appendix B, Volume 2C
14 Updates to Appendix C, Volume 2C
15 Updates to Volumes 3A, 3B and 3C
16 Updates to Chapter 1, Volume 3A
17 Updates to Chapter 2, Volume 3A
18 Updates to Chapter 3, Volume 3A
19 Updates to Chapter 4, Volume 3A
20 Updates to Chapter 6, Volume 3A
21 Updates to Chapter 8, Volume 3A
22 Updates to Chapter 9, Volume 3A
23 Updates to Chapter 10, Volume 3A
24 Updates to Chapter 11, Volume 3A
25 Updates to Chapter 17, Volume 3B
26 Updates to Chapter 18, Volume 3B
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Documentation Changes(Sheet 2 of 2)

No. DOCUMENTATION CHANGES
27 Updates to Chapter 24, Volume 3C
28 Updates to Chapter 25, Volume 3C
29 Updates to Chapter 26, Volume 3C
30 Updates to Chapter 27, Volume 3C
31 Updates to Chapter 28, Volume 3C
32 Updates to Chapter 29, Volume 3C
33 Updates to Chapter 32, Volume 3C
34 Updates to Chapter 33, Volume 3C
35 Updates to Chapter 34, Volume 3C
36 Updates to Appendix A, Volume 3C
37 Updates to Appendix B, Volume 3C
38 Updates to Appendix C, Volume 3C
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Documentation Changes

1. Updates to Chapter 1, Volume 1

Change bars show changes to Chapter 1 of the Inte/® 64 and IA-32 Architectures Soft-
ware Developer’s Manual, Volume 1: Basic Architecture.

The Intel® 64 and IA-32 Architectures Software Developer’s Manual, Volume 1: Basic
Architecture (order number 253665) is part of a set that describes the architecture and
programming environment of Intel® 64 and IA-32 architecture processors. Other
volumes in this set are:

e The Intel® 64 and IA-32 Architectures Software Developer’s Manual, Volumes 2A, 2B
& 2C: Instruction Set Reference (order numbers 253666, 253667 and 326018).

e The Intel® 64 and IA-32 Architectures Software Developer’s Manual, Volumes 3A,
3B & 3C: System Programming Guide (order numbers 253668, 253669 and
326019).

The Intel® 64 and IA-32 Architectures Software Developer’s Manual, Volume 1,
describes the basic architecture and programming environment of Intel 64 and IA-32
processors. The Inte/® 64 and IA-32 Architectures Software Developer’s Manual,
Volumes 2A, 2B & 2C, describe the instruction set of the processor and the opcode struc-
ture. These volumes apply to application programmers and to programmers who write
operating systems or executives. The Intel® 64 and IA-32 Architectures Software Devel-
oper’s Manual, Volumes 3A, 3B & 3C, describe the operating-system support environ-
ment of Intel 64 and IA-32 processors. These volumes target operating-system and
BIOS designers. In addition, the Inte/® 64 and IA-32 Architectures Software Developer’s
Manual, Volume 3B, addresses the programming environment for classes of software
that host operating systems.

1.4 RELATED LITERATURE

Literature related to Intel 64 and IA-32 processors is listed on-line at:

http://www.intel.com/content/www/us/en/processors/architectures-software-devel-
oper-manuals.html.html

Some of the documents listed at this web site can be viewed on-line; others can be
ordered. The literature available is listed by Intel processor and then by the following
literature types: applications notes, data sheets, manuals, papers, and specification
updates.

See also:
e The data sheet for a particular Intel 64 or IA-32 processor
e The specification update for a particular Intel 64 or IA-32 processor

o Intel® C++ Compiler documentation and online help:
http://software.intel.com/en-us/articles/intel-compilers/

e Intel® Fortran Compiler documentation and online help:
http://software.intel.com/en-us/articles/intel-compilers/
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http://developer.intel.com/products/processor/manuals/index.htm
http://www.intel.com/cd/software/products/asmo-na/eng/index.htm
http://www.intel.com/cd/software/products/asmo-na/eng/index.htm

Intel® VTune™ Performance Analyzer documentation and online help:
http://www.intel.com/cd/software/products/asmo-na/eng/index.htm

Intel® 64 and IA-32 Architectures Software Developer’s Manual (in three or five
volumes):
http://www.intel.com/content/www/us/en/processors/architectures-software-
developer-manuals.html.html

Intel® 64 and IA-32 Architectures Optimization Reference Manual:
http://www.intel.com/content/www/us/en/architecture-and-technology/64-ia-32-
architectures-optimization-manual.html

Intel® Processor Identification with the CPUID Instruction, AP-485:
http://www.intel.com/Assets/PDF/appnote/241618.pdf

Intel 64 Architecture x2APIC Specification:

http://www.intel.com/content/www/us/en/architecture-and-technology/64-archi-
tecture-x2apic-specification.html

Intel 64 Architecture Processor Topology Enumeration:
http://softwarecommunity.intel.com/articles/eng/3887.htm

Intel® Trusted Execution Technology Measured Launched Environment Programming
Guide:
http://www.intel.com/content/www/us/en/software-developers/intel-txt-software-
development-guide.html

Intel® SSE4 Programming Reference: http://edc.intel.com/
Link.aspx?id=1630&wapkw=intel® sse4 programming reference

Developing Multi-threaded Applications: A Platform Consistent Approach:
http://cache-www.intel.com/cd/00/00/05/15/
51534 _developing_multithreaded_applications.pdf

Using Spin-Loops on Intel® Pentium® 4 Processor and Intel® Xeon® Processor:
http://software.intel.com/en-us/articles/ap949-using-spin-loops-on-intel-
pentiumr-4-processor-and-intel-xeonr-processor/

Performance Monitoring Unit Sharing Guide
http://software.intel.com/file/30388

More relevant links are:

Software network link:
http://softwarecommunity.intel.com/isn/home/

Developer centers:
http://www.intel.com/cd/ids/developer/asmo-na/eng/dc/index.htm
Processor support general link:
http://www.intel.com/support/processors/

Software products and packages:
http://www.intel.com/cd/software/products/asmo-na/eng/index.htm
Intel 64 and IA-32 processor manuals (printed or PDF downloads):

http://www.intel.com/content/www/us/en/processors/architectures-software-
developer-manuals.html.html

Intel® Multi-Core Technology:
http://software.intel.com/partner/multicore
Intel® Hyper-Threading Technology (Intel® HT Technology):

Intel® 64 and IA-32 Architectures Software Developer’s Manual Documentation Changes 11


http://www.intel.com/cd/software/products/asmo-na/eng/index.htm
http://developer.intel.com/products/processor/manuals/index.htm
http://developer.intel.com/products/processor/manuals/index.htm

http://developer.intel.com/products/processor/manuals/index.htm
http://www.intel.com/support/processors/sb/cs-009861.htm
http://softwarecommunity.intel.com/articles/eng/3887.htm
http://www3.intel.com/cd/ids/developer/asmo-na/eng/dc/threading/knowledgebase/19083.htm
http://softwarecommunity.intel.com/isn/home/
http://www.intel.com/cd/ids/developer/asmo-na/eng/dc/index.htm
http://www.intel.com/support/processors/
http://www.intel.com/cd/software/products/asmo-na/eng/index.htm
http://developer.intel.com/products/processor/manuals/index.htm

http://www.intel.com/technology/platform-technology/hyper-threading/index.htm

Updates to Chapter 4, Volume 1

Change bars show changes to Chapter 4 of the Inte/® 64 and IA-32 Architectures Soft-
ware Developer’s Manual, Volume 1: Basic Architecture.

This chapter introduces data types defined for the Intel 64 and IA-32 architectures.
A section at the end of this chapter describes the real-number and floating-point
concepts used in x87 FPU, SSE, SSE2, SSE3, SSSE3, SSE4 and Intel AVX extensions.

4.2 NUMERIC DATA TYPES

Although bytes, words, and doublewords are fundamental data types, some instructions
support additional interpretations of these data types to allow operations to be
performed on numeric data types (signed and unsigned integers, and floating-point
numbers). Single-precision (32-bit ) floating-point and double-precision (64-bit)
floating-point datatypes are supported across all generations of SSE extensions and
Intel AVX extensions. Half-precision (16-bit) floating-point datatype is supported only
with F16C extensions (VCVTPH2PS, VCVTPS2PH). See Figure 4-3.

4.2.2 Floating-Point Data Types

The IA-32 architecture defines and operates on three floating-point data types: single-
precision floating-point, double-precision floating-point, and double-extended precision
floating-point (see Figure 4-3). The data formats for these data types correspond
directly to formats specified in the IEEE Standard 754 for Binary Floating-Point Arith-
metic.

Half-precision (16-bit) floating-point datatype is supported only for conversion operation
with single-precision floating data using F16C extensions (VCVTPH2PS, VCVTPS2PH).

Table 4-2 gives the length, precision, and approximate normalized range that can be
represented by each of these data types. Denormal values are also supported in each of
these types.

Table 4-2 Length, Precision, and Range of Floating-Point Data Types

Data Type Length | Precision Approximate Normalized Range
(Bits) Binary Decimal
Half Precision 16 11 2710 2™ 3.1x 10 t0 6.50 x 10%
Single Precision 32 24 27126 19 2127 1.18x 10738 10 3.40 x 1038
Double Precision 64 53 27102249 21023 12235107398 19 1,79 x 10308
Double Extended 80 64 2716382 45 216383 | 337107493219 1,18 x 10932
Precision
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NOTE

Section 4.8, “"Real Numbers and Floating-Point Formats,” gives an
overview of the IEEE Standard 754 floating-point formats and defines
the terms integer bit, QNaN, SNaN, and denormal value.

Table 4-3 shows the floating-point encodings for zeros, denormalized finite humbers,
normalized finite numbers, infinites, and NaNs for each of the three floating-point data
types. It also gives the format for the QNaN floating-point indefinite value. (See Section
4.8.3.7, “"QNaN Floating-Point Indefinite,” for a discussion of the use of the QNaN
floating-point indefinite value.)

For the single-precision and double-precision formats, only the fraction part of the signif-
icand is encoded. The integer is assumed to be 1 for all numbers except 0 and denormal-
ized finite numbers. For the double extended-precision format, the integer is contained

in bit 63, and the most-significant fraction bit is bit 62. Here, the integer is explicitly set

to 1 for normalized numbers, infinities, and NaNs, and to O for zero and denormalized
numbers.

Intel® 64 and IA-32 Architectures Software Developer’s Manual Documentation Changes 13



Table 4-3 Floating-Point Number and NaN Encodings

Class Sign Biased Exponent Significand
Integer? Fraction
Positive | +oo 0 11.11 1 00.00
+Normals 11.10 1 11.11
00.01 1 00.00
+Denormals 00..00 0 11.11
0 00.00 0 00.01
+Zero 0 00..00 0 00..00
Negative | —Zero 1 00..00 0 00..00
—Denormals 1 00..00 0 00..01
i 00..60 0 1 11 1
—Normals 1 00..01 00..00
i 1 11 0 1 1 11 1
-o0 1 11.11 1 00..00
NaNs SNaN X 11.11 1 0X.XX?
QNaN X 11.11 1 TX.XX
QNaN 1 11.11 1 10.00
Floating-Point
Indefinite
Half-Precision < 5Bits — < 10 Bits —
Single-Precision: < 8Bits— < 238Bits —
Double-Precision: < 11 Bits > < 52Bits >
Double Extended-Precision: < 15Bits — < 63 Bits —
NOTES:

1. Integer bit is implied and not stored for single-precision and double-precision formats.
2. The fraction for SNaN encodings must be non-zero with the most-significant bit 0.

The exponent of each floating-point data type is encoded in biased format; see Section
4.8.2.2, "Biased Exponent.” The biasing constant is 15 for the half-precision format, 127
for the single-precision format, 1023 for the double-precision format, and 16,383 for the
double extended-precision format.

When storing floating-point values in memory, half-precision values are stored in 2
consecutive bytes in memory; single-precision values are stored in 4 consecutive bytes
in memory; double-precision values are stored in 8 consecutive bytes; and double
extended-precision values are stored in 10 consecutive bytes.
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The single-precision and double-precision floating-point data types are operated on by
x87 FPU, and SSE/SSE2/SSE3/SSE4.1 and Intel AVX instructions. The double-extended-
precision floating-point format is only operated on by the x87 FPU. See Section 11.6.8,
“Compatibility of SIMD and x87 FPU Floating-Point Data Types,” for a discussion of the
compatibility of single-precision and double-precision floating-point data types between
the x87 FPU and SSE/SSE2/SSE3 extensions.

4.8 REAL NUMBERS AND FLOATING-POINT FORMATS

This section describes how real numbers are represented in floating-point format in x87
FPU and SSE/SSE2/SSE3/SSE4.1 and Intel AVX floating-point instructions. It also intro-
duces terms such as normalized numbers, denormalized numbers, biased exponents,
signed zeros, and NaNs. Readers who are already familiar with floating-point processing
techniques and the IEEE Standard 754 for Binary Floating-Point Arithmetic may wish to
skip this section.

4.8.3.5 Operating on SNaNs and QNaNs

When a floating-point operation is performed on an SNaN and/or a QNaN, the result of
the operation is either a QNaN delivered to the destination operand or the generation of
a floating-point invalid operating exception, depending on the following rules:

e If one of the source operands is an SNaN and the floating-point invalid-operating
exception is not masked (see Section 4.9.1.1, “Invalid Operation Exception (#I)”),
the a floating-point invalid-operation exception is signaled and no result is stored in
the destination operand.

e If either or both of the source operands are NaNs and floating-point invalid-operation
exception is masked, the result is as shown in Table 4-7. When an SNaN is converted
to a QNaN, the conversion is handled by setting the most-significant fraction bit of
the SNaN to 1. Also, when one of the source operands is an SNaN, the floating-point
invalid-operation exception flag it set. Note that for some combinations of source
operands, the result is different for x87 FPU operations and for SSE/SSE2/SSE3/
SSE4.1 operations. Intel AVX follows the same behavior as SSE/SSE2/SSE3/SSE4.1
in this respect.

e When neither of the source operands is a NaN, but the operation generates a
floating-point invalid-operation exception (see Tables 8-10 and 11-1), the result is
commonly an SNaN source operand converted to a QNaN or the QNaN floating-point
indefinite value.
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Table 4-7 Rules for Handling NaNs
Source Operands Result!

SNaN and QNaN x87 FPU — QNaN source operand.

SSE/SSE2/SSE3/SSE4.1/AVX — First source
operand (if this operand is an SNaN, it is converted
to a QNaN)

Two SNaNs x87 FPU—SNaN source operand with the larger
significand, converted into a QNaN

SSE/SSEZ/SSE3/SSE4.1/AVX — First source
operand converted to a QNaN

Two QNaNs x87 FPU — QNaN source operand with the larger
significand
SSE/SSE2/SSE3/SSE4.1/AVX — First source
operand

SNaN and a floating-point value SNaN source operand, converted into a QNaN

QNaN and a floating-point value QNaN source operand

SNaN (for instructions that take only one SNaN source operand, converted into a QNaN

operand)

QNaN (for instructions that take only one QNaN source operand

operand)

NOTE:

1. For SSE/SSE2/SSE3/SSEA4.1 instructions, the first operand is generally a source operand that
becomes the destination operand. For AVX instructions, the first source operand is usually the
2nd operand in a non-destructive source syntax. Within the Result column, the x87 FPU nota-
tion also applies to the FISTTP instruction in SSE3; the SSE3 notation applies to the SIMD float-
ing-point instructions.

4.8.3.7 QNaN Floating-Point Indefinite

For the floating-point data type encodings (single-precision, double-precision, and
double-extended-precision), one unique encoding (a QNaN) is reserved for representing
the special value QNaN floating-point indefinite. The x87 FPU and the SSE/SSE2/SSE3/
SSE4.1/AVX extensions return these indefinite values as responses to some masked
floating-point exceptions. Table 4-3 shows the encoding used for the QNaN floating-point
indefinite.

4.8.3.8 Half-Precision Floating-Point Operation

Half-precision floating-point values are not used by the processor directly for arithmetic
operations. Two instructions, VCVTPH2PS, VCVTPS2PH, provide conversion only
between half-precision and single-precision floating-point values.

The SIMD floating-point exception behavior of VCVTPH2PS and VCVTPS2PH are
described in Section 13.8.1.
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4.9 OVERVIEW OF FLOATING-POINT EXCEPTIONS

The following section provides an overview of floating-point exceptions and their
handling in the IA-32 architecture. For information specific to the x87 FPU and to the
SSE/SSE2/SSE3/SSE4.1 extensions, refer to the following sections:

e Section 8.4, “"x87 FPU Floating-Point Exception Handling”
e Section 11.5, "SSE, SSE2, and SSE3 Exceptions”

When operating on floating-point operands, the IA-32 architecture recognizes and
detects six classes of exception conditions:

e Invalid operation (#I)

e Divide-by-zero (#2)

e Denormalized operand (#D)

e Numeric overflow (#0)

e Numeric underflow (#U)

e Inexact result (precision) (#P)

The nomenclature of “"#” symbol followed by one or two letters (for example, #P) is used
in this manual to indicate exception conditions. It is merely a short-hand form and is not
related to assembler mnemonics.

Any exceptions to the behavior described in Table 4-7 are described in Section 8.5.1.2,
“Invalid Arithmetic Operand Exception (#IA),” and Section 11.5.2.1, “Invalid Operation
Exception (#1I)."

NOTE

All of the exceptions listed above except the denormal-operand
exception (#D) are defined in IEEE Standard 754.

The invalid-operation, divide-by-zero and denormal-operand exceptions are pre-compu-
tation exceptions (that is, they are detected before any arithmetic operation occurs).
The numeric-underflow, numeric-overflow and precision exceptions are post-computa-
tion exceptions.

Each of the six exception classes has a corresponding flag bit (IE, ZE, OE, UE, DE, or PE)

and mask bit (IM, ZM, OM, UM, DM, or PM). When one or more floating-point exception

conditions are detected, the processor sets the appropriate flag bits, then takes one of

two possible courses of action, depending on the settings of the corresponding mask

bits:

e Mask bit set. Handles the exception automatically, producing a predefined (and often
times usable) result, while allowing program execution to continue undisturbed.

e Mask bit clear. Invokes a software exception handler to handle the exception.

The masked (default) responses to exceptions have been chosen to deliver a reasonable
result for each exception condition and are generally satisfactory for most floating-point
applications. By masking or unmasking specific floating-point exceptions, programmers
can delegate responsibility for most exceptions to the processor and reserve the most
severe exception conditions for software exception handlers.

Because the exception flags are “sticky,” they provide a cumulative record of the excep-
tions that have occurred since they were last cleared. A programmer can thus mask all
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exceptions, run a calculation, and then inspect the exception flags to see if any excep-
tions were detected during the calculation.

In the IA-32 architecture, floating-point exception flag and mask bits are implemented in
two different locations:

e x87 FPU status word and control word. The flag bits are located at bits 0 through 5 of
the x87 FPU status word and the mask bits are located at bits 0 through 5 of the x87
FPU control word (see Figures 8-4 and 8-6).

e MXCSR register. The flag bits are located at bits 0 through 5 of the MXCSR register
and the mask bits are located at bits 7 through 12 of the register (see Figure 10-3).

Although these two sets of flag and mask bits perform the same function, they report
on and control exceptions for different execution environments within the processor.
The flag and mask bits in the x87 FPU status and control words control exception
reporting and masking for computations performed with the x87 FPU instructions; the
companion bits in the MXCSR register control exception reporting and masking for
SIMD floating-point computations performed with the SSE/SSE2/SSE3 instructions.

Note that when exceptions are masked, the processor may detect multiple exceptions in
a single instruction, because it continues executing the instruction after performing its
masked response. For example, the processor can detect a denormalized operand,
perform its masked response to this exception, and then detect numeric underflow.

See Section 4.9.2, “Floating-Point Exception Priority,” for a description of the rules for
exception precedence when more than one floating-point exception condition is detected
for an instruction.

3. Updates to Chapter 5, Volume 1

Change bars show changes to Chapter 5 of the Inte/® 64 and IA-32 Architectures Soft-
ware Developer’s Manual, Volume 1: Basic Architecture.

This chapter provides an abridged overview of Intel 64 and IA-32 instructions. Instruc-
tions are divided into the following groups:

e General purpose

e Xx87 FPU

e x87 FPU and SIMD state management
e Intel MMX technology

e SSE extensions

e SSE2 extensions

e SSE3 extensions

e SSSE3 extensions

e SSE4 extensions

e AESNI and PCLMULQDQ

e Intel AVX extensions

e F16C, RDRAND, FS/GS base access

e System instructions

e IA-32e mode: 64-bit mode instructions
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e VMX instructions
e SMX instructions

Table 5-1 lists the groups and IA-32 processors that support each group. More recent

intel)

instruction set extensions are listed in Table 5-2. Within these groups, most instructions
are collected into functional subgroups.

Table 5-1

Instruction Groups in Intel 64 and IA-32 Processors

Instruction Set
Architecture

Intel 64 and IA-32 Processor Support

General Purpose

All Intel 64 and IA-32 processors

x87 FPU Intel486, Pentium, Pentium with MMX Technology, Celeron, Pentium
Pro, Pentium II, Pentium IT Xeon, Pentium Ill, Pentium Ill Xeon,
Pentium 4, Intel Xeon processors, Pentium M, Intel Core Solo, Intel Core
Duo, Intel Core 2 Duo processors, Intel Atom processors

x87 FPU and SIMD State | Pentium II, Pentium II Xeon, Pentium I, Pentium Ill Xeon, Pentium 4,

Management Intel Xeon processors, Pentium M, Intel Core Solo, Intel Core Duo, Intel
Core 2 Duo processors, Intel Atom processors

MMX Technology Pentium with MMX Technology, Celeron, Pentium II, Pentium II Xeon,

Pentium IlI, Pentium Ill Xeon, Pentium 4, Intel Xeon processors,
Pentium M, Intel Core Solo, Intel Core Duo, Intel Core 2 Duo processors,
Intel Atom processors

SSE Extensions

Pentium Ill, Pentium Ill Xeon, Pentium 4, Intel Xeon processors,
Pentium M, Intel Core Solo, Intel Core Duo, Intel Core 2 Duo processors,
Intel Atom processors

SSEZ2 Extensions

Pentium 4, Intel Xeon processors, Pentium M, Intel Core Solo, Intel Core
Duo, Intel Core 2 Duo processors, Intel Atom processors

SSE3 Extensions

Pentium 4 supporting HT Technology (built on 90nm process
technology), Intel Core Solo, Intel Core Duo, Intel Core 2 Duo processors,
Intel Xeon processor 3xxxx, 5xxx, 7xxx Series, Intel Atom processors

SSSE3 Extensions

Intel Xeon processor 3xxx, 5100, 5200, 5300, 5400, 5500, 5600,
7300, 7400, 7500 series, Intel Core 2 Extreme processors QX6000
series, Intel Core 2 Duo, Intel Core 2 Quad processors, Intel Pentium
Dual-Core processors, Intel Atom processors

IA-32e mode: 64-bit
mode instructions

Intel 64 processors

System Instructions

Intel 64 and IA-32 processors

VMX Instructions

Intel 64 and IA-32 processors supporting Intel Virtualization
Technology

SMX Instructions

Intel Core 2 Duo processor E6x50, EBxxXx; Intel Core 2 Quad processor
Q9xxx
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Table 5-2 Recent Instruction Set Extensions in Intel 64 and IA-32 Processors

Instruction Set
Architecture Processor Generation Introduction

SSE4.1 Extensions Intel Xeon processor 3100, 3300, 5200, 5400, 7400, 7500 series,
Intel Core 2 Extreme processors QX9S000 series, Intel Core 2 Quad
processor Q9000 series, Intel Core 2 Duo processors 8000 series,

T9000 series.

SSE4.2 Extensions Intel Core i7 965 processor, Intel Xeon processors X3400, X3500,
X5500, X6500, X7500 series.

AESNI, PCLMULQDQ Intel Xeon processor €7 series, Intel Xeon processors X3600, X5600,

Intel Core i7 980X processor; Use CPUID to verify presence of AESNI
and PCLMULQDAQ across Intel Core processor families.

Intel AVX Intel Xeon processor €3 series; Intel Core i7, i5, i3 processor 2xxx
series.

F16C, RDRAND, FS/GS Next-Generation, 22 nm Intel Xeon processor and Intel Core processors.
base access

5.1.14 Random Number Generator Instruction
RDRAND retrieves a random number generated from hardware.

5.14 16-BIT FLOATING-POINT CONVERSION

Conversion between single-precision floating-point (32-bit) and half-precision FP (16-
bit) data are provided by VCVTPS2PH, VCVTPH2PS:

VCVTPH2PS Convert eight/four data element containing 16-bit floating-point
data into eight/four single-precision floating-point data.
VCVTPS2PH Convert eight/four data element containing single-precision

floating-point data into eight/four 16-bit floating-point data.

5.15  SYSTEM INSTRUCTIONS

The following system instructions are used to control those functions of the processor
that are provided to support for operating systems and executives.

LGDT Load global descriptor table (GDT) register
SGDT Store global descriptor table (GDT) register
LLDT Load local descriptor table (LDT) register
SLDT Store local descriptor table (LDT) register
LTR Load task register

STR Store task register
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LIDT
SIDT
MOV
LMSW
SMSW
CLTS
ARPL
LAR

LSL
VERR
VERW
MOV
INVD
WBINVD
INVLPG
INVPCID

LOCK (prefix)

HLT

RSM
RDMSR
WRMSR
RDPMC
RDTSC
RDTSCP
SYSENTER

SYSEXIT

XSAVE
XSAVEOPT
XRSTOR
XGETBV
XSETBV
RDFSBASE
RDGSBASE
WRFSBASE
WRGSBASE

5.17

Load interrupt descriptor table (IDT) register
Store interrupt descriptor table (IDT) register
Load and store control registers

Load machine status word

Store machine status word

Clear the task-switched flag

Adjust requested privilege level

Load access rights

Load segment limit

Verify segment for reading

Verify segment for writing

Load and store debug registers

Invalidate cache, no writeback

Invalidate cache, with writeback

Invalidate TLB Entry

Invalidate Process-Context Identifier

Lock Bus

Halt processor

Return from system management mode (SMM)
Read model-specific register

Write model-specific register

Read performance monitoring counters

Read time stamp counter

Read time stamp counter and processor ID

Fast System Call, transfers to a flat protected mode kernel at CPL =
0

Fast System Call, transfers to a flat protected mode kernel at CPL =
3

Save processor extended states to memory

Save processor extended states to memory, optimized
Restore processor extended states from memory
Reads the state of an extended control register

Writes the state of an extended control register

Reads from FS base address at any privilege level
Reads from GS base address at any privilege level
Writes to FS base address at any privilege level
Writes to GS base address at any privilege level

VIRTUAL-MACHINE EXTENSIONS

The behavior of the VMCS-maintenance instructions is summarized below:
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VMPTRLD

VMPTRST

VMCLEAR

VMREAD

VMWRITE
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Takes a single 64-bit source operand in memory. It makes the refer-
enced VMCS active and current.

Takes a single 64-bit destination operand that is in memory.
Current-VMCS pointer is stored into the destination operand.

Takes a single 64-bit operand in memory. The instruction sets the
launch state of the VMCS referenced by the operand to “clear”,
renders that VMCS inactive, and ensures that data for the VMCS
have been written to the VMCS-data area in the referenced VMCS
region.

Reads a component from the VMCS (the encoding of that field is
given in a register operand) and stores it into a destination operand.

Writes a component to the VMCS (the encoding of that field is given
in a register operand) from a source operand.

The behavior of the VMX management instructions is summarized below:

VMLAUNCH

VMRESUME

VMXOFF
VMXON

Launches a virtual machine managed by the VMCS. A VM entry
occurs, transferring control to the VM.

Resumes a virtual machine managed by the VMCS. A VM entry
occurs, transferring control to the VM.
Causes the processor to leave VMX operation.

Takes a single 64-bit source operand in memory. It causes a logical
processor to enter VMX root operation and to use the memory refer-
enced by the operand to support VMX operation.

The behavior of the VMX-specific TLB-management instructions is summarized below:

INVEPT

INVVPID

Invalidate cached Extended Page Table (EPT) mappings in the
processor to synchronize address translation in virtual machines
with memory-resident EPT pages.

Invalidate cached mappings of address translation based on the
Virtual Processor ID (VPID).

None of the instructions above can be executed in compatibility mode; they generate
invalid-opcode exceptions if executed in compatibility mode.

The behavior of the guest-available instructions is summarized below:

VMCALL Allows a guest in VMX non-root operation to call the VMM for
service. A VM exit occurs, transferring control to the VMM.
VMFUNC This instruction allows software in VMX non-root operation to invoke
a VM function, which is processor functionality enabled and config-
ured by software in VMX root operation. No VM exit occurs.
4. Updates to Chapter 7, Volume 1

Change bars show changes to Chapter 7 of the Inte/® 64 and IA-32 Architectures Soft-
ware Developer’s Manual, Volume 1: Basic Architecture.
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7.3.18 Random Number Generator Instruction

The RDRAND instruction returns a random number. All Intel processors that support the
RDRAND instruction indicate the availability of the RDRAND instruction via reporting
CPUID.01H:ECX.RDRAND[bit 30] = 1.

RDRAND returns random numbers that are supplied by a cryptographically secure,
deterministic random bit generator DRBG. The DRBG is designed to meet the NIST SP
800-90 standard. The DRBG is re-seeded frequently from a on-chip non-deterministic
entropy source to guarantee data returned by RDRAND is statistically uniform, non-peri-
odic and non-deterministic.

In order for the hardware design to meet its security goals, the random number gener-
ator continuously tests itself and the random data it is generating. Runtime failures in
the random number generator circuitry or statistically anomalous data occurring by
chance will be detected by the self test hardware and flag the resulting data as being
bad. In such extremely rare cases, the RDRAND instruction will return no data instead of
bad data.

Under heavy load, with multiple cores executing RDRAND in parallel, it is possible,
though unlikely, for the demand of random numbers by software processes/threads to
exceed the rate at which the random number generator hardware can supply them. This
will lead to the RDRAND instruction returning no data transitorily. The RDRAND instruc-
tion indicates the occurrence of this rare situation by clearing the CF flag.

The RDRAND instruction returns with the carry flag set (CF = 1) to indicate valid data is
returned. It is recommended that software using the RDRAND instruction to get random
numbers retry for a limited number of iterations while RDRAND returns CF=0 and
complete when valid data is returned, indicated with CF=1. This will deal with transitory
underflows. A retry limit should be employed to prevent a hard failure in the RNG
(expected to be extremely rare) leading to a busy loop in software.

The intrinsic primitive for RDRAND is defined to address software’s need for the common
cases (CF = 1) and the rare situations (CF = 0). The intrinsic primitive returns a value
that reflects the value of the carry flag returned by the underlying RDRAND instruction.
The example below illustrates the recommended usage of an RDRAND instrinsic in a
utility function, a loop to fetch a 64 bit random value with a retry count limit of 10. AC
implementation might be written as follows:

#define SUCCESS 1
#define RETRY LIMIT EXCEEDED 0
#define RETRY LIMIT 10

int get random_64( unsigned __int 64 * arand)
{inti;
for (1= 0;i<RETRY_LIMIT;i++) {
if(_rdrand64_step(arand) ) return SUCCESS;

i
return RETRY _LIMIT EXCEEDED;
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5. Updates to Chapter 13, Volume 1

Change bars show changes to Chapter 13 of the Inte/® 64 and IA-32 Architectures Soft-
ware Developer’s Manual, Volume 1: Basic Architecture.

13.8  HALF-PRECISION FLOATING-POINT CONVERSION

VCVTPH2PS and VCVTPS2PH are two instructions supporting half-precision floating-
point data type conversion to and from single-precision floating-point data types.

Half-precision floating-point values are not used by the processor directly for arithmetic
operations. But the conversion operation are subject to SIMD floating-point exceptions.

Additionally, The conversion operations of VCVTPS2PH allow programmer to specify
rounding control using control fields in an immediate byte. The effects of the immediate
byte are listed in Table 13-11.

Rounding control can use Imm[2] to select an override RC field specified in Imm[1:0] or
use MXCSR setting.

Table 13-11 Immediate Byte Encoding for 16-bit Floating-Point Conversion
Instructions

Bits Field Name/value Description Comment
Imm[1:0] RC=00B Round to nearest even If Imm[2] =0
RC=01B Round down
RC=10B Round up
RC=11B Truncate
Imm[2] MS1=0 Use imm[1:0] for round- | Ignore MXCSR.RC
ing
MS1=1 Use MXCSR.RC for round-
ing
Imm[7:3] Ignored Ignored by processor

Specific SIMD floating-point exceptions that can occur in conversion operations are
shown in Table 13-12 and Table 13-13.

Intel® 64 and IA-32 Architectures Software Developer’s Manual Documentation Changes 24



intel)

Table 13-12 Non-Numerical Behavior for VCVTPH2PS, VCVTPS2PH

Source Operands Masked Result Unmasked Result
QNaN QNaN1’ QNaN1’ (not an exception)
SNaN QNaN12 None
NOTES:

1. The half precision output QNaN1 is created from the single precision input QNaN as follows:
the sign bit is preserved, the 8-bit exponent FFH is replaced by the 5-bit exponent 1FH, and
the 24-bit significand is truncated to an 11-bit significand by removing its 14 least significant
bits.

2. The half precision output QNaN1 is created from the single precision input SNaN as follows:
the sign bit is preserved, the 8-bit exponent FFH is replaced by the 5-bit exponent 1FH, and
the 24-bit significand is truncated to an 11-bit significand by removing its 14 least significant
bits. The second most significant bit of the significand is changed from 0 to 1 to convert the
signaling NaN into a quiet NaN.

6. Updates to Appendix C, Volume 1

Change bars show changes to Appendix C of the Inte/® 64 and IA-32 Architectures Soft-
ware Developer’s Manual, Volume 1: Basic Architecture.

C.3 SSE INSTRUCTIONS

Table C-3 lists SSE instructions with at least one of the following characteristics:
e have floating-point operands

e generate floating-point results

e read or write floating-point status and control information

The table also summarizes the floating-point exceptions that each instruction can
generate.
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Table C-3 Exceptions Generated with SSE Instructions

Mnemonic Instruction #1 | #D | #Z | #O | HU | #P
ADDPS Packed add. Y Y
ADDSS Scalar add. Y Y
ANDNPS Packed logical INVERT and
AND.
ANDPS Packed logical AND.
CMPPS Packed compare.
CMPSS Scalar compare.
COMISS Scalar ordered compare lower
SP FP numbers and set the
status flags.
CVTPIZPS Convert two 32-bit signed Y
integers from MM2/Mem to
two SP FP.
CVTPSZ2PI Convert lower two SP FP from | Y Y
XMM/Mem to two 32-bit
signed integers in MM using
rounding specified by MXCSR.
CVTSIZSS Convert one 32-bit signed Y
integer from Integer Reg/Mem
to one SP FP.
CVTSS2SI Convert one SP FP from Y Y
XMM/Mem to one 32-bit
signed integer using rounding
mode specified by MXCSR, and
move the result to an integer
register.
CVTTPSZ2PI Convert two SP FP from Y Y
XMMZ2/Mem to two 32-bit
signed integers in MM1 using
truncate.
CVTTSS2SI Convert lowest SP FP from Y Y
XMM/Mem to one 32-bit
signed integer using truncate,
and move the result to an
integer register.
DIVPS Packed divide.
DIVSS Scalar divide.
LDMXCSR Load control/status word.
MAXPS Packed maximum. Y Y
MAXSS Scalar maximum. Y Y
MINPS Packed minimum. Y Y
MINSS Scalar minimum. Y Y
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Table C-3 Exceptions Generated with SSE Instructions (Contd.)

Mnemonic Instruction #1 | #D | HZ | HO | HU | #P
MOVAPS Move four packed SP values.
MOVHLPS Move packed SP high to low.
MOVHPS Move two packed SP values

between memory and the high
half of an XMM register.

MOVLHPS Move packed SP low to high.

MOVLPS Move two packed SP values
between memory and the low
half of an XMM register.

MOVMSKPS Move sign mask to r32.

MOVSS Move scalar SP number
between an XMM register and
memory or a second XMM
register.

MOVUPS Move unaligned packed data.

MULPS Packed multiply.

MULSS Scalar multiply.

ORPS Packed OR.

RCPPS Packed reciprocal.

RCPSS Scalar reciprocal.

RSQRTPS Packed reciprocal square root.

RSQRTSS Scalar reciprocal square root.

SHUFPS Shuffle.

SQRTPS Square Root of the packed SP Y Y Y
FP numbers.

SQRTSS Scalar square root. Y Y Y

STMXCSR Store control/status word.

SUBPS Packed subtract.

SUBSS Scalar subtract.

UCOMISS Unordered compare lower SP
FP numbers and set the status
flags.

UNPCKHPS Interleave SP FP numbers.

UNPCKLPS Interleave SP FP numbers.

XORPS Packed XOR.
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7. Updates to Chapter 1, Volume 2A

Change bars show changes to Chapter 1 of the Inte/® 64 and IA-32 Architectures Soft-
ware Developer’s Manual, Volume 2A: Instruction Set Reference, A-L.

The Intel® 64 and IA-32 Architectures Software Developer’s Manual, Volumes 2A, 2B
& 2C: Instruction Set Reference (order numbers 253666, 253667 and 326018) are part
of a set that describes the architecture and programming environment of all Intel 64 and
IA-32 architecture processors. Other volumes in this set are:

e The Intel® 64 and IA-32 Architectures Software Developer’s Manual, Volume 1:
Basic Architecture (Order Number 253665).

e The Intel® 64 and IA-32 Architectures Software Developer’s Manual, Volumes 3A,
3B & 3C: System Programming Guide (order numbers 253668, 253669 and
326019).

The Intel® 64 and IA-32 Architectures Software Developer’s Manual, Volume 1,
describes the basic architecture and programming environment of Intel 64 and IA-32
processors. The Inte/® 64 and IA-32 Architectures Software Developer’s Manual,
Volumes 2A, 2B & 2C, describe the instruction set of the processor and the opcode struc-
ture. These volumes apply to application programmers and to programmers who write
operating systems or executives. The Intel® 64 and IA-32 Architectures Software Devel-
oper’s Manual, Volumes 3A, 3B & 3C, describe the operating-system support environ-
ment of Intel 64 and IA-32 processors. These volumes target operating-system and
BIOS designers. In addition, the Inte/® 64 and IA-32 Architectures Software Developer’s
Manual, Volume 3B, addresses the programming environment for classes of software
that host operating systems.

1.4 RELATED LITERATURE

Literature related to Intel 64 and IA-32 processors is listed on-line at:

http://www.intel.com/content/www/us/en/processors/architectures-software-devel-
oper-manuals.html.html

Some of the documents listed at this web site can be viewed on-line; others can be
ordered. The literature available is listed by Intel processor and then by the following
literature types: applications notes, data sheets, manuals, papers, and specification
updates.

See also:
e The data sheet for a particular Intel 64 or IA-32 processor
e The specification update for a particular Intel 64 or IA-32 processor

e Intel® C++ Compiler documentation and online help:
http://software.intel.com/en-us/articles/intel-compilers/

e Intel® Fortran Compiler documentation and online help:
http://software.intel.com/en-us/articles/intel-compilers/

e Intel® VTune™ Performance Analyzer documentation and online help:
http://www.intel.com/cd/software/products/asmo-na/eng/index.htm
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http://developer.intel.com/products/processor/manuals/index.htm
http://www.intel.com/cd/software/products/asmo-na/eng/index.htm
http://www.intel.com/cd/software/products/asmo-na/eng/index.htm
http://www.intel.com/cd/software/products/asmo-na/eng/index.htm

Intel® 64 and IA-32 Architectures Software Developer’s Manual (in three or five
volumes):
http://www.intel.com/content/www/us/en/processors/architectures-software-
developer-manuals.html.html

Intel® 64 and IA-32 Architectures Optimization Reference Manual:
http://www.intel.com/content/www/us/en/architecture-and-technology/64-ia-32-
architectures-optimization-manual.html

Intel® Processor Identification with the CPUID Instruction, AP-485:
http://www.intel.com/Assets/PDF/appnote/241618.pdf

Intel 64 Architecture x2APIC Specification:
http://www.intel.com/content/www/us/en/architecture-and-technology/64-archi-
tecture-x2apic-specification.html

Intel 64 Architecture Processor Topology Enumeration:
http://softwarecommunity.intel.com/articles/eng/3887.htm

Intel® Trusted Execution Technology Measured Launched Environment Programming
Guide:

http://www.intel.com/content/www/us/en/software-developers/intel-txt-software-
development-guide.html

Intel® SSE4 Programming Reference: http://edc.intel.com/
Link.aspx?id=1630&wapkw=intel® sse4 programming reference

Developing Multi-threaded Applications: A Platform Consistent Approach:
http://cache-www.intel.com/cd/00/00/05/15/
51534_developing_multithreaded_applications.pdf

Using Spin-Loops on Intel® Pentium® 4 Processor and Intel® Xeon® Processor:
http://software.intel.com/en-us/articles/ap949-using-spin-loops-on-intel-
pentiumr-4-processor-and-intel-xeonr-processor/

Performance Monitoring Unit Sharing Guide
http://software.intel.com/file/30388

More relevant links are:

Software network link:
http://softwarecommunity.intel.com/isn/home/

Developer centers:
http://www.intel.com/cd/ids/developer/asmo-na/eng/dc/index.htm
Processor support general link:
http://www.intel.com/support/processors/

Software products and packages:
http://www.intel.com/cd/software/products/asmo-na/eng/index.htm
Intel 64 and IA-32 processor manuals (printed or PDF downloads):

http://www.intel.com/content/www/us/en/processors/architectures-software-
developer-manuals.html.html

Intel® Multi-Core Technology:

http://software.intel.com/partner/multicore

Intel® Hyper-Threading Technology (Intel® HT Technology):
http://www.intel.com/technology/platform-technology/hyper-threading/index.htm
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http://developer.intel.com/products/processor/manuals/index.htm

http://developer.intel.com/products/processor/manuals/index.htm
http://www.intel.com/support/processors/sb/cs-009861.htm
http://softwarecommunity.intel.com/articles/eng/3887.htm
http://www3.intel.com/cd/ids/developer/asmo-na/eng/dc/threading/knowledgebase/19083.htm
http://softwarecommunity.intel.com/isn/home/
http://www.intel.com/cd/ids/developer/asmo-na/eng/dc/index.htm
http://www.intel.com/support/processors/
http://www.intel.com/cd/software/products/asmo-na/eng/index.htm
http://developer.intel.com/products/processor/manuals/index.htm
http://developer.intel.com/technology/hyperthread/

8. Updates to Chapter 3, Volume 2A

Change bars show changes to Chapter 3 of the Inte/® 64 and IA-32 Architectures Soft-
ware Developer’s Manual, Volume 2A: Instruction Set Reference, A-L.

CHAPTER 3
INSTRUCTION SET REFERENCE, A-L

This chapter describes the instruction set for the Intel 64 and IA-32 architectures (A-L)
in IA-32e, protected, Virtual-8086, and real modes of operation. The set includes
general-purpose, x87 FPU, MMX, SSE/SSE2/SSE3/SSSE3/SSE4, AESNI/PCLMULQDQ,
AVX and system instructions. See also Chapter 4, “Instruction Set Reference, M-Z,” in
the Intel® 64 and IA-32 Architectures Software Developer’s Manual, Volume 2B.

For each instruction, each operand combination is described. A description of the instruc-
tion and its operand, an operational description, a description of the effect of the instruc-
tions on flags in the EFLAGS register, and a summary of exceptions that can be
generated are also provided.

3.1.1 Instruction Format

The following is an example of the format used for each instruction description in this
chapter. The heading below introduces the example. The table below provides an
example summary table.

CMC—Complement Carry Flag [this is an example]

Opcode Instruction Op/En 64/32-bit CPUID Description
Mode Feature Flag
F5 CcMC A VIV NP Complement carry flag.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA

3.2 INSTRUCTIONS (A-L)

The remainder of this chapter provides descriptions of Intel 64 and IA-32 instructions (A-
L). See also: Chapter 4, “Instruction Set Reference, M-Z,” in the Inte/® 64 and IA-32
Architectures Software Developer’s Manual, Volume 2B.
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AAA—ASCII Adjust After Addition
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Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode
37 AAA NP Invalid Valid ASCIl adjust AL after
addition.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA
AAD—ASCII Adjust AX Before Division
Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode
D50A AAD NP Invalid Valid ASCII adjust AX before
division.
D5 ib (No mnemonic) NP Invalid Valid Adjust AX before division to
number base imm8.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA
AAM—ASCII Adjust AX After Multiply
Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode
D4 0A AAM NP Invalid Valid ASCII adjust AX after
multiply.
D4 ib (No mnemonic) NP Invalid Valid Adjust AX after multiply to
number base imm8.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA
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AAS—ASCII Adjust AL After Subtraction

Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode
3F AAS NP Invalid Valid ASCIl adjust AL after
subtraction.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

NP NA NA NA NA

ADC—Add with Carry

Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode

14 ib ADC AL, imm8 | Valid Valid Add with carry imm8to AL.

15 iw ADCAX, imm16 | Valid Valid Add with carry imm16 to
AX.

15 id ADC EAX, imm32 | Valid Valid Add with carry imm32 to
EAX.

REXW +15id  ADCRAX, imm32 | Valid N.E. Add with carry imm32 sign
extended to 64-bits to RAX.

80/2ib ADC /m8 imm8 Ml  Valid Valid Add with carry imm8 to
r/m8.

REX+80/2ib ADC r/m8*, imm8 Ml Valid N.E. Add with carry imm8 to
r/m8.

81 /2 iw ADC r/m16, Ml Valid Valid Add with carry imm16 to

imm16 r/m16.
81/2id ADC r/m32, Ml Valid Valid Add with CF imm32to r/
imm32 m32.

REXW +81/2 ADC r/m64, Ml Valid N.E. Add with CF imm32 sign

id imm32 extended to 64-bits to r/
mé4.

83/2ib ADC r/m16, imm8 MI  Valid Valid Add with CF sign-extended
imm8to r/m16.

83/2ib ADC r/m32, imm8 M|  Valid Valid Add with CF sign-extended
imm8into r/m32.

REXW +83/2 ADC r/m64,imm8 M|  Valid N.E. Add with CF sign-extended

ib imm8into r/m64.

10/r ADC r/m8, r8 MR  Valid Valid Add with carry byte register
to r/m8.

REX+10/r ADC /m8’, r8' MR  Valid N.E. Add with carry byte register
to r/m64.

11/r ADC r/m16,r16 MR  Valid Valid Add with carry r16to r/
m16.
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Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode
111/r ADC/m32,r32 MR Valid Valid Add with CF r32 to r/m32.
REXW +11/r  ADC r/m64, r64 MR  Valid N.E. Add with CF r64 to r/m64.
121/r ADC r8, r/m8 RM  Valid Valid Add with carry r/m81to byte
register.
REX+12/r  ADCr8,/m8  RM Valid N.E. Add with carry r/m64 to
byte register.
13/r ADCr16, /m16 RM  Valid Valid Add with carry /m16 to
r16.
13/r ADCr32,r/m32 RM Valid Valid Add with CF r/m32 to r32.
REXW +13/r  ADC r64, r/m64 RM  Valid N.E. Add with CF r/m64 to r64.
NOTES:

*In 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix is
used: AH, BH, CH, DH.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
MR ModRM:r/m (r, w) ModRM:reg (r) NA NA
Ml ModRM:r/m (r, w) imm8 NA NA
| AL/AX/EAX/RAX imm8 NA NA
ADD—Add
Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode
04 ib ADD AL, imm8 | Valid Valid Add imm8 to AL.
05 iw ADD AX, imm16 | Valid Valid Add imm16 to AX.
05id ADD EAX, imm32 | Valid Valid Add imm32 to EAX.
REXW +05id ADDRAX, imm32 | Valid N.E. Add imm32 sign-extended
to 64-bits to RAX.
80/0ib ADD r/m8, imm8 Ml  Valid Valid Add imm8 to r/m8.
REX+80/0ib ADD r/m8*, imm8 Ml Valid N.E. Add sign-extended imm8 to
r/m64.
81 /0 iw ADD r/m16, Ml Valid Valid Add imm16 to r/m16.
imm16
81/0id ADD r/m32, Ml Valid Valid Add imm32 to r/m32.
imm32
REXW +81/0 ADD r/m64, Mi Valid N.E. Add imm32 sign-extended
id imm32 to 64-bits to r/m64.
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Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode

83/0ib ADD r/m16, imm8 Ml Valid Valid Add sign-extended imm8 to
r/m16.

83/0ib ADD r/m32, imm8 Ml  Valid Valid Add sign-extended imm8 to
r/m32.

REXW +83/0 ADD r/m64, imm8 M|  Valid N.E. Add sign-extended imm8 to

ib r/m64.

00/r ADD r/m8, r8 MR  Valid Valid Add r8to r/m8.

REX +00/r ADD r/m§’, r§8 MR  Valid N.E. Add r8to r/m8.

01/r ADD r/mi16,r16 MR Valid Valid Add r16to r/m16.

o1/r ADD r/m32,r32 MR Valid Valid Add r32 to r/m32.

REXW +01/r ADDr/m64,r64 MR Valid N.E. Add r64 to r/m64.

02/r ADD r8, r/m8 RM  Valid Valid Add r/m8to r8.

REX+02/r ADD r8, /m8 RM  Valid N.E. Add r/m8+to r8.

03/r ADDr16,r/m16 RM  Valid Valid Add r/m161tori6.

03/r ADD r32,r/m32 RM Valid Valid Add r/m32to r32.

REXW +03/r ADDr64,r/m64 RM Valid N.E. Add r/m64 to ré64.

NOTES:

*In 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix is
used: AH, BH, CH, DH.

Instruction Operand Encoding

Op/En

Operand 1
RM ModRM:reg (r, w)
MR ModRM:r/m (r, w)
Mi ModRM:r/m (r, w)
I AL/AX/EAX/RAX

Operand 2
ModRM:r/m (r)
ModRM:reg (r)

imm8

imm8

Operand 3 Operand 4
NA NA
NA NA
NA NA
NA NA
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intel)

ADDPD—Add Packed Double-Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
66 OF 58 /r RM VNV SSEe2 Add packed double-precision
ADDPD xmm1, xmm2/m128 floating-point values from
xmmZ2/m128to xmm]1.
VEX.NDS.128.66.0F.WIG 58 /r RVM V/V AVX Add packed double-precision
VADDPD xmm1,xmm2, xmm3/m128 floating-point values from
xmm3/mem to xmmZ2 and
stores result in xmm1.
VEX.NDS.256.66.0F.WIG 58 /r RVM V/V AVX Add packed double-precision
VADDPD ymm1, ymm2, floating-point values from
ymm3/m256 ymm3/mem to ymmZ and
stores result in ymm].
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
ADDPD:  __m128d_mm_add_pd (__m128da, __m128dDb)
VADDPD: __m256d _mm256_add_pd (__m256d a, __m256d b)

ADDPS—Add Packed Single-Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID

Instruction En Mode Feature
Flag

OF 58 /r RM VNV SSE

ADDPS xmm1, xmmZ2/m128

VEX.NDS.128.0F.WIG 58 /r RVM V/V AVX

VADDPS xmm1,xmm2, xmm3/m128

VEX.NDS.256.0F.WIG 58 /r RVM VIV AVX

VADDPS ymm1, ymm2, ymm3/m256

Description

Add packed single-precision
floating-point values from
xmmZ2/m128to xmm1 and
stores result in xmm1.

Add packed single-precision
floating-point values from
xmm3/mem to xmm2 and
stores result in xmm1.

Add packed single-precision
floating-point values from
ymm3/mem to ymmZ2 and
stores result in ymm1.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r)) NA

Intel C/C++ Compiler Intrinsic Equivalent
ADDPS: __m128 _mm_add_ps(__m1284a,__m128Db)
VADDPS: _ m256 _mm256_add_ps (__m256 3, __m256 b)

ADDSD—Add Scalar Double-Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID

Instruction En  Mode Feature
Flag

F2 OF 58 /r RM VNV SSE2

ADDSD xmm1, xmmZ2/m64

VEX.NDS.LIG.F2.0F.WIG 58 /r RVM V/V AVX

VADDSD xmm1, xmm2, xmm3/m64

Description

Add the low double-
precision floating-point
value from xmmZ2/mé64 to
xmm1.

Add the low double-
precision floating-point
value from xmm3/mem to
xmmZ2 and store the result
in xmm1.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r)) NA

Intel C/C++ Compiler Intrinsic Equivalent
ADDSD:  __m128d _mm_add_sd (m128d a, m128d b)
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intel)

ADDSS—Add Scalar Single-Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID

Instruction En  Mode Feature
Flag

F3 OF 58 /r RM VNV SSE

ADDSS xmm1, xmmZ2/m32

VEX.NDS.LIG.F3.0FWIG 58 /r RVM VNV AVX

VADDSS xmm1,xmmZ2, xmm3/m32

Description

Add the low single-precision
floating-point value from
xmmZ2/m32 to xmm]1.

Add the low single-precision
floating-point value from
xmm3/mem to xmmZ2 and
store the result in xmm1.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

ADDSS: __m128 _mm_add_ss(__m1283a, _m128b)

ADDSUBPD—Packed Double-FP Add/Subtract

Opcode/ Op/ 64/32-bit CPUID Description

Instruction En  Mode Feature

Flag

66 OF DO /r RM VNV SSE3 Add/subtract double-

ADDSUBPD xmm1, xmm2/m128 precision floating-point
values from xmmZ2/m128to
xmmT1.

VEX.NDS.128.66.0F.WIG DO /r RVM VN AVX Add/subtract packed

VADDSUBPD xmm1, xmm2, double-precision floating-

xmm3/m128 point values from
xmm3/mem to xmmZ2 and
stores result in xmm1.

VEX.NDS.256.66.0F.WIG DO /r RVM VNV AVX Add / subtract packed

VADDSUBPD ymm1, ymm2, double-precision floating-

ymm3/m256 point values from
ymm3/mem to ymmZ2 and
stores result in ymm1.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA
Intel C/C++ Compiler Intrinsic Equivalent
ADDSUBPD: __m128d _mm_addsub_pd(__m128da, __m128db)
VADDSUBPD:  __m256d _mm256_addsub_pd (__m256d a, __m256d b)
ADDSUBPS—Packed Single-FP Add/Subtract
Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
F2 OF DO /r RM VNV SSE3 Add/subtract single-

ADDSUBPS xmm1, xmmZ2/m128

VEX.NDS.128.F2.0FWIG DO /r RVM VNV AVX

VADDSUBPS xmm1, xmm?Z,
xmm3/m128

VEX.NDS.256.F2.0F.WIG DO /r RVM V/V AVX

VADDSUBPS ymm1, ymm2,
ymm3/m256

precision floating-point

values from xmm2/m1281to

xmm1.

Add/subtract single-
precision floating-point
values from xmm3/mem to
xmmZ2 and stores result in

xmmT.

Add / subtract single-
precision floating-point
values from ymm3/mem to
ymmZ2 and stores result in

ymm1.

Instruction Operand Encoding

Op/En Operand 1 Operand 2
RM ModRM:reg (r, w) ModRM:r/m (r)
RVM ModRM:reg (w) VEX.vvwv (r)

Operand 3
NA
ModRM:r/m (r)

Operand 4
NA
NA

Intel C/C++ Compiler Intrinsic Equivalent

ADDSUBPS: __m128 _mm_addsub_ps(__m128a,__m128b)

VADDSUBPS: __m256 _mm256_addsub_ps (__m256 a,__m256 b)
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intel)

AESDEC—Perform One Round of an AES Decryption Flow

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag

66 OF 38 DE /r RM VNV AES Perform one round of an

AESDEC xmm1, xmm2/m128 AES decryption flow, using
the Equivalent Inverse
Cipher, operatingon a 128-
bit data (state) from xmm/1
with a 128-bit round key
from xmm2/m128.

VEX.NDS.128.66.0F38.WIG DE /r RVM VNV Both AES  Perform one round of an

VAESDEC xmm1, xmm2, and AES decryption flow, using

xmm3/m128 AVX flags the Equivalent Inverse
Cipher, operatingon a 128-
bit data (state) from xmm2
with a 128-bit round key
from xmm3/m128; store
the result in xmm1.

Instruction Operand Encoding
Op/En Operand 1 Operand2 Operand3 Operand4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

(V)AESDEC: __m128i _mm_aesdec (__m128i, __m128i)
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intel)

AESDECLAST—Perform Last Round of an AES Decryption Flow

Opcode Instruction Op/ 64/32-bit CPUID Description
En  Mode Feature
Flag
66 OF 38 DF /r RM VNV AES Perform the last round of an
AESDECLAST xmm1, xmm2/m128 AES decryption flow, using
the Equivalent Inverse
Cipher, operatingon a 128-
bit data (state) from xmm/1
with a 128-bit round key
from xmm2/m128.
VEX.NDS.128.66.0F38.WIG DF /r RVM VNV Both AES  Perform the last round of an
VAESDECLAST xmm1, xmm2, and AES decryption flow, using
xmm3/m128 AVX flags the Equivalent Inverse
Cipher, operatingon a 128-
bit data (state) from xmm2
with a 128-bit round key
from xmm3/m128; store
the result in xmm1.
Instruction Operand Encoding
Op/En Operand 1 Operand2 Operand3 Operand4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

(V)AESDECLAST: __m128i _mm_aesdeclast (__m128i, __m128i)
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intel)

AESENC—Perform One Round of an AES Encryption Flow

Opcode Instruction Op/ 64/32-bit CPUID Description
En  Mode Feature
Flag
66 OF 38 DC /r RM VNV AES Perform one round of an
AESENC xmm1, xmm2/m128 AES encryption flow, oper-
ating on a 128-bit data
(state) from xmm1 with a
128-bit round key from
xmm2/m128.
VEX.NDS.128.66.0F38.WIG DC /r RVM VNV Both AES  Perform one round of an
VAESENC xmm1, xmmZ2, and AES encryption flow, operat-
xmm3/m128 AVX flags ingon a 128-bit data (state)
from xmm2 with a 128-bit
round key from the
xmm3/m128; store the
result in xmm1.
Instruction Operand Encoding
Op/En Operand 1 Operand2 Operand3 Operand4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

(V)AESENC:

__m128i _mm_aesenc (__m128i, __m128i)
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intel)

AESENCLAST—Perform Last Round of an AES Encryption Flow

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
| 66 OF 38 DD /r RM VNV AES Perform the last round of an
AESENCLAST xmm1, xmm2/m128 AES encryption flow, oper-

ating on a 128-bit data
(state) from xmm1 with a
128-bit round key from

xmm2/m128.
| VEX.NDS.128.66.0F38.WIG DD /r RVM VNV Both AES  Perform the last round of an
VAESENCLAST xmm1, xmm2, and AES encryption flow, operat-
xmm3/m128 AVX flags ingon a 128-bit data (state)

from xmm2 with a 128 bit
round key from
xmm3/m128; store the
result in xmm1.

Instruction Operand Encoding

Op/En Operand 1 Operand2 Operand3 Operand4
| RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
| RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

| (V)AESENCLAST: __m128i _mm_aesenclast (__m128i,__m128i)

AESIMC—Perform the AES InvMixColumn Transformation

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
| 66 OF 38 DB /r RM VNV AES Perform the InvMixColumn
AESIMC xmm1, xmm2/m128 transformation on a 128-bit

round key from
xmmZ2/m128 and store the
result in xmm1.

| VEX.128.66.0F38.WIG DB /r RM VNV Both AES  Perform the InvMixColumn
VAESIMC xmm1, xmm2/m128 and transformation on a 128-bit
AVX flags round key from
xmm2/m128 and store the
result in xmm1.
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Instruction Operand Encoding
Op/En Operand 1 Operand2 Operand3 Operand4

| RM ModRM:reg (w) ModRM:r/m (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent

| (V)AESIMC: __m128i _mm_aesimc (__m128i)

AESKEYGENASSIST—AES Round Key Generation Assist

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
| 66 OF 3ADF /rib RMI VIV AES Assist in AES round key gen-
AESKEYGENASSIST xmm1, eration using an 8 bits
xmm2/m128, imm8 Round Constant (RCON)

specified in the immediate
byte, operating on 128 bits
of data specified in
xmm2/m128 and stores the
result in xmm1.

| VEX.128.66.0F3A.WIG DF /r ib RMI VIV Both AES  Assist in AES round key gen-
VAESKEYGENASSIST xmm1, and eration using 8 bits Round
xmm2/m128, imm8 AVX flags Constant (RCON) specifiedin

the immediate byte, operat-
ing on 128 bits of data spec-
ified in xmm2/m128 and
stores the result in xmm1.

Instruction Operand Encoding
Op/En Operand 1 Operand2 Operand3 Operand4

| RMI ModRM:reg (w) ModRM:r/m (r) imm8 NA

Intel C/C++ Compiler Intrinsic Equivalent

| (V)AESKEYGENASSIST:  __m128i _mm_aesimc (__m128i, const int)
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AND—Logical AND

intel)

Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode

24 ib AND AL, imm8 RM  Valid Valid AL AND imm8.

25 iw AND AX, imm16 RM  Valid Valid AX AND imm16.

25id AND EAX, imm32 RM  Valid Valid EAX AND imm32.

REXW +25id ANDRAX, imm32 RM Valid N.E. RAX AND imm32 sign-
extended to 64-bits.

80/4 ib AND r/m8, imm8 MR  Valid Valid r/m8 AND imm8.

REX+80/4ib AND /m8,imm8 MR Valid N.E. r/m8 AND imm8.

81 /4 iw AND r/m16, MR  Valid Valid r/m16 AND imm16.

imm16
81/4id AND r/m32, MR  Valid Valid r/m32 AND imm32.
imm32

REXW +81/4 AND r/m64, MR  Valid N.E. r/m64 AND imm32 sign

id imm32 extended to 64-bits.

83/4ib AND r/m16, imm8 MR  Valid Valid r/m16 AND imm8 (sign-
extended).

83/4ib AND r/m32, imm8 MR  Valid Valid r/m32 AND imm8 (sign-
extended).

REXW +83/4 AND r/m64, imm8 MR Valid N.E. r/m64 AND imm8 (sign-

ib extended).

20 /r AND r/m8, r8 Ml Valid Valid r/m8 AND r8.

REX + 20 /r AND r/m8’, 18 Ml Valid N.E. r/m64 AND r8 (sign-
extended).

211/r AND r/m16,r16 Ml Valid Valid r/m16 AND r16.

211/r AND r/m32,r32 Ml Valid Valid r/m32 AND r32.

REXW +21/r ANDr/m64,r64 Ml  Valid N.E. r/m64 AND r32.

221r AND r8, r/m8 | Valid Valid r8 AND r/m8,

REX +22/r AND r8, r/m8 | Valid N.E. r/m64 AND r8 (sign-
extended).

231/r AND r16,r/m16 | Valid Valid r16 AND r/m16.

23/r AND r32, r/m32 | Valid Valid r32 AND r/m32.

REXW +23/r AND r64, r/m64 | Valid N.E. r64 AND r/m64.

NOTES:

*In 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix is

used: AH, BH, CH, DH.
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Instruction Operand Encoding

Op/En Operand 1
RM ModRM:reg (r, w)
MR ModRM:r/m (r, w)
Ml ModRM:r/m (r, w)
I AL/AX/EAX/RAX

Operand 2
ModRM:r/m (r)
ModRM:reg (r)

imm8

imm8

Operand 3 Operand 4
NA NA
NA NA
NA NA
NA NA

ANDPD—Bitwise Logical AND of Packed Double-Precision Floating-Point

Values
Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
66 OF 54 /r RM VNV SSE2 Return the bitwise logical
ANDPD xmm1, xmm2/m128 AND of packed double-
precision floating-point
values in xmm1 and
xmmZ2/m128.
VEX.NDS.128.66.0F.WIG 54 /r RVM V/V AVX Return the bitwise logical
VANDPD xmm1, xmm2, AND of packed double-
xmm3/m128 precision floating-point
values in xmmZ2 and
xmm3/mem.
VEX.NDS.256.66.0F.WIG 54 /r RVM VNV AVX Return the bitwise logical
VANDPD ymm1, ymm2, AND of packed double-
ymm3/m256 precision floating-point

values in ymm2 and
ymm3/mem.

Instruction Operand Encoding

Op/En Operand 1
RM ModRM:reg (r, w)
RVM ModRM:reg (w)

Operand 2
ModRM:r/m (r)
VEX.vvwv (r)

Operand 3 Operand 4
NA NA
ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
ANDPD:  __m128d_mm_and_pd(__m128da, __m128db)
VANDPD: __m256d _mm256_and_pd (__m256d a, __m256d b)
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ANDPS—Bitwise Logical AND of Packed Single-Precision Floating-Point

Values
Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
OF 54 /r RM VNV SSE Bitwise logical AND of
ANDPS xmm1, xmm2/m128 xmmgz/m128 and xmm.
VEX.NDS.128.0F.WIG 54 /r RVM V/V AVX Return the bitwise logical
VANDPS xmm1,xmm2, xmm3/m128 AND of packed single-
precision floating-point
values in xmmZ2 and
xmm3/mem.
VEX.NDS.256.0F.WIG 54 /r RVM V/V AVX Return the bitwise logical
VANDPS ymm1, ymm2, AND of packed single-
ymm3/m256 precision floating-point
values in ymmZ2 and
ymm3/mem.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
ANDPS: __m128_mm_and_ps(__m128a,__m128Db)
VANDPS: _ m256 _mm256_and_ps (__m256 3, __m256 b)
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ANDNPD—Bitwise Logical AND NOT of Packed Double-Precision Floating-

Point Values
Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
66 OF 55 /r RM VNV SSE2 Bitwise logical AND NOT of
ANDNPD xmm1, xmm2/m128 xmmez/m128 and xmm.
VEX.NDS.128.66.0F.WIG 55 /r RVM V/V AVX Return the bitwise logical
VANDNPD xmm1, xmm2, AND NOT of packed double-
xmm3/m128 precision floating-point
values in xmmZ2 and
xmm3/mem.
VEX.NDS.256.66.0F.WIG 55/r RVM V/V AVX Return the bitwise logical
VANDNPD ymm1, ymm2, AND NOT of packed double-
ymm3/m256 precision floating-point
values in ymmZ2 and
ymm3/mem.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
ANDNPD: __m128d _mm_andnot_pd(__m128da, __m128d b)
VANDNPD:  __m256d _mm256_andnot_pd (__m256d a, __m256d b)
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ANDNPS—Bitwise Logical AND NOT of Packed Single-Precision Floating-

Point Values
Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
OF 55 /r RM VN SSE Bitwise logical AND NOT of
ANDNPS xmm1, xmm2/m128 xmmez/m128 and xmm.
VEX.NDS.128.0F.WIG 55 /r RVM V/V AVX Return the bitwise logical
VANDNPS xmm1, xmm2, AND NOT of packed single-
xmm3/m128 precision floating-point
values in xmmZ2 and
xmm3/mem.
VEX.NDS.256.0F.WIG 55 /r RVM V/V AVX Return the bitwise logical
VANDNPS ymm1, ymm?2, AND NOT of packed single-
ymm3/m256 precision floating-point
values in ymmZ2 and
ymm3/mem.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
ANDNPS:
VANDNPS:

__m128 _mm_andnot_ps(__m1284a,_m128Db)
__m256 _mm256_andnot_ps (__m256 a,__m256 b)

ARPL—Adjust RPL Field of Segment Selector

Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode
63/r ARPL /m16,r16 NP N.E. Valid Adjust RPL of /m16 to not
less than RPL of r716.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP ModRM:r/m (w) ModRM:reg (r) NA NA
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BLENDPD — Blend Packed Double Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID

Instruction En  Mode Feature
Flag

66 OF 3A0D /rib RMI - V/V SSE4_1

BLENDPD xmm1, xmm2/m128,

imm8

VEXNDS.128.66.0F3AWIGOD /rib  RVMI V/V AVX

VBLENDPD xmm1, xmme,

xmm3/m128, imm8

VEX.NDS.256.66.0F3AWIGOD /rib  RVMI V/V AVX

VBLENDPD ymm1, ymm?2,

ymm3/m256, imm8

Description

Select packed DP-FP values
from xmm1 and
xmmZ2/m128 from mask
specified in imm8 and store
the values into xmm1.

Select packed double-
precision floating-point
Values from xmm2 and
xmm3/m128 from mask in
imm8 and store the values
in xmm1.

Select packed double-
precision floating-point
Values from ymm2 and
ymm3/m256 from mask in
imm8 and store the values
inymm1.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reg (r, w) ModRM:r/m (r) imm8 NA
RVMI ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) imm8[3:0]

Intel C/C++ Compiler Intrinsic Equivalent
BLENDPD:
VBLENDPD:
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BLENDPS — Blend Packed Single Precision Floating-Point Values

Opcode/
Instruction

66 OF 3A0C/rib

BLENDPS xmm1, xmmZ2/m1.28,
imm8

VEX.NDS.128.66.0F3A.WIG OC /r ib

VBLENDPS xmm1, xmm2,
xmm3/m128, imm8

VEX.NDS.256.66.0F3A.WIG OC /r ib

VBLENDPS ymm1, ymmZ,
ymm3/m256, imm8

Op/ 64/32-bit CPUID

En Mode Feature
Flag
RMI  V/V SSE4_1
RVMI V/V AVX
RVMI V/V AVX

Description

Select packed single
precision floating-point
values from xmm1 and
xmmZ2/m128 from mask
specified in imm8 and store
the values into xmm1.

Select packed single-
precision floating-point
values from xmm2 and
xmm3/m128 from mask in
imm8 and store the values
in xmm1.

Select packed single-
precision floating-point
values from ymm2 and
ymm3/m256 from mask in
imm8 and store the values
inymm1.

Instruction Operand Encoding

Op/En Operand 1
RMI ModRM:reg (r, w)
RVMI ModRM:reg (w)

Operand 2 Operand 3 Operand 4
ModRM:r/m (r) imm8 NA
VEX.vwwv (1) ModRM:r/m (r) imm8

Intel C/C++ Compiler Intrinsic Equivalent

BLENDPS:
VBLENDPS:

__m128 _mm_blend_ps (__m128 v1,
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m128 v2, const int mask);

__m256 _mm256_blend_ps (__m256 a, __m256 b, const int mask);
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BLENDVPD — Variable Blend Packed Double Precision Floating-Point

Values
Opcode/ Op/ 64/32-bit CPUID Description
Instruction €n Mode Feature
Flag
660F3815/r RMO V/V SSE4 1 Select packed DP FP values
BLENDVPD xmm1, xmm2/m128, from xmm1 and xmm2 from
<XMMO> mask specified in XMMO and
store the values in xmm1.
VEX.NDS.128.66.0F3AW0 4B /r /is4 RVMR V/V AVX Conditionally copy double-
VBLENDVPD xmm1, xmm?2, precision floating-point
xmm3/m128, xmmé4 values from xmm2 or
xmm3/m128 to xmm1,
based on mask bits in the
mask operand, xmm4.
VEX.NDS.256.66.0F3A.W0 4B /r /is4 RVMR V/V AVX Conditionally copy double-
VBLENDVPD ymm1, ymm?2, precision floating-point
ymm3/m256, ymm4 values from ymmz or
ymm3/m256 to ymm1,
based on mask bits in the
mask operand, ymm4.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMO ModRM:reg (r, w) ModRM:r/m (r) implicit XMMO NA
RVMR ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) imm8[7:4]

Intel C/C++ Compiler Intrinsic Equivalent

BLENDVPD: __m128d _mm_blendv_pd(__m128dv1,_m128dv2, _m128dv3);
VBLENDVPD: __ m128 _mm_blendv_pd (__m128da, _ m128db,_m128d mask);
VBLENDVPD: __m256 _mm256_blendv_pd (__m256d a, __m256d b, __m256d mask);
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BLENDVPS — Variable Blend Packed Single Precision Floating-Point

Values
Opcode/ Op/ 64/32-bit CPUID Description
Instruction En Mode Feature
Flag

660F3814/r RMO VNV SSE4_1  Select packed single

BLENDVPS xmm1, xmm2/m128, precision floating-point

<XMMO> values from xmm1 and
xmmZ2/m128 from mask
specified in XMMOand store
the values into xmm1.

VEX.NDS.128.66.0F3A.WO0 4A /r /is4 RVMR V/V AVX Conditionally copy single-

VBLENDVPS xmm1, xmm2, precision floating-point

xmm3/m128, xmm4 values from xmm2 or
xmm3/m128 to xmm1,
based on mask bits in the
specified mask operand,
xmm4.

VEX.NDS.256.66.0F3A.W0 4A /r /is4 RVMR V/V AVX Conditionally copy single-

VBLENDVPS ymm1, ymm2,
ymm3/m256, ymmé4

precision floating-point
values from ymm2 or
ymm3/m256 to ymm1,
based on mask bits in the
specified mask register,
ymm4.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMO  ModRMrreg (r, w) ModRM:r/m (r) implicit XMMO NA
RVMR ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) imm8[7:4]

Intel C/C++ Compiler Intrinsic Equivalent

BLENDVPS: __m128 _mm_blendv_ps(__m128v1,__m128v2,__m128v3);

VBLENDVPS: __m128 _mm_blendv_ps (_m1283a,_m128b, __m128 mask);

VBLENDVPS:  __m256 _mm256_blendv_ps (__m256 a, __m256 b, __m256 mask);
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BOUND—Check Array Index Against Bounds

Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode
62/r BOUND r16, RM Invalid Valid Check if r16 (array index) is
m16&16 within bounds specified by
m16&16.
62/r BOUND r32, RM Invalid Valid Check if r32 (array index) is
m32&32 within bounds specified by
m16&16.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

RM ModRM:reg (r) ModRM:r/m (r) NA NA

BSF—Bit Scan Forward

Opcode Instruction Op/ 64-bit Compat/ Description

En  Mode Leg Mode
OF BC/r BSF r16, /m16 RM  Valid Valid Bit scan forward on r/m16.
OFBC/r BSF r32, r/m32 RM  Valid Valid Bit scan forward on r/m32.
REXW + OF BC BSF r64, r/m64 RM  Valid N.E. Bit scan forward on r/m64.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

RM ModRM:reg (w) ModRM:r/m (r) NA NA

BSR—BIt Scan Reverse

Opcode Instruction Op/ 64-bit Compat/ Description

En  Mode Leg Mode
OFBD/r BSRr16, /m16 RM  Valid Valid Bit scan reverse on r/m16.
OFBD /r BSR r32, r/m32 RM  Valid Valid Bit scan reverse on r/m32.
REXW + OF BD BSR r64, r/m64 RM  Valid N.E. Bit scan reverse on r/m64.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
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BSWAP—Byte Swap

Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode
OF C8+rd BSWAP r32 0 Valid* Valid Reverses the byte order of
a 32-bit register.
REX.W + OF BSWAP r64 0 Valid N.E. Reverses the byte order of
C8+rd a 64-bit register.
NOTES:

* See IA-32 Architecture Compatibility section below.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
0 opcode + rd (r, w) NA NA NA
BT—Bit Test
Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode
OF A3 BT r/m16,r16 MR  Valid Valid Store selected bit in CF flag.
OF A3 BT r/m32, r32 MR  Valid Valid Store selected bit in CF flag.
REXW + OF A3 BT r/mb4, r64 MR  Valid N.E. Store selected bit in CF flag.
OFBA /4 ib BT /m16,imm8 M|l  Valid Valid Store selected bit in CF flag.
OFBA/4ib BT r/m32,imm8 M|l  Valid Valid Store selected bit in CF flag.
REXW + 0OFBA BT r/m64, imm8 Ml  Valid N.E. Store selected bit in CF flag.
/4 ib
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
MR ModRM:r/m (r) ModRM:reg (r) NA NA
Ml ModRM:r/m (r) imm8 NA NA
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BTC—Bit Test and Complement

Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode
OF BB BTC r/m16,r16 MR  Valid Valid Store selected bit in CF flag
and complement.
OF BB BTC r/m32, r32 MR  Valid Valid Store selected bit in CF flag
and complement.
REX.W + OF BB BTC r/m64, r64 MR  Valid N.E. Store selected bit in CF flag
and complement.
OFBA /7 ib BTC r/m16, imm8 Ml Valid Valid Store selected bit in CF flag
and complement.
OFBA/7 ib BTC r/m32, imm8 M|  Valid Valid Store selected bit in CF flag
and complement.
REX.W + OF BA BTC r/m64, imm8 M|  Valid N.E. Store selected bit in CF flag
/7 ib and complement.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
MR ModRM:r/m (r, w) ModRM:reg (r) NA NA
Ml ModRM:r/m (r, w) imm8 NA NA
BTR—Bit Test and Reset
Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode
OF B3 BTR /m16,r16 MR  Valid Valid Store selected bit in CF flag
and clear.
OF B3 BTR r/m32, r32 MR Valid Valid Store selected bit in CF flag
and clear.
REXW + OF B3 BTR r/m64, r64 MR  Valid N.E. Store selected bit in CF flag
and clear.
OFBA /6 ib BTR /m16, imm8 MI  Valid Valid Store selected bit in CF flag
and clear.
OFBA /6 ib BTR r/m32, imm8 M|  Valid Valid Store selected bit in CF flag
and clear.
REXW + OF BA BTR r/m64, imm8 M|  Valid N.E. Store selected bit in CF flag
/6 ib and clear.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
MR ModRM:r/m (r, w) ModRM:reg (r) NA NA
Ml ModRM:r/m (r, w) imm8 NA NA
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BTS—Bit Test and Set

intel)

Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode
OF AB BTS r/m16,r16 MR  Valid Valid Store selected bit in CF flag
and set.
OF AB BTS r/m32, r32 MR  Valid Valid Store selected bit in CF flag
and set.
REX.W + OF AB  BTS r/m64, r64 MR  Valid N.E. Store selected bit in CF flag
and set.
OFBA/5ib BTS r/m16, imm8 Ml Valid Valid Store selected bit in CF flag
and set.
OFBA/5ib BTS r/m32, imm8 M|  Valid Valid Store selected bit in CF flag
and set.
REX.W + OF BA BTS r/m64, imm8 M|  Valid N.E. Store selected bit in CF flag
/5ib and set.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
MR ModRM:r/m (r, w) ModRM:reg (r) NA NA
Ml ModRM:r/m (r, w) imm8 NA NA
CALL—Call Procedure
Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode
€8 cw CALL rel16 M N.S. Valid Call near, relative,
displacement relative to
next instruction.
€8 cd CALL rel32 M Valid Valid Call near, relative,
displacement relative to
next instruction. 32-bit
displacement sign extended
to 64-bits in 64-bit mode.
FF /2 CALL /m16 M N.E. Valid Call near, absolute indirect,
address givenin r/m16.
FF /2 CALL /m32 M N.E. Valid Call near, absolute indirect,
address given in r/m32.
FF /2 CALL r/m64 M Valid N.E. Call near, absolute indirect,
address given in r/m64.
9A cd CALL ptr16:16 D Invalid Valid Call far, absolute, address
given in operand.
9A cp CALL ptr16:32 D Invalid Valid Call far, absolute, address
given in operand.
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Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode
FF /3 CALLm16:16 M Valid Valid Call far, absolute indirect

address given in m16:16.

In 32-bit mode: if selector
points to a gate, then RIP =
32-bit zero extended
displacement taken from
gate; else RIP = zero
extended 16-bit offset from
far pointer referenced in
the instruction.

FF /3 CALL m16:32 M Valid Valid In 64-bit mode: If selector
points to a gate, then RIP =
64-bit displacement taken
from gate; else RIP = zero
extended 32-bit offset from
far pointer referenced in
the instruction.

REXW +FF /3  CALL m16:64 M Valid N.E. In 64-bit mode: If selector
points to a gate, then RIP =
64-bit displacement taken
from gate; else RIP = 64-bit
offset from far pointer
referenced in the

instruction.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
D Offset NA NA NA
M ModRM:r/m (r) NA NA NA

CBW/CWDE/CDQE—Convert Byte to Word/Convert Word to Doubleword/
Convert Doubleword to Quadword

Opcode Instruction Op/ 64-bit Compat/ Description

En  Mode Leg Mode
98 CBwW NP  Valid Valid AX « sign-extend of AL.
98 CWDE NP  Valid Valid EAX « sign-extend of AX.
REX.W + 98 CDQE NP  Valid N.E. RAX « sign-extend of EAX.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

NP NA NA NA NA
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CLC—Clear Carry Flag

Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode
F8 CLC NP  Valid Valid Clear CF flag.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

NP NA NA NA NA

CLD—Clear Direction Flag

Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode
FC CLD NP Valid Valid Clear DF flag.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA

CLFLUSH—FIlush Cache Line

Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode
OF AE /7 CLFLUSH m8 M Valid Valid Flushes cache line
containing m8.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

M ModRM:r/m (w) NA NA NA

Intel C/C++ Compiler Intrinsic Equivalents
CLFLUSH:  void _mm_clflush(void const *p)
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CLI — Clear Interrupt Flag

Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode
FA cu NP  Valid Valid Clear interrupt flag;

interrupts disabled when
interrupt flag cleared.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA

CLTS—Clear Task-Switched Flag in CRO

Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode
OF 06 CLTS NP  Valid Valid Clears TS flag in CRO.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

NP NA NA NA NA

CMC—Complement Carry Flag

Opcode Instruction Op/ 64-bit Compat/ Description
En  Mode Leg Mode
F5 CMC NP  Valid Valid Complement CF flag.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA
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CMOVcc—Conditional Move

intel)

Opcode
OF 47 /r
OF 47 /r

REX.W + OF 47
/r

OF 43 /r
OF 43 /r

REX.W + OF 43
/r

OF 42 /r
OF 42 /r

REX.W + OF 42
/r

OF 46 /r

OF 46 /r

REX.W + OF 46
/r

OF 42 /r
OF 42 /r

REX.W + OF 42 /

r
OF 44 /r
OF 44 /r

REX.W + OF 44
/r

OF 4F /r

OF 4F /r

REX.W + OF 4F /

r
OF 4D /r

OF 4D /r

Instruction

CMOVATri16,r/mi16

CMOVA r32, r/m32

CMOVA r64, r/m64

CMOVAE r16, r/m16

CMOVAE r32, r/m32

CMOVAE r64, r/m64

CMOVB ri16, r/mi16
CMOVB r32, r/m32
CMOVB r64, r/m64

CMOVBE r16, /m16

CMOVBE r32, r/m32

CMOVBE r64, r/m64

CMOVC r16, /m16
CMOVC r32, r/m32
CMOVC r64, r/m64

CMOVE r16, r/m16
CMOVE r32, /m32
CMOVE r64, r/m64

CMOVG ri16, r/mi16

CMOVG r32, r/m32

CMOVG r64, r/m64

CMOVGE r16, /m16

CMOVGE r32, /m32

REXW + OF 4D / CMOVGE r64, r/m64

r

Op/ 64-Bit
En Mode
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  V/NE.
RM  Valid
RM  Valid
RM  Valid

Compat/
Leg Mode

Valid
Valid
N.E.
Valid
Valid
N.E.

Valid
Valid
N.E.

Valid
Valid
N.E.

Valid
Valid
N.E.

Valid
Valid
N.E.

Valid
Valid
NA

Valid
Valid

N.E.

Description

Move if above (CF=0 and
ZF=0).

Move if above (CF=0 and
ZF=0).

Move if above (CF=0 and
ZF=0).

Move if above or equal
(CF=0).

Move if above or equal
(CF=0).

Move if above or equal
(CF=0).

Move if below (CF=1).
Move if below (CF=1).
Move if below (CF=1).

Move if below or equal
(CF=1 or ZF=1).

Move if below or equal
(CF=1 or ZF=1).

Move if below or equal
(CF=1 or ZF=1).

Move if carry (CF=1).
CF=1).
CF=1).

Move if carry (
Move if carry (
Move if equal (ZF=1).
Move if equal (ZF=1).
Move if equal (ZF=1).

Move if greater (ZF=0 and
SF=0F).

Move if greater (ZF=0 and
SF=0F).

Move if greater (ZF=0 and
SF=0F).

Move if greater or equal
(SF=0F).

Move if greater or equal
(SF=0F).

Move if greater or equal
(SF=OF).
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Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF 4C/r CMOVL r16,r/m16 RM Valid Valid Move if less (SF# OF).
OF4C/r CMOVL r32, r/m32 RM Valid Valid Move if less (SF# OF).
REXW +0F4C CMOVL r64,r/m64 RM Valid N.E. Move if less (SF# OF).
/r
OF 4€E /r CMOVLE r16,/m16 RM  Valid Valid Move if less or equal (ZF=1
or SF# OF).
OF 4€ /r CMOVLE r32, /m32 RM Valid Valid Move if less or equal (ZF=1
or SF# OF).
REXW + OF 4€ CMOVLE r64, /m64 RM  Valid N.E. Move if less or equal (ZF=1
/r or SF# OF).
OF 46 /r CMOVNA r16, /m16 RM  Valid Valid Move if not above (CF=1 or
ZF=1).
OF 46 /r CMOVNA r32,r/m32 RM Valid Valid Move if not above (CF=1 or
ZF=1).
REXW + OF 46 CMOVNA r64, r/m64 RM  Valid N.E. Move if not above (CF=1 or
/r ZF=1).
OF 42 /r CMOVNAE r16, RM  Valid Valid Move if not above or equal
r/mi16 (CF=1).
OF 42 /r CMOVNAE r32, RM  Valid Valid Move if not above or equal
r/m32 (CF=1).
REXW + 0OF 42 CMOVNAE r64, RM  Valid N.E. Move if not above or equal
/r r/mé4 (CF=1).
OF 43 /r CMOVNB r16, /m16 RM  Valid Valid Move if not below (CF=0).
OF 43 /r CMOVNB r32, r/m32 RM Valid Valid Move if not below (CF=0).
REX.W + OF 43 / CMOVNB r64, /m64 RM  Valid N.E. Move if not below (CF=0).
r
OF 47 /r CMOVNBE r16, RM  Valid Valid Move if not below or equal
r/mi16 (CF=0 and ZF=0Q).
OF 47 /r CMOVNBE r32, r/ RM  Valid Valid Move if not below or equal
m32 (CF=0 and ZF=0).
REX.W + OF 47 / CMOVNBE r64, r/ RM  Valid N.E. Move if not below or equal
r mé64 (CF=0 and ZF=0).
OF 43 /r CMOVNC r16, /m16 RM  Valid Valid Move if not carry (CF=0).
OF 43 /r CMOVNC r32, r/m32 RM Valid Valid Move if not carry (CF=0).
REXW + 0F 43 CMOVNC r64, r/m64 RM Valid N.E. Move if not carry (CF=0).
r
OF 45 /r CMOVNE r16,r/m16 RM  Valid Valid Move if not equal (ZF=0).
OF 45 /r CMOVNE r32, /m32 RM Valid Valid Move if not equal (ZF=0).
REXW + 0OF 45 CMOVNE r64, r/m64 RM Valid N.E. Move if not equal (ZF=0).
/r
OF 4€ /r CMOVNG r16, /m16 RM  Valid Valid Move if not greater (ZF=1
or SF# OF).
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Opcode

OF 4E /r

REX.W + OF 4€
/r

OF4C/r
OF4C/r

REX.W + OF 4C
/r

OF 4D /r
OF 4D /r

REX.W + OF 4D
/r

OF 4F /r

OF 4F /r
REX.W + OF 4F
/r

OF 41 /r

OF 41 /r

REX.W + OF 41 /

r
OF 4B /r
OF 4B /r

REX.W + OF 4B
/r

OF 49 /r
OF 49 /r

REX.W + OF 49
/r

OF 45 /r
OF 45 /r

REX.W + OF 45
/r

OF 40 /r
OF 40 /r

Instruction

CMOVNG r32, r/m32

CMOVNG r64, r/m64

CMOVNGE r16,
r/m16

CMOVNGE r32,
r/m32

CMOVNGE r64,
r/m64

CMOVNL r16, r/m16
CMOVNL r32, r/m32
CMOVNL r64, r/m64

CMOVNLE r16,
/mi16

CMOVNLE r32,
r/m32

CMOVNLE r64,
r/mé64

CMOVNO r16, r/m16

CMOVNO r32, r/m32

CMOVNO r64, r/m64

CMOVNP r16, /m16
CMOVNP r32, r/m32
CMOVNP r64, r/m64

CMOVNS r16, r/m16
CMOVNS r32, r/m32
CMOVNS r64, r/m64

CMOVNZ r16, /m16
CMOVNZ r32, r/m32
CMOVNZ r64, r/m64

CMOVO r16, /m16
CMOVO r32, r/m32

REX.W + OF 40 / CMOVO r64, r/mt4

r

Op/ 64-Bit
En  Mode
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid

Compat/
Leg Mode
Valid

N.E.

Valid
Valid

N.E.

Valid
Valid
N.E.

Valid
Valid
N.E.
Valid
Valid
N.E.

Valid
Valid
N.E.

Valid
Valid
N.E.

Valid
Valid
N.E.

Valid
Valid
N.E.

Description

Move if not greater (ZF=1
or SF# OF).

Move if not greater (ZF=1
or SF# OF).

Move if not greater or equal
(SF+ OF).

Move if not greater or equal
(SF+ OF).

Move if not greater or equal
(SF+ OF).

Move if not less (SF=0F).
Move if not less (SF=0F).
Move if not less (SF=0F).

Move if not less or equal
(2F=0 and SF=0F).

Move if not less or equal
(2F=0 and SF=0F).

Move if not less or equal
(2F=0 and SF=0F).

Move if not overflow
(OF=0).

Move if not overflow
(OF=0).

Move if not overflow
(OF=0).

Move if not parity (PF=0).
Move if not parity (PF=0).
Move if not parity (PF=0).

Move if not sign (SF=0).
Move if not sign (SF=0).
Move if not sign (SF=0).

Move if not zero (ZF=0).
Move if not zero (ZF=0).
Move if not zero (ZF=0).

Move if overflow (OF=1).
Move if overflow (OF=1).
Move if overflow (OF=1).
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Opcode

OF 4A /r
OF 4A /r

REX.W + OF 4A
/r

OF 4A /r
OF 4A /r

REX.W + OF 4A
/r

OF 4B /r
OF 4B /r

REX.W + OF 4B
/r

OF 48 /r
OF 48 /r

REX.W + OF 48
/r

OF 44 /r
OF 44 /r

REX.W + OF 44
/r

Instruction

CMOVP r16, r/m16
CMOVP r32, r/m32
CMOVP r64, r/m64

CMOVPE r16, r/m16
CMOVPE r32, r/m32
CMOVPE r64, r/m64

CMOVPO ri16, r/m16
CMOVPO r32, r/m32
CMOVPO r64, r/m64

CMOVS r16, r/m16
CMOVS r32, r/m32
CMOVS r64, r/m64

CMOVZ r16, r/m16
CMOVZ r32, r/m32
CMOVZ r64, r/m64

Op/ 64-Bit
En  Mode
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid

Compat/
Leg Mode

Valid
Valid
N.E.

Valid
Valid
N.E.

Valid
Valid
N.E.

Valid
Valid
N.E.

Valid
Valid
N.E.

Description

Move if parity (PF=1).
Move if parity (PF=1).
Move if parity (PF=1).

Move if parity even (PF=1).
Move if parity even (PF=1).
Move if parity even (PF=1).

Move if parity odd (PF=0).
Move if parity odd (PF=0).
Move if parity odd (PF=0).

Move if sign (SF=1).
Move if sign (SF=1).
Move if sign (SF=1).

Move if zero (ZF=1).
Move if zero (ZF=1).
Move if zero (ZF=1).

Instruction Operand Encoding

Op/En
RM

Operand 1
ModRM:reg (r, w)

Operand 2

ModRM:r/m (r)

Operand 3
NA NA

Operand 4
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CMP—Compare Two Operands
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Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
3Cib CMP AL, imm8 | Valid Valid Compare imm8 with AL.
3D iw CMP AX, imm16 | Valid Valid Compare imm16 with AX.
3D id CMP EAX, imm32 | Valid Valid Compare imm32 with EAX.
REXW +3Did CMPRAX,imm32 | Valid N.E. Compare imm32 sign-
extended to 64-bits with
RAX.
80/7 ib CMP r/m8, imm8 Ml  Valid Valid Compare imm8 with r/m8.
REX+80/7ib CMP/m8,imm8 Ml  Valid N.E. Compare imm8 with r/m8.
81/7 iw CMP r/m16, Ml Valid Valid Compare imm16 with
imm16 r/m16.
81/7 id CMP r/m32, Ml Valid Valid Compare imm32 with
imm32 r/m32.
REXW +81/7 CMP r/m64, Mi Valid N.E. Compare imm32 sign-
id imm32 extended to 64-bits with
r/mé4.
83/7ib CMP r/m16, imm8 Ml  Valid Valid Compare imm8 with r/m16.
83/7ib CMP r/m32, imm8 M|  Valid Valid Compare imm8 with r/m32.
REXW +83/7 CMP r/m64, imm8 Ml Valid N.E. Compare imm8 with r/m64.
ib
38/r CMP r/m8, r8 MR  Valid Valid Compare r8 with r/m8.
REX +38/r CMP r/m8*, g MR  Valid N.E. Compare r8 with r/m8.
39/r CMP r/m16,r16 MR Valid Valid Compare r16 with r/m16.
39/r CMP r/m32, r32 MR  Valid Valid Compare r32 with r/m32.
REXW +39/r CMP r/m64,r64 MR  Valid N.E. Compare r64 with r/m64.
3A/r CMP r8, r/m8 RM  Valid Valid Compare r/m8 with r8.
REX+3A/r CMP 8, r/m8’ RM  Valid N.E. Compare r/m8 with r8.
3B/r CMPri16,r/m16 RM  Valid Valid Compare r/m16 with r16.
3B/r CMPr32,r/m32 RM Valid Valid Compare r/m32 with r32.
REXW +3B/r CMP r64, r/m64 RM  Valid N.E. Compare r/m64 with r64.
NOTES:

* In 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix is
used: AH, BH, CH, DH.

Instruction Operand Encoding

Op/En

Operand 1

RM ModRM:reg (r, w)

MR ModRM:r/m (r, w)

Mi ModRM:r/m (r, w)
I AL/AX/EAX/RAX

Operand 2
ModRM:r/m (r)
ModRM:reg (w)

imm8

imm8

Operand 3 Operand 4
NA NA
NA NA
NA NA
NA NA
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CMPPD—Compare Packed Double-Precision Floating-Point Values

Opcode/ Op/ 64/32- CPUID Description
Instruction En bit Mode Feature
Flag
66 OF C2 /rib RMI  V/V SSE2 Compare packed double-
CMPPD xmm1, xmm2/m128, imm8 precision floating-point

values in xmm2/m128 and
xmm1 using imm8 as
comparison predicate.

VEX.NDS.128.66.0F.WIG C2 /rib RVMI V/V AVX Compare packed double-
VCMPPD xmm1, xmm2, xmm3/m128, precision floating-point
imms values in xmm3/m128 and

xmm2 using bits 4:0 of
imm8 as a comparison

predicate.
VEX.NDS.256.66.0FWIG C2 /rib RVMI V/V AVX Compare packed double-
VCMPPD ymm1, ymm2, ymm3/m256, precision floating-point
imm8 values in ymm3/m256 and

ymm2 using bits 4:0 of
imm8 as a comparison

predicate.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reg (r, w) ModRM:r/m (r) imm8 NA
RVMI ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) imm8

Intel C/C++ Compiler Intrinsic Equivalents

CMPPD for equality: __m128d _mm_cmpeq_pd(__m128d a, __m128db)

CMPPD for less-than: __m128d _mm_cmplt_pd(__m128da,__m128d b)

CMPPD for less-than-or-equal: __m128d _mm_cmple_pd(__m128d a, __m128db)
CMPPD for greater-than: __m128d _mm_cmpgt_pd(__m128da, __m128dDb)

CMPPD for greater-than-or-equal: __m128d _mm_cmpge_pd(__m128d a, __m128d b)
CMPPD for inequality: __m128d _mm_cmpneq_pd(__m128da, __m128dDb)

CMPPD for not-less-than:  __m128d _mm_cmpnlt_pd(__m128d a, __m128db)
CMPPD for not-greater-than: __m128d _mm_cmpngt_pd(__m128d a3, __ m128dDb)
CMPPD for not-greater-than-or-equal: __m128d _mm_cmpnge_pd(__m128da, __m128db)
CMPPD for ordered: __m128d _mm_cmpord_pd(__m128da, __m128d b)

CMPPD for unordered: __m128d _mm_cmpunord_pd(__m128da, __m128d b)
CMPPD for not-less-than-or-equal: __m128d _mm_cmpnle_pd(__m128d a, __ m128db)

VCMPPD: __m256 _mm256_cmp_pd(__m256 a,__m256 b, const int imm)
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VCMPPD: __m128 _mm_cmp_pd(__m128 3, __m128 b, const int imm)

CMPPS—Compare Packed Single-Precision Floating-Point Values

Opcode/ Op/ 64/32- CPUID Description
Instruction En  bit Mode Feature

Flag
OF C2/rib RMI  V/V SSE Compare packed single-
CMPPS xmm1, xmm2/m128, imm8 precision floating-point

values in xmmZ2/mem and
xmm1 using imm8 as
comparison predicate.

VEX.NDS.128.0F.WIG C2 /rib RVMI V/V AVX Compare packed single-
VCMPPS xmm1, xmm2, xmm3/m128, precision floating-point
imm8 values in xmm3/m128 and

xmm2 using bits 4:0 of
imm8 as a comparison

predicate.
VEX.NDS.256.0F.WIG C2 /rib RVMI V/V AVX Compare packed single-
VCMPPS ymm1, ymm2, ymm3/m256, precision floating-point
imms values in ymm3/m256 and

ymmZ2 using bits 4:0 of
imm8 as a comparison

predicate.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reg (r, w) ModRM:r/m (r) imm8 NA
RVMI ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) imm8
Intel C/C++ Compiler Intrinsic Equivalents
CMPPS for equality: __m128_mm_cmpeq_ps(__m1283a,__m128b)

CMPPS for less-than:  __m128 _mm_cmplt_ps(_m128 3, __m128b)

CMPPS for less-than-or-equal:  __m128 _mm_cmple_ps(__m1283a,__m128Db)
CMPPS for greater-than: __m128 _mm_cmpgt_ps(__m128a, __m128b)

CMPPS for greater-than-or-equal: __m128 _mm_cmpge_ps(__m128 3, __m128b)
CMPPS for inequality: __m128 _mm_cmpneq_ps(__m128a,__m128Db)
m128Db)
CMPPS for not-greater-than: __m128 _mm_cmpngt_ps(__m128a,__m128b)

CMPPS for not-less-than: __m128 _mm_cmpnlt_ps(__m128 3,

CMPPS for not-greater-than-or-equal: __m128 _mm_cmpnge_ps(__m128 g,
CMPPS for ordered: __m128 _mm_cmpord_ps(__m1284a,_m128b)
CMPPS for unordered:  __m128 _mm_cmpunord_ps(__m1283a, __m128b)

m128 b)

CMPPS for not-less-than-or-equal: __m128 _mm_cmpnle_ps(__m128 a3, __m128b)
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VVCMPPS:
VCMPPS:
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__m256 _mm256_cmp_ps(__m256 a, __m256 b, const int imm)

__m128 _mm_cmp_ps(__m128a, __m128 b, const int imm)

CMPS/CMPSB/CMPSW/CMPSD/CMPSQ—Compare String Operands

Opcode

A6

A7

A7

REX.W + A7

A6

Instruction

CMPS m8, m8

CMPS m16, m16

CMPS m32, m32

CMPS m64, m64

CMPSB

Op/ 64-Bit
En  Mode
NP  Valid
NP  Valid
NP  Valid
NP  Valid
NP  Valid

Compat/
Leg Mode

Valid

Valid

Valid

N.E.

Valid

Description

For legacy mode, compare
byte at address DS:(E)SI
with byte at address
€S:(E)DI; For 64-bit mode
compare byte at address
(R|E)SI to byte at address
(RIE)DI. The status flags are
set accordingly.

For legacy mode, compare
word at address DS:(E)SI
with word at address
ES:(E)DI; For 64-bit mode
compare word at address
(RIE)SI with word at address
(RIE)DI. The status flags are
set accordingly.

For legacy mode, compare
dword at address DS:(E)SI at
dword at address ES:(E)DI;
For 64-bit mode compare
dword at address (R|E)SI at
dword at address (R|E)DI.
The status flags are set
accordingly.

Compares quadword at
address (R|E)SI with
quadword at address (R|E)DI
and sets the status flags
accordingly.

For legacy mode, compare
byte at address DS:(E)SI
with byte at address
€S:(E)DI; For 64-bit mode
compare byte at address
(R|E)SI with byte at address
(RIE)DI. The status flags are
set accordingly.
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Opcode

A7

A7

REX.W + A7

Instruction

CMPSW

CMPSD

CMPSQ

Op/ 64-Bit
En  Mode

NP Valid

NP Valid

NP Valid

Compat/
Leg Mode

Valid

Valid

N.E.

Description

For legacy mode, compare
word at address DS:(E)SI
with word at address
€S:(E)DI; For 64-bit mode
compare word at address
(RIE)SI with word at address
(RIE)DI. The status flags are
set accordingly.

For legacy mode, compare
dword at address DS:(E)SI
with dword at address
€S:(E)DI; For 64-bit mode
compare dword at address
(R|E)SI with dword at
address (R|E)DI. The status
flags are set accordingly.

Compares quadword at
address (R|E)SI with
quadword at address (R|E)DI
and sets the status flags
accordingly.

Instruction Operand Encoding

Op/En
NP

Operand 1
NA

Operand 2
NA

Operand 3

Operand 4
NA NA

CMPSD—Compare Scalar Double-Precision Floating-Point Values

Opcode/
Instruction

imm8

F2 OF C2/rib
CMPSD xmm1, xmmZ2/m64, imm8

VEX.NDS.LIG.F2.0FWIG C2 /rib
VCMPSD xmm1, xmm2, xmm3/m64,

Op/ 64/32-bit CPUID

En Mode
RMI VIV
RVMI V/V

Feature
Flag

SSE2

AVX

Description

Compare low double-
precision floating-point
value in xmmZ2/m64 and
xmm1 using imm8 as
comparison predicate.

Compare low double
precision floating-point
value in xmm3/m64 and
xmm2 using bits 4:0 of
imm8 as comparison
predicate.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reg (r, w) ModRM:r/m (r) imm8 NA
RVMI ModRM:reg (w) VEX.vwwv (1) ModRM:r/m (r) imm8

Intel C/C++ Compiler Intrinsic Equivalents

CMPSD for equality: __m128d _mm_cmpeq_sd(__m128da,__m128dDb)

CMPSD for less-than:  __m128d _mm_cmplt_sd(__m128da, __m128dDb)

CMPSD for less-than-or-equal: __m128d _mm_cmple_sd(__m128da, __m128db)
CMPSD for greater-than: __m128d _mm_cmpgt_sd(__m128d a, __m128d b)

CMPSD for greater-than-or-equal: __m128d _mm_cmpge_sd(__m128da, __m128db)
CMPSD for inequality: __m128d _mm_cmpneq_sd(__m128da, __m128db)

CMPSD for not-less-than: __m128d _mm_cmpnlt_sd(__m128da, __m128db)

CMPSD for not-greater-than: __m128d _mm_cmpngt_sd(__m128da, __m128d b)
CMPSD for not-greater-than-or-equal: __m128d _mm_cmpnge_sd(__m128da, __m128d b)
CMPSD for ordered: __m128d _mm_cmpord_sd(__m128da, __m128db)

CMPSD for unordered: __m128d _mm_cmpunord_sd(__m128da, __m128db)

CMPSD for not-less-than-or-equal: __m128d _mm_cmpnle_sd(__m128d a, __m128d b)

VCMPSD:  __m128 _mm_cmp_sd(__m128a, __m128 b, const int imm)

CMPSS—Compare Scalar Single-Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En Mode Feature

Flag
F30FC2/rib RMI  V/V SSE Compare low single-
CMPSS xmm1, xmm2/m32, imm8 precision floating-point

value in xmmZ2/m32 and
xmmY1 using imm8 as
comparison predicate.

VEX.NDS.LIG.F3.0FWIG C2 /r ib RVMI V/V AVX Compare low single
VCMPSS xmm1, xmm2, xmm3/m32, precision floating-point
imm8 value in xmm3/m32 and

xmm?2 using bits 4:0 of
imm8 as comparison
predicate.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reg (r, w) ModRM:r/m (r) imm8 NA
RVMI ModRM:reg (w) VEX.vwwv (1) ModRM:r/m (r) imm8

Intel C/C++ Compiler Intrinsic Equivalents

CMPSS for equality: __m128 _mm_cmpeqg_ss(__m128a,_m128b)

CMPSS for less-than:  __m128 _mm_cmplt_ss(_m128a,__m128Db)

CMPSS for less-than-or-equal: __m128 _mm_cmple_ss(__m128a,__m128 b)
CMPSS for greater-than: __m128 _mm_cmpgt_ss(__m128a,__m128Db)

CMPSS for greater-than-or-equal: __m128 _mm_cmpge_ss(__m1284a,_m128Db)
CMPSS for inequality: _m128 _mm_cmpneq_ss(__m128 3, __m128b)

CMPSS for not-less-than: __m128 _mm_cmpnlt_ss(__m1283a, _m128b)

CMPSS for not-greater-than: __m128 _mm_cmpngt_ss(__m1284a,__m128Db)
CMPSS for not-greater-than-or-equal: __m128 _mm_cmpnge_ss(__m128 a, __m128b)
CMPSS for ordered: __m128 _mm_cmpord_ss(__m128a,__m128Db)

CMPSS for unordered: __m128 _mm_cmpunord_ss(__m128a,_m128b)

CMPSS for not-less-than-or-equal: __m128 _mm_cmpnle_ss(_m128 a,__m128b)

VCMPSS: __m128 _mm_cmp_ss(__m128 a, __m128 b, const int imm)
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CMPXCHG—Compare and Exchange

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF BO/r CMPXCHG r/m8,r8 MR  Valid Valid* Compare AL with r/m8. If

equal, ZF is set and r8is
loaded into r/m8. Else, clear
ZF and load r/m8into AL.

REX + OF BO/r CMPXCHG MR  Valid N.E. Compare AL with r/m8. If
r/m8**r8 equal, ZF is set and r8is
loaded into r/m8. Else, clear
ZF and load r/m8into AL.

OF B1/r CMPXCHG r/m16, MR Valid Valid* Compare AX with r/m16. If
rié equal, ZFissetand r16is
loaded into r/m16. Else,
clear ZF and load r/m16into

AX.
OF B1/r CMPXCHG r/m32, MR Valid Valid* Compare EAX with /m32. If
r32 equal, ZF is setand r32is

loaded into r/m32. Else,
clear ZF and load r/m32into

EAX.
REX.W + OF CMPXCHG r/m64, MR Valid N.E. Compare RAX with /m64. If
B1/r r64 equal, ZF is set and r64 is

loaded into r/m64. Else,
clear ZF and load r/m64 into
RAX.

NOTES:
* See the IA-32 Architecture Compatibility section below.

**|n 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix is
used: AH, BH, CH, DH.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

MR ModRM:r/m (r, w) ModRM:reg (r) NA NA
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CMPXCHG8B/CMPXCHG16B—Compare and Exchange Bytes

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OFC7/1m64 CMPXCHG8B m64 M Valid Valid* Compare EDX:EAX with

m64. If equal, set ZF and
load ECX:EBX into m64. Else,
clear ZF and load m64 into

EDX:EAX.
REXW + OF C7 CMPXCHG16B M Valid N.E. Compare RDX:RAX with
/1mi128 mi128 m128.If equal, set ZF and

load RCX:RBX into m128.
Else, clear ZF and load m7128

into RDX:RAX.
NOTES:
*See |A-32 Architecture Compatibility section below.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
M ModRM:r/m (r, w) NA NA NA

COMISD—Compare Scalar Ordered Double-Precision Floating-Point Values

and Set EFLAGS
Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
66 OF 2F /r RM VNV SSe2 Compare low double-
COMISD xmm1, xmm2/m64 precision floating-point
values in xmm1 and
xmmZ/mem64 and set the
EFLAGS flags accordingly.
VEX.LIG.66.0F.WIG 2F /r RM VNV AVX Compare low double
VCOMISD xmm1, xmm2/m64 precision floating-point
values in xmm1 and
xmm2/mem64 and set the
EFLAGS flags accordingly.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r) ModRM:r/m (r) NA NA
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Intel C/C++ Compiler Intrinsic Equivalents

int _mm_comieq_sd (__m128da, __m128dDb)
int _mm_comilt_sd (__m128d a, __m128db)
int _mm_comile_sd (__m128da, __m128dDb)
int _mm_comigt_sd (__m128d a, __m128d b)
int _mm_comige_sd (__m128d a, __m128db)
int _mm_comineq_sd (__m128d a, __m128db)

COMISS—Compare Scalar Ordered Single-Precision Floating-Point Values

and Set EFLAGS

Opcode/ Op/ 64/32-bit CPUID Description

Instruction En  Mode Feature

Flag

OF 2F /r RM VNV SSE Compare low single-

COMISS xmm1, xmm2/m32 precision floating-point
values in xmm1 and
xmmZ2/mem3Z2 and set the
EFLAGS flags accordingly.

VEX.LIG.OF 2F.WIG /r RM VNV AVX Compare low single

VCOMISS xmm1, xmm2/m32 precision floating-point
values in xmm1 and
xmm2/mem32 and set the
EFLAGS flags accordingly.

Instruction Operand Encoding

Op/En Operand 1 Operand 2
RM ModRM:reg (r) ModRM:r/m (r)

Operand 3 Operand 4

NA NA

Intel C/C++ Compiler Intrinsic Equivalents
int _mm_comieq_ss (__m128a,__m128b)

int _mm_comilt_ss (__m1283a,_m128Db)

int _mm_comile_ss (__m128a, __m128Db)

int _mm_comigt_ss (_m1283a,_m128Db)

int _mm_comige_ss (__m128a,__m128b)

int _mm_comineq_ss (__m1283a,_m128Db)
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CPUID—CPU Identification

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF A2 CPUID NP  Valid Valid Returns processor

identification and feature
information to the EAX,
EBX, ECX, and EDX
registers, as determined by
input entered in EAX (in
some cases, ECX as well).

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

NP NA NA NA NA
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Table 3-17 Information Returned by CPUID Instruction

Initial EAX
Value Information Provided about the Processor

Basic CPUID Information

OH EAX Maximum Input Value for Basic CPUID Information (see Table 3-18)
EBX “Genu”
ECX “ntel”
EDX “inel”

O1H EAX Version Information: Type, Family, Model, and Stepping ID (see

Figure 3-5)

EBX Bits 07-00: Brand Index

Bits 15-08: CLFLUSH line size (Value * 8 = cache line size in bytes)

Bits 23-16: Maximum number of addressable IDs for logical processors

in this physical package*.

Bits 31-24: Initial APIC ID

ECX Feature Information (see Figure 3-6 and Table 3-20)
EDX Feature Information (see Figure 3-7 and Table 3-21)

NOTES:

* The nearest power-of-2 integer that is not smaller than EBX[23:16]
is the number of unique initial APIC IDs reserved for addressing dif-
ferent logical processors in a physical package. This field is only valid
if CPUID.1.EDX.HTT[bit 28]= 1.

02H EAX Cache and TLB Information (see Table 3-22)
EBX Cache and TLB Information
ECX Cache and TLB Information
EDX Cache and TLB Information
03H EAX Reserved.
EBX Reserved.
ECX Bits 00-31 of 96 bit processor serial number. (Available in Pentium Il
processor only; otherwise, the value in this register is reserved.)
EDX

Bits 32-63 of 96 bit processor serial number. (Available in Pentium Ill

processor only; otherwise, the value in this register is reserved.)

NOTES:

Processor serial number (PSN) is not supported in the Pentium 4 pro-
cessor or later. On all models, use the PSN flag (returned using
CPUID) to check for PSN support before accessing the feature.
See AP-485, Intel Processor Identification and the CPUID Instruc-
tion (Order Number 241618) for more information on PSN.
CPUID leaves > 3 < 80000000 are visible only when
IA32_MISC_ENABLE.BOOT_NT4(bit 22] = O (default).
Deterministic Cache Parameters Leaf
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Table 3-17 Information Returned by CPUID Instruction (Contd.)

Initial EAX
Value

Information Provided about the Processor

04H

EAX

EBX

ECX
EDX

NOTES:
Leaf 04H output depends on the initial value in ECX.

See also: “INPUT EAX = 4: Returns Deterministic Cache Parameters
for each level on page 3-224.

Bits 04-00: Cache Type Field
0 = Null - No more caches
1 = Data Cache
2 = Instruction Cache
3 = Unified Cache
4-31 = Reserved

Bits 07-05: Cache Level (starts at 1)
Bit 08: Self Initializing cache level (does not need SW initialization)
Bit 09: Fully Associative cache

Bits 13-10: Reserved

Bits 25-14: Maximum number of addressable IDs for logical processors
sharing this cache*, **

Bits 31-26: Maximum number of addressable IDs for processor cores in
the physical package*, ***, ****

Bits 11-00: L = System Coherency Line Size*
Bits 21-12: P = Physical Line partitions*
Bits 31-22: W = Ways of associativity*

Bits 31-00: S = Number of Sets*

Bit O: Write-Back Invalidate/Invalidate
0 = WBINVD/INVD from threads sharing this cache acts upon lower
level caches for threads sharing this cache.
1 = WBINVD/INVD is not guaranteed to act upon lower level caches
of non-originating threads sharing this cache.
Bit 1: Cache Inclusiveness
0 = Cache is not inclusive of lower cache levels.
1 = Cache is inclusive of lower cache levels.
Bit 2: Complex Cache Indexing
0 = Direct mapped cache.
1 = A complex function is used to index the cache, potentially using
all address bits.
Bits 31-03: Reserved = 0

NOTES:

* Add one to the return value to get the result.

** The nearest power-of-2 integer that is not smaller than (1 +
EAX[25:14]) is the number of unique initial APIC IDs reserved for
addressing different logical processors sharing this cache

*** The nearest power-of-2 integer that is not smaller than (1 +
EAX[31:26]) is the number of unique Core_IDs reserved for address-
ing different processor cores in a physical package. Core ID is a sub-
set of bits of the initial APIC ID.

****The returned value is constant for valid initial values in ECX. Valid
ECX values start from 0.
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Table 3-17 Information Returned by CPUID Instruction (Contd.)

Initial EAX
Value

Information Provided about the Processor

MONITOR/MWAIT Leaf

05H

EAX

EBX

ECX

EDX

Bits 15-00: Smallest monitor-line size in bytes (default is processor’s
monitor granularity)
Bits 31-16: Reserved = 0

Bits 15-00: Largest monitor-line size in bytes (default is processor’s
monitor granularity)
Bits 31-16: Reserved = 0

Bit 00: Enumeration of Monitor-Mwait extensions (beyond EAX and
EBX registers) supported

Bit O1: Supports treating interrupts as break-event for MWAIT, even
when interrupts disabled

Bits 31 - 02: Reserved

Bits 03 - 00: Number of CO* sub C-states supported using MWAIT
Bits 07 - 04: Number of C1* sub C-states supported using MWAIT
Bits 11 - 08: Number of C2* sub C-states supported using MWAIT
Bits 15 - 12: Number of C3* sub C-states supported using MWAIT
Bits 19 - 16: Number of C4* sub C-states supported using MWAIT
Bits 31 - 20: Reserved = 0

NOTE:

* The definition of CO through C4 states for MWAIT extension are pro-
cessor-specific C-states, not ACPI C-states.

Thermal and Power Management Leaf

06H

EAX

EBX

ECX

EDX

Bit 00: Digital temperature sensor is supported if set

Bit 01: Intel Turbo Boost Technology Available (see description of
IA32_MISC_ENABLE[38]).

Bit 02: ARAT. APIC-Timer-always-running feature is supported if set.
Bit 03: Reserved

Bit 04: PLN. Power limit notification controls are supported if set.

Bit 05: ECMD. Clock modulation duty cycle extension is supported if set.
Bit 06: PTM. Package thermal management is supported if set.

Bits 31 - 07: Reserved

Bits 03 - 00: Number of Interrupt Thresholds in Digital Thermal Sensor
Bits 31 - 04: Reserved

Bit 00: Hardware Coordination Feedback Capability (Presence of
IA32_MPERF and IA32_APERF). The capability to provide a measure of
delivered processor performance (since last reset of the counters), as
a percentage of expected processor performance at frequency speci-
fied in CPUID Brand String

Bits 02 - 01: Reserved = 0

Bit 03: The processor supports performance-energy bias preference if
CPUID.O6H:ECX.SETBHI[bit 3] is set and it also implies the presence of a
new architectural MSR called IA32_ENERGY_PERF_BIAS (1BOH)

Bits 31 - 04: Reserved = 0

Reserved =0

Structured Extended Feature Flags Enumeration Leaf (Output depends on ECX

input value)
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Table 3-17 Information Returned by CPUID Instruction (Contd.)

Initial EAX
Value

Information Provided about the Processor

07H

EAX

EBX

ECX
EDX

Sub leaf O (Input ECX = Q).

Bits 31-00: Reports the maximum number of supported leaf 7 sub-
leaves.

Bit 00: FSGSBASE. Supports RDFSBASE/RDGSBASE/WRFSBASE/WRGS-
BASEif 1.

Bit 06:01: Reserved

Bit 07: SMEP. Supports Supervisor Mode Execution Protection if 1.

Bit 08: Reserved

Bit 09: Supports Enhanced REP MOVSB/STOSB if 1.

Bit 10: INVPCID. If 1, supports INVPCID instruction for system software
that manages process-context identifiers.

Bit 31:11: Reserved

Reserved

Reserved.

Direct Cache Access Information Leaf

0SH

EAX

EBX
ECX
EDX

Value of bits [31:0] of IA32_PLATFORM_DCA_CAP MSR (address
1F8H)

Reserved
Reserved
Reserved

Architectural Performance Monitoring Leaf

OAH

EAX

EBX

ECX
EDX

Bits 07 - 00: Version ID of architectural performance monitoring

Bits 15- 08: Number of general-purpose performance monitoring
counter per logical processor

Bits 23 - 16: Bit width of general-purpose, performance monitoring
counter

Bits 31 - 24: Length of EBX bit vector to enumerate architectural per-
formance monitoring events

Bit 00: Core cycle event not available if 1

Bit 01: Instruction retired event not available if 1

Bit 02: Reference cycles event not available if 1

Bit 03: Last-level cache reference event not available if 1
Bit 04: Last-level cache misses event not available if 1
Bit 05: Branch instruction retired event not available if 1
Bit 06: Branch mispredict retired event not available if 1
Bits 31- 07: Reserved = 0

Reserved =0

Bits 04 - 00: Number of fixed-function performance counters (if Ver-
sionID > 1)

Bits 12- 05: Bit width of fixed-function performance counters (if Ver-
sionID > 1)

Reserved =0

Extended Topology Enumeration Leaf
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Table 3-17 Information Returned by CPUID Instruction (Contd.)

Initial EAX
Value

Information Provided about the Processor

0BH

EAX

EBX

ECX

EDX

NOTES:
Most of Leaf OBH output depends on the initial value in ECX.
EDX output do not vary with initial value in ECX.
ECX[7:0] output always reflect initial value in ECX.
All other output value for an invalid initial value in ECX are O.
Leaf OBH exists if EBX[15:0] is not zero.

Bits 04-00: Number of bits to shift right on x2APIC ID to get a unique
topology ID of the next level type*. All logical processors with the
same next level ID share current level.

Bits 31-05: Reserved.

Bits 15 - 00: Number of logical processors at this level type. The num-
ber reflects configuration as shipped by Intel**
Bits 31- 16: Reserved.

Bits 07 - 00: Level number. Same value in ECX input
Bits 15 - 08: Level type***.
Bits 31 - 16:: Reserved.

Bits 31- 00: x2APIC ID the current logical processor.

NOTES:
* Software should use this field (EAX[4:0]) to enumerate processor
topology of the system.

** Software must not use EBX[15:0] to enumerate processor topology
of the system. This value in this field (EBX[15:0]) is only intended for
display/diagnostic purposes. The actual number of logical processors
available to BIOS/OS/Applications may be different from the value of
EBX[15:0], depending on software and platform hardware configura-
tions.

*** The value of the “level type” field is not related to level numbers in
any way, higher “level type” values do not mean higher levels. Level
type field has the following encoding:

0:invalid

1:SMT

2 : Core

3-255 : Reserved

Processor Extended State Enumeration Main Leaf (EAX = ODH, ECX = 0)

ODH

EAX

NOTES:
Leaf ODH main leaf (ECX = 0).

Bits 31-00: Reports the valid bit fields of the lower 32 bits of XCRO. If
a bitis 0, the corresponding bit field in XCRO is reserved.

Bit 00: legacy x87

Bit 01: 128-bit SSE

Bit 02: 256-bit AVX

Bits 31- 03: Reserved
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Table 3-17 Information Returned by CPUID Instruction (Contd.)

Initial EAX
Value Information Provided about the Processor

EBX Bits 31-00: Maximum size (bytes, from the beginning of the XSAVE/
XRSTOR save area) required by enabled features in XCRO. May be dif-
ferent than ECX if some features at the end of the XSAVE save area
are not enabled.

ECX Bit 31-00: Maximum size (bytes, from the beginning of the
XSAVE/XRSTOR save area) of the XSAVE/XRSTOR save area required
by all supported features in the processor, i.e all the valid bit fields in
XCRO.

EDX Bit 31-00: Reports the valid bit fields of the upper 32 bits of XCRO. If a
bit is O, the corresponding bit field in XCRO is reserved.

Processor Extended State Enumeration Sub-leaf (EAX = ODH, ECX = 1)

EAX Bits 31-01: Reserved
Bit 00: XSAVEOPT is available;

EBX Reserved

ECX Reserved

EDX Reserved

Processor Extended State Enumeration Sub-leaves (EAX = ODH, ECX =n,n > 1)

ODH NOTES:
Leaf ODH output depends on the initial value in ECX.
If ECX contains an invalid sub leaf index, EAX/EBX/ECX/EDX return O.
Each valid sub-leaf index maps to a valid bit in the XCRO register
starting at bit position 2

EAX Bits 31-0: The size in bytes (from the offset specified in EBX) of the
save area for an extended state feature associated with a valid sub-
leaf index, n. This field reports O if the sub-leaf index, n, is invalid*.

EBX Bits 31-0: The offset in bytes of this extended state component’s save
area from the beginning of the XSAVE/XRSTOR area.

This field reports O if the sub-leaf index, n, is invalid*.

ECX This field reports O if the sub-leaf index, n, is invalid*; otherwise it is
reserved.

EDX This field reports O if the sub-leaf index, n, is invalid*; otherwise it is
reserved.

Unimplemented CPUID Leaf Functions

40000000H Invalid. No existing or future CPU will return processor identification or
- feature information if the initial EAX value is in the range 40000000H
4FFFFFFFH to 4FFFFFFFH.

Extended Function CPUID Information

80000000H | EAX Maximum Input Value for Extended Function CPUID Information (see
Table 3-18).

EBX Reserved

ECX Reserved

EDX Reserved
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Table 3-17 Information Returned by CPUID Instruction (Contd.)

Initial EAX
Value Information Provided about the Processor
800000071H | EAX Extended Processor Signature and Feature Bits.
EBX Reserved
ECX Bit 00: LAHF/SAHF available in 64-bit mode
Bits 31-01 Reserved
EDX Bits 10-00: Reserved
Bit 11: SYSCALL/SYSRET available (when in 64-bit mode)
Bits 19-12: Reserved =0
Bit 20: Execute Disable Bit available
Bits 25-21: Reserved = 0
Bit 26: 1-GByte pages are available if 1
Bit 27: RDTSCP and IA32_TSC_AUX are available if 1
Bits 28: Reserved = 0
Bit 29: Intel® 64 Architecture available if 1
Bits 31-30: Reserved = 0
80000002H | EAX Processor Brand String
EBX Processor Brand String Continued
ECX Processor Brand String Continued
EDX Processor Brand String Continued
80000003H | EAX Processor Brand String Continued
EBX Processor Brand String Continued
ECX Processor Brand String Continued
EDX Processor Brand String Continued
80000004H | EAX Processor Brand String Continued
EBX Processor Brand String Continued
ECX Processor Brand String Continued
EDX Processor Brand String Continued
80000005H | EAX Reserved =0
EBX Reserved = 0
ECX Reserved = 0
EDX Reserved = 0
80000006H | EAX Reserved =0
EBX Reserved =0
ECX Bits 07-00: Cache Line size in bytes
Bits 11-08: Reserved
Bits 15-12: L2 Associativity field *
Bits 31-16: Cache size in 1K units
EDX Reserved =0
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Table 3-17 Information Returned by CPUID Instruction (Contd.)

Initial EAX
Value

Information Provided about the Processor

NOTES:
* L2 associativity field encodings:
OOH - Disabled
01H - Direct mapped
02H - 2-way
04H - 4-way
06H - 8-way
08H - 16-way
OFH - Fully associative

80000007H

EAX
EBX
ECX
EDX

Reserved =0

Reserved =0

Reserved =0

Bits 07-00: Reserved =0

Bit 08: Invariant TSC available if 1
Bits 31-09: Reserved =0

80000008H

EAX

EBX
ECX
EDX

Linear/Physical Address size

Bits 07-00; #Physical Address Bits*
Bits 15-8: #Linear Address Bits
Bits 31-16: Reserved =0

Reserved =0
Reserved =0
Reserved =0

NOTES:

* |f CPUID.BOO0O0008H:EAX[7:0] is supported, the maximum physical
address number supported should come from this field.
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NOTE

Software must confirm that a processor feature is present using feature
flags returned by CPUID prior to using the feature. Software should not
depend on future offerings retaining all features.

3130 29 28 27 26 2524 2322212019181716151413121110 9 8 7 6 54 3 2 1 0

ECX

0
RDRAND Q
F16C ——MMM————
AVX
OSXSAVE
XSAVE
AES
TSC-Deadline
POPCNT
MOVBE
x2APIC
SSE4 2 — SSE4.2
SSE4_1 — SSE4.1
DCA — Direct Cache Access
PCID — Process-context Identifiers
PDCM — Perf/Debug Capability MSR
XTPR Update Control

CMPXCHG16B
FMA — Fused Multiply Add
CNXT-ID — L1 Context ID

SSSE3 — SSSE3 Extensions
TM2 — Thermal Monitor 2
EST — Enhanced Intel SpeedStep® Technology
SMX — Safer Mode Extensions
VMX — Virtual Machine Extensions
DS-CPL — CPL Qualified Debug Store
MONITOR — MONITOR/MWAIT
DTES64 — 64-bit DS Area
PCLMULQDQ — Carryless Multiplication
SSE3 — SSE3 Extensions

OM16524b
D Reserved

Figure 3-6 Feature Information Returned in the ECX Register
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Table 3-20 Feature Information Returned in the ECX Register

Bit # Mnemonic Description

0 SSE3 Streaming SIMD Extensions 3 (SSE3). A value of 1 indicates the
processor supports this technology.

1 PCLMULQDQ PCLMULQDAQ. A value of 1 indicates the processor supports the
PCLMULQDQ instruction

2 DTES64 64-bit DS Area. A value of 1 indicates the processor supports DS
area using 64-bit layout

3 MONITOR MONITOR/MWAIT. A value of 1 indicates the processor supports
this feature.

4 DS-CPL CPL Qualified Debug Store. A value of 1 indicates the processor
supports the extensions to the Debug Store feature to allow for
branch message storage qualified by CPL.

5 VMX Virtual Machine Extensions. A value of 1 indicates that the
processor supports this technology

6 SMX Safer Mode Extensions. A value of 1 indicates that the
processor supports this technology. See Chapter 6, “Safer Mode
Extensions Reference”.

7 EIST Enhanced Intel SpeedStep® technology. A value of 1 indicates
that the processor supports this technology.

8 ™2 Thermal Monitor 2. A value of 1 indicates whether the processor
supports this technology.

9 SSSE3 A value of 1 indicates the presence of the Supplemental
Streaming SIMD Extensions 3 (SSSE3). A value of 0 indicates the
instruction extensions are not present in the processor

10 CNXT-ID L1 Context ID. A value of 1 indicates the L1 data cache mode can
be set to either adaptive mode or shared mode. A value of O
indicates this feature is not supported. See definition of the
IA32_MISC_ENABLE MSR Bit 24 (L1 Data Cache Context Mode)
for details.

11 Reserved Reserved

12 FMA A value of 1 indicates the processor supports FMA extensions
using YMM state.

13 CMPXCHG16B CMPXCHG16B Available. A value of 1 indicates that the feature
is available. See the “CMPXCHG8B/CMPXCHG16B—Compare and
Exchange Bytes"” section in this chapter for a description.

14 xTPR Update XTPR Update Control. A value of 1 indicates that the processor

Control supports changing IA32_MISC_ENABLE[bit 23].

15 PDCM Perfmon and Debug Capability: A value of 1 indicates the
processor supports the performance and debug feature indication
MSR IA32_PERF_CAPABILITIES.

16 Reserved Reserved

17 PCID Process-context identifiers. A value of 1 indicates that the
processor supports PCIDs and that software may set CR4.PCIDE
to 1.

18 DCA A value of 1 indicates the processor supports the ability to
prefetch data from a memory mapped device.
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Table 3-20 Feature Information Returned in the ECX Register (Contd.)

Bit # Mnemonic Description

19 SSE4.1 A value of 1 indicates that the processor supports SSE4.1.

20 SSE4.2 A value of 1 indicates that the processor supports SSE4.2.

21 x2APIC A value of 1 indicates that the processor supports x2APIC
feature.

22 MOVBE A value of 1 indicates that the processor supports MOVBE
instruction.

23 POPCNT A value of 1 indicates that the processor supports the POPCNT
instruction.

24 TSC-Deadline A value of 1 indicates that the processor’s local APIC timer
supports one-shot operation using a TSC deadline value.

25 AESNI A value of 1 indicates that the processor supports the AESNI
instruction extensions.

26 XSAVE A value of 1 indicates that the processor supports the
XSAVE/XRSTOR processor extended states feature, the
XSETBV/XGETBV instructions, and XCRO.

27 OSXSAVE A value of 1 indicates that the OS has enabled XSETBV/XGETBV
instructions to access XCRO, and support for processor extended
state management using XSAVE/XRSTOR.

28 AVX A value of 1 indicates the processor supports the AVX instruction
extensions.

29 F16C A value of 1 indicates that processor supports 16-bit floating-
point conversion instructions.

30 RDRAND A value .of 1 indicates that processor supports RDRAND
instruction.

31 Not Used Always returns 0.

Table 3-21 More on Feature Information Returned in the EDX Register
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Bit #

Mnemonic

Description

FPU

Floating Point Unit On-Chip. The processor contains an x87 FPU.

VME

Virtual 8086 Mode Enhancements. Virtual 8086 mode enhancements,
including CR4.VME for controlling the feature, CR4.PVI for protected mode
virtual interrupts, software interrupt indirection, expansion of the TSS with
the software indirection bitmap, and EFLAGS.VIF and EFLAGS.VIP flags.

DE

Debugging Extensions. Support for I/0 breakpoints, including CR4.DE for
controlling the feature, and optional trapping of accesses to DR4 and DR5.

PSE

Page Size Extension. Large pages of size 4 MByte are supported, including
CR4.PSE for controlling the feature, the defined dirty bit in PDE (Page
Directory Entries), optional reserved bit trapping in CR3, PDEs, and PTEs.

TSC

Time Stamp Counter. The RDTSC instruction is supported, including
CR4.TSD for controlling privilege.

MSR

Model Specific Registers RDMSR and WRMSR Instructions. The RDMSR
and WRMSR instructions are supported. Some of the MSRs are
implementation dependent.

PAE

Physical Address Extension. Physical addresses greater than 32 bits are
supported: extended page table entry formats, an extra level in the page
translation tables is defined, 2-MByte pages are supported instead of 4
Mbyte pages if PAE bit is 1.

MCE

Machine Check Exception. Exception 18 is defined for Machine Checks,
including CR4.MCE for controlling the feature. This feature does not define
the model-specific implementations of machine-check error logging,
reporting, and processor shutdowns. Machine Check exception handlers may
have to depend on processor version to do model specific processing of the
exception, or test for the presence of the Machine Check feature.

CX8

CMPXCHG8B Instruction. The compare-and-exchange 8 bytes (64 bits)
instruction is supported (implicitly locked and atomic).

APIC

APIC On-Chip. The processor contains an Advanced Programmable Interrupt
Controller (APIC), responding to memory mapped commands in the physical
address range FFFEOOOQOH to FFFEOFFFH (by default - some processors
permit the APIC to be relocated).

10

Reserved

Reserved

11

SEP

SYSENTER and SYSEXIT Instructions. The SYSENTER and SYSEXIT and
associated MSRs are supported.

12

MTRR

Memory Type Range Registers. MTRRs are supported. The MTRRcap MSR
contains feature bits that describe what memory types are supported, how
many variable MTRRs are supported, and whether fixed MTRRs are
supported.

13

PGE

Page Global Bit. The global bit is supported in paging-structure entries that
map a page, indicating TLB entries that are common to different processes
and need not be flushed. The CR4.PGE bit controls this feature.

14

MCA

Machine Check Architecture. The Machine Check Architecture, which
provides a compatible mechanism for error reporting in P6 family, Pentium
4, Intel Xeon processors, and future processors, is supported. The MCG_CAP
MSR contains feature bits describing how many banks of error reporting
MSRs are supported.
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Bit #

Mnemonic

Description

15

CcMov

Conditional Move Instructions. The conditional move instruction CMOV is
supported. In addition, if x87 FPU is present as indicated by the CPUID.FPU
feature bit, then the FCOMI and FCMOV instructions are supported

16

PAT

Page Attribute Table. Page Attribute Table is supported. This feature
augments the Memory Type Range Registers (MTRRs), allowing an
operating system to specify attributes of memory accessed through a linear
address on a 4KB granularity.

17

PSE-36

36-Bit Page Size Extension. 4-MByte pages addressing physical memory
beyond 4 GBytes are supported with 32-bit paging. This feature indicates
that upper bits of the physical address of a 4-MByte page are encoded in
bits 20:13 of the page-directory entry. Such physical addresses are limited
by MAXPHYADDR and may be up to 40 bits in size.

18

PSN

Processor Serial Number. The processor supports the 96-bit processor
identification number feature and the feature is enabled.

19

CLFSH

CLFLUSH Instruction. CLFLUSH Instruction is supported.

20

Reserved

Reserved

21

DS

Debug Store. The processor supports the ability to write debug information
into a memory resident buffer. This feature is used by the branch trace
store (BTS) and precise event-based sampling (PEBS) facilities (see Chapter
23, “Introduction to Virtual-Machine Extensions,” in the Intel 64 and IA-32
Architectures Software Developer’s Manual, Volume 3().

22

ACPI

Thermal Monitor and Software Controlled Clock Facilities. The processor
implements internal MSRs that allow processor temperature to be
monitored and processor performance to be modulated in predefined duty
cycles under software control.

23

MMX

Intel MMX Technology. The processor supports the Intel MMX technology.

24

FXSR

FXSAVE and FXRSTOR Instructions. The FXSAVE and FXRSTOR
instructions are supported for fast save and restore of the floating point
context. Presence of this bit also indicates that CR4.0SFXSR is available for
an operating system to indicate that it supports the FXSAVE and FXRSTOR
instructions.

25

SSE

SSE. The processor supports the SSE extensions.

26

SSE2

SSE2. The processor supports the SSE2 extensions.

27

SS

Self Snoop. The processor supports the management of conflicting memory
types by performing a snoop of its own cache structure for transactions
issued to the bus.

28

HTT

Max APIC IDs reserved field is Valid. A value of O for HTT indicates there is
only a single logical processor in the package and software should assume
only a single APIC ID is reserved. A value of 1 for HTT indicates the value in
CPUID.1.eBX[23:16] (the Maximum number of addressable IDs for logical
processors in this package) is valid for the package.

29

™

Thermal Monitor. The processor implements the thermal monitor
automatic thermal control circuitry (TCC).

30

Reserved

Reserved
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Bit #

Mnemonic | Description

31

PBE Pending Break Enable. The processor supports the use of the FERR#/

PBE# pin when the processor is in the stop-clock state (STPCLK# is
asserted) to signal the processor that an interrupt is pending and that the
processor should return to normal operation to handle the interrupt. Bit 10
(PBE enable) in the IA32_MISC_ENABLE MSR enables this capability.

INPUT EAX = 07H: Returns Structured Extended Feature Enumeration Information

When CPUID executes with EAX set to 7 and ECX = 0, the processor returns information

about the maximum number of sub-leaves that contain extended feature flags. See
Table 3-

17.

When CPUID executes with EAX set to 7 and ECX = n (n > 1 and less than the number
of non-zero bits in CPUID.(EAX=07H, ECX= 0OH).EAX, the processor returns information
about extended feature flags. See Table 3-17. In subleaf 0, only EAX has the number of
sub-leaves. In subleaf 0, EBX, ECX & EDX all contain extended feature flags.

CRC32 — Accumulate CRC32 Value

Opcode

FO /r

FO /r

F1/r

Instruction

F2O0F38F0/r CRC32r32 r/m8
F2REXOF 38  CRC32 r32, r/m8*

F20F38F1 /r CRC32r32 r/m16

F20F38F1 /r CRC32r32 r/m32

F2 REXW OF 38 CRC32 r64, r/m8

F2 REXW OF 38 CRC32 r64, r/mb4

Op/ 64-Bit
En  Mode
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid
RM  Valid

Compat/ Description

Leg Mode

Valid Accumulate CRC32 on r/m8.

N.E. Accumulate CRC32 on r/m8.

Valid Accumulate CRC32 on
r/m16.

Valid Accumulate CRC32 on
r/m32.

N.E. Accumulate CRC32 on r/m8.

N.E. Accumulate CRC32 on

r/m64.

NOTES:

*In 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix is
used: AH, BH, CH, DH.

Instruction Operand Encoding

RM

Op/En Operand 1

ModRM:reg (r, w)

Operand 2
ModRM:r/m (r)

Operand 3 Operand 4
NA NA
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Intel C/C++ Compiler Intrinsic Equivalent

unsigned int _mm_crc32_u8( unsigned int crc, unsigned char data )

unsigned int _mm_crc32_u16( unsigned int crc, unsigned short data )

unsigned int _mm_crc32_u32( unsigned int crc, unsigned int data )

unsinged __int64 _mm_crc32_u64( unsinged __int64 crc, unsigned __int64 data)

CVTDQ2PD—Convert Packed Dword Integers to Packed Double-Precision

FP Values

Opcode/ Op/ 64/32-bit CPUID Description

Instruction En  Mode Feature

Flag

F3 OF E6 RM VNV SSEe2 Convert two packed signed

CVTDQ2PD xmm1, xmm2/m64 doubleword integers from
xmmZ2/m128to two packed
double-precision floating-
point values in xmm71.

VEX.128.F3.0FWIG E6 /r RM VNV AVX Convert two packed signed

VCVTDQ2PD xmm1, xmm2/m64 doubleword integers from
xmmZ2/mem to two packed
double-precision floating-
point values in xmm1.

VEX.256.F3.0FWIG E6 /r RM VNV AVX Convert four packed signed

VCVTDQ2PD ymm1, ymm2/m128 doubleword integers from
ymm2/mem to four packed
double-precision floating-
point values in ymm1.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
Description

Converts two packed signed doubleword integers in the source operand (second
operand) to two packed double-precision floating-point values in the destination operand
(first operand).

In 64-bit mode, use of the REX.R prefix permits this instruction to access additional
registers (XMM8-XMM15).

128-bit Legacy SSE version: The source operand is an XMM register or 64- bit memory
location. The destination operation is an XMM register. The upper bits (VLMAX-1:128) of
the corresponding XMM register destination are unmodified.

VEX.128 encoded version: The source operand is an XMM register or 64- bit memory
location. The destination operation is an XMM register. The upper bits (VLMAX-1:128) of
the corresponding YMM register destination are zeroed.

VEX.256 encoded version: The source operand is a YMM register or 128- bit memory
location. The destination operation is a YMM register.
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Note: In VEX-encoded versions, VEX.vvvv is reserved and must be 1111b, otherwise
instructions will #UD.

Intel C/C++ Compiler Intrinsic Equivalent

CVTDQZ2PD: __m128d _mm_cvtepi32_pd(__m128i a)
VCVTDQZPD: __m256d _mm256_cvtepi32_pd (__m128i src)

CVTDQ2PS—Convert Packed Dword Integers to Packed Single-Precision

FP Values

Opcode/ Op/ 64/32-bit CPUID Description

Instruction En  Mode Feature

Flag

OF 5B /r RM VNV SSEe2 Convert four packed signed

CVTDQ2PS xmm1, xmm2/m128 doubleword integers from
xmmZ2/m1281o four packed
single-precision floating-
point values in xmm]1.

VEX.128.0FWIG 5B /r RM VIV AVX Convert four packed signed

VCVTDQ2PS xmm1, xmm2/m128 doubleword integers from
xmm¢2/mem to four packed
single-precision floating-
point values in xmm1.

VEX.256.0FWIG 5B /r RM VNV AVX Convert eight packed signed

VCVTDQ2PS ymm1, ynm2/m256 doubleword integers from
ymmZ2/mem to eight packed
single-precision floating-
point values in ymm1.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
Description

Converts four packed signed doubleword integers in the source operand (second
operand) to four packed single-precision floating-point values in the destination operand
(first operand).

In 64-bit mode, use of the REX.R prefix permits this instruction to access additional
registers (XMM8-XMM15).

128-bit Legacy SSE version: The source operand is an XMM register or 128- bit memory
location. The destination operation is an XMM register. The upper bits (VLMAX-1:128) of
the corresponding XMM register destination are unmodified.

VEX.128 encoded version: The source operand is an XMM register or 128- bit memory
location. The destination operation is an XMM register. The upper bits (VLMAX-1:128) of
the corresponding YMM register destination are zeroed.
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VEX.256 encoded version: The source operand is a YMM register or 256- bit memory

location. The destination operation is a YMM register.

Note: In VEX-encoded versions, VEX.vvvv is reserved and must be 1111b, otherwise

instructions will #UD.

Intel C/C++ Compiler Intrinsic Equivalent

CVTDQ2PS: __m128 _mm_cvtepi32_ps(__m128ia)
VCVTDQZPS: __m256 _mm256_cvtepi32_ps (__m256i src)

CVTPD2DQ—Convert Packed Double-Precision FP Values to Packed Dword

Integers

Opcode/ Op/ 64/32-bit CPUID Description

Instruction En  Mode Feature

Flag

F2 OF E6 RM VNV SSEZ2 Convert two packed double-

CVTPD2DQ xmm1, xmm2/m128 precision floating-point
values from xmm2/m128+to
two packed signed
doubleword integers in
xmmT.

VEX.128.F2.0FWIG E6 /r RM VNV AVX Convert two packed double-

VCVTPD2DQ xmm1, xmm2/m128 precision floating-point
values in xmm2/mem to two
signed doubleword integers
in xmm1.

VEX.256.F2.0FWIG E6 /r RM VNV AVX Convert four packed double-

VCVTPD2DQ xmm1, ymm2/m256 precision floating-point
values in ymm2/mem to
four signed doubleword
integers in xmm1.

Instruction Operand Encoding

RM ModRM:reg (w) ModRM:r/m (r)

Op/En Operand 1 Operand 2 Operand 3 Operand 4

NA NA

Intel C/C++ Compiler Intrinsic Equivalent

CVTPD2DQ: __m128i _mm_cvtpd_epi32 (__m128d src)
CVTPD2DQ: __m128i _mm256_cvtpd_epi32 (__m256d src)
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CVTPD2PI—Convert Packed Double-Precision FP Values to Packed Dword

Integers

Opcode/ Op/ 64-Bit Compat/ Description

Instruction En  Mode Leg Mode

66 0F 2D /r RM  Valid Valid Convert two packed double-

CVTPD2PI mm, xmm/m128

precision floating-point
values from xmm/m128 to
two packed signed
doubleword integers in mm.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
Intel C/C++ Compiler Intrinsic Equivalent

CVTPD1PI

__m64 _mm_cvtpd_pi32(_m128d a)

CVTPD2PS—Convert Packed Double-Precision FP Values to Packed Single-

Precision FP Values

Opcode/
Instruction

66 OF 5A/r
CVTPD2PS xmm1, xmm2/m128

VEX.128.66.0F.WIG 5A /r
VCVTPDZPS xmm1, xmm2/m128

VEX.256.66.0F.WIG 5A /r
VCVTPDZPS xmm1, ymm2/m256

Op/ 64/32-bit CPUID
En Mode Feature
Flag

SSE2

Description

RM VNV Convert two packed double-
precision floating-point
values in xmmZ2/m128 to
two packed single-precision
floating-point values in

xmm1.

RM VNV AVX Convert two packed double-
precision floating-point
values in xmm2/mem to two
single-precision floating-

point values in xmm1.

RM VNV AVX Convert four packed double-
precision floating-point
values in ymm2/mem to
four single-precision
floating-point values in

xmmT.

Instruction Operand Encoding

Op/En
RM

Operand 1
ModRM:reg (w)

Operand 2
ModRM:r/m (r)

Operand 3
NA

Operand 4
NA
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Intel C/C++ Compiler Intrinsic Equivalent

CVTPD2PS: __m128 _mm_cvtpd_ps(__m128d a)
CVTPDZ2PS: __m256 _mm256_cvtpd_ps (__m256d a)

CVTPI2PD—Convert Packed Dword Integers to Packed Double-Precision

FP Values

Opcode/ Op/ 64-Bit Compat/ Description

Instruction En  Mode Leg Mode

66 0F 2A/r RM  Valid Valid Convert two packed signed

CVTPI2PD xmm, mm/m64* doubleword integers from
mm/mem64 to two packed
double-precision floating-
point values in xmm.

NOTES:

*Operation is different for different operand sets; see the Description section.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent
CVTPIZPD: __m128d _mm_cvtpi32_pd(__m64 a)

CVTPI2PS—Convert Packed Dword Integers to Packed Single-Precision FP

Values
Opcode/ Op/ 64-Bit Compat/ Description
Instruction En  Mode Leg Mode
OF 2A /r RM  Valid Valid Convert two signed
CVTPI2PS xmm, mm/m64 doubleword integers from
mm/m64 to two single-
precision floating-point
values in xmm.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
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Intel C/C++ Compiler Intrinsic Equivalent
CVTPIZPS: __m128 _mm_cvtpi32_ps(__m128a,__m64 b)

CVTPS2DQ—Convert Packed Single-Precision FP Values to Packed Dword

Integers

Opcode/ Op/ 64/32-bit CPUID Description

Instruction En  Mode Feature

Flag

66 OF 5B /r RM VNV SSE2 Convert four packed single-

CVTPS2DQ xmm1, xmm2/m128 precision floating-point
values from xmm2/m128to
four packed signed
doubleword integers in
xmmT.

VEX.128.66.0F.WIG 5B /r RM VNV AVX Convert four packed single

VCVTPS2DQ xmm1, xmm2/m128 precision floating-point
values from xmm2/mem to
four packed signed
doubleword values in xmm1.

VEX.256.66.0FWIG 5B /r RM VNV AVX Convert eight packed single

VCVTPS2DQ ymm1, ymm2/m256 precision floating-point
values from ymm2/mem to
eight packed signed
doubleword values in ymm1.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent
CVTPS2DQ: __m128i _mm_cvtps_epi32(_m128 a)
VCVTPS2DQ:  __ m256i _mm256_cvtps_epi32 (__m256 a)
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CVTPS2PD—Convert Packed Single-Precision FP Values to Packed Double-
Precision FP Values

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
OF 5A/r RM VNV SSEZ2 Convert two packed single-
CVTPS2PD xmm1, xmm2/m64 precision floating-point

values in xmm2/m64 to two
packed double-precision
floating-point values in

xmm1.
VEX.128.0FWIG 5A /r RM VNV AVX Convert two packed single-
VCVTPS2PD xmm1, xmm2/m64 precision floating-point

values in xmm2/mem to two
packed double-precision
floating-point values in

xmmT.
VEX.256.0F.WIG 5A /r RM VNV AVX Convert four packed single-
VCVTPS2PD ymm1, xmm2/m128 precision floating-point

values in xmm2/mem to
four packed double-
precision floating-point
values in ymm1.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

RM ModRM:reg (w) ModRM:r/m (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent

CVTPSZ2PD: __m128d _mm_cvtps_pd(__m128 a)
VCVTPS2PD:  __m256d _mm256_cvtps_pd (__m128 a)

Intel® 64 and IA-32 Architectures Software Developer’s Manual Documentation Changes 95



CVTPS2PI—-Convert Packed Single-Precision FP Values to Packed Dword

Integers
Opcode/ Op/ 64-Bit Compat/ Description
Instruction En  Mode Leg Mode
OF 2D /r RM  Valid Valid Convert two packed single-
CVTPS2PI mm, xmm/m64 precision floating-point
values from xmm/m64 to
two packed signed
doubleword integers in mm.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent
CVTPSZ2PI: __m64 _mm_cvtps_pi32(_m128 a)

CVTSD2SI—Convert Scalar Double-Precision FP Value to Integer

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature

Flag
F20F 2D /r RM VNV SSe2 Convert one double-
CVTSD2SI r32, xmm/m64 precision floating-point

value from xmm/m64 to
one signed doubleword

integer r32.
F2 REX.W OF 2D /r RM  V/NE. SSE2 Convert one double-
CVTSD2SI r64, xmm/m64 precision floating-point

value from xmm/m64 to
one signed quadword
integer sign-extended into

ré4.
VEX.LIG.F2.0F.W0 2D /r RM VNV AVX Convert one double
VCVTSD2SI r32, xmm1/m64 precision floating-point

value from xmm1/m64 to
one signed doubleword

integer r32.
VEX.LIG.F2.0F.W1 2D /r RM  V/NE.! AVX Convert one double
VCVTSD2SI r64, xmm1/m64 precision floating-point

value from xmm1/m64 to
one signed quadword
integer sign-extended into
ré4.
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NOTES:
1. Encoding the VEX prefix with VEX.W=1 in non-64-bit mode is ignored.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

RM ModRM:reg (w) ModRM:r/m (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent

int _mm_cvtsd_si32(_m128d a)
__int64 _mm_cvtsd_si64(__m128d a)

CVTSD2SS—Convert Scalar Double-Precision FP Value to Scalar Single-
Precision FP Value

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature

Flag
F2OF5A/r RM V/V SSEZ2 Convert one double-
CVTSD2SS xmm1, xmm2/m64 precision floating-point

value in xmmZ2/m64 to one
single-precision floating-
point value in xmm1.

VEX.NDS.LIG.F2.0F.WIG 5A /r RVM V/V AVX Convert one double-
VCVTSD2SS xmm1,xmm?2, precision floating-point
xmm3/m64 value in xmm3/m64 to one
single-precision floating-
point value and merge with
high bits in xmmZ2.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
CVTSD2SS: __m128 _mm_cvtsd_ss(__m1284a,__m128dDb)
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CVTSI2SD—Convert Dword Integer to Scalar Double-Precision FP Value

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
F2OF2A/r RM VNV SSe2 Convert one signed
CVTSI2SD xmm, r/m32 doubleword integer from

r/m32 to one double-
precision floating-point

value in xmm.
F2 REX.W OF 2A /r RM  V/NE. SSEe2 Convert one signed
CVTSI2SD xmm, r/m64 quadword integer from

r/m64 to one double-
precision floating-point

value in xmm.
VEX.NDS.LIG.F2.0F.WO 2A /r RVM V/V AVX Convert one signed
VCVTSI2SD xmm1, xmm2, /m32 doubleword integer from

r/m32 to one double-
precision floating-point
value in xmm1.

VEX.NDS.LIG.F2.0FW1 2A /r RVM V/NE. AVX Convert one signed

VCVTSI2SD xmm1, xmm2, r/m64 quadword integer from
r/m64 to one double-
precision floating-point
value in xmmT.

NOTES:
1. Encoding the VEX prefix with VEX.W=1 in non-64-bit mode is ignored.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

CVTSI2SD: __m128d _mm_cvtsi32_sd(__m128d g, int b)
CVTSI2SD: __m128d _mm_cvtsi64_sd(__m128d a, __int64 b)
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CVTSI2SS—Convert Dword Integer to Scalar Single-Precision FP Value

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
F30F2A/r RM VNV SSE Convert one signed
CVTSI2SS xmm, r/m32 doubleword integer from

r/m32 to one single-
precision floating-point

value in xmm.
F3 REX.W OF 2A /r RM  V/NE. SSE Convert one signed
CVTSI2SS xmm, r/m64 quadword integer from

r/m64 to one single-
precision floating-point

value in xmm.
VEX.NDS.LIG.F3.0FWO 2A /r RVM V/V AVX Convert one signed
VCVTSI2SS xmm1, xmm2, /m32 doubleword integer from

r/m32 to one single-
precision floating-point
value in xmmT.

VEX.NDS.LIG.F3.0FW1 2A /r RVM V/NE. AVX Convert one signed

VCVTSI2SS xmm1, xmm2, r/m64 quadword integer from
r/m64 to one single-
precision floating-point
value in xmmT.

NOTES:
1. Encoding the VEX prefix with VEX.W=1 in non-64-bit mode is ignored.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

CVTSIZSS: __m128 _mm_cvtsi32_ss(__m128 a,intb)
CVTSIZSS: __m128 _mm_cvtsi64_ss(__m128 a, __int64 b)
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CVTSS2SD—Convert Scalar Single-Precision FP Value to Scalar Double-

Precision FP Value

Opcode/
Instruction

F30F5A/r

CVTSS2SD xmm1, xmmZ2/m32

VEX.NDS.LIG.F3.0F.WIG 5A /r

VCVTSS2SD xmm1, xmm2,
xmm3/m32

Op/ 64/32-bit CPUID

En  Mode Feature
Flag

RM VNV SSE2

RVM V/V AVX

Description

Convert one single-precision
floating-point value in
xmmZ2/m32 to one double-
precision floating-point
value in xmm]1.

Convert one single-precision
floating-point value in
xmm3/m32 to one double-
precision floating-point
value and merge with high
bits of xmmz2.

Instruction Operand Encoding

Op/En Operand 1
RM ModRM:reg (w)
RVM ModRM:reg (w)

Operand 2 Operand 3 Operand 4
ModRM:r/m (r) NA NA
VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

CVTSS2SD:

__m128d _mm_cvtss_sd(__m128da,__m128b)
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CVTSS2SI—Convert Scalar Single-Precision FP Value to Dword Integer

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
F30F 2D /r RM VNV SSE Convert one single-precision
CVTSS2SI r32, xmm/m32 floating-point value from

xmm/m32 to one signed
doubleword integer in r32.

F3 REX.W OF 2D /r RM  V/NE. SSE Convert one single-precision

CVTSS2SI r64, xmm/m32 floating-point value from
xmm/m32 to one signed

quadword integer in r64.
VEX.LIG.F3.0FWO 2D /r RM VNV AVX Convert one single-precision

VCVTSS2SI r32, xmm1/m32 floating-point value from
xmm1/m32 to one signed

doubleword integer in r32.
VEX.LIG.F3.0FW1 2D /r RM  V/NE. AVX Convert one single-precision

VCVTSS2SI r64, xmm1/m32 floating-point value from
xmm1/m32 to one signed

quadword integer in r64.

NOTES:
1. Encoding the VEX prefix with VEX.W=1 in non-64-bit mode is ignored.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent
int _mm_cvtss_si32(_m128d a)

int64 _mm_cvtss_si64(__m128d a)
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CVTTPD2DQ—Convert with Truncation Packed Double-Precision FP
Values to Packed Dword Integers

Opcode/
Instruction

66 OF E6
CVTTPD2DQ xmm1, xmm2/m128

VEX.128.66.0F.WIG E6G /r
VCVTTPD2DQ xmm1, xmm2/m128

VEX.256.66.0F.WIG E6 /1
VCVTTPD2DQ xmm1, ymm2/m256

Op/ 64/32-bit CPUID

En Mode Feature
Flag

RM VNV SSe2

RM VNV AVX

RM VNV AVX

Description

Convert two packed double-
precision floating-point
values from xmmZ2/m1281to
two packed signed
doubleword integers in
xmm’1 using truncation.

Convert two packed double-
precision floating-point
values in xmm2/mem to two
signed doubleword integers
in xmm?1 using truncation.

Convert four packed double-
precision floating-point
values in ymm2/mem to
four signed doubleword
integers in xmm?1 using
truncation.

Instruction Operand Encoding

Op/En
RM

Operand 1
ModRM:reg (w)

Operand 2
ModRM:r/m (r)

Operand 3
NA

Operand 4
NA

Intel C/C++ Compiler Intrinsic Equivalent

CVTTPD2DQ:
VCVTTPD2DQ:

__m128i _mm_cvttpd_epi32(__m128d a)
__m128i _mm256_cvttpd_epi32 (__m256d src)
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CVTTPDZ2PI—Convert with Truncation Packed Double-Precision FP Values

to Packed Dword Integers

Opcode/
Instruction

66 OF 2C/r
CVTTPD2PI mm, xmm/m128

Op/ 64-Bit Compat/
En  Mode Leg Mode
RM  Valid Valid

Description

Convert two packer double-
precision floating-point
values from xmm/m128 to
two packed signed
doubleword integers in mm
using truncation.

Instruction Operand Encoding

Op/En
RM ModRM:reg (w)

Operand 1

Operand 2
ModRM:r/m (r)

Operand 3

Operand 4
NA NA

Intel C/C++ Compiler Intrinsic Equivalent

CVTTPD1PIL:

__m64 _mm_cvttpd_pi32(_m128d a)

CVTTPS2DQ—Convert with Truncation Packed Single-Precision FP Values

to Packed Dword Integers

Opcode/
Instruction

F3 OF 5B /r
CVTTPS2DQ xmm1, xmm2/m128

VEX.128.F3.0FWIG 5B /r
VCVTTPS2DQ xmm1, xmm2/m128

VEX.256.F3.0FWIG 5B /r
VCVTTPS2DQ ymm1, ymm2/m256

Op/ 64/32-bit CPUID

En  Mode Feature
Flag

RM VNV SSE?

RM VNV AVX

RM VNV AVX

Description

Convert four single-
precision floating-point
values from xmm2/m128to
four signed doubleword
integers in xmm1 using
truncation.

Convert four packed single
precision floating-point
values from xmm2/mem to
four packed signed
doubleword values in xmm1
using truncation.

Convert eight packed single
precision floating-point
values from ymm2/mem to
eight packed signed
doubleword values in ymm1
using truncation.
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Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

RM ModRM:reg (w) ModRM:r/m (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent
CVTTPS2DQ:  __m128i _mm_cvttps_epi32(_m128 a)
VCVTTPS2DQ: __m256i _mm256_cvttps_epi32 (__m256 a)

CVTTPS2PI—-Convert with Truncation Packed Single-Precision FP Values
to Packed Dword Integers

Opcode/ Op/ 64-Bit Compat/ Description
Instruction En  Mode Leg Mode

OF 2C/r RM  Valid Valid Convert two single-
CVTTPS2P! mm, xmm/m64 precision floating-point

values from xmm/m64 to
two signed doubleword
signed integers in mm using
truncation.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

RM ModRM:reg (w) ModRM:r/m (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent
CVTTPSZ2PI: __m64 _mm_cvttps_pi32(_m128a)
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CVTTSD2SI—Convert with Truncation Scalar Double-Precision FP Value to

Signed Integer

Opcode/ Op/ 64/32-bit CPUID

Instruction En Mode Feature
Flag

F20F 2C/r RM VNV SSEe2

CVTTSDZ2SI r32, xmm/m64

F2 REXW OF 2C/r RM V/NE SSE2
CVTTSD2SI r64, xmm/m64

VEX.LIG.F2.0FWO 2C /r RM VNV AVX
VCVTTSDZSI r32, xmm1/m64

VEX.LIG.F2.0FW1 2C /r RM  V/N.E! AVX
VCVTTSDZSI r64, xmm1/m64

Description

Convert one double-
precision floating-point
value from xmm/m64 to
one signed doubleword
integer in r32 using
truncation.

Convert one double
precision floating-point
value from xmm/m64 to
one signedquadword
integer in r64 using
truncation.

Convert one double-
precision floating-point
value from xmm1/m64 to
one signed doubleword
integer in r32 using
truncation.

Convert one double
precision floating-point
value from xmm1/m64 to
one signed quadword
integer in r64 using
truncation.

NOTES:

1. Encoding the VEX prefix with VEX.W=1 in non-64-bit mode is ignored.

Instruction Operand Encoding

Op/En Operand 1 Operand 2
RM ModRM:reg (w) ModRM:r/m (r)

Operand 3 Operand 4

NA NA

Intel C/C++ Compiler Intrinsic Equivalent

int _mm_cvttsd_si32(_m128d a)
__int64 _mm_cvttsd_si64(_m128d a)
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CVTTSS2SI—Convert with Truncation Scalar Single-Precision FP Value to

Dword Integer

Opcode/ Op/ 64/32-bit CPUID

Instruction En Mode Feature
Flag

F3 0F 2C/r RM VNV SSE

CVTTSS2SI r32, xmm/m32

F3 REX.W OF 2C /r RM  V/NE. SSE
CVTTSS2SI r64, xmm/m32

VEX.LIG.F3.0FWO 2C /r RM VNV AVX
VCVTTSS2SIr32, xmm1/m32

VEX.LIG.F3.0FW1 2C /r RM  V/NE! AVX
VCVTTSS2SI r64, xmm1/m32

Description

Convert one single-precision
floating-point value from
xmm/m32 to one signed
doubleword integer in r32
using truncation.

Convert one single-precision
floating-point value from
xmm/m32 to one signed
quadword integer in r64
using truncation.

Convert one single-precision
floating-point value from
xmm1/m32 to one signed
doubleword integer in r32
using truncation.

Convert one single-precision
floating-point value from
xmm1/m32 to one signed
quadword integer in r64
using truncation.

NOTES:

1. Encoding the VEX prefix with VEX.W=1 in non-64-bit mode is ignored.

Instruction Operand Encoding

Op/En Operand 1 Operand 2
RM ModRM:reg (w) ModRM:r/m (r)

Operand 3 Operand 4

NA NA

Intel C/C++ Compiler Intrinsic Equivalent

int _mm_cvttss_si32(__m128d a)
__int64 _mm_cvttss_si64(__m128d a)
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CwD/CDQ/CQO0—Convert Word to Doubleword/Convert Doubleword to

Quadword
Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

99 CwD NP  Valid Valid DX:AX « sign-extend of AX.

99 cbQ NP  Valid Valid EDX:EAX « sign-extend of
EAX.

REX.W + 99 cQo NP Valid N.E. RDX:RAX« sign-extend of
RAX.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3
NP NA NA NA

DAA—Decimal Adjust AL after Addition

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

addition.

27 DAA NP Invalid Valid Decimal adjust AL after

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3
NP NA NA NA

DAS—Decimal Adjust AL after Subtraction

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

subtraction.

2F DAS NP Invalid Valid Decimal adjust AL after

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3
NP NA NA NA

Intel® 64 and IA-32 Architectures Software Developer’s Manual Documentation Changes

107



intel)

DEC—Decrement by 1

Opcode Instruction Op/ 64-Bit Compat/ Description

En  Mode Leg Mode
FE /1 DEC r/m8 M Valid Valid Decrement r/m8by 1.
REX + FE/1 DEC r/m8 M Valid N.E. Decrement r/m8by 1.
FF /1 DEC r/m16 M Valid Valid Decrement r/m16 by 1.
FF /1 DEC r/m32 M Valid Valid Decrement r/m32by 1.
REXW +FF /1  DEC r/m64 M Valid N.E. Decrement r/m64 by 1.
48+rw DECr16 0 N.E. Valid Decrement r16 by 1.
48+rd DEC r32 0 N.E. Valid Decrement r32 by 1.
NOTES:

* In 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix is
used: AH, BH, CH, DH.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
M ModRM:r/m (r, w) NA NA NA
0 opcode + rd (r, w) NA NA NA

DIV—Unsigned Divide

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
F6 /6 DIV r/m8 M Valid Valid Unsigned divide AX by r/m8,

with result stored in AL «
Quotient, AH « Remainder.

REX + F6 /6 DIV r/m8 M Valid N.E. Unsigned divide AX by /m8,

with result stored in AL «
Quotient, AH < Remainder.

F7 /6 DIV r/m16 M Valid Valid Unsigned divide DX:AX by
r/m16, with result stored in
AX « Quotient, DX «
Remainder.

F7 /6 DIV r/m32 M Valid Valid Unsigned divide EDX:EAX by
r/m32, with result stored in
EAX « Quotient, EDX «
Remainder.

REXW +F7 /6 DIV r/m64 M Valid N.E. Unsigned divide RDX:RAX
by r/m64, with result stored
in RAX « Quotient, RDX «
Remainder.

NOTES:

* |n 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix is
used: AH, BH, CH, DH.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
M ModRM:r/m (w) NA NA NA
DIVPD—Divide Packed Double-Precision Floating-Point Values
Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
66 OF 5€E/r RM VNV SSE2 Divide packed double-
DIVPD xmm1, xmm2/m128 precision floating-point
values in xmm1 by packed
double-precision floating-
point values xmm2/m1.28.
VEX.NDS.128.66.0F.WIG 5€ /r RVM V/V AVX Divide packed double-
VDIVPD xmm1, xmm2, xmm3/m128 precision floating-point
values in xmm2 by packed
double-precision floating-
point values in xmm3/mem.
VEX.NDS.256.66.0F.WIG 5€ /r RVM V/V AVX Divide packed double-

VDIVPD ymm1, ymmZ2, ymm3/m256

precision floating-point
values in ymm2 by packed
double-precision floating-
point values in ymm3/mem.

Instruction Operand Encoding

Op/En Operand 1 Operand 2
RM ModRM:reg (r, w) ModRM:r/m (r)
RVM ModRM:reg (w) VEX.vvwv (r)

Operand 3 Operand 4
NA NA
ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
DIVPD:
VDIVPD:

__m128d _mm_div_pd(__m128d 3, __m128db)
__m256d _mm256_div_pd (__m256d a, __m256d b);
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DIVPS—Divide Packed Single-Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature

Flag
OF 5€/r RM VNV SSE Divide packed single-
DIVPS xmm1, xmm2/m128 precision floating-point

values in xmm1 by packed
single-precision floating-
point values xmm2/m1.28.

VEX.NDS.128.0F.WIG 5€ /r RVM V/V AVX Divide packed single-

VDIVPS xmm1, xmm2, xmm3/m128 precision floating-point
values in xmmZ2 by packed
double-precision floating-
point values in xmm3/mem.

VEX.NDS.256.0F.WIG 5€ /r RVM VNV AVX Divide packed single-

VDIVPS ymm1, ymm2, ymm3/m256 precision floating-point
values in ymmZ2 by packed
double-precision floating-

point values in ymm3/mem.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
DIVPS: __m128 _mm_div_ps(_m128a,__m128Db)
VDIVPS: __m256 _mm256_div_ps (__m256 a, __ m256 b);

DIVSD—Divide Scalar Double-Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
F2 OF 5 /r RM VNV SSE2 Divide low double-precision
DIVSD xmm1, xmm2/m64 floating-point value in

xmm1 by low double-
precision floating-point
value in xmmZ/mem64.

VEX.NDS.LIG.F2.0FWIG 5€E /r RVM V/V AVX Divide low double-precision

VDIVSD xmm1, xmm2, xmm3/m64 floating point values in
xmm2 by low double
precision floating-point
value in xmm3/mem64.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
DIVSD: _m128d _mm_div_sd (m128d a, m128d b)

DIVSS—Divide Scalar Single-Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
F3 OF 5€/r RM VNV SSE Divide low single-precision
DIVSS xmm1, xmm2/m32 floating-point value in

xmm71 by low single-
precision floating-point
value in xmmZ2/m32.

VEX.NDS.LIG.F3.0FWIG 5€E /r RVM V/V AVX Divide low single-precision

VDIVSS xmm1, xmm2, xmm3/m32 floating point value in xmm2
by low single precision
floating-point value in
xmm3/m32.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
DIVSS:  __ m128_mm_div_ss(__m128a,__m128Db)
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DPPD — Dot Product of Packed Double Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En Mode Feature
Flag

66 0F3A41 /rib RMI  V/V SSE4 1 Selectively multiply packed

DPPD xmm1, xmm2/m128, imm8 DP floating-point values
from xmm1 with packed DP
floating-point values from
xmmZ2, add and selectively
store the packed DP
floating-point values to
xmm1.

VEX.NDS.128.66.0F3AWIG 41 /rib RVMI V/V AVX Selectively multiply packed

VDPPD xmm1,xmm2, xmm3/m128, DP floating-point values

imm8 from xmm2 with packed DP
floating-point values from
xmm3, add and selectively
store the packed DP
floating-point values to
xmm1.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reg (r, w) ModRM:r/m (r) imm8 NA
RVMI ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) imm8

Intel C/C++ Compiler Intrinsic Equivalent

DPPD:
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DPPS — Dot Product of Packed Single Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En Mode Feature
Flag
66 0F3A40/rib RMI  V/V SSE4_1 Selectively multiply packed
DPPS xmm1, xmm2/m128, imm8 SP floating-point values

from xmm1 with packed SP
floating-point values from
xmmZ, add and selectively
store the packed SP
floating-point values or zero
values to xmm]1.

VEX.NDS.128.66.0F3AWIG40 /rib RVMI V/V AVX Multiply packed SP floating
VDPPS xmm1,xmm2, xmm3/m128, DC_"nt values from an”ﬂ
imm8 with packed SP floating

point values from
xmm2/mem selectively add
and store to xmm1.

VEXNDS.256.66.0F3AWIG 40 /rib  RVMI V/V AVX Multiply packed single-

VDPPS ymm1, ymm2, ymm3/m256, precision floating-point

imms values from ymm2 with
packed SP floating point

values from ymm3/mem,
selectively add pairs of
elements and store to

ymm1.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reg (r, w) ModRM:r/m (r) imm8 NA
RVMI ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) imm8

Intel C/C++ Compiler Intrinsic Equivalent
(VIDPPS:  __m128 _mm_dp_ps (_m128a, __m128 b, const int mask);

VDPPS: __m256 _mm256_dp_ps (__m256 a, __m256 b, const int mask);
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EMMS—Empty MMX Technology State

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF 77 EMMS NP  Valid Valid Set the x87 FPU tag word
to empty.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA

Intel C/C++ Compiler Intrinsic Equivalent

void _mm_empty()

ENTER—Make Stack Frame for Procedure Parameters

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

C8iw00 ENTER imm16,0 | Valid Valid Create a stack frame for a
procedure.

8 iw 01 ENTER imm16,1 Il Valid Valid Create a nested stack frame
for a procedure.

C8iwib ENTER imm16, Il Valid Valid Create a nested stack frame

imm8 for a procedure.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

I iw imm8 NA NA
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EXTRACTPS — Extract Packed Single Precision Floating-Point Value

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
66 0F 3A 17 MRl VIV SSE4_1 Extract a single-precision
Irib floating-point value from

xmmZ at the source offset
specified by imm8and store
the result to reg or m32.
The upper 32 bits of r64 is
zeroed if reg is ré4.
VEX.128.66.0F3AWIG 17 /rib MRI VIV AVX Extract one single-precision
VEXTRACTPS r/m32, xmm1, imm8 floating-point value from
xmm1 at the offset
specified by imm8 and store
the result in reg or m32.
Zero extend the results in
64-bit register if applicable.

EXTRACTPS reg/m32, xmmZ2, imm8

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

MRI ModRM:r/m (w) ModRM:reg (r) imm8 NA

Intel C/C++ Compiler Intrinsic Equivalent
EXTRACTPS: _mm_extractmem_ps (float *dest, __m128 a, const int nidx);

EXTRACTPS: __m128 _mm_extract_ps (__m128 a, const int nidx);
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FABS—Absolute Value

Opcode Instruction 64-Bit Compat/ Description
Mode Leg Mode
D9 E1 FABS Valid Valid Replace ST with its absolute value.
Description

Clears the sign bit of ST(0) to create the absolute value of the operand. The following
table shows the results obtained when creating the absolute value of various classes of

numbers.
Table 3-27 Results Obtained from FABS
ST(0) SRC ST(0) DEST
o + oo
-F +F
-0 +0
+0 +0
+F +F
+ 00 + 00
NaN NaN
NOTES:

F Means finite floating-point value.

This instruction’s operation is the same in non-64-bit modes and 64-bit mode.

Operation

ST(0) « [ST(O);

FPU Flags Affected
C1 Set to 0.
Cco, C2, C3 Undefined.
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FCHS—Change Sign

Opcode Instruction 64-Bit Compat/ Description
Mode Leg Mode
D9 EO FCHS Valid Valid Complements sign of ST(O).
Description

Complements the sign bit of ST(0). This operation changes a positive value into a nega-
tive value of equal magnitude or vice versa. The following table shows the results
obtained when changing the sign of various classes of numbers.

Table 3-30 FCHS Results

ST(0) SRC ST(0) DEST
S + oo
-F +F
-0 +0
+0 -0
+F -F
+ oo — o0
NaN NaN

NOTES:
* F means finite floating-point value.

This instruction’s operation is the same in non-64-bit modes and 64-bit mode.
Operation
SignBit(ST(0)) « NOT (SignBit(ST(0)));

FPU Flags Affected
C1 Set to 0.
Cco, C2, C3 Undefined.
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FCOM/FCOMP/FCOMPP—Compare Floating Point Values

Opcode Instruction 64-Bit Compat/ Description
Mode Leg Mode

D8 /2 FCOM m32fp Valid Valid Compare ST(0) with m32fp.

DC/2 FCOM m64fp Valid Valid Compare ST(0) with m64fp.

D8 DO+i FCOM ST(i) Valid Valid Compare ST(0) with ST(i).

D8 D1 FCOM Valid Valid Compare ST(0) with ST(1).

D8 /3 FCOMP m32fp Valid Valid Compare ST(0) with m32fp and
pop register stack.

DC/3 FCOMP m64fp Valid Valid Compare ST(0) with m64fp and
pop register stack.

D8 D8+i FCOMP ST(i) Valid Valid Compare ST(0) with ST(i) and pop
register stack.

D8 D9 FCOMP Valid Valid Compare ST(0) with ST(1) and pop
register stack.

DE DS FCOMPP Valid Valid Compare ST(0) with ST(1) and pop
register stack twice.

Description

Compares the contents of register ST(0) and source value and sets condition code flags
C0, C2, and C3 in the FPU status word according to the results (see the table below). The
source operand can be a data register or a memory location. If no source operand is
given, the value in ST(0) is compared with the value in ST(1). The sign of zero is ignored,
so that -0.0 is equal to +0.0.

Table 3-31 FCOM/FCOMP/FCOMPP Results

Condition c3 c2 co
ST(0) > SRC 0 0 0
ST(0) < SRC 0 0 1
ST(0) =SRC 1 0 0
Unordered* 1 1 1

NOTES:
* Flags not set if unmasked invalid-arithmetic-operand (#1A) exception is generated.

This instruction checks the class of the numbers being compared (see "FXAM—Examine
ModR/M” in this chapter). If either operand is a NaN or is in an unsupported format, an
invalid-arithmetic-operand exception (#IA) is raised and, if the exception is masked, the
condition flags are set to “unordered.” If the invalid-arithmetic-operand exception is
unmasked, the condition code flags are not set.

The FCOMP instruction pops the register stack following the comparison operation and
the FCOMPP instruction pops the register stack twice following the comparison opera-
tion. To pop the register stack, the processor marks the ST(0) register as empty and
increments the stack pointer (TOP) by 1.

The FCOM instructions perform the same operation as the FUCOM instructions. The only
difference is how they handle QNaN operands. The FCOM instructions raise an invalid-
arithmetic-operand exception (#IA) when either or both of the operands is a NaN value
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or is in an unsupported format. The FUCOM instructions perform the same operation as
the FCOM instructions, except that they do not generate an invalid-arithmetic-operand
exception for QNaNs.

This instruction’s operation is the same in non-64-bit modes and 64-bit mode.

Operation
CASE (relation of operands) OF
ST > SRC: (3, C2, CO « 000;
ST < SRC: (3, C2,C0 « 001;
ST=SRC (3,C2, CO « 100;
ESAC;
IF ST(0) or SRC = NaN or unsupported format
THEN
#IA
IF FPUControlwWordIM =1
THEN
C3,C2,C0 < 111;
Fl;
Fl;
IF Instruction = FCOMP
THEN
PopRegisterStack;
Fl;
IF Instruction = FCOMPP
THEN
PopRegisterStack;
PopRegisterStack;

Fl;

FPU Flags Affected
C1 Set to 0.
Co, C2, C3 See table on previous page.
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FCOMI/FCOMIP/FUCOMI/FUCOMIP—Compare Floating Point Values and

Set EFLAGS
Opcode Instruction 64-Bit Compat/  Description
Mode Leg Mode

DB FO+i FCOMI ST, ST(i) Valid Valid Compare ST(0) with ST(i) and set status
flags accordingly.

DF FO+i FCOMIP ST, ST(i)  Valid Valid Compare ST(0) with ST(i), set status flags
accordingly, and pop register stack.

DB E8+i FUCOMI ST, ST(i) Valid Valid Compare ST(0) with ST(i), check for
ordered values, and set status flags
accordingly.

DF E8+i FUCOMIP ST, ST(i) Valid Valid Compare ST(0) with ST(i), check for
ordered values, set status flags
accordingly, and pop register stack.

Description

Performs an unordered comparison of the contents of registers ST(0) and ST(i) and sets
the status flags ZF, PF, and CF in the EFLAGS register according to the results (see the
table below). The sign of zero is ignored for comparisons, so that -0.0 is equal to +0.0.

Table 3-32 FCOMI/FCOMIP/ FUCOMI/FUCOMIP Results

Comparison Results* ZF PF CF
STO > ST(i) 0 0 0
STO < ST(i) 0 0 1
STO = ST(i) 1 0 0
Unordered** 1 1 1

NOTES:
* See the IA-32 Architecture Compatibility section below.
** Flags not set if unmasked invalid-arithmetic-operand (#IA) exception is generated.

An unordered comparison checks the class of the humbers being compared (see
“FXAM—Examine ModR/M” in this chapter). The FUCOMI/FUCOMIP instructions perform
the same operations as the FCOMI/FCOMIP instructions. The only difference is that the
FUCOMI/FUCOMIP instructions raise the invalid-arithmetic-operand exception (#IA) only
when either or both operands are an SNaN or are in an unsupported format; QNaNs
cause the condition code flags to be set to unordered, but do not cause an exception to
be generated. The FCOMI/FCOMIP instructions raise an invalid-operation exception
when either or both of the operands are a NaN value of any kind or are in an unsupported
format.

If the operation results in an invalid-arithmetic-operand exception being raised, the
status flags in the EFLAGS register are set only if the exception is masked.

The FCOMI/FCOMIP and FUCOMI/FUCOMIP instructions set the OF, SF and AF flags to
zero in the EFLAGS register (regardless of whether an invalid-operation exception is
detected).

The FCOMIP and FUCOMIP instructions also pop the register stack following the compar-
ison operation. To pop the register stack, the processor marks the ST(0) register as
empty and increments the stack pointer (TOP) by 1.
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This instruction’s operation is the same in non-64-bit modes and 64-bit mode.

IA-32 Architecture Compatibility

The FCOMI/FCOMIP/FUCOMI/FUCOMIP instructions were introduced to the IA-32 Archi-
tecture in the P6 family processors and are not available in earlier IA-32 processors.

Operation

CASE (relation of operands) OF
ST(0) > ST(i): ZF, PF, CF « 000;
ST(0) < ST(i): ZF, PF, CF « 001;
ST(0) = ST(i): ZF, PF, CF « 100;
ESAC;

IF Instruction is FCOMI or FCOMIP
THEN
IF ST(O) or ST(i) = NaN or unsupported format
THEN
#IA
IF FPUControlwWord.IM = 1
THEN
ZF,PF,CF«111;
Fl;
Fl;
Fl;

IF Instruction is FUCOMI or FUCOMIP
THEN
IF ST(0) or ST(i) = QNaN, but not SNaN or unsupported format
THEN
ZF,PF,CF < 111;
ELSE (* ST(0) or ST(i) is SNaN or unsupported format *)
HIA;
IF FPUControlwWordIM =1
THEN
ZF,PF,CF < 111;
Fl;
Fl;
Fl;

IF Instruction is FCOMIP or FUCOMIP
THEN
PopRegisterStack;
Fl;

FPU Flags Affected
C1 Set to 0.
Co, C2,C3 Not affected.
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FICOM/FICOMP—Compare Integer

Opcode Instruction 64-Bit Compat/ Description
Mode Leg Mode

DE /2 FICOM m16int Valid Valid Compare ST(0) with m16int.

DA /2 FICOM m32int Valid Valid Compare ST(0) with m32int.

DE/3 FICOMP m16int Valid Valid Compare ST(0) with m76int and pop
stack register.

DA /3 FICOMP m32int Valid Valid Compare ST(0) with m32int and pop
stack register.

Description

Compares the value in ST(0) with an integer source operand and sets the condition code
flags C0O, C2, and C3 in the FPU status word according to the results (see table below).
The integer value is converted to double extended-precision floating-point format before
the comparison is made.

Table 3-36 FICOM/FICOMP Results

Condition c3 c2 co
ST(0) > SRC 0 0 0
ST(0) < SRC 0 0 1
ST(0) = SRC 1 0 0

Unordered 1 1 1

These instructions perform an “unordered comparison.” An unordered comparison also
checks the class of the numbers being compared (see "FXAM—Examine ModR/M” in this
chapter). If either operand is a NaN or is in an undefined format, the condition flags are
set to “unordered.”

The sign of zero is ignored, so that -0.0 < +0.0.

The FICOMP instructions pop the register stack following the comparison. To pop the
register stack, the processor marks the ST(0) register empty and increments the stack
pointer (TOP) by 1.

This instruction’s operation is the same in non-64-bit modes and 64-bit mode.

Operation

CASE (relation of operands) OF

ST(0) > SRC: (3, C2, CO « 000;
ST(0) < SRC: C3,C2,C0 « 001;
ST(0) =SRC: C3,C2,C0 « 100;
Unordered: C3,C2,C0 < 1171;
ESAC;
IF Instruction = FICOMP
THEN
PopRegisterStack;

FI;
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FPU Flags Affected

C1 Set to 0.
Co, C2,C3 See table on previous page.
FTST—TEST
Opcode Instruction 64-Bit Compat/ Description
Mode Leg Mode
D9 E4 FTST Valid Valid Compare ST(0) with 0.0.
Description

Compares the value in the ST(0) register with 0.0 and sets the condition code flags CO,
C2, and C3 in the FPU status word according to the results (see table below).

Table 3-50 FTST Results

Condition c3 c2 co
ST(0)>0.0 0 0 0
ST(0)< 0.0 0 0 1
ST(0)=0.0 1 0 0
Unordered 1 1 1

This instruction performs an “unordered comparison.” An unordered comparison also
checks the class of the numbers being compared (see "FXAM—Examine ModR/M" in this
chapter). If the value in register ST(0) is a NaN or is in an undefined format, the condi-
tion flags are set to “unordered” and the invalid operation exception is generated.

The sign of zero is ignored, so that (- 0.0 < +0.0).

This instruction’s operation is the same in non-64-bit modes and 64-bit mode.

Operation

CASE (relation of operands) OF
Not comparable: (3,C2,CO« 111;

ST(0) > 0.0: €3, €2, CO « 000;
ST(0) < 0.0: C3,C2,C0 « 001;
ST(0)=0.0: C3,C2, C0 « 100;

ESAC;

FPU Flags Affected
C1 Set to 0.
Co, C2,C3 See Table 3-50.
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FXRSTOR—Restore x87 FPU, MMX , XMM, and MXCSR State

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF AE/1 FXRSTOR M Valid Valid Restore the x87 FPU, MMX,
m512byte XMM, and MXCSR register
state from m512byte.
REXW+ OF AE  FXRSTORG64 M Valid N.E. Restore the x87 FPU, MMX,
n m512byte XMM, and MXCSR register

state from m512byte.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
M ModRM:r/m (r) NA NA NA

FXSAVE—Save x87 FPU, MMX Technology, and SSE State

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF AE /O FXSAVE M Valid Valid Save the x87 FPU, MMX,
m512byte XMM, and MXCSR register
state to m512byte.
REXW+ OF AE  FXSAVEG4 M Valid N.E. Save the x87 FPU, MMX,
/0 m512byte XMM, and MXCSR register

state to m512byte.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
M ModRM:r/m (w) NA NA NA
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HADDPD—Packed Double-FP Horizontal Add

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
66 OF 7C/r RM VNV SSE3 Horizontal add packed
HADDPD xmm1, xmm2/m128 double-precision floating-

point values from
xmmZ2/m128to xmm]1.

VEX.NDS.128.66.0F.WIG 7C /r RVM V/V AVX Horizontal add packed

VHADDPD xmm1,xmm2, double-precision floating-

xmm3/m128 point values from xmmZ2 and
xmm3/mem.

VEX.NDS.256.66.0F.WIG 7C /r RVM V/V AVX Horizontal add packed

VHADDPD ymm1, ymm2, double-precision floating-

ymm3/m256 point values from ymmZ2 and
ymm3/mem.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

VHADDPD: __m256d _mm256_hadd_pd (__m256d a, __m256d b);

HADDPD: _ m128d_mm_hadd_pd (_m128d a,__m128d b);

HADDPS—Packed Single-FP Horizontal Add

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
F2OF 7C/r RM VNV SSE3 Horizontal add packed
HADDPS xmm1, xmm2/m128 single-precision floating-

point values from
xmmZ2/m128to xmm]1.

VEX.NDS.128.F2.0EWIG 7C /r RVM VNV AVX Horizontal add packed

VHADDPS xmm1, xmm2, single-precision floating-

xmm3/m128 point values from xmm2 and
xmm3/mem.

VEX.NDS.256.F2.0F.WIG 7C /r RVM VNV AVX Horizontal add packed

VHADDPS ymm1, ymm2, single-precision floating-

ymm3/m256 point values from ymm2 and
ymm3/mem.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA
Intel C/C++ Compiler Intrinsic Equivalent
HADDPS: __m128 _mm_hadd_ps (_m128a,_m128b);
VHADDPS: __m256 _mm256_hadd_ps (__m256 a, __m256 b);
HLT—Halt
Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
F4 HLT NP  Valid Valid Halt
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA

HSUBPD—Packed Double-FP Horizontal Subtract

Opcode/
Instruction

66 0F7D/r
HSUBPD xmm1, xmm2/m128

VEX.NDS.128.66.0F.WIG 7D /r
VHSUBPD xmm1,xmmZ,
xmm3/m128

VEX.NDS.256.66.0F.WIG 7D /r
VHSUBPD ymm1, ymmZ,
ymm3/m256

Op/ 64/32-bit CPUID Description
En  Mode Feature
Flag

RM VNV SSE3 Horizontal subtract packed
double-precision floating-
point values from
xmmZ2/m128to xmm]1.

RVM V/V AVX Horizontal subtract packed
double-precision floating-
point values from xmm2 and
xmm3/mem.

RVM VNV AVX Horizontal subtract packed
double-precision floating-
point values from ymmZ2 and
ymm3/mem.
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Instruction Operand Encoding

Op/En Operand 1
RM ModRM:reg (r, w)
RVM ModRM:reg (w)

Operand 2 Operand 3 Operand 4
ModRM:r/m (r) NA NA
VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
HSUBPD: __m128d _mm_hsub_pd(__m128da, __m128db)
VHSUBPD: __m256d _mm256_hsub_pd (__m256d a, __m256d b);

HSUBPS—Packed Single-FP Horizontal Subtract

VHSUBPS ymm1, ymmZ,

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
F20F7D/r RM VNV SSE3 Horizontal subtract packed
HSUBPS xmm1, xmm2/m128 single-precision floating-
point values from
xmm2/m128to xmm]1.
VEX.NDS.128.F2.0F.WIG 7D /r RVM VIV AVX Horizontal subtract packed
VHSUBPS xmm1, xmm2, single-precision floating-
xmm3/m128 point values from xmm2 and
xmm3/mem.
VEX.NDS.256.F2.0F.WIG 7D /r RVM VIV AVX Horizontal subtract packed

single-precision floating-

ymm3/m256 point values from ymmZ2 and
ymm3/mem.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
HSUBPS: __m128 _mm_hsub_ps(__m1283a,_m128Db);
VHSUBPS: __m256 _mm256_hsub_ps (__m256 a, __m256 b);
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IDIV—Signed Divide

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
F6 /7 IDIV r/m8 M Valid Valid Signed divide AX by r/m8,

with result stored in: AL «
Quotient, AH < Remainder.

REX +F6 /7 IDIV r/m8* M Valid N.E. Signed divide AX by r/m8,

with result stored in AL «
Quotient, AH < Remainder.

F7 17 IDIV r/mi16 M Valid Valid Signed divide DX:AX by
r/m16, with result stored in
AX « Quotient, DX «
Remainder.

F7 17 IDIV r/m32 M Valid Valid Signed divide EDX:EAX by
r/m32, with result stored in
EAX « Quotient, EDX «
Remainder.

REXW +F7 /7 DIV r/m64 M Valid N.E. Signed divide RDX:RAX by
r/m64, with result stored in
RAX « Quotient, RDX «
Remainder.

NOTES:

* In 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix is
used: AH, BH, CH, DH.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
M ModRM:r/m (r) NA NA NA
Description

Divides the (signed) value in the AX, DX:AX, or EDX:EAX (dividend) by the source
operand (divisor) and stores the result in the AX (AH:AL), DX:AX, or EDX:EAX registers.
The source operand can be a general-purpose register or a memory location. The action
of this instruction depends on the operand size (dividend/divisor).

Non-integral results are truncated (chopped) towards 0. The remainder is always less
than the divisor in magnitude. Overflow is indicated with the #DE (divide error) excep-
tion rather than with the CF flag.

In 64-bit mode, the instruction’s default operation size is 32 bits. Use of the REX.R prefix
permits access to additional registers (R8-R15). Use of the REX.W prefix promotes oper-
ation to 64 bits. In 64-bit mode when REX.W is applied, the instruction divides the signed
value in RDX:RAX by the source operand. RAX contains a 64-bit quotient; RDX contains
a 64-bit remainder.

See the summary chart at the beginning of this section for encoding data and limits. See
Table 3-60.
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Table 3-60 IDIV Results
Operand Size Dividend | Divisor | Quotient | Remainder | Quotient Range
Word/byte AX r/m8 AL AH -1281t0+127
Doubleword/word DX:AX r/m16 AX DX -32,768 to
+32,767

Quadword/doubleword | EDX:EAX | r/m32 EAX EDX -23t02% -1
Doublequadword/ RDX:RAX | r/m64 RAX RDX —253t0 2%4 -1
quadword

Operation

IFSRC=0

THEN #DE; (* Divide error *)

Fl;

IF OperandSize = 8 (* Word/byte operation *)

THEN

temp « AX/ SRC; (* Signed division *)

IF (temp > 7FH) or (temp < 80H)

(* If a positive result is greater than 7FH or a negative result is less than 80H *)
THEN #DE; (* Divide error *)

ELSE

AL « temp;
AH « AX SignedModulus SRC;

Fl;

ELSE IF OperandSize = 16 (* Doubleword/word operation *)

THEN

temp « DX:AX / SRC; (* Signed division *)
IF (temp > 7FFFH) or (temp < 8000H)

(* If a positive result is greater than 7FFFH
or a negative result is less than 8000H *)

THEN

#DE; (* Divide error *)

ELSE

AX « temp;
DX « DX:AX SignedModulus SRC;

Fl;
Fl;

ELSE IF OperandSize = 32 (* Quadword/doubleword operation *)
temp « EDX:EAX / SRC; (* Signed division *)
IF (temp > 7FFFFFFFH) or (temp < 80000000H)
(* If a positive result is greater than 7FFFFFFFH
or a negative result is less than 80000000H *)

THEN

#DE; (* Divide error *)

ELSE

EAX « temp;
EDX « EDXE:AX SignedModulus SRC;

Fl;
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Fl;

intel)

ELSE IF OperandSize = 64 (* Doublequadword/quadword operation *)

temp < RDX:RAX / SRC; (* Signed division *)

IF (temp > 7FFFFFFFFFFFFFFFH) or (temp < 8000000000000000H)
(* If a positive result is greater than 7FFFFFFFFFFFFFFFH
or a negative result is less than 8000000000000000H *)

THEN

#DE; (* Divide error *)

ELSE

RAX « temp;

RDX < RDE:RAX SignedModulus SRC;

Fl;
Fl;
Fl;

IMUL—Signed Multiply

Opcode Instruction
F6 /5 IMUL r/m8*
F7 /5 IMUL r/m16
F7 /5 IMUL r/m32
REXW +F7 /5 IMUL r/m64
OF AF /1 IMUL r16, r/m16
OF AF /1 IMUL r32, r/m32

REX.W + OF AF  IMUL r64, r/m64

Ir

6B /rib IMUL r16, r/m16,
imm8

6B /rib IMUL r32, /m32,
imm8

REXW + 6B /rib IMUL r64, r/m64,

imm8

69 /riw IMUL r16, r/m16,
imm16

69 /rid IMUL r32, r/m32,
imm32

Op/
En

RM

RM

RM

RMI

RMI

RMI

RMI

RMI

64-Bit
Mode

Valid
Valid
Valid
Valid
Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Compat/
Leg Mode

Valid
Valid
Valid
N.E.

Valid

Valid

N.E.

Valid

Valid

N.E.

Valid

Valid

Description

AX« AL = r/m byte.
DX:AX « AX * r/m word.
EDX:EAX « EAX * r/m32.
RDX:RAX « RAX * r/m64.

word register « word
register * r/m16.

doubleword register «
doubleword register *
r/m32.

Quadword register «
Quadword register * r/m64.

word register « r/m16 =
sign-extended immediate
byte.

doubleword register «
r/m32 * sign-extended
immediate byte.

Quadword register « r/m64
* sign-extended immediate
byte.

word register < r/m16 =
immediate word.

doubleword register « r/
m32 * immediate
doubleword.
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Opcode Instruction Op/ 64-Bit Compat/
En  Mode Leg Mode
REXW + 69 /rid IMUL r64, r/m64, RMI Valid N.E.

imm32
NOTES:

Description

Quadwordregister « r/m64
* immediate doubleword.

* In 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix is

used: AH, BH, CH, DH.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
M ModRM:r/m (r, w) NA NA NA
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RMI ModRM:reg (r, w) ModRM:r/m (r) imm8/16/32 NA
IN—Input from Port
Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
€4 ib IN AL, imm8 | Valid Valid Input byte from imm81/0
port address into AL.
E5ib IN AX, imm8 | Valid Valid Input word from imm81/0
port address into AX.
€5 ib IN EAX, imm8 | Valid Valid Input dword from imm81/0
port address into EAX.
ec IN AL,DX NP  Valid Valid Input byte from I/0 port in
DX into AL.
€D IN AX,DX NP  Valid Valid Input word from 1/0 port in
DX into AX.
€D IN EAX,DX NP Valid Valid Input doubleword from 1/0
portin DX into EAX.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
| imm8 NA NA NA
NP NA NA NA NA
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INC—Increment by 1

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
FE/O INC /m8 M Valid Valid Increment r/m byte by 1.
REX + FE /O INC r/m8 M Valid N.E. Increment r/m byte by 1.
FF /0 INC /mi16 M Valid Valid Increment r/m word by 1.
FF /0 INC /m32 M Valid Valid Increment r/m doubleword
by 1.
REXW +FF /0  INC r/m64 M Valid N.E. Increment r/m quadword by
1.
40+ rw™™ INC r16 0 NE Valid Increment word register by
1.
40+ rd INC r32 0 N.E. Valid Increment doubleword

register by 1.

NOTES:

* |n 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix is
used: AH, BH, CH, DH.

** 40H through 47H are REX prefixes in 64-bit mode.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
M ModRM:r/m (r, w) NA NA NA
0 opcode + rd (r, w) NA NA NA
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INS/INSB/INSW/INSD—Input from Port to String

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
6C INS m8, DX NP  Valid Valid Input byte from I/0 port

specified in DX into memory
location specified in ES:(E)DI
or RDI*

6D INS m16, DX NP  Valid Valid Input word from I/0 port
specified in DX into memory
location specified in ES:(E)DI
or RDL!

6D INS m32, DX NP  Valid Valid Input doubleword from I/0
port specified in DX into
memory location specified in
ES:(E)DI or RDI.

6C INSB NP  Valid Valid Input byte from I/0 port
specified in DX into memory
location specified with
ES:(E)DI or RDI.

6D INSW NP  Valid Valid Input word from I/0 port
specified in DX into memory
location specified in ES:(E)DI
or RDL!

6D INSD NP  Valid Valid Input doubleword from I/0
port specified in DX into
memory location specified in
ES:(€E)DI or RDI.

NOTES:

* In 64-bit mode, only 64-bit (RDI) and 32-bit (EDI) address sizes are supported. In non-64-bit
mode, only 32-bit (EDI) and 16-bit (DI) address sizes are supported.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA
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INSERTPS — Insert Packed Single Precision Floating-Point Value

Opcode/ Op/ 64/32-bit CPUID

Instruction En Mode Feature
Flag

66 0F3A 21 /rib RMI  V/V SSE4_1

INSERTPS xmm1, xmmZ2/m32, inm8

VEX.NDS.128.66.0F3AWIG 21 /rib  RVMI V/V AVX

VINSERTPS xmm1, xmmZ,
xmm3/m32, imm8

Description

Insert a single precision
floating-point value
selected by imm8 from
xmmZ2/m32 into xmm1 at
the specified destination
element specified by imm8
and zero out destination
elements in xmm1 as
indicated in imm8.

Insert a single precision
floating point value selected
by imm8 from xmm3/m32
and merge into xmm2 at the
specified destination
element specified by imm8
and zero out destination
elements in xmm1 as
indicated in imm8.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reg (w) ModRM:r/m (r) imm8 NA
RVMI ModRM:reg (w) VEX.vwwv (r) ModRM:r/m (r) imm8

Intel C/C++ Compiler Intrinsic Equivalent

INSERTPS:  __m128 _mm_insert_ps(__m128 dst, __m128 src, const int ndx);

INT n/INTO/INT 3—Call to Interrupt Procedure

Opcode Instruction Op/ 64-Bit Compat/
En  Mode Leg Mode

CC INT 3 NP Valid Valid

CDib INT imm8 | Valid Valid

CE INTO NP Invalid Valid

Description

Interrupt 3—trap to
debugger.

Interrupt vector number
specified by immediate
byte.

Interrupt 4—if overflow flag
is 1.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA
| imm8 NA NA NA
INVD—Invalidate Internal Caches
Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF 08 INVD NP  Valid Valid Flush internal caches;
initiate flushing of external
caches.
NOTES:

* See the IA-32 Architecture Compatibility section below.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4

NP NA NA NA NA
INVLPG—Invalidate TLB Entry
Opcode Instruction Op/ 64-Bit Compat/ Description

En  Mode Leg Mode
OF 01/7 INVLPG m M Valid Valid Invalidate TLB Entry for
page that contains m.

NOTES:

* See the IA-32 Architecture Compatibility section below.

Instruction Operand Encoding

Op/En
M

Operand 1
ModRM:r/m (r)

Operand 2
NA

Operand 3

Operand 4

NA NA
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INVPCID - Invalidate Processor Context ID

Opcode/ Op/ 64/32 CPUID Description
Instruction En -bit Feature
Mode Flag
66 OF 3882 /r RM  Ne/N INVPCID  Invalidates entries in the TLBs and
INVPCID r32, m128 paging-structure caches based on

invalidation type in r32 and
descriptor in m128.

66 OF 3882 /r RM  V/NE INVPCID  Invalidates entries in the TLBs and

INVPCID r64, m128 paging-structure caches based on
invalidation type in r64 and
descriptor in m128.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (R) ModRM:r/m (R) NA NA
Description

Invalidates mappings in the translation lookaside buffers (TLBs) and paging-structure
caches based on process-context identifier (PCID). (See Section 4.10, “Caching Transla-
tion Information,” in IA-32 Intel Architecture Software Developer’s Manual, Volume 3A.)
Invalidation is based on the INVPCID type specified in the register operand and the
INVPCID descriptor specified in the memory operand.

Outside 64-bit mode, the register operand is always 32 bits, regardless of the value of
CS.D. In 64-bit mode the register operand has 64 bits.

There are four INVPCID types currently defined:

e Individual-address invalidation: If the INVPCID type is 0, the logical processor
invalidates mappings—except global translations—for the linear address and PCID
specified in the INVPCID descriptor. In some cases, the instruction may invalidate
global translations or mappings for other linear addresses (or other PCIDs) as well.

e Single-context invalidation: If the INVPCID type is 1, the logical processor
invalidates all mappings—except global translations—associated with the PCID
specified in the INVPCID descriptor. In some cases, the instruction may invalidate
global translations or mappings for other PCIDs as well.

e All-context invalidation, including global translations: If the INVPCID type is 2, the
logical processor invalidates all mappings—including global translations—associated
with any PCID.

e All-context invalidation: If the INVPCID type is 3, the logical processor invalidates all
mappings—except global translations—associated with any PCID. In some case, the
instruction may invalidate global translations as well.

The INVPCID descriptor comprises 128 bits and consists of a PCID and a linear address
as shown in Figure 3-23. For INVPCID type 0, the processor uses the full 64 bits of the
linear address even outside 64-bit mode; the linear address is not used for other
INVPCID types.
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127 64 63 12 11 0
Linear Address Reserved (must be zero) PCID |

Figure 3-23 INVPCID Descriptor

If CR4.PCIDE = 0, a logical processor does not cache information for any PCID other
than 000H. In this case, executions with INVPCID types 0 and 1 are allowed only if the
PCID specified in the INVPCID descriptor is 000H; executions with INVPCID types 2 and
3 invalidate mappings only for PCID 000H. Note that CR4.PCIDE must be 0 outside 64-
bit mode (see Chapter 4.10.1, “Process-Context Identifiers (PCIDs),” of the Inte/® 64
and IA-32 Architectures Software Developer’s Manual, Volume 3A).

Operation

INVPCID_TYPE « value of register operand; // must be in the range of 0-3
INVPCID_DESC « value of memory operand;
CASE INVPCID_TYPE OF
0: // individual-address invalidation
PCID «<— INVPCID_DESC[11:0];
L_ADDR « INVPCID_DESC[127:64];
Invalidate mappings for L_ADDR associated with PCID except global translations;
BREAK;
1: // single PCID invalidation
PCID «<— INVPCID_DESC[11:0];
Invalidate all mappings associated with PCID except global translations;

BREAK;

2 // all PCID invalidation including global translations
Invalidate all mappings for all PCIDs, including global translations;
BREAK;

3: // all PCID invalidation retaining global translations
Invalidate all mappings for all PCIDs except global translations;
BREAK;

ESAC;

Intel C/C++ Compiler Intrinsic Equivalent
INVPCID:  void _invpcid(unsigned __int32 type, void * descriptor);

SIMD Floating-Point Exceptions
None

Protected Mode Exceptions
#GP(0) If the current privilege level is not 0.

If the memory operand effective address is outside the CS, DS, ES,
FS, or GS segment limit.
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If the DS, ES, FS, or GS register contains an unusable segment.
If the source operand is located in an execute-only code segment.

If an invalid type is specified in the register operand, i.e.,
INVPCID_TYPE > 3.

If bits 63:12 of INVPCID_DESC are not all zero.

If INVPCID_TYPE is either 0 or 1 and INVPCID_DESC[11:0] is not
zero.

If INVPCID_TYPE is 0 and the linear address in
INVPCID_DESC[127:64] is not canonical.

#PF(fault-code) If a page fault occurs in accessing the memory operand.

#SS(0) If the memory operand effective address is outside the SS segment
limit.
If the SS register contains an unusable segment.

#UD If if CPUID.(EAX=07H, ECX=0H):EBX.INVPCID (bit 10) = 0.

If the LOCK prefix is used.

Real-Address Mode Exceptions

#GP If an invalid type is specified in the register operand, i.e.,
INVPCID_TYPE > 3.

If bits 63:12 of INVPCID_DESC are not all zero.

If INVPCID_TYPE is either 0 or 1 and INVPCID_DESC[11:0] is not
zero.

If INVPCID_TYPE is 0 and the linear address in
INVPCID_DESC[127:64] is not canonical.

#UD If CPUID.(EAX=07H, ECX=0H):EBX.INVPCID (bit 10) = 0.
If the LOCK prefix is used.

Virtual-8086 Mode Exceptions
#GP(0) The INVPCID instruction is not recognized in virtual-8086 mode.

Compatibility Mode Exceptions
Same exceptions as in protected mode.

64-Bit Mode Exceptions
#GP(0) If the current privilege level is not 0.

If the memory operand is in the CS, DS, ES, FS, or GS segments
and the memory address is in a non-canonical form.

If an invalid type is specified in the register operand, i.e.,
INVPCID_TYPE > 3.

If bits 63:12 of INVPCID_DESC are not all zero.

If CR4.PCIDE=0, INVPCID_TYPE is either 0 or 1, and
INVPCID_DESC[11:0] is not zero.

If INVPCID_TYPE is 0 and the linear address in
INVPCID_DESC[127:64] is not canonical.

#PF(fault-code) If a page fault occurs in accessing the memory operand.
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#55(0)

#UD

If the memory destination operand is in the SS segment and the
memory address is in a non-canonical form.

If the LOCK prefix is used.
If CPUID.(EAX=07H, ECX=0H):EBX.INVPCID (bit 10) = 0.

IRET/IRETD—Interrupt Return

Opcode

CF

CF

REXW + CF

Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

IRET NP Valid Valid Interrupt return (16-bit
operand size).

IRETD NP Valid Valid Interrupt return (32-bit
operand size).

IRETQ NP Valid N.E. Interrupt return (64-bit
operand size).

Instruction Operand Encoding

Op/En
NP

Operand 1 Operand 2 Operand 3 Operand 4
NA NA NA NA

Jcc—Jump if Condition Is Met

Opcode
77 cb
73 ¢cb

72 cb
76 ¢cb

72 cb
E3 cb

E3cb

€3 cb

74 cb
7F cb

7D cb

Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

JA rel8 D Valid Valid Jump short if above (CF=0
and ZF=0).

JAE rel8 D Valid Valid Jump short if above or equal
(CF=0).

|B rel8 D Valid Valid Jump short if below (CF=1).

JBE rel8 D Valid Valid Jump short if below or equal
(CF=1 or ZF=1).

JC rel8 D Valid Valid Jump short if carry (CF=1).

JCXZ rel8 D N.E. Valid Jump short if CX register is
0.

JECXZ rel8 D Valid Valid Jump short if ECX register is
0.

JRCXZ rel8 D Valid N.E. Jump short if RCX register is
0.

JE rel8 D Valid Valid Jump short if equal (ZF=1).

JG rel8 D Valid Valid Jump short if greater (ZF=0
and SF=0F).

JGE rel8 D Valid Valid Jump short if greater or
equal (SF=0F).
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Opcode

7Ccb
7€ cb

76 cb
72 cb
73 cb
77 cb
73 cb
75 cb
7Ecb
7Ccb
7D cb
7F ¢b
71 cb
7B cb
79 cb
75 cb
70 cb

7A cb
7A cb

7B cb

78 cb
74 cb
OF 87 cw

Instruction

JL rel8
JLE rel8

JNA rel8
INAE rel8
JNB rel8
JNBE rel8
INC rel8
JNE rel8
JNG rel8
JNGE rel8
JNL rel8
JNLE rel8
JNO rel8
JNP rel8
NS rel8
JNZ rel8
JO rel8

JP rel8
JPE rel8

JPO rel8

IS rel8
JZ rel8
JArell6

Op/ 64-Bit
€En  Mode
D Valid
D Valid
D Valid
D Valid
D Valid
D \Valid
D Valid
D Valid
D Valid
D  Valid
D Valid
D \Valid
D  Valid
D  Valid
D Valid
D  Valid
D Valid
D Valid
D Valid
D Valid
D Valid
D Valid
D N.S.

Compat/
Leg Mode

Valid
Valid

Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid

Valid
Valid

Valid

Valid
Valid
Valid

Description

Jump short if less (SF# OF).

Jump short if less or equal
(ZF=1 or SF# OF).

Jump short if not above
(CF=1 or ZF=1).

Jump short if not above or
equal (CF=1).

Jump short if not below
(CF=0).

Jump short if not below or
equal (CF=0 and ZF=0).

Jump short if not carry
(CF=0).

Jump short if not equal
(2F=0).

Jump short if not greater
(ZF=1 or SF# OF).

Jump short if not greater or
equal (SF# OF).

Jump short if not less
(SF=0F).

Jump short if not less or
equal (ZF=0 and SF=0F).

Jump short if not overflow
(OF=0).

Jump short if not parity
(PF=0).

Jump short if not sign
(SF=0).

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). Not supported in
64-bit mode.
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Opcode

OF 87 cd

OF 83 cw

OF 83 cd

OF 82 cw

OF 82 cd

OF 86 cw

OF 86 cd

OF 82 cw

OF 82 cd
OF 84 cw

OF 84 cd
OF 84 cw
OF 84 cd
OF 8F cw
OF 8F cd

OF 8D cw

OF 8D cd

OF 8C cw

OF 8C cd
OF 8E cw

Instruction
JA rel32

JAE rel16

JAE rel32

Brell6

B rel32

JBE rel16

|BE rel32

JCrel16

JCrel32
JErel16

JE rel32
JZ rel16
JZ rel32
JGrel16
)G rel32

|GE rel16

|GE rel32

JLrell6

JLrel32
JLE rel16

Op/ 64-Bit
En  Mode
D Valid
D N.S.
D Valid
D N.S.
D Valid
D N.S.
D Valid
D N.S.
D Valid
D N.S.
D Valid
D N.S.
D Valid
D N.S.
D Valid
D N.S.
D Valid
D N.S.
D Valid
D N.S.

Compat/
Leg Mode

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid
Valid

Valid
Valid
Valid
Valid
Valid

Valid

Valid

Valid

Valid
Valid

Description

Jump near if above (CF=0
and ZF=0).

Jump near if above or equal
(CF=0). Not supported in 64-
bit mode.

Jump near if above or equal
(CF=0).

Jump near if below (CF=1).
Not supported in 64-bit
mode.

Jump near if below (CF=1).
Jump near if below or equal
(CF=1 or ZF=1). Not
supported in 64-bit mode.
Jump near if below or equal
(CF=1 or ZF=1).

Jump near if carry (CF=1).
Not supported in 64-bit
mode.

Jump near if carry (CF=1).
Jump near if equal (ZF=1).
Not supported in 64-bit
mode.

Jump near if equal (ZF=1).
Jump near if 0 (ZF=1). Not
supported in 64-bit mode.
Jump near if 0 (ZF=1).

Jump near if greater (ZF=0
and SF=0F). Not supported
in 64-bit mode.

Jump near if greater (ZF=0
and SF=0F).

Jump near if greater or
equal (SF=0F). Not
supported in 64-bit mode.
Jump near if greater or
equal (SF=0F).

Jump near if less (SF# OF).
Not supported in 64-bit
mode.

Jump near if less (SF# OF).

Jump near if less or equal
(ZF=1 or SF+# OF). Not
supported in 64-bit mode.
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Opcode

OF 8€ cd

OF 86 cw

OF 86 cd

OF 82 cw

OF 82 cd

OF 83 cw

OF 83 cd

OF 87 cw

OF 87 cd

OF 83 cw

OF 83 cd

OF 85 cw

OF 85 cd

OF 8E cw

OF 8E cd

OF 8C cw

OF 8C cd

OF 8D cw

Instruction
JLE rel32

JNA rel16

JNA rel32

INAE rel16

JNAE rel32

JNB rel16

JNB rel32

JNBE rel16

JNBE rel32

JNC rel16

JNC rel32

INE rel16

INE rei32

JNG rel16

JNG rel32

INGE rel16

JNGE rel32

JNL rel16

Op/ 64-Bit
En Mode
D Valid
D N.S.

D Valid
D N.S.

D Valid
D N.S.

D Valid
D N.S.

D Valid
D N.S.

D Valid
D N.S.

D Valid
D N.S.

D Valid
D N.S.

D Valid
D N.S.

Compat/
Leg Mode

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Description

Jump near if less or equal
(ZF=1 or SF# OF).

Jump near if not above
(CF=1 or ZF=1). Not
supported in 64-bit mode.

Jump near if not above
(CF=1 or ZF=1).

Jump near if not above or
equal (CF=1). Not supported
in 64-bit mode.

Jump near if not above or
equal (CF=1).

Jump near if not below

(CF=0). Not supported in 64-

bit mode.

Jump near if not below
(CF=0).

Jump near if not below or
equal (CF=0 and ZF=0). Not
supported in 64-bit mode.

Jump near if not below or
equal (CF=0 and ZF=0).

Jump near if not carry

(CF=0). Not supported in 64-

bit mode.

Jump near if not carry
(CF=0).

Jump near if not equal
(ZF=0). Not supported in
64-bit mode.

Jump near if not equal
(ZF=0).
Jump near if not greater

(ZF=1 or SF# OF). Not
supported in 64-bit mode.

Jump near if not greater
(ZF=1 or SF# OF).

Jump near if not greater or
equal (SF# OF). Not
supported in 64-bit mode.

Jump near if not greater or
equal (SF# OF).

Jump near if not less
(SF=0F). Not supported in
64-bit mode.
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Opcode

OF 8D cd

OF 8F cw

OF 8F cd

OF 81 cw

OF 81 cd

OF 8B cw

OF 8B cd

OF 89 cw

OF 89 cd
OF 85 cw

OF 85 cd

OF 80 cw

OF 80 cd

OF 8A cw

OF 8A cd
OF 8A cw

OF 8A cd

OF 8B cw

Instruction
JNL rel32

JNLE rel16

INLE rel32

JNO rel16

JNO rel32

JNP rel16

INP rel32

INS rel16

NS rel32
JNZ rel16

JNZ rel32

JOrell6

JO rel32

JP rel16

JP rel32
JPE rel16

JPE rel32

JPO rel16

Op/ 64-Bit
En  Mode
D Valid
D N.S.

D Valid
D N.S.

D Valid
D N.S.

D Valid
D N.S.

D Valid
D N.S.

D Valid
D N.S.

D Valid
D N.S.

D Valid
D N.S.

D Valid
D N.S.

Compat/
Leg Mode

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid
Valid

Valid

Valid

Valid

Valid

Valid
Valid

Valid

Valid

Description

Jump near if not less
(SF=0F).

Jump near if not less or
equal (ZF=0 and SF=0F).
Not supported in 64-bit
mode.

Jump near if not less or
equal (ZF=0 and SF=0F).

Jump near if not overflow
(OF=0). Not supported in
64-bit mode.

Jump near if not overflow
(OF=0).

Jump near if not parity
(PF=0). Not supported in 64-
bit mode.

Jump near if not parity
(PF=0).

Jump near if not sign (SF=0).
Not supported in 64-bit
mode.

Jump near if not sign (SF=0).
Jump near if not zero

(ZF=0). Not supported in
64-bit mode.

Jump near if not zero
(2F=0).
Jump near if overflow

(OF=1). Not supported in
64-bit mode.

Jump near if overflow
(OF=1).

Jump near if parity (PF=1).
Not supported in 64-bit
mode.

Jump near if parity (PF=1).
Jump near if parity even
(PF=1). Not supported in 64-
bit mode.

Jump near if parity even
(PF=1).

Jump near if parity odd
(PF=0). Not supported in 64-
bit mode.
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Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

OF 8B cd JPO rel32 D Valid Valid Jump near if parity odd
(PF=0).

OF 88 cw ISrel16 D N.S. Valid Jump near if sign (SF=1). Not
supported in 64-bit mode.

OF 88 cd JSrel32 D Valid Valid Jump near if sign (SF=1).

OF 84 cw JZrell6 D N.S. Valid Jump near if 0 (ZF=1). Not
supported in 64-bit mode.

OF 84 cd JZ rel32 D Valid Valid Jump near if 0 (ZF=1).

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
D Offset NA NA NA
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JMP—jump
Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

EB cb JMP rel8 D Valid Valid Jump short, RIP = RIP + 8-bit
displacement sign extended
to 64-bits

€9 cw JMP rel16 D N.S. Valid Jump near, relative,
displacement relative to
next instruction. Not
supported in 64-bit mode.

€9 cd JMP rel32 D Valid Valid Jump near, relative, RIP =
RIP + 32-bit displacement
sign extended to 64-bits

FF /4 JMP r/m16 M N.S. Valid Jump near, absolute indirect,
address = zero-extended
r/m16. Not supported in 64-
bit mode.

FF /4 JMP r/m32 M N.S. Valid Jump near, absolute indirect,
address given in r/m32. Not
supported in 64-bit mode.

FF /4 JMP r/m64 M Valid N.E. Jump near, absolute indirect,
RIP = 64-Bit offset from
register or memory

€A cd JMP ptr16:16 D Inv. Valid Jump far, absolute, address
given in operand

EA cp JMP ptr16:32 D Inv. Valid Jump far, absolute, address
given in operand

FF /5 JMP m16:16 D Valid Valid Jump far, absolute indirect,
address givenin m16:16

FF /5 JMP m16:32 D Valid Valid Jump far, absolute indirect,
address given in m16:32.

REXW +FF/5 JMP m16:64 D Valid N.E. Jump far, absolute indirect,
address given in m16:64.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
D Offset NA NA NA
M ModRM:r/m (r) NA NA NA

Intel® 64 and IA-32 Architectures Software Developer’s Manual Documentation Changes

145



intel)

LAHF—Load Status Flags into AH Register

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
9F LAHF NP  Invalid*  Valid Load: AH «
EFLAGS(SF:ZF:0:AF:0:PF:1:CF).

NOTES:
*Valid in specific steppings. See Description section.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA

LAR—Load Access Rights Byte

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF02/r LARr16,r16/m16 RM  Valid Valid r16 « r16/m16 masked by
FFOOH.
OF02/r LAR r32, RM  Valid Valid r32 < r32/m16 masked by
r32/m16 00FxFFOOH
REXW +0F 02 LAR r64, RM  Valid N.E. r64 « r32/m16 masked by
Ir r32/m16 0OFxFFOOH and zero
extended
NOTES:
1. For all loads (regardless of source or destination sizing) only bits 16-0 are used. Other bits are
ignored.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
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LDDQU—Load Unaligned Integer 128 Bits

intel)

Opcode/
Instruction

F2OFFO/r
LDDQU xmm1, mem

VEX.128.F2.0F.WIG FO /r
VLDDQU xmm1, m128

VEX.256.F2.0F.WIG FO /r
VLDDQU ymm1, m256

Op/ 64/32-bit CPUID

En  Mode Feature
Flag

RM VNV SSE3

RM VNV AVX

RM VNV AVX

Description

Load unaligned data from
mem and return double
quadword in xmm1.

Load unaligned packed
integer values from mem to
xmm1.

Load unaligned packed
integer values from mem to
ymm1.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
Intel C/C++ Compiler Intrinsic Equivalent
LDDQU: __m128i _mm_Iddqu_si128 (__m128i * p);
LDDQU: __m256i _mm256_lddqu_si256 (__m256i * p);
LDMXCSR—Load MXCSR Register
Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
OF,AE,/2 M VIV SSE Load MXCSR register from
LDMXCSR m32 m32.
VEX.LZ.OFWIG AE /2 M VIV AVX Load MXCSR register from
VLDMXCSR m32 m32.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
M ModRM:r/m (r) NA NA NA

C/C++ Compiler Intrinsic Equivalent

_mm_setcsr(unsigned int i)
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LDS/LES/LFS/LGS/LSS—Load Far Pointer

intel)

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

C5/r LDS ri6mi16:16 RM Invalid Valid Load DS:r16 with far pointer
from memory.

C5/r LDS r3Z2mi16:32 RM Invalid Valid Load DS:r32 with far pointer
from memory.

OFB2/r LSSr16,mi16:16 RM  Valid Valid Load SS:r16 with far pointer
from memory.

OFB2/r LSS r3Z2mi16:32 RM Valid Valid Load SS:r32 with far pointer
from memory.

REX+OF B2 /r LSS r64m16:64 RM Valid N.E. Load SS:r64 with far pointer
from memory.

Ca4/r LES ri6,m16:16 RM Invalid Valid Load ES:r16 with far pointer
from memory.

Ca4/r LES r3Z2mi16:32 RM Invalid Valid Load ES:r32 with far pointer
from memory.

OF B4 /r LFSr16,m16:16 RM  Valid Valid Load FS:r16 with far pointer
from memory.

OF B4 /r LFS r32mi16:32 RM Valid Valid Load FS:r32 with far pointer
from memory.

REX+0FB4/r LFSr64mi16:64 RM Valid N.E. Load FS:r64 with far pointer
from memory.

OFB5/r LGS r16,m16:16 RM  Valid Valid Load GS:r16 with far pointer
from memory.

OFB5/r LGS r32m16:32 RM Valid Valid Load GS:r32 with far pointer
from memory.

REX+O0FB5/r LGS r64m16:64 RM Valid N.E. Load GS:r64 with far pointer
from memory.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
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LEA—Load Effective Address

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

8D /r LEA rie,m RM  Valid Valid Store effective address for
min register r16.

8D /r LEA r3Z2m RM  Valid Valid Store effective address for
min register r32.

REXW +8D/r LEA r64,m RM  Valid N.E. Store effective address for
min register r64.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

RM ModRM:reg (w) ModRM:r/m (r) NA NA

LEAVE—High Level Procedure Exit

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
9 LEAVE NP  Valid Valid Set SP to BP, then pop BP.
c9 LEAVE NP N.E Valid Set ESP to EBP, then pop
EBP.
9 LEAVE NP  Valid N.E. Set RSP to RBP, then pop
RBP.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA

LFENCE—Load Fence

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF AE /5 LFENCE NP  Valid Valid Serializes load operations.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA
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Intel C/C++ Compiler Intrinsic Equivalent

void _mm_Ifence(void)

LGDT/LIDT—Load Global/Interrupt Descriptor Table Register

Opcode Instruction Op/ 64-Bit Compat/ Description

En  Mode Leg Mode
0F 01 /2 LGDT m16&32 M N.E. Valid Load minto GDTR.
0F01/3 LIDT m16&32 M N.E. Valid Load minto IDTR.
0F 01 /2 LGDT m16&64 M Valid N.E. Load minto GDTR.
0F01/3 LIDT m16&64 M Valid N.E. Load minto IDTR.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
M ModRM:r/m (r) NA NA NA

LLDT—Load Local Descriptor Table Register

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF 00 /2 LLDT r/m16 M Valid Valid Load segment selector

r/m16 into LDTR.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
M ModRM:r/m (r) NA NA NA

LMSW—Load Machine Status Word

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF 01 /6 LMSW /m16 M Valid Valid Loads r/m16 in machine
status word of CRO.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
M ModRM:r/m (r) NA NA NA
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LOCK—Assert LOCK# Signal Prefix

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
FO LOCK NP  Valid Valid Asserts LOCK# signal for

duration of the
accompanying instruction.

NOTES:
* See IA-32 Architecture Compatibility section below.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA

Protected Mode Exceptions

#UD If the LOCK prefix is used with an instruction not listed: ADD, ADC,
AND, BTC, BTR, BTS, CMPXCHG, CMPXCH8B, CMPXCHG16B, DEC,
INC, NEG, NOT, OR, SBB, SUB, XOR, XADD, XCHG.

Other exceptions can be generated by the instruction when the
LOCK prefix is applied.
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LODS/LODSB/LODSW/LODSD/LODSQ—Load String

Opcode

AC

AD

AD

REX.W + AD

AC

AD

AD

REX.W + AD

Instruction

LODS m8

LODS m16

LODS m32

LODS m64

LODSB

LODSW

LODSD

LODSQ

Op
En

NP

NP

NP

NP

NP

/ 64-Bit
Mode

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Compat/

Description

Leg Mode

Valid

Valid

Valid

N.E.

Valid

Valid

Valid

N.E.

For legacy mode, Load byte
at address DS:(E)SI into AL.
For 64-bit mode load byte
at address (R)SI into AL.

For legacy mode, Load word
at address DS:(E)SI into AX.
For 64-bit mode load word
at address (R)SI into AX.

For legacy mode, Load
dword at address DS:(E)SI
into EAX. For 64-bit mode
load dword at address (R)SI
into EAX.

Load qword at address (R)SI
into RAX.

For legacy mode, Load byte
at address DS:(E)Sl into AL.
For 64-bit mode load byte
at address (R)Slinto AL.

For legacy mode, Load word
at address DS:(E)SI into AX.
For 64-bit mode load word
at address (R)Slinto AX.

For legacy mode, Load
dword at address DS:(E)SI
into EAX. For 64-bit mode
load dword at address (R)SI
into EAX.

Load qword at address (R)SI
into RAX.

Instruction Operand Encoding

Op/En
NP

Operand 1
NA

Operand 2
NA

Operand 3 Operand 4
NA NA
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LOOP/LOOPcc—Loop According to ECX Counter

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
€2 cb LOOP rel8 D Valid Valid Decrement count; jump
short if count = 0.
€1 cb LOOPE rel8 D Valid Valid Decrement count; jump

short if count # 0 and ZF =
1.

€0 cb LOOPNE rel8 D Valid Valid Decrement count; jump
short if count = 0 and ZF =
0.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

D Offset NA NA NA

LSL—Load Segment Limit

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF03/r LSLr16,r16/m16 RM  Valid Valid Load: r16 « segment limit,
selector r16/m16.
OF03/r LSLr32,r32/m16 RM Valid Valid Load: r32 « segment limit,
selector r32/m16.
REXW +0F 03 LSLr64,r32/m16 RM Valid Valid Load: r64 « segment limit,
Ir selector r32/m16
NOTES:

* For all loads (regardless of destination sizing), only bits 16-0 are used. Other bits are ignored.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

RM ModRM:reg (w) ModRM:r/m (r) NA NA
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LTR—Load Task Register

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF 00 /3 LTR r/m16 M Valid Valid Load r/m16 into task
register.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

M ModRM:r/m (r) NA NA NA

64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canon-
ical form.
#GP(0) If the current privilege level is not 0.

If the memory address is in a non-canonical form.
If the source operand contains a NULL segment selector.

#GP(selector) If the source selector points to a segment that is not a TSS or to one
for a task that is already busy.

If the selector points to LDT or is beyond the GDT limit.
If the descriptor type of the upper 8-byte of the 16-byte descriptor

is non-zero.
#NP(selector) If the TSS is marked not present.
#PF(fault-code) If a page fault occurs.
#UD If the LOCK prefix is used.
9. Updates to Chapter 4, Volume 2B

Change bars show changes to Chapter 4 of the Inte/® 64 and IA-32 Architectures Soft-
ware Developer’s Manual, Volume 2B: Instruction Set Reference, M-Z.

4.2 INSTRUCTIONS (M-2)

Chapter 4 continues an alphabetical discussion of Intel® 64 and IA-32 instructions
(M-Z). See also: Chapter 3, “Instruction Set Reference, A-L,” in the Inte/® 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A.
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intel)

MASKMOVDQU—Store Selected Bytes of Double Quadword

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
66 OFF7 /It RM VNV SSe2 Selectively write bytes from
MASKMOVDQU xmm1, xmm2 xmm1 to memory location

using the byte mask in
xmmZ. The default memory
location is specified by

DS:EDI/RDI.
VEX.128.66.0FWIG F7 /r RM VNV AVX Selectively write bytes from
VMASKMOVDQU xmm1, xmm2 xmm1 to memory location

using the byte mask in
xmmZ2. The default memory
location is specified by
DS:DI/EDI/RDI.

Instruction Operand Encoding’
Op/En Operand 1 Operand 2 Operand 3 Operand 4

RM ModRM:reg (r) ModRM:r/m (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent
MASKMOVDQU:  void _mm_maskmoveu_si128(_m128id, __m128in, char * p)

MASKMOVQ—Store Selected Bytes of Quadword

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF F7 /It MASKMOVQ mm1, RM Valid Valid Selectively write bytes from
mm2 mm1 to memory location

using the byte mask in mmZ2.
The default memory
location is specified by
DS:DI/EDI/RDL.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

RM ModRM:reg (r) ModRM:r/m (r) NA NA

1.ModRM.MOD = 011B required
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intel)

Intel C/C++ Compiler Intrinsic Equivalent
MASKMOVQ: void _mm_maskmove_si64(__m64d, __m64n, char * p)

MAXPD—Return Maximum Packed Double-Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
66 OF 5F /r RM VNV SSE2 Return the maximum
MAXPD xmm1, xmm2/m128 double-precision floating-

point values between
xmm2/m128 and xmm]1.

VEX.NDS.128.66.0F.WIG 5F /r RVM VIV AVX Return the maximum

VMAXPD xmm1,xmm2, double-precision floating-

xmm3/m128 point values between xmm2
and xmm3/mem.

VEX.NDS.256.66.0F.WIG 5F /r RVM VIV AVX Return the maximum
packed double-precision

VMAXPD ymm1, ymm2, floating-point values

ymm3/m256 between ymm?2 and
ymm3/mem.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
MAXPD: __m128d _mm_max_pd(__m128da, __m128db);
VMAXPD: __m256d _mm256_max_pd (__m256d a, __m256d b);
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MAXPS—Return Maximum Packed Single-Precision Floating-Point Values

Opcode/
Instruction

OF 5F /r
MAXPS xmm1, xmmZ2/m128

VEX.NDS.128.0F.WIG 5F /r
VMAXPS xmm1,xmmZ2, xmm3/m128

VEX.NDS.256.0FWIG 5F /r
VMAXPS ymm1, ymmz2,

Op/ 64/32-bit CPUID

En  Mode Feature
Flag
RM VNV SSE
RVM V/V AVX
RVM V/V AVX

Description

Return the maximum single-
precision floating-point
values between
xmmZ2/m128and xmm]1.

Return the maximum single-
precision floating-point
values between xmmZ2 and
xmm3/mem.

Return the maximum single
double-precision floating-

ymm3/m256 point values between ymm2
and ymm3/mem.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

MAXPS:
VMAXPS:

__m128_mm_max_ps (__m128a,__m128b);
__m256 _mm256_max_ps (__m256 a, __m256 b);

MAXSD—Return Maximum Scalar Double-Precision Floating-Point Value

Opcode/
Instruction

F2 OF 5F /r
MAXSD xmm1, xmmZ2/m64

VEX.NDS.LIG.F2.0FWIG 5F /r
VMAXSD xmm1, xmmZ2, xmm3/m64

Op/ 64/32-bit CPUID

En Mode Feature
Flag

RM VNV SSE2

RVM V/V AVX

Description

Return the maximum scalar
double-precision floating-
point value between
xmmZ2/mem64 and xmm1.

Return the maximum scalar
double-precision floating-
point value between
xmm3/mem64 and xmmZ2.

Intel® 64 and IA-32 Architectures Software Developer’s Manual Documentation Changes

157



Instruction Operand Encoding

Op/En Operand 1 Operand 2
RM ModRM:reg (r, w) ModRM:r/m (r)
RVM ModRM:reg (w) VEX.vvwv (r)

Operand 3 Operand 4
NA NA
ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

MAXSD: __m128d _mm_max_sd(__m128da, __m128db)

MAXSS—Return Maximum Scalar Single-Precision Floating-Point Value

MAXSS xmm1, xmm2/m32

VEX.NDS.LIG.F3.0FWIG 5F /r RVM VNV AVX
VMAXSS xmm1, xmmZ2, xmm3/m32

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
F3 OF 5F /r RM VNV SSE Return the maximum scalar

single-precision floating-
point value between
xmmZ/mem32 and xmm71.

Return the maximum scalar
single-precision floating-
point value between
xmm3/mem32 and xmmZ2.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA
Intel C/C++ Compiler Intrinsic Equivalent
MAXSS: __m128d _mm_max_ss(__m128da, __m128d b)
MFENCE—Memory Fence
Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

OF AE /6 MFENCE NP Valid Valid

Serializes load and store
operations.
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Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

NP NA NA NA NA

Intel C/C++ Compiler Intrinsic Equivalent
MFENCE: void _mm_mfence(void)

MINPD—Return Minimum Packed Double-Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En Mode Feature
Flag
66 OF 5D /r RM V/NV SSE? Return the minimum double-
MINPD xmm1, xmm2/m128 precision floating-point

values between
xmm2/m128 and xmm]1.

VEX.NDS.128.66.0F.WIG 5D /r RVM V/V AVX Return the minimum double-
VMINPD xmm1,xmm2, xmm3/m128 precision floating-point
values between xmm2 and
xmm3/mem.
VEX.NDS.256.66.0F.WIG 5D /r RVM VIV AVX Return the minimum packed
VMINPD ymm1, ymm2, ymm3/m256 double-precision floating-

point values between ymm2
and ymm3/mem.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
MINPD: __m128d _mm_min_pd(__m128da, __m128d b);
VMINPD: __m256d _mm256_min_pd (__m256d a, __m256d b);
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MINPS—Return Minimum Packed Single-Precision Floating-Point Values

Opcode/
Instruction

OF 5D /r
MINPS xmm1, xmmZ2/m128

VEX.NDS.128.0F.WIG 5D /r
VMINPS xmm1,xmm2, xmm3/m128

VEX.NDS.256.0FWIG 5D /r
VMINPS ymm1, ymm2, ymm3/m256

Op/ 64/32-bit CPUID

En  Mode Feature
Flag
RM VNV SSE
RVM V/V AVX
RVM V/V AVX

Description

Return the minimum single-
precision floating-point
values between
xmmZ2/m128and xmm]1.

Return the minimum single-
precision floating-point
values between xmmZ2 and
xmm3/mem.

Return the minimum single
double-precision floating-
point values between ymmZ2
and ymm3/mem.

Instruction Operand Encoding

Op/En Operand 1
RM ModRM:reg (r, w)
RVM ModRM:reg (w)

Operand 2 Operand 3 Operand 4
ModRM:r/m (r) NA NA
VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

MINPS:
VMINPS:

__m128d _mm_min_ps(__m128da, __m128db);
__m256 _mm256_min_ps (__m256 a, __m256 b);

MINSD—Return Minimum Scalar Double-Precision Floating-Point Value

Opcode/
Instruction

F2 OF 5D /r
MINSD xmm1, xmmZ2/m64

VEX.NDS.LIG.F2.0FWIG 5D /r
VMINSD xmm1, xmm2, xmm3/m64

Op/ 64/32-bit CPUID

En Mode Feature
Flag

RM VNV SSE2

RVM VIV AVX

Description

Return the minimum scalar
double-precision floating-
point value between
xmmZ2/mem64 and xmm71.

Return the minimum scalar
double precision floating-
point value between
xmm3/mem64 and xmm2.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
MINSD: __m128d _mm_min_sd(__m128d a3, __m128db)

MINSS—Return Minimum Scalar Single-Precision Floating-Point Value

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
F30F5D/r RM VNV SSE Return the minimum scalar
MINSS xmm1, xmm2/m32 single-precision floating-

point value between
xmmz2/mem32 and xmm1.

VEX.NDS.LIG.F3. VMINSS RVM VNV AVX Return the minimum scalar
OFWIG 5D /r xmm1,xmmz2, single precision floating-
xmm3/m32 point value between

xmm3/mem32 and xmm?2.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
MINSS: __m128d _mm_min_ss(__m128da, __m128db)

Intel® 64 and IA-32 Architectures Software Developer’s Manual Documentation Changes

161



MONITOR—Set Up Monitor Address

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF 01 C8 MONITOR NP  Valid Valid Sets up a linear address
range to be monitored by
hardware and activates the
monitor. The address range
should be a write-back
memory caching type. The
address is DS:EAX (DS:RAX
in 64-bit mode).
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA

Intel C/C++ Compiler Intrinsic Equivalent

MONITOR: void _mm_monitor(void const *p, unsigned extensions,unsigned hints)

MOV—Move

Opcode Instruction Op/ 64-Bit Compat/ Description

En  Mode Leg Mode

88/r MOV r/m8,r8 MR  Valid Valid Move r81to r/m8.

REX+88/r  MOVr/m8 'r8 MR Valid NE. Move r8to r/m.

89/r MOV r/m16,r16 MR  Valid Valid Move r16to r/m16.

89/r MOV r/m32,r32 MR  Valid Valid Move r32 to r/m32.

REXW +89/r MOV r/m64,r64 MR  Valid N.E. Move r64 to r/mé64.

8A/r MOV r8r/m8 RM  Valid Valid Move r/m8to r8.

REX+8A/r MOV RM  Valid N.E. Move r/m8to r8.

r8*** r/m8***

8B/r MOV r16,//m16 RM  Valid Valid Move r/m16to ri6.

8B/r MOV r32,r/m32 RM  Valid Valid Move r/m32 to r32.

REXW +8B/r MOV r64,r/m64 RM  Valid N.E. Move r/m64 to r64.

8C/r MOV r/m16,Sreg** MR  Valid Valid Move segment register to
r/m16.

REXW +8C/r MOV r/m64,Sreg*™> MR  Valid Valid Move zero extended 16-bit
segment register to r/m64.

8E/r MOV Sreg,r/m16** RM  Valid Valid Move r/m16 to segment
register.

REXW +8E/r MOV Sreg,r/m64** RM Valid Valid Move lower 16 bits of r/

m64 to segment register.
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Opcode

A0

REX.W + AO
Al

Al

REXW + A1

A2
REX.W + A2
A3
A3

REX.W + A3

BO+ rb

B8+ rw
B8+ rd

6 /0
REX+C6/0

C7/0

C7/0

REX +BO+ rb

REX.W + B8+ rd

REXW +C7 /0

Instruction
MOV AL moffs8*

MOV AL, moffs8*
MOV AX,moffs16*

MOV
EAX,moffs32*

MoV
RAX,moffs64*

MOV moffs8AL
MOV moffs8 AL
MOV moffs16*AX

MoV
moffs32* EAX

MOV
moffs64* RAX

MOV r8, imm8

MoV r8”", imm8
MOV r16, imm16
MOV r32, imm32
MOV r64, imm64
MOV r/m8, imm8

MOV r/m8***,
imm8

MOV r/m16,
imm16

MOV r/m32,
imm32

MOV r/m64,
imm32

Op/ 64-Bit
En  Mode
FD  Valid
FD Valid
FD  Valid
FD  Valid
FD  Valid
TD  Valid
TD  Valid
TD Valid
TD  Valid
TD  Valid
Ol Valid
Ol Valid
Ol Valid
Ol Valid
Ol Valid
Ml Valid
M Valid
Ml Valid
Ml Valid
M Valid

Compat/
Leg Mode

Valid

N.E.
Valid

Valid

N.E.

Valid
N.E.

Valid
Valid

N.E.

Valid
N.E.
Valid
Valid
N.E.
Valid
N.E.

Valid

Valid

N.E.

Description

Move byte at (seg:offset) to
AL

Move byte at (offset) to AL.

Move word at (seg:offset) to
AX.

Move doubleword at
(seg:offset) to EAX.

Move quadword at (offset)
to RAX.

Move AL to (seg:offset).
Move AL to (offset).
Move AX to (seg:offset).
Move EAX to (seg:offset).

Move RAX to (offset).

Move imm8to r8.

Move imm8to r8.

Move imm16 to r16.
Move imm32 to r32.
Move imm64 to r64.
Move imm8 to r/m8.
Move imm8 to r/m8.

Move imm16 to r/m16.
Move imm32 to r/m32.

Move imm32 sign extended
to 64-bits to r/m64.

NOTES:

* The moffs8, moffs16, moffs32 and moffs64 operands specify a simple offset relative to the
segment base, where 8, 16, 32 and 64 refer to the size of the data. The address-size attribute
of the instruction determines the size of the offset, either 16, 32 or 64 bits.

**n 32-bit mode, the assembler may insert the 16-bit operand-size prefix with this instruction
(see the following “Description” section for further information).

***In 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix
is used: AH, BH, CH, DH.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
MR ModRM:r/m (w) ModRM:reg (r) NA NA
RM ModRM:reg (w) ModRM:r/m (r) NA NA
FD AL/AX/EAX/RAX Moffs NA NA
D Moffs (w) AL/AX/EAX/RAX NA NA
Ol opcode + rd (w) imm8/16/32/64 NA NA
MI ModRM:r/m (w) imm8/16/32/64 NA NA

MOV—Move to/from Control Registers

Opcode/ Op/ 64-Bit Compat/ Description
Instruction En  Mode Leg Mode

OF 20/r MR NE Valid Move control register to
MOV r32, CRO-CR7 r3e.

OF 20/r MR  Valid N.E. Move extended control
MOV r64, CRO-CR7 register to r64.

REXR +0F 20/0 MR  Valid N.E. Move extended CR8 to
MOV r64, CR8 r64."

OF22/r RM NE Valid Move r32 to control
MOV CRO-CR7, r32 register.

OF22/r RM  Valid N.E. Move r64 to extended
MOV CRO-CR7, r64 control register.

REXR + OF 22 /0 RM  Valid N.E. Move r64 to extended
MOV CR8, r64 cra.!

NOTE:

1. MOV CR* instructions, except for MOV CR8, are serializing instructions. MOV CR8 is not R
architecturally defined as a serializing instruction. For more information, see Chapter 8 in Intel
64 and IA-32 Architectures Software Developer’s Manual, Volume 3A.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
MR ModRM:r/m (w) ModRM:reg (r) NA NA
RM ModRM:reg (w) ModRM:r/m (r) NA NA
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MOV—Move to/from Debug Registers

Opcode/ Op/ 64-Bit Compat/ Description

Instruction En  Mode Leg Mode

OF 21/r MR N.E. Valid Move debug register to r32.
MOV r32, DRO-DR7

OF 21/r MR Valid N.E. Move extended debug

MOV r64, DRO-DR7 register to r64.

OF 23 /r RM NE Valid Move r32 to debug register.
MOV DRO-DR7, r32

OF23/r RM  Valid N.E. Move r64 to extended

MOV DRO-DR7, r64 debug register.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
MR ModRM:r/m (w) ModRM:reg (r) NA NA
RM ModRM:reg (w) ModRM:r/m (r) NA NA
Description

Moves the contents of a debug register (DRO, DR1, DR2, DR3, DR4, DR5, DR6, or DR7)
to a general-purpose register or vice versa. The operand size for these instructions is
always 32 bits in non-64-bit modes, regardless of the operand-size attribute. (See
Section 17.2, “Debug Registers”, of the Inte/® 64 and IA-32 Architectures Software
Developer’s Manual, Volume 3B, for a detailed description of the flags and fields in the
debug registers.)

The instructions must be executed at privilege level 0 or in real-address mode.

When the debug extension (DE) flag in register CR4 is clear, these instructions operate
on debug registers in a manner that is compatible with Intel386 and Intel486 proces-
sors. In this mode, references to DR4 and DR5 refer to DR6 and DR7, respectively. When
the DE flag in CR4 is set, attempts to reference DR4 and DR5 result in an undefined
opcode (#UD) exception. (The CR4 register was added to the IA-32 Architecture begin-
ning with the Pentium processor.)

At the opcode level, the reg field within the ModR/M byte specifies which of the debug
registers is loaded or read. The two bits in the mod field are ignored. The r/m field spec-
ifies the general-purpose register loaded or read.

In 64-bit mode, the instruction’s default operation size is 64 bits. Use of the REX.B prefix
permits access to additional registers (R8-R15). Use of the REX.W or 66H prefix is
ignored. Use of the REX.R prefix causes an invalid-opcode exception. See the summary
chart at the beginning of this section for encoding data and limits.

Operation

IF (DE= 1) and (SRC or DEST = DR4 or DR5))
THEN
#UD;
ELSE
DEST « SRC;
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Fl;

Flags Affected
The OF, SF, ZF, AF, PF, and CF flags are undefined.

Protected Mode Exceptions
#GP(0) If the current privilege level is not 0.

#UD If CR4.DE[bit 3] = 1 (debug extensions) and a MOV instruction is
executed involving DR4 or DR5.

If the LOCK prefix is used.
#DB If any debug register is accessed while the DR7.GD[bit 13] = 1.

Real-Address Mode Exceptions

#UD If CR4.DE[bit 3] = 1 (debug extensions) and a MOV instruction is
executed involving DR4 or DR5.

If the LOCK prefix is used.
#DB If any debug register is accessed while the DR7.GD[bit 13] = 1.

Virtual-8086 Mode Exceptions

#GP(0) The debug registers cannot be loaded or read when in virtual-8086
mode.

Compatibility Mode Exceptions
Same exceptions as in protected mode.

64-Bit Mode Exceptions

#GP(0) If the current privilege level is not 0.
If an attempt is made to write a 1 to any of bits 63:32 in DR6.
If an attempt is made to write a 1 to any of bits 63:32 in DR7.

#UD If CR4.DE[bit 3] = 1 (debug extensions) and a MOV instruction is
executed involving DR4 or DR5.

If the LOCK prefix is used.
If the REX.R prefix is used.
#DB If any debug register is accessed while the DR7.GD[bit 13] = 1.
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MOVAPD—Move Aligned Packed Double-Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
66 OF 28 /r RM VNV SSe2 Move packed double-
MOVAPD xmm1, xmm2/m128 precision floating-point
values from xmm2/m1281to
xmm1.
66 OF 29 /r MR VIV SSE2 Move packed double-
MOVAPD xmm2/m128, xmm1 precision floating-point
values from xmm1 to
xmmZ2/m128.
VEX.128.66.0F.WIG 28 /r RM VNV AVX Move aligned packed
VMOVAPD xmm1, xmm2/m128 double-precision floating-

point values from
xmm2/mem to xmm1.

VEX.128.66.0F.WIG 29 /r MR VIV AVX Move aligned packed
VMOVAPD xmm2/m128, xmm1 double-precision floating-
point values from xmm1 to
xmmZ2/mem.
VEX.256.66.0F.WIG 28 /r RM VNV AVX Move aligned packed
VMOVAPD ymm1, ymm2/m256 double-precision floating-

point values from
ymmZ2/mem to ymm1.

VEX.256.66.0F.WIG 29 /r MR VNV AVX Move aligned packed

VMOVAPD ymm2/m256, ymm]1 double-precision floating-
point values from ymm1 to
ymm2/mem.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
MR ModRM:r/m (w) ModRM:reg (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent

MOVAPD: __m128d _mm_load_pd (double const * p);
MOVAPD: _mm_store_pd(double * p, __m128d a);
VMOVAPD: __m256d _mm256_load_pd (double const * p);

VMOVAPD:  _mm256_store_pd(double * p, __ m256d a);
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MOVAPS—Move Aligned Packed Single-Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag

OF 28 /r RM VNV SSE Move packed single-

MOVAPS xmm1, xmm2/m128 precision floating-point
values from xmm2/m128to
xmmT.

OF29/r MR VIV SSE Move packed single-

MOVAPS xmm2/m128, xmm1 precision floating-point
values from xmm1 to
xmm2/m128.

VEX.128.0FWIG 28 /r RM VNV AVX Move aligned packed single-

VMOVAPS xmm1, xmm2/m128 precision floating-point
values from xmm2/mem to
xmm1.

VEX.128.0FWIG 29 /r MR VNV AVX Move aligned packed single-

VMOVAPS xmm2/m128, xmm/1 precision floating-point
values from xmm1 to
Xxmm2/mem.

VEX.256.0F.WIG 28 /r RM VNV AVX Move aligned packed single-

VMOVAPS ymm1, ymm2/m256 precision floating-point
values from ymm2/mem to
ymm1.

VEX.256.0F.WIG 29 /r MR VNV AVX Move aligned packed single-

VMOVAPS ymm2/m256, ymm!1 precision floating-point
values from ymm1 to
ymm2/mem.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
MR ModRM:r/m (w) ModRM:reg (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent

MOVAPS: __m128 _mm_load_ps (float const * p);
MOVAPS: _mm_store_ps(float * p, __m128 a);
VMOVAPS: __m256 _mm256_load_ps (float const * p);
VMOVAPS: _mm256_store_ps(float * p, __m256 a);
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MOVBE—Move Data After Swapping Bytes

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF38F0/r MOVBE r16,m16 RM Valid Valid Reverse byte orderin m16
and move tor16
OF38FO0/r MOVBE r32, m32 RM Valid Valid Reverse byte order in m32
and move to r32
REXW +0F 38 MOVBE r64, m64 RM Valid N.E. Reverse byte order in m64
FO/r and move to r64.
OF38F1/r MOVBE m16,r16 MR Valid Valid Reverse byte orderin r16
and move tom16
OF38F1/r MOVBE m32,r32 MR Valid Valid Reverse byte order in r32
and move to m32
REX.W +0F 38 MOVBE m64,r64 MR Valid N.E. Reverse byte order in r64
F1/r and move to m64.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
MR ModRM:r/m (w) ModRM:reg (r) NA NA
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MOVD/M0OVQ—Move Doubleword/Move Quadword

Opcode/
Instruction

OF 6€E /1

MOVD mm, r/m32
REX.W + OF 6€E /r
MOVQ mm, r/m64

OF 7€ /r

MOVD r/m32, mm
REX.W + OF 7€ /r
MOVQ r/m64, mm
VEX.128.66.0F.WO0 6E /
VMOVD xmm1, r32/m32
VEX.128.66.0FW1 6E /r
VMOVQ xmm1, r64/m64
66 OF 6€E /r

MOVD xmm, r/m32

66 REX.W OF 6€E /r
MOVQ xmm, r/m64

66 OF 7E /r

MOVD r/m32, xmm

66 REX.W OF 7€ /r
MOVQ r/m64, xmm
VEX.128.66.0FWO0 7E /r
VMOVD r32/m32, xmm1
VEX.128.66.0FW1 7E /r
VMOVQ r64/m64, xmm1

Op/ 64/32-bit CPUID

En  Mode

RM VNV

RM  V/NE

MR VIV

MR  V/NE

RM VNV

RM  V/NE

RM VNV

RM  V/NE

MR VIV

MR  V/NE

MR VNV

MR  V/INE

Feature
Flag

SSE2

SSE2

SSE2

SSE2

AVX

AVX

SSE2

SSE2

SSE2

SSE2

AVX

AVX

Description

Move doubleword from
r/m32 to mm.

Move quadword from r/m64
to mm.

Move doubleword from mm
to r/m32.

Move quadword from mm to
r/m64.

Move doubleword from
r/m32 to xmm1.

Move quadword from r/m64
to xmm1.

Move doubleword from
r/m32 to xmm.

Move quadword from r/m64
to xmm.

Move doubleword from
xmm register to r/m32.

Move quadword from xmm
register to r/mé64.

Move doubleword from
xmm1 register to r/m32.

Move quadword from xmm1
register to r/m64.

Instruction Operand Encoding

Op/En Operand 1

RM ModRM:reg (w)
MR ModRM:r/m (w)

Operand 2

ModRM:r/m (r)
ModRM:reg (r)

Operand 3 Operand 4
NA NA
NA NA

Intel C/C++ Compiler Intrinsic Equivalent

MOVD:
MOVD:
MOVD:

__m64 _mm_cvtsi32_si64 (inti)
int _mm_cvtsi64_si32 (_m64m)
m128i _mm_cvtsi32_si128 (int a)
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MOVD: int _mm_cvtsi128_si32 (_m128ia)

MOVDDUP—Move One Double-FP and Duplicate

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
F2OF12/r RM VNV SSE3 Move one double-precision
MOVDDUP xmm1, xmm2/m64 floating-point value from

the lower 64-bit operand in
xmmZ2/m64 to xmm1 and

duplicate.
VEX.128.F2.0FWIG 12 /r RM VNV AVX Move double-precision
VMOVDDUP xmm1, xmm2/m64 floating-point values from

xmm2/mem and duplicate

into xmm1.
VEX.256.F2.0FWIG 12 /r RM VNV AVX Move even index double-
VMOVDDUP ymm1, ymm2/m256 precision floating-point

values from ymmZ2/mem and
duplicate each element into

ymm1.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent

MOVDDUP: __m128d _mm_movedup_pd(__m128d a)
MOVDDUP: __m128d _mm_loaddup_pd(double const * dp)
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MOVDQA—Move Aligned Double Quadword

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag

66 OF 6F /r RM VNV SSE2 Move aligned double

MOVDQA xmm1, xmm2/m128 quadword from
xmmZ2/m128to xmm]1.

66 OF 7F /It MR VIV SSE2 Move aligned double

MOVDQA xmm2/m128, xmm]1 quadword from xmm1 to
xmmZ2/m128.

VEX.128.66.0F.WIG 6F /r RM VNV AVX Move aligned packed integer

VMOVDQA xmm1, xmm2/m128 values from xmm2/mem to
xmm1.

VEX.128.66.0FWIG 7F /r MR VNV AVX Move aligned packed integer

VMOVDQA xmm2/m128, xmm1 values from xmm1 to
xmmZ2/mem.

VEX.256.66.0FWIG 6F /r RM VNV AVX Move aligned packed integer

VMOVDQA ymm1, ynm2/m256 values from ymm2/mem to
ymm1.

VEX.256.66.0FWIG 7F /r MR VNV AVX Move aligned packed integer

VMOVDQA ymm2/m256, ymm1 values from ymm1 to
ymm2/mem.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
MR ModRM:r/m (w) ModRM:reg (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent

MOVDAQA: __m128i _mm_load_si128 (_m128i *p)
MOVDQA: void _mm_store_si128 (_m128i *p, __m128i a)
VMOVDQA: __m256i _mm256_load_si256 (__m256i * p);
VMOVDQA: _mm256_store_si256(_m256i *p, __m256i a);
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MOVDQU—Move Unaligned Double Quadword

intel)

Opcode/
Instruction

F3 OF 6F /1
MOVDQU xmm1, xmmZ2/m128

F30F 7F /r
MOVDQU xmmZ2/m128, xmm1

VEX.128.F3.0F.WIG 6F /r
VMOVDQU xmm1, xmm2/m128

VEX.128.F3.0FWIG 7F /r
VMOVDQU xmm2/m128, xmm1

VEX.256.F3.0F.WIG 6F /r
VMOVDQU ymm1, ymm2/m256

VEX.256.F3.0F.WIG 7F /r
VMOVDQU ymm2/m256, ymm1

Op/ 64/32-bit CPUID

En

RM

MR

RM

MR

RM

MR

Mode

VIV

VIV

VIV

VIV

VIV

VIV

Feature
Flag

SSE2

SSE2

AVX

AVX

AVX

AVX

Description

Move unaligned double
quadword from
xmmZ2/m128to xmm]1.

Move unaligned double
quadword from xmm1 to
xmm2/m128.

Move unaligned packed
integer values from
xmmZ2/mem to xmm1.

Move unaligned packed
integer values from xmm1
to xmm2/mem.

Move unaligned packed
integer values from
ymmZ2/mem to ymm1.

Move unaligned packed
integer values from ymm1
to ymmZ2/mem.

Instruction Operand Encoding

Op/En Operand 1
RM ModRM:reg (w)
MR ModRM:r/m (w)

Operand 2 Operand 3 Operand 4
ModRM:r/m (r) NA NA
ModRM:reg (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent

MOVDQU: void _mm_storeu_si128 (_m128i *p, _m128i a)
MOVDQU: __m128i _mm_loadu_si128 (_m128i *p)
VMOVDQU: __m256i _mm256_loadu_si256 (__m256i * p);
VMOVDQU: _mm256_storeu_si256(_m256i *p, __m256i a);
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MOVDQ2Q—Move Quadword from XMM to MMX Technology Register

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
F2 OF D6 MOVDQ2Q mm, RM  Valid Valid Move low quadword from
Xxmm Xxmm to mmx register.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent

MOVDQ20Q: __m64 _mm_movepi64_pi64 (_m128ia)

MOVHLPS— Move Packed Single-Precision Floating-Point Values High to

Low

Opcode/ Op/ 64/32-bit CPUID Description

Instruction En  Mode Feature

Flag

OF12/r RM VNV SSE3 Move two packed single-

MOVHLPS xmm1, xmm2 precision floating-point
values from high quadword
of xmmZ2 to low quadword
of xmm1.

VEX.NDS.128.0FWIG 12 /r RVM VIV AVX Merge two packed single-

precision floating-point
values from high quadword
of xmm3 and low quadword
of xmm2.

VMOVHLPS xmm1, xmm2, xmm3

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

MOVHLPS: __m128 _mm_movehl_ps(__m1283a,_m128Db)
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MOVHPD—Move High Packed Double-Precision Floating-Point Value

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag

66 0F 16 /r RM VNV SSe2 Move double-precision

MOVHPD xmm, m64 floating-point value from
m64 to high quadword of
Xxmm.

660F 17 /r MR VIV SSE2 Move double-precision

MOVHPD m64, xmm floating-point value from
high quadword of xmm to
mé4.

VEX.NDS.128.66.0FWIG 16 /r RVM V/V AVX Merge double-precision

VMOVHPD xmm2, xmm1, m64 floating-point value from
m64 and the low quadword
of xmm1.

VEX128.66.0FWIG 17/r MR VNV AVX Move double-precision

VMOVHPD m64, xmm1 floating-point values from
high quadword of xmm1 to
m64.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
MR ModRM:r/m (w) ModRM:reg (r) NA NA

RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

MOVHPD: __m128d _mm_loadh_pd (_m128d a, double *p)
MOVHPD: void _mm_storeh_pd (double *p, __m128d a)
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MOVHPS—Move High Packed Single-Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID

Instruction En  Mode Feature
Flag

OF16/r RM VNV SSE

MOVHPS xmm, m64

OF171/r MR VNV SSE

MOVHPS m64, xmm

VEX.NDS.128.0FWIG 16 /r RVM VNV AVX

VMOVHPS xmmZ2, xmm1, m64

VEX.128.0F.WIG 17/r MR VNV AVX

VMOVHPS m64, xmm1

Description

Move two packed single-
precision floating-point
values from m64 to high
quadword of xmm.

Move two packed single-
precision floating-point
values from high quadword
of xmm to m64.

Merge two packed single-
precision floating-point
values from m64 and the
low quadword of xmm1.

Move two packed single-
precision floating-point
values from high quadword
of xmm1to m64.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
MR ModRM:r/m (w) ModRM:reg (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

MOVHPS: __m128d _mm_loadh_pi (_m128d a, __m64 *p)
MOVHPS: void _mm_storeh_pi (__m64 *p, __m128d a)
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MOVLHPS—Move Packed Single-Precision Floating-Point Values Low to

High

Opcode/ Op/ 64/32-bit CPUID Description

Instruction En  Mode Feature

Flag

OF16/r RM VNV SSE Move two packed single-

MOVLHPS xmm1, xmm2 precision floating-point
values from low quadword
of xmmZ to high quadword
of xmm]1.

VEX.NDS.128.0F.WIG 16 /1 RVM V/V AVX Merge two packed single-

VMOVLHPS xmm1, xmm2, xmm3 precision floating-point
values from low quadword
of xmm3 and low quadword
of xmm2.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
MOVHLPS:

__m128 _mm_movelh_ps(__m1284a,__m128b)

MOVLPD—Move Low Packed Double-Precision Floating-Point Value

Opcode/ Op/ 64/32-bit CPUID

Instruction En Mode Feature
Flag

660F12/r RM VNV SSE?

MOVLPD xmm, m64

66 0F 13 /r MR VNV SSEZ2

MOVLPD m64, xmm

VEX.NDS.128.66.0FWIG 12 /r RVM VNV AVX

VMOVLPD xmmZ2, xmm1, m64

VEX.128.66.0E.WIG 13/r MR VNV AVX

VMOVLPD m64, xmm1

Description

Move double-precision
floating-point value from
m64 to low quadword of
Xxmm register.

Move double-precision
floating-point nvalue from
low quadword of xmm
register to mé64.

Merge double-precision
floating-point value from
m64 and the high quadword
of xmm1.

Move double-precision
floating-point values from
low quadword of xmm1 to
m64.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
MR ModRM:r/m (w) ModRM:reg (r) NA NA

RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

MOVLPD: __m128d _mm_loadl_pd (_m128d a, double *p)
MOVLPD: void _mm_storel_pd (double *p, __m128d a)

MOVLPS—Move Low Packed Single-Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
OF12/r RM VNV SSE Move two packed single-
MOVLPS xmm, m64 precision floating-point

values from m64 to low
quadword of xmm.

OF13/r MR VIV SSE Move two packed single-

MOVLPS m64, xmm precision floating-point
values from low quadword

of xmm to m64.

VEX.NDS.128.0FWIG 12 /r RVM V/V AVX Merge two packed single-

VMOVLPS xmm2, xmm1, m64 precision floating-point
values from m64 and the

high quadword of xmm1.

VEX.128.0FWIG 13/r MR VNV AVX Move two packed single-

VMOVLPS m64, xmm1 precision floating-point
values from low quadword

of xmm1 to m64.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
MR ModRM:r/m (w) ModRM:reg (r) NA NA

RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
MOVLPS: __m128 _mm_loadl_pi (_m128 a, __m64 *p)
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MOVLPS: void _mm_storel_pi (__m64 *p, __m128 a)

MOVMSKPD—Extract Packed Double-Precision Floating-Point Sign Mask

Opcode/ Op/ 64/32-bit CPUID

Instruction En  Mode Feature
Flag

66 OF 50 /r RM VNV SSE2

MOVMSKPD reg, xmm

VEX.128.66.0F.WIG 50 /r RM VNV AVX

VMOVMSKPD reg, xmm2

VEX.256.66.0F.WIG 50 /r RM VNV AVX

VMOVMSKPD reg, ymm2

Description

Extract 2-bit sign mask from
xmm and store in reg. The
upper bits of r32 or r64 are
filled with zeros.

Extract 2-bit sign mask from
xmmZ2 and store in reg. The
upper bits of r32 or r64 are
zeroed.

Extract 4-bit sign mask from
ymmZ2 and store in reg. The
upper bits of r32 or r64 are
zeroed.

Instruction Operand Encoding

Op/En
RM ModRM:reg (w)

Operand 1 Operand 2

ModRM:r/m (r)

Operand 3

Operand 4
NA NA

Intel C/C++ Compiler Intrinsic Equivalent

MOVMSKPD: int _mm_movemask_pd (__m128d a)

MOVMSKPS—Extract Packed Single-Precision Floating-Point Sign Mask

Opcode/ Op/ 64/32-bit CPUID

Instruction En  Mode Feature
Flag

OF50/r RM VNV SSE

MOVMSKPS reg, xmm

VEX.128.0F.WIG 50 /r RM VNV AVX

VMOVMSKPS reg, xmm2

VEX.256.0F.WIG 50 /r RM VNV AVX

VMOVMSKPS reg, ymm2

Description

Extract 4-bit sign mask from
xmm and store in reg. The
upper bits of r32 or r64 are
filled with zeros.

Extract 4-bit sign mask from
xmmZ2 and store in reg. The
upper bits of r32 or r64 are
zeroed.

Extract 8-bit sign mask from
ymmZ2 and store in reg. The
upper bits of r32 or r64 are
zeroed.
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Instruction Operand Encoding’
Op/En Operand 1 Operand 2 Operand 3 Operand 4

RM ModRM:reg (w) ModRM:r/m (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent

MOVMSKPS: int _mm_movemask_ps(__m128 a)
VMOVMSKPS: int_mm256_movemask_ps(__m256 a)

MOVNTDQA — Load Double Quadword Non-Temporal Aligned Hint

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
66 0F382A/r RM VNV SSE4_1 Move double quadword
MOVNTDQA xmm1, m128 from m128 to xmm using

non-temporal hint if WC
memory type.

VEX.128.66.0F38.WIG 2A /r RM VNV AVX Move double quadword from

VMOVNTDQA xmm1, m128 mM128 to xmm using non-
temporal hint if WC memory
type.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

RM ModRM:reg (w) ModRM:r/m (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent

MOVNTDQA: __m128i _mm_stream_load_si128 (__m128i *p);

1. ModRM.MOD = 011B required
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MOVNTDQ—Store Double Quadword Using Non-Temporal Hint

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
66 OF E7 /T MR VIV SSE2 Move double quadword
MOVNTDQ m728, xmm from xmm to m128 using
non-temporal hint.
VEX.128.66.0FWIG E7 /r MR VIV AVX Move packed integer values
VMOVNTDQ m128, xmm1 in xmm1 to m128 using
non-temporal hint.
VEX.256.66.0FWIG E7 /r MR VNV AVX Move packed integer values
VMOVNTDQ m256, ymm!1 in ymm1 to m256 using

non-temporal hint.

Instruction Operand Encoding’

Op/En Operand 1 Operand 2 Operand 3 Operand 4
MR ModRM:r/m (w) ModRM:reg (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent

MOVNTDQ: void _mm_stream_si128(_m128i *p, __m128i a);
VMOVNTDQ: void _mm256_stream_si256 (__m256i * p, __m256i a);

MOVNTI—Store Doubleword Using Non-Temporal Hint

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

OFC3/r MOVNTI m32,r32 MR Valid Valid Move doubleword from r32
to m32 using non-temporal
hint.

REXW +0F C3 MOVNTI m64,r64 MR Valid N.E. Move quadword from r64 to

Ir m64 using non-temporal
hint.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
MR ModRM:r/m (w) ModRM:reg (r) NA NA

1. ModRM.MOD = 011Bis not permitted
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Intel C/C++ Compiler Intrinsic Equivalent
MOVNTI: void _mm_stream_si32 (int *p, int a)

MOVNTPD—Store Packed Double-Precision Floating-Point Values Using
Non-Temporal Hint

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature

Flag
66 OF 2B /r MR VNV SSE2 Move packed double-
MOVNTPD m128, xmm precision floating-point

values from xmmto m128
using non-temporal hint.

VEX.128.66.0F.WIG 2B /r MR VN AVX Move packed double-

VMOVNTPD m128, xmm1 precision values in xmm1 to
m128 using non-temporal
hint.

VEX.256.66.0F.WIG 2B /r MR VNV AVX Move packed double-

VMOVNTPD m256, ymm1 precision values in ymm1 to
m256 using non-temporal
hint.

Instruction Operand Encoding’
Op/En Operand 1 Operand 2 Operand 3 Operand 4

MR ModRM:r/m (w) ModRM:reg (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent

MOVNTPD: void _mm_stream_pd(double *p, __m128d a)
VMOVNTPD: void _mm256_stream_pd (double * p, __m256d a);

1. ModRM.MOD = 011Bis not permitted
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MOVNTPS—Store Packed Single-Precision Floating-Point Values Using
Non-Temporal Hint

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature

Flag
OF 2B /r MR VNV SSE Move packed single-
MOVNTPS m128, xmm precision floating-point

values from xmmto m128
using non-temporal hint.

VEX.128.0F.WIG 2B /r MR VNV AVX Move packed single-

VMOVNTPS m128, xmm1 precision values xmm1 to
mem using non-temporal
hint.

VEX.256.0F.WIG 2B /r MR VNV AVX Move packed single-

VMOVNTPS m256, ymm1 precision values ymm1 to
mem using non-temporal
hint.

Instruction Operand Encoding’

Op/En Operand 1 Operand 2 Operand 3 Operand 4
MR ModRM:r/m (w) ModRM:reg (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent

MOVNTDQ: void _mm_stream_ps(float * p, __m128 a)
VMOVNTPS: void _mm256_stream_ps (float * p, __m256 a);

MOVNTQ—Store of Quadword Using Non-Temporal Hint

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OFE7 /T MOVNTQ m64, MR  Valid Valid Move quadword from mm to
mm m64 using non-temporal
hint.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
MR ModRM:r/m (w) ModRM:reg (r) NA NA

1. ModRM.MOD = 011Bis not permitted
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Intel C/C++ Compiler Intrinsic Equivalent
MOVNTQ: void _mm_stream_pi(__m64 * p, __m64 a)

MOVQ—Move Quadword

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

OF 6F /r MOVQ mm, RM  Valid Valid Move quadword from
mm/mé64 mm/m64 to mm.

OF 7F /It MOVQ mm/m64, MR  Valid Valid Move quadword from mm to
mm mm/m64.

F3 OF 7€ MOVQ xmm1, RM  Valid Valid Move quadword from
xmmZ2/m64 xmmZ2/mem64 to xmm1.

66 OF D6 MOVQ MR  Valid Valid Move quadword from xmm1
xmmZ2/mé64, to xmmZ/mem64.
xmm1

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
MR ModRM:r/m (w) ModRM:reg (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent
MOVQ: m128i _mm_mov_epi64(__m128i a)

MOVQ2DQ—Move Quadword from MMX Technology to XMM Register

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
F3 OF Db MOVQ2DQ xmm, RM  Valid Valid Move quadword from mmx
mm to low quadword of xmm.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

RM ModRM:reg (w) ModRM:r/m (r) NA NA
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Intel C/C++ Compiler Intrinsic Equivalent

MOVQzDQ:

__128i _mm_movpi64_pi64 (_m64 a)

intel)

MOVS/MOVSB/MOVSW/MOVSD/MOVSQ—Move Data from String to String

Opcode

A4

A5

A5

REXW + A5

A4

A5

Instruction

MOVS m8, m8

MOVS m16, m16

MOVS m32, m32

MOVS m64, m64

MOVSB

MOVSW

Op/
En

NP

NP

NP

NP

NP

NP

64-Bit
Mode

Valid

Valid

Valid

Valid

Valid

Valid

Compat/
Leg Mode

Valid

Valid

Valid

N.E.

Valid

Valid

Description

For legacy mode, Move byte
from address DS:(E)SI to
E€S:(E)DI. For 64-bit mode
move byte from address
(RIE)SI to (RIE)DI.

For legacy mode, move
word from address DS:(E)SI
to ES:(E)DI. For 64-bit mode
move word at address
(RIE)SI to (RIE)DI.

For legacy mode, move
dword from address DS:(E)SI
to ES:(E)DI. For 64-bit mode
move dword from address
(RIE)SI to (RIE)DI.

Move qword from address
(RIE)SI to (RIE)DI.

For legacy mode, Move byte
from address DS:(E)SI to
ES:(E)DI. For 64-bit mode
move byte from address
(RIE)SI to (RIE)DI.

For legacy mode, move
word from address DS:(E)SI
to ES:(E)DI. For 64-bit mode
move word at address
(RIE)SI to (RIE)DL.

Opcode

A5

REXW + A5

Instruction

MOVSD

MOVSQ

Op/
En

NP

NP

64-Bit
Mode

Valid

Valid

Compat/
Leg Mode

Valid

N.E.

Description

For legacy mode, move
dword from address DS:(E)SI
to ES:(E)DI. For 64-bit mode
move dword from address
(RIE)SI to (RIE)DL.

Move qword from address
(RIE)SI to (RIE)DI.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA

MOVSD—Move Scalar Double-Precision Floating-Point Value

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En Mode Feature

Flag
F20F10/r RM V/V SSEZ2 Move scalar double-
MOVSD xmm1, xmm2/m64 precision floating-point

value from xmmZ2/m64 to
xmm1 register.

VEX.NDS.LIG.F2.0FWIG 10 /r RVM V/V AVX Merge scalar double-

VMOVSD xmm1, xmm2, xmm3 precision floating-point
value from xmm2 and

xmm3 to xmm1 register.

VEX.LIG.F2.0FWIG 10 /r XM VNV AVX Load scalar double-precision
VMOVSD xmm1, m64 floating-point value from
m64 to xmm1 register.
F2OF 11 /r MR VNV SSE2 Move scalar double-
MOVSD xmm2/m64, xmm1 precision floating-point

value from xmm1 register
to xmmZ2/mé64.

VEX.NDS.LIG.F2.OFWIG 11 /r MVR V/V AVX Merge scalar double-

VMOVSD xmm1, xmm2, xmm3 precision floating-point
value from xmm2 and

xmm3 registers to xmm1.

VEX.LIG.F2.0FWIG 11 /r MR VNV AVX Move scalar double-

VMOVSD m64, xmm!1 precision floating-point
value from xmm1 register
to m64.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA
MR ModRM:r/m (w) ModRM:reg (r) NA NA
XM ModRM:reg (w) ModRM:r/m (r) NA NA
MVR ModRM:r/m (w) VEX.vvwv (r) ModRM:reg (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
MOVSD: __m128d _mm_load_sd (double *p)
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MOVSD: void _mm_store_sd (double *p, __m128d a)
MOVSD: __m128d _mm_store_sd (__m128da, __m128db)

MOVSHDUP—Move Packed Single-FP High and Duplicate

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En Mode Feature
Flag
F30F16/r RM VNV SSE3 Move two single-precision
MOVSHDUP xmm1, xmm2/m128 floating-point values from

the higher 32-bit operand of
each qword in xmm2/m128
to xmm1 and duplicate each
32-bit operand to the lower
32-bits of each qword.

VEX.128.F3.0F.WIG 16 /r RM VNV AVX Move odd index single-

VMOVSHDUP xmm1, xmm2/m128 precision floating-point
values from xmm2/mem

and duplicate each element

into xmm1.
VEX.256.F3.0FWIG 16 /r RM VNV AVX Move odd index single-
VMOVSHDUP ymm1, ymm2/m256 precision floating-point

values from ymm¢Z2/mem and
duplicate each element into
ymm1.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent

(V)MOVSHDUP: __m128 _mm_movehdup_ps(__m128 a)
VMOVSHDUP: __m256 _mm256_movehdup_ps (__m256 a);
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intel)

MOVSLDUP—Move Packed Single-FP Low and Duplicate

Opcode/
Instruction

F30F12/r

MOVSLDUP xmm1, xmmZ2/m128

VEX.128.F3.0FWIG 12 /r
VMOVSLDUP xmm1, xmm2/m128

VEX.256.F3.0FWIG 12 /r
VMOVSLDUP ymm1, ymm2/m256

Op/ 64/32-bit CPUID

En  Mode Feature
Flag

RM VNV SSE3

RM VNV AVX

RM VNV AVX

Description

Move two single-precision
floating-point values from
the lower 32-bit operand of
each qword in xmm2/m128
to xmm1 and duplicate each
32-bit operand to the higher
32-bits of each qword.

Move even index single-
precision floating-point
values from xmm2/mem
and duplicate each element
into xmm1.

Move even index single-
precision floating-point
values from ymm2/mem and
duplicate each element into
ymm1.

Instruction Operand Encoding

Op/En
RM

Operand 1
ModRM:reg (w)

Operand 2
ModRM:r/m (r)

Operand 3
NA

Operand 4
NA

Intel C/C++ Compiler Intrinsic Equivalent

(V)MOVSLDUP:

VMOVSLDUP:

__m128 _mm_moveldup_ps(__m128 a)

__m256 _mm256_moveldup_ps (__m256 a);
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intel)

MOVSS—Move Scalar Single-Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
F30F10/r RM VNV SSE Move scalar single-precision
MOVSS xmm1, xmm2/m32 floating-point value from
xmmZ2/m32 to xmm1
register.
VEX.NDS.LIG.F3.0FWIG 10 /r RVM V/V AVX Merge scalar single-
VMOVSS xmm1, xmm2, xmm3 precision floating-point

value from xmmZ2 and
xmm3 to xmm1 register.

VEX.LIG.F3.0FWIG 10 /r XM VIV AVX Load scalar single-precision
VMOVSS xmm1, m32 floating-point value from
m32 to xmm1 register.
F30F11/r MR VNV SSE Move scalar single-precision
MOVSS xmm2/m32, xmm floating-point value from
xmm1 register to
xmmZ2/m32.
VEX.NDS.LIG.F3.0FWIG 11 /r MVR V/V AVX Move scalar single-precision
VMOVSS xmm1, xmm2, xmm3 floating-point value from
xmmZ2 and xmm3 to xmm1
register.
VEX.LIG.F3.0FWIG 11 /r MR VIV AVX Move scalar single-precision
VMOVSS m32, xmm1 floating-point value from

xmm1 register to m32.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA
MR ModRM:r/m (w) ModRM:reg (r) NA NA
XM ModRM:reg (w) ModRM:r/m (r) NA NA
MVR ModRM:r/m (w) VEX.vvwv (r) ModRM:reg (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

MOVSS: __m128 _mm_load_ss(float * p)
MOVSS: void _mm_store_ss(float * p, __m128 a)
MOVSS: __m128 _mm_move_ss(__m128a,__m128Db)
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MOVSX/MOVSXD—Move with Sign-Extension

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF BE/r MOVSX ri16,/m8 RM Valid Valid Move byte to word with
sign-extension.
OF BE /r MOVSX r32,r/m8 RM Valid Valid Move byte to doubleword
with sign-extension.
REX + OF BE/r MOVSX r64, /m8* RM  Valid N.E. Move byte to quadword
with sign-extension.
OF BF /r MOVSX r32, RM  Valid Valid Move word to doubleword,
r/milé with sign-extension.
REX.W + OF BF MOVSX ré4, RM  Valid N.E. Move word to quadword
Ir r/mi16 with sign-extension.
REXW** + 63 /r MOVSXD ré4, RM  Valid N.E. Move doubleword to
r/m32 quadword with sign-
extension.
NOTES:

* |n 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix is
used: AH, BH, CH, DH.

**The use of MOVSXD without REX.W in 64-bit mode is discouraged, Regular MOV should be used
instead of using MOVSXD without REX.W.

Instruction Operand Encoding
Operand 2 Operand 3 Operand 4
ModRM:r/m (r) NA NA

Op/En Operand 1
RM ModRM:reg (w)
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MOVUPD—Move Unaligned Packed Double-Precision Floating-Point

Values
Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
66 0OF 10 /r RM VNV SSEZ2 Move packed double-
MOVUPD xmm1, xmm2/m128 precision floating-point
values from xmm2/m128to
xmm1.
VEX.128.66.0F.WIG 10 /r RM VNV AVX Move unaligned packed
VMOVUPD xmm1, xmm2/m128 double-precision floating-
point from xmm2/mem to
xmm1.
VEX.256.66.0F.WIG 10 /r RM VNV AVX Move unaligned packed
VMOVUPD ymm1, ymm2/m256 double-precision floating-
point from ymm2/mem to
ymm1.
66 0F11/r MR VNV SSE2 Move packed double-
MOVUPD xmm2/m128, xmm precision floating-point
values from xmm1 to
xmm2/m128.
VEX.128.66.0FWIG 11 /r MR VNV AVX Move unaligned packed
VMOVUPD xmm2/m128, xmm1 double-precision floating-
point from xmm1 to
xmmZ2/mem.
VEX.256.66.0FWIG 11 /r MR VNV AVX Move unaligned packed

VMOVUPD ymm2/m256, ymm1

double-precision floating-
point from ymm1 to

ymmz2/mem.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
MR ModRM:r/m (w) ModRM:reg (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent

MOVUPD: __m128 _mm_loadu_pd(double * p)

MOVUPD: void _mm_storeu_pd(double *p, __m128 a)
VMOVUPD: __m256d _mm256_loadu_pd (__m256d * p);
VMOVUPD: _mm256_storeu_pd(_m256d *p, __m256d a);
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MOVUPS—Move Unaligned Packed Single-Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag

OF10/r RM VNV SSE Move packed single-

MOVUPS xmm1, xmm2/m128 precision floating-point
values from xmm2/m128to
xmm1.

VEX.128.0FWIG 10 /r RM VNV AVX Move unaligned packed

VMOVUPS xmm1, xmm2/m128 single-precision floating-
point from xmm2/mem to
xmm1.

VEX.256.0FWIG 10 /r RM VNV AVX Move unaligned packed

VMOVUPS ymm1, ymm2/m256 single-precision floating-
point from ymm2/mem to
ymm1.

OF11/r MR VNV SSE Move packed single-

MOVUPS xmm2/m128, xmm1 precision floating-point
values from xmm1 to
xmmZ2/m128.

VEX.128.0FWIG 11 /r MR VNV AVX Move unaligned packed

VMOVUPS xmm2/m128, xmm1 single-precision floating-
point from xmm1 to
Xxmm2/mem.

VEX.256.0FWIG 11 /r MR VNV AVX Move unaligned packed

VMOVUPS ymm2/m256, ymm1 single-precision floating-
point from ymm1 to
ymm2/mem.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
MR ModRM:r/m (w) ModRM:reg (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent

MOVUPS: __m128 _mm_loadu_ps(double * p)
MOVUPS: void _mm_storeu_ps(double *p, __m128 a)
VMOVUPS: __m256 _mm256_loadu_ps (__m256 * p);

VMOVUPS: _mm256_storeu_ps(_m256 *p, __m256 a);
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MOVZX—Move with Zero-Extend

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OFB6/r MOVZX r16,/m8 RM Valid Valid Move byte to word with
zero-extension.
OFB6 /r MOVZX r32,/m8 RM Valid Valid Move byte to doubleword,
zero-extension.
REXW +0FB6 MOVZX r64, /m8* RM  Valid N.E. Move byte to quadword,
Ir zero-extension.
OFB7 /r MOVZX r32, RM  Valid Valid Move word to doubleword,
r/mi16 zero-extension.
REXW + OF B7 MOVZX r64, RM  Valid N.E. Move word to quadword,
Ir r/mi16 zero-extension.
NOTES:

* In 64-bit mode, r/m8 can not be encoded to access the following byte registers if the REX prefix
is used: AH, BH, CH, DH.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA

MPSADBW — Compute Multiple Packed Sums of Absolute Difference

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature

Flag
66 OF 3A 42 /rib RMI  V/V SSE4_1 Sums absolute 8-bit integer
MPSADBW xmm1, xmm2/m128, difference of adjacent
imm8 groups of 4 byte integers in

xmm1and xmmZ2/m128
and writes the results in
xmm1. Starting offsets
within xmm1 and

xmm2/m128 are

determined by imm8.
VEX.NDS.128.66.0F3AWIG42 /rib RVMI V/V AVX Sums absolute 8-bit integer
VMPSADBW xmm1, xmm2, difference of adjacent
xmm3/m128, imm8 groups of 4 byte integers in

xmmZ2 and xmm3/m128 and
writes the results in xmm1.
Starting offsets within
xmm2 and xmm3/m128 are
determined by imm8.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reg (r, w) ModRM:r/m (r) imm8 NA
RVMI ModRM:reg (w) VEX.vwwv (1) ModRM:r/m (r) imm8
Description

MPSADBW sums the absolute difference (SAD) of a pair of unsigned bytes for a group of
4 byte pairs, and produces 8 SAD results (one for each 4 byte-pairs) stored as 8 word
integers in the destination operand (first operand). Each 4 byte pairs are selected from
the source operand (first operand) and the destination according to the bit fields speci-
fied in the immediate byte (third operand).

Intel C/C++ Compiler Intrinsic Equivalent

MPSADBW: __m128i _mm_mpsadbw_epu8 (__m128is1,_m128i s2, const int mask);

MUL—Unsigned Multiply

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

F6 /4 MUL r/m8 M Valid Valid Unsigned multiply (AX < AL
* r/m8).

REX + F6 /4 MUL r/m8 M Valid N.E. Unsigned multiply (AX « AL
* r/m8).

F7 /4 MUL /m16 M Valid Valid Unsigned multiply (DX:AX «
AX * r/m16).

F7 /4 MUL r/m32 M Valid Valid Unsigned multiply (EDX:EAX
« EAX * r/m32).

REXW +F7 /4 MUL r/m64 M Valid N.E. Unsigned multiply (RDX:RAX
« RAX * r/m64.

NOTES:

* In 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix is
used: AH, BH, CH, DH.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

M ModRM:r/m (r) NA NA NA
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MULPD—Muiltiply Packed Double-Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID Description
Instruction En  Mode Feature
Flag
66 OF 59 /r RM VNV SSE2 Multiply packed double-
MULPD xmm1, xmm2/m128 precision floating-point
values in xmmZ2/m128 by
xmmT1.
VEX.NDS.128.66.0F.WIG 59 /r RVM V/V AVX Multiply packed double-
VMULPD xmm1,xmm2, xmm3/m128 precision floating-point
values from xmm3/mem to
xmm2 and stores result in
xmm1.
VEX.NDS.256.66.0F.WIG 59 /r RVM VNV AVX Multiply packed double-
VMULPD ymm1, ymmZ, precision floating-point
ymm3/m256 values from ymm3/mem to
ymmZ2 and stores result in
ymm1.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA
Intel C/C++ Compiler Intrinsic Equivalent
MULPD: __m128d _mm_mul_pd (m128d a, m128d b)
VMULPD: __m256d _mm256_mul_pd (__m256d a, __m256d b);
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MULPS—Muiltiply Packed Single-Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID

Instruction En  Mode Feature
Flag

OF59/r RM VNV SSE

MULPS xmm1, xmm2/m128

VEX.NDS.128.0FWIG 59 /r RVM VNV AVX

VMULPS xmm1,xmm2, xmm3/m128

VEX.NDS.256.0FWIG 59 /r RVM VNV AVX

VMULPS ymm1, ymmZ2, ymm3/m256

Description

Multiply packed single-
precision floating-point
values in xmmZ/mem by
xmmT.

Multiply packed single-
precision floating-point
values from xmm3/mem to
xmm¢2 and stores result in
xmm1.

Multiply packed single-
precision floating-point
values from ymm3/mem to
ymmZ2 and stores result in
ymm1.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reqg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

MULPS:
VVMULPS:

__m128 _mm_mul_ps(__m1284a, _m128Db)
__m256 _mm256_mul_ps (__m256 a, __m256 b);

MULSD—Multiply Scalar Double-Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID

Instruction En Mode Feature
Flag

F2 OF 59 /r RM VNV SSE2

MULSD xmm1, xmmZ2/m64

VEX.NDS.LIG.F2.0F.WIG 59/r RVM VNV AVX

VMULSD xmm1,xmm2, xmm3/m64

Description

Multiply the low double-
precision floating-point
value in xmmZ2/mem64 by
low double-precision
floating-point value in
xmmT.

Multiply the low double-
precision floating-point
value in xmm3/mem64 by
low double precision
floating-point value in
XmmZ2.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2
RM ModRM:reg (r, w) ModRM:r/m (r)
RVM ModRM:reg (w) VEX.vvwv (r)

Operand 3 Operand 4
NA NA
ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
MULSD: __m128d _mm_mul_sd (m128d a, m128d b)

MULSS—Multiply Scalar Single-Precision Floating-Point Values

Opcode/ Op/ 64/32-bit CPUID

Instruction En  Mode Feature
Flag

F30F59/r RM VNV SSE

MULSS xmm1, xmmZ2/m32

VEX.NDS.LIG.F3.0FWIG 59 /r RVM VNV AVX

VMULSS xmm1,xmm2, xmm3/m32

Description

Multiply the low single-
precision floating-point
value in xmmZ2/mem by the
low single-precision
floating-point value in
xmm1.

Multiply the low single-
precision floating-point
value in xmm3/mem by the
low single-precision floating-
point value in xmm2.

Instruction Operand Encoding

Op/En Operand 1 Operand 2
RM ModRM:reg (r, w) ModRM:r/m (r)
RVM ModRM:reg (w) VEX.vvwv (r)

Operand 3 Operand 4
NA NA
ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

MULSS: __m128 _mm_mul_ss(__m128a,__m128Db)
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intel)

MWAIT—Monitor Wait

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF 01 C9 MWAIT NP  Valid Valid A hint that allow the

processor to stop
instruction execution and
enter an implementation-
dependent optimized state
until occurrence of a class of

events.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA

Intel C/C++ Compiler Intrinsic Equivalent

MWAIT: void _mm_mwait(unsigned extensions, unsigned hints)

NEG—Two’s Complement Negation

Opcode Instruction Op/ 64-Bit Compat/ Description

En  Mode Leg Mode

F6/3 NEG r/m8 M Valid Valid Two's complement negate
r/m8.

REX +F6 /3 NEG r/m8* M Valid N.E. Two's complement negate
r/m8.

F7 /3 NEG r/m16 M Valid Valid Two's complement negate
r/m16.

F7 /3 NEG r/m32 M Valid Valid Two's complement negate
r/m32.

REXW +F7 /3  NEG r/m64 M Valid N.E. Two's complement negate
r/mé64.

NOTES:

* In 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix is
used: AH, BH, CH, DH.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
M ModRM:r/m (r, w) NA NA NA
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intel)

NOP—No Operation

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

90 NOP NP  Valid Valid One byte no-operation
instruction.

OF 1F /0 NOP r/m16 M Valid Valid Multi-byte no-operation
instruction.

OF 1F /0 NOP r/m32 M Valid Valid Multi-byte no-operation
instruction.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA
M ModRM:r/m (r) NA NA NA

NOT—One’s Complement Negation

Opcode Instruction Op/ 64-Bit Compat/ Description

En  Mode Leg Mode
F6 /2 NOT r/m8 M Valid Valid Reverse each bit of r/m8.
REX +F6 /2 NOT r/m8* M Valid N.E. Reverse each bit of /m8.
F7 /2 NOT r/m16 M Valid Valid Reverse each bit of r/m16.
F7 /2 NOT r/m32 M Valid Valid Reverse each bit of /m32.
REXW +F7 /2  NOT r/m64 M Valid N.E. Reverse each bit of r/m64.
NOTES:

* |n 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix is
used: AH, BH, CH, DH.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
M ModRM:r/m (r, w) NA NA NA
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OR—Logical Inclusive OR

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

0Cib OR AL, imm8 | Valid Valid AL OR imm8.

0D iw OR AX,imm16 I Valid Valid AX OR imm16.

oD id OR EAX,imm32 | Valid Valid EAX OR imm32.

REXW+0Did ORRAX,imm32 | Valid N.E. RAX OR imm32 (sign-
extended).

80/1ib OR r/m8, imm8 Ml Valid Valid r/m8 OR imm8.

REX+80/1ib OR/m8*imm8 Ml  Valid N.E. r/m8 OR imm8.

81 /1 iw OR r/m16, immi16 Ml  Valid Valid r/m16 OR imm16.

81/1id OR r/m32, imm32 Ml  Valid Valid r/m32 OR imm32.

REXW +81/1 OR r/m64,imm32 Ml  Valid N.E. r/m64 OR imm32 (sign-

id extended).

83/1ib OR r/m16,imm8 Ml  Valid Valid r/m16 OR imm8 (sign-
extended).

83/1ib OR r/m32,imm8 Ml  Valid Valid r/m32 OR imm8 (sign-
extended).

REXW +83/1 ORr/m64,imm8 Ml  Valid N.E. r/m64 OR imm8 (sign-

ib extended).

08/r OR r/m8, r8 MR  Valid Valid /m80R r8.

REX +08/r OR r/m8* r8* MR  Valid N.E. r/m80R r8.

09/r OR /m16,r16 MR  Valid Valid /m16 OR r16.

09/r OR r/m32, r32 MR  Valid Valid r/m32 OR r32.

REXW +09/r OR r/m64, r64 MR  Valid N.E. r/m64 OR r64.

OA/r OR r8 r/m8 RM Valid Valid r8 OR r/m8.

REX+O0A/r OR r8* r/m8* RM  Valid N.E. r8 OR r/m8.

0oB/r ORr16, r/m16 RM Valid Valid r16 OR r/m16.

0B/r OR r32,r/m32 RM  Valid Valid r32 OR r/m32.

REXW + 0B /r OR r64, r/m64 RM Valid N.E. r64 OR r/m64.

NOTES:

* |n 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix is
used: AH, BH, CH, DH.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
I AL/AX/EAX/RAX imm8/16/32 NA NA
Mi ModRM:r/m (r, w) imm8/16/32 NA NA
MR ModRM:r/m (r, w) ModRM:reg (r) NA NA
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
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ORPD—Bitwise Logical OR of Double-Precision Floating-Point Values

Opcode/ Op/ 64/32bit CPUID

Instruction En  Mode Feature
Support  Flag

66 OF 56 /r RM VNV SSE?

ORPD xmm1, xmmZ2/m128

VEX.NDS.128.66.0F.WIG 56 /r RVM VNV AVX

VORPD xmm1,xmm2, xmm3/m128

VEX.NDS.256.66.0F.WIG 56 /r RVM V/V AVX
VORPD ymm1, ymm2, ymm3/m256

Description

Bitwise OR of xmm2/m128
and xmm1.

Return the bitwise logical
OR of packed double-
precision floating-point
values in xmmZ2 and
xmm3/mem.

Return the bitwise logical
OR of packed double-
precision floating-point
values in ymm2 and
ymm3/mem.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reqg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA
Intel® C/C++ Compiler Intrinsic Equivalent
ORPD: __m128d _mm_or_pd(__m128da, __m128d b);
VORPD: __m256d _mm256_or_pd (__m256d a, __m256d b);

ORPS—Bitwise Logical OR of Single-Precision Floating-Point Values

Opcode/ Op/ 64/32bit CPUID

Instruction En Mode Feature
Support  Flag

OF 56 /r RM VNV SSE

ORPS xmm1, xmm2/m128

VEX.NDS.128.0FWIG 56 /r RVM VNV AVX

VORPS xmm1, xmmZ2, xmm3/m128

VEX.NDS.256.0F.WIG 56 /r RVM VNV AVX
VORPS ymm1, ymmZ2, ymm3/m256

Description

Bitwise OR of xmm1 and
xmmZ2/m128.

Return the bitwise logical
OR of packed single-
precision floating-point
values in xmmZ2 and
xmm3/mem.

Return the bitwise logical
OR of packed single-
precision floating-point
values in ymmZ2 and
ymm3/mem.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
ORPS: __m128 _mm_or_ps (__m128a,__m128b);
VORPS: __m256 _mm256_or_ps (__m256 a, __m256 b);

OUT—Output to Port

Opcode* Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

€6 ib OUT imm8, AL I Valid Valid Output byte in AL to I/0 port
address imm8.

€7 ib OUT imm8, AX | Valid Valid Output word in AX to I/0
port address imm8.

€7 ib OUT imm8, EAX | Valid Valid Output doubleword in EAX
to I/0 port address imm8.

EE OUT DX, AL NP  Valid Valid Output byte in AL to I/0 port
address in DX.

EF OUT DX, AX NP  Valid Valid Output word in AX to I/0
port address in DX.

EF OUT DX, EAX NP  Valid Valid Output doubleword in EAX
to I/0 port address in DX.

NOTES:
* See IA-32 Architecture Compatibility section below.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
| imm8 NA NA NA
NP NA NA NA NA
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intel)

OUTS/OUTSB/0OUTSW/0UTSD—Output String to Port

6E

6F

6F

6E

6F

6F

Opcode*

Instruction

OUTS DX, m8

OUTS DX, m16

OUTS DX, m32

OUTSB

OUTSW

OUTSD

op
En

NP

NP

NP

NP

NP

NP

/ 64-Bit
Mode

Valid

Valid

Valid

Valid

Valid

Valid

Compat/
Leg Mode

Valid

Valid

Valid

Valid

Valid

Valid

Description

Output byte from memory
location specified in DS:(E)SI
or RSI to 1/0 port specified in
DX**,

Output word from memory
location specified in DS:(E)SI
or RSI to 1/0 port specified in
DX**,

Output doubleword from
memory location specified in
DS:(€)SI or RSI to 1/0 port
specified in DX**.

Output byte from memory
location specified in DS:(E)SI
or RSI to 1/0 port specified in
DX**,

Output word from memory
location specified in DS:(E)SI
or RSI to 1/0 port specified in
DX**,

Output doubleword from
memory location specified in
DS:(E)SI or RSI to 1/0 port
specified in DX**.

NOTES:

* See IA-32 Architecture Compatibility section below.

**In 64-bit mode, only 64-bit (RSI) and 32-bit (ESI) address sizes are supported. In non-64-bit

Instruction Operand Encoding

mode, only 32-bit (ESI) and 16-bit (SI) address sizes are supported.

Op/En
NP

Operand 1
NA

Operand 2
NA

Operand 3 Operand 4

NA NA
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PABSB/PABSW/PABSD — Packed Absolute Value

intel)

Opcode/
Instruction

OF 38 1C /r!
PABSB mm1, mm2/m64

66 0F381C/r
PABSB xmm1, xmm2/m128

0F 38 1D /r!
PABSW mm1, mm2/m64

66 0F381D/r
PABSW xmm1, xmm2/m128

OF 38 1E /!
PABSD mm1, mm2/m64

66 OF 38 1E/r
PABSD xmm1, xmm2/m128

VEX.128.66.0F38.WIG 1C /r
VPABSB xmm1, xmm2/m128

VEX.128.66.0F38.WIG 1D /r
VPABSW xmm1, xmm2/m128

VEX.128.66.0F38.WIG 1E /r
VPABSD xmm1, xmm2/m128

Op/ 64/32bit CPUID

En

RM

RM

RM

RM

RM

RM

RM

RM

RM

Mode
Support

VIV

VIV

VIV

VIV

VIV

VIV

VIV

VIV

VIV

Feature
Flag

SSSE3

SSSE3

SSSE3

SSSE3

SSSE3

SSSE3

AVX

AVX

AVX

Description

Compute the absolute value
of bytes in mm2/m64 and
store UNSIGNED result in
mm1.

Compute the absolute value
of bytesin xmm2/m128 and
store UNSIGNED result in
xmm1.

Compute the absolute value
of 16-bit integers in
mm2/m64 and store
UNSIGNED result in mm1.

Compute the absolute value
of 16-bit integers in
xmm2/m128 and store
UNSIGNED result in xmm1.

Compute the absolute value
of 32-bit integers in
mmZ2/m64 and store
UNSIGNED result in mm1.

Compute the absolute value
of 32-bit integers in
xmm2/m128 and store
UNSIGNED result in xmm1.

Compute the absolute value
of bytesin xmm2/m128 and
store UNSIGNED result in
xmm1.

Compute the absolute value
of 16- bit integers in xmm2/
m128 and store UNSIGNED
result in xmm71.

Compute the absolute value
of 32- bit integers in xmm2/
m128 and store UNSIGNED
result in xmm1.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel 64 and IA-32

Architectures Software Developer’s Manual, Volume 3B.
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Instruction Operand Encoding

Op/En
RM

Operand 1 Operand 2

ModRM:reg (w) ModRM:r/m (r)

Operand 3
NA

Operand 4
NA

Intel C/C++ Compiler Intrinsic Equivalents

PABSB:
PABSB:
PABSW:
PABSW:
PABSD:
PABSD:

Intel® 64 and IA-32 Architectures Software Developer’s Manual Documentation Changes
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__m64 _mm_abs_pi16 (__m64 a)
__m128i _mm_abs_epi16 (__m128ia)
__m64 _mm_abs_pi32 (__m64 a)
__m128i _mm_abs_epi32 (_m128i3a)
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intel)

PACKSSWB/PACKSSDW—Pack with Signed Saturation

Opcode/
Instruction

OF 63 /r!
PACKSSWB mm1, mm2/m64

66 OF 63 /r
PACKSSWB xmm1, xmm2/m128

OF 6B /1!
PACKSSDW mm1, mm2/m64

66 OF 6B /r
PACKSSDW xmm1, xmmZ2/m128

VEX.NDS.128.66.0F.WIG 63 /r

VPACKSSWB xmm1,xmm2, xmm3/
m128

VEX.NDS.128.66.0F.WIG 6B /r

VPACKSSDW xmm1,xmmZ2, xmm3/
m128

Op/ 64/32bit CPUID

En Mode Feature
Support  Flag
RM VNV MMX
RM VNV SSe2
RM VNV MMX
RM VNV SSE2
RVM V/V AVX
RVM V/V AVX

Description

Converts 4 packed signed
word integers from mm1
and from mm2/mé64 into 8
packed signed byte integers
in mm1 using signed
saturation.

Converts 8 packed signed
word integers from xmm1
and from xxm2/m128into
16 packed signed byte
integers in xxm1 using
signed saturation.

Converts 2 packed signed
doubleword integers from
mm71 and from mmZ2/m64
into 4 packed signed word
integers in mm1 using
signed saturation.

Converts 4 packed signed
doubleword integers from
xmm1 and from
xxm2/m128into 8 packed
signed word integers in
xxm1 using signed
saturation.

Converts 8 packed signed
word integers from xmm?2
and from xmm3/m128 into
16 packed signed byte
integers in xmm1 using
signed saturation.

Converts 4 packed signed
doubleword integers from
xmm¢2 and from xmm3/
m128 into 8 packed signed
word integers in xmm1
using signed saturation.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 3B.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3
RM ModRM:reg (r, w) ModRM:r/m (r) NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r)

Operand 4
NA
NA

Intel C/C++ Compiler Intrinsic Equivalents

PACKSSWB: __m64 _mm_packs_pi16(_m64 m1, __m64 m2)
PACKSSWB: __m128i _mm_packs_epi16(_m128i m1, _m128i m2)
PACKSSDW:  __m64 _mm_packs_pi32 (__m64 m1, __m64 m2)
PACKSSDW: __m128i _mm_packs_epi32(_m128i m1, _m128i m2)

PACKUSDW — Pack with Unsigned Saturation

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag

66 OF 38 2B /r RM VNV SSE4_1 Convert 4 packed signed

PACKUSDW xmm1, xmmZ2/m128 doubleword integers from
xmm1 and 4 packed signed
doubleword integers from
xmmZ2/m128into 8 packed
unsigned word integers in
xmm1 using unsigned
saturation.

VEX.NDS.128.66.0F38.WIG 2B /r RVM V/V AVX Convert 4 packed signed

VPACKUSDW xmm1, xmm2, doubleword integers from

xmm3/m128 xmm¢2 and 4 packed signed
doubleword integers from
xmm3/m128 into 8 packed
unsigned word integers in
xmm1 using unsigned
saturation.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent
PACKUSDW:  __m128i _mm_packus_epi32(_m128im1,_m128i m2);
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intel)

PACKUSWB—Pack with Unsigned Saturation

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature

Support  Flag
OF 67 /r! RM VNV MMX Converts 4 signed word
PACKUSWB mm, mm/m64 integers from mm and 4

signed word integers from
mm/m64 into 8 unsigned
byte integers in mm using
unsigned saturation.

66 OF 67 /r RM VNV SSe2 Converts 8 signed word

PACKUSWB xmm1, xmm2/m128 integers from xmm1 and 8
signed word integers from
xmmZ2/m128into 16
unsigned byte integers in
xmm1 using unsigned

saturation.
VEX.NDS.128.66.0FWIG 67 /r RVM V/V AVX Converts 8 signed word
VPACKUSWB xmm1, xmm2, integers from xmm2 and 8
xmm3/m128 signed word integers from

xmm3/m128into 16
unsigned byte integers in
xmm71 using unsigned
saturation.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PACKUSWB:  __m64 _mm_packs_pul6(_m64 m1, __m64 m2)
PACKUSWB:  __m128i _mm_packus_epi16(_m128im1, __m128im2)
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intel)

PADDB/PADDW/PADDD—Add Packed Integers

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
OF FC /7 RM VNV MMX Add packed byte integers
PADDB mm, mm/m64 from mm/m64 and mm.
66 OF FC/r RM VIV SSE2 Add packed byte integers
PADDB xmm1, xmm2/m128 from xmmz2/m128and
xmmT.
OF FD /7! RM VNV MMX Add packed word integers
PADDW mm, mm/m64 from mm/m64 and mm.
66 OF FD /r RM VNV SE2 Add packed word integers
PADDW xmm1, xmm2/m128 from xmmz2/m128and
xmmT.
OF FE /1" RM VNV MMX Add packed doubleword
PADDD mm, mm/m64 integers from mm/m64 and
mm.
66 OF FE/r RM VNV SSEe2 Add packed doubleword
PADDD xmm1, xmm2/m128 integers from xmmz2/m128
and xmm1.
VEX.NDS.128.66.0F.WIG FC /r RVM VNV AVX Add packed byte integers
VPADDB xmm1, xmm2, from xmm3/m128 and
xmm3/m128 xmmZ2.
VEX.NDS.128.66.0FWIG FD /r RVM V/V AVX Add packed word integers
VPADDW xmm1, xmm2, from xmm3/m128 and
xmm3/m128 xmme.
VEX.NDS.128.66.0F.WIG FE /r RVM VNV AVX Add packed doubleword
VPADDD xmm1, xmm?2, integers from xmm3/m128
xmm3/m128 and xmmg.
NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalents

PADDB: __m64 _mm_add_pi8(__m64 m1, __m64 m2)
PADDB: __m128i _mm_add_epi8 (__m128ia,__m128ib)
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PADDW: __m64 _mm_add_pi16(_m64 m1, __mb64 m2)
PADDW: __m128i _mm_add_epi16 (_m128ia, __m128ib)
PADDD: __m64 _mm_add_pi32(__m64 m1, __m64 m2)
PADDD: __m128i _mm_add_epi32 (_m128ia,__m128ib)

PADDQ—Add Packed Quadword Integers

Opcode/ Op/ 64/32bit CPUID Description
Instruction En Mode Feature
Support  Flag

OF D4 /1! RM VNV SSE2 Add quadword integer
PADDQ mm1, mm2/m64 mmz/m64 to mm1.
66 OF D4 /r RM VNV SSE2 Add packed quadword
PADDQ xmm1, xmm2/m128 integers xmm2/m128 to

xmm1.,
VEX.NDS.128.66.0F.WIG D4 /r RVM VNV AVX Add packed quadword
VPADDQ xmm1, xmm2, integers xmm3/m128 and
xmm3/m128 xmme.
NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, "E)gception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel 64 and IA-32

Architectures Software Developer's Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3
RM ModRM:reg (r, w) ModRM:r/m (r) NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r)

Operand 4
NA
NA

Intel C/C++ Compiler Intrinsic Equivalents

PADDQ: __m64 _mm_add_si64 (__m64 a, __m64 b)
PADDQ: __m128i _mm_add_epi64 (_m128ia, __m128ib)
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PADDSB/PADDSW—Add Packed Signed Integers with Signed Saturation

Opcode/
Instruction

OF EC /1
PADDSB mm, mm/m64

66 OF EC/r
PADDSB xmm1, xmm2/m128

OF ED /7!
PADDSW mm, mm/m64

66 OFED /r
PADDSW xmm1, xmmZ2/m128

VEX.NDS.128.66.0F.WIG EC /r
VPADDSB xmm1, xmmz2,
xmm3/m128

VEX.NDS.128.66.0F.WIG ED /r

VPADDSW xmm1, xmmZ,
xmm3/m128

Op/ 64/32bit CPUID
En  Mode Feature
Support  Flag

RM VN MMX
RM VNV SSE2
RM VN MMX
RM VNV SSE2
RVM V/V AVX
RVM V/V AVX

Description

Add packed signed byte
integers from mm/m64 and
mm and saturate the
results.

Add packed signed byte
integers from xmmZ2/m128
and xmm1 saturate the
results.

Add packed signed word
integers from mm/m64 and
mm and saturate the
results.

Add packed signed word
integers from xmm2/m128
and xmm1 and saturate the
results.

Add packed signed byte
integers from xmm3/m128
and xmmZ saturate the
results.

Add packed signed word
integers from xmm3/m128
and xmmZ and saturate the
results.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En
RM ModRM:reg (r, w)
RVM ModRM:reg (w)

Operand 1

Operand 2 Operand 3 Operand 4
ModRM:r/m (r) NA NA
VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalents

PADDSB:
PADDSB:
PADDSW:

__m64 _mm_adds_pi8(_m64 m1, __m64 m2)
__m128i _mm_adds_epi8 (_m128ia, __m128ib)
__mb64 _mm_adds_pi16(_m64 m1, __m64 m2)
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PADDSW:

__m128i _mm_adds_epi16 (_m128ia, __m128ib)

PADDUSB/PADDUSW—Add Packed Unsigned Integers with Unsigned

Saturation
Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
OF DC /! RM VNV MMX Add packed unsigned byte
PADDUSB mm, mm/m64 integers from mm/m64 and
mm and saturate the
results.
66 OF DC/r RM VNV SSEZ2 Add packed unsigned byte
PADDUSB xmm1, xmm2/m128 integers from xmmz/m128
and xmm1 saturate the
results.
OF DD /1 RM VNV MMX Add packed unsigned word
PADDUSW mm, mm/m64 integers from mm/m64 and
mm and saturate the
results.
66 OFDD /r RM VNV SSEZ2 Add packed unsigned word
PADDUSW xmm1, xmm2/m128 integers from xmm2/m128
to xmm1 and saturate the
results.
VEX.NDS.128.660F.WIG DC /r RVM VNV AVX Add packed unsigned byte
VPADDUSB xmm1, xmm2, integers from xmm3/m128
xmm3/m128 to xmm2 and saturate the
results.
VEX.NDS.128.66.0F.WIG DD /r RVM V/V AVX Add packed unsigned word
VPADDUSW xmm1, xmm2, integers from xmm3/m128
xmm3/m128 to xmmZ and saturate the
results.
NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 3B.

Instruction Operand Encoding

Op/En
RM
RVM

Operand 1
ModRM:reg (r, w)
ModRM:reg (w)

Operand 2 Operand 3 Operand 4
ModRM:r/m (r) NA NA
VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalents
__m64 _mm_adds_pu8(__m64 m1, __m64 m2)

PADDUSB:
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PADDUSW: __m64 _mm_adds_pul16(_m64 m1, __m64 m2)
PADDUSB: __m128i _mm_adds_epu8 (_m128ia, __m128ib)
PADDUSW: __m128i _mm_adds_epu16 (_m128ia, __m128iDb)

PALIGNR — Packed Align Right

Opcode/ Op/ 64/32bit CPUID Description
Instruction En Mode Feature
Support  Flag

OF 3A OF! RMI VIV SSSE3 Concatenate destination and

PALIGNR mm1, mm2/m64, imm8 source operands, extract
byte-aligned result shifted
to the right by constant
value in imm8 into mm1.

66 OF 3A OF RMI VIV SSSE3 Concatenate destination and

PALIGNR xmm1, xmm2/m128, imm8 source pperands, extr_act
byte-aligned result shifted
to the right by constant
value in imm8 into xmm1

VEX.NDS.128.66.0F3AWIGOF /rib RVMI V/V AVX Concatenate xmm2 and

VPALIGNR xmm1, xmm2, xmm3/m128, extract byte

xmm3/m128, imm8 aligned result shifted to the

right by constant value in
imm8 and result is stored in
xmm1.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception Conditions
of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32 Architectures
Software Developer’s Manual, \/olume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) imm8 NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) imm8

Intel C/C++ Compiler Intrinsic Equivalents

PALIGNR: __m64 _mm_alignr_pi8 (__m64 3, __m64 b, int n)
PALIGNR: __m128i _mm_alignr_epi8 (_m128ia, __m128ib,intn)
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intel)

PAND—Logical AND

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature

Support  Flag
OF DB /F! RM VNV MMX Bitwise AND mm/m64 and
PAND mm, mm/m64 mm.
66 OF DB /r RM VNV SSE2 Bitwise AND of
PAND xmm1, xmm2/m128 xmmZ2/m128 and xmm1.
VEX.NDS.128.66.0F.WIG DB /r RVM V/V AVX Bitwise AND of
VPAND xmm1, xmm2, xmm3/m128 xmm3/m128 and xmm.
NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PAND: __m64 _mm_and_si64 (__m64 m1, __m64 m2)
PAND: __m128i _mm_and_si128 (_m128ia,__m128ib)
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intel)

PANDN—Logical AND NOT

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature

Support  Flag
OF DF /! RM VNV MMX Bitwise AND NOT of
PANDN mm, mm/m64 mm/m&4 and mm.
66 OF DF /r RM VNV SSE2 Bitwise AND NOT of
PANDN xmm1, xmm2/m128 xmmz/m128and xmm1.
VEX.NDS.128.66.0F.WIG DF /r RVM V/V AVX Bitwise AND NOT of
VPANDN xmm1, xmm2, xmm3/m128 and xmm?2.
xmm3/m128
NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reqg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PANDN: __m64 _mm_andnot_si64 (__m64 m1, __m64 m2)
PANDN: _m128i _mm_andnot_si128 (_m128ia,__m128ib)

PAUSE—Spin Loop Hint

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
F3 90 PAUSE NP  Valid Valid Gives hint to processor that

improves performance of
spin-wait loops.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

NP NA NA NA NA
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PAVGB/PAVGW—Average Packed Integers

intel)

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag

OF EQ /! RM VNV SSE Average packed unsigned

PAVGB mm1, mm2/m64 byte integers from
mm2/m64 and mm1 with
rounding.

66 OF EQ, /r RM VNV SSE2 Average packed unsigned

PAVGB xmm1, xmm2/m128 byte integers from
xmmZ2/m128and xmm1
with rounding.

OF E3 /1! RM VNV SSE Average packed unsigned

PAVGW mm1, mm2/m64 word integers from
mm2/m64 and mm1 with
rounding.

66 OF E3 /r RM VNV SSE2 Average packed unsigned

PAVGW xmm1, xmm2/m128 word integers from
xmmZ2/m128and xmm1
with rounding.

VEX.NDS.128.66.0F.WIG EO /r RVM V/V AVX Average packed unsigned

VPAVGB xmm1, xmm2, xmm3/m128 byte integers from
xmm3/m128 and xmm2
with rounding.

VEX.NDS.128.66.0FWIG E3 /r RVM V/V AVX Average packed unsigned

VPAVGW xmm1, Xmm?2, word integers from

xmm3/m128 xmm3/m128 and xmm2
with rounding.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA
Intel C/C++ Compiler Intrinsic Equivalent
PAVGB: __m64 _mm_avg_pu8 (__m64 a, __m64 b)
PAVGW: __m64 _mm_avg_pul6 (__m64 a, __m64 b)
PAVGB: __m128i _mm_avg_epu8 (_m128ia,_m128ib)
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intel)

| PAVGW: __m128i _mm_avg_epul6 (_m128ia, __m128ib)

PBLENDVB — Variable Blend Packed Bytes

Opcode/ Op/ 64/32bit CPUID Description
Instruction En Mode Feature
Support  Flag
| 66 0F 3810 /r RM VIV SSE4_1  Select byte values from
PBLENDVB xmm1, xmmZ2/m128, xmm1and xmmZ2/m128
<XMMO> from mask specified in the
high bit of each byte in
XMMO and store the values
into xmm71.
| VEX.NDS.128.66.0F3AW0 4C /r /is4 RVMR VN AVX Select byte values from
VPBLENDVB xmm1, xmmZ2, xmm¢2 and xmm3/m128
xmm3/m128, xmm4 using mask bits in the
specified mask register,
xmm4, and store the
values into xmm1.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
| RM ModRM:reg (r, w) ModRM:r/m (r) <XMMO> NA
| RVMR ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) ModRM:reg (r)

Intel C/C++ Compiler Intrinsic Equivalent

| PBLENDVB: __m128i _mm_blendv_epi8 (__m128iv1, __m128iv2, __m128i mask);

PBLENDW — Blend Packed Words

Opcode/ Op/ 64/32bit CPUID Description
Instruction En Mode Feature
Support  Flag
| 66 OF 3A0E/rib RMI VIV SSE4_1 Select words from xmm1
PBLENDW xmm1, xmm2/m128, and xmmZ2/m 128 from mask
imm8 specified in imm8 and store
the values into xmm1.
| VEXNDS.128.6 VPBLENDW RVMI V/V AVX Select words from xmm2
6.0F3AWIGOE xmm1, xmm2, and xmm3/m128 from mask
Irib xmm3/m128, specified in imm8 and store
imm8 the values into xmm1.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
| RMI ModRM:reg (r, w) ModRM:r/m (r) imm8 NA
| RVMI ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) imm8

Intel C/C++ Compiler Intrinsic Equivalent

| PBLENDW:

PCLMULQDAQ - Carry-Less Multiplication Quadword

__m128i _mm_blend_epi16 (__m128iv1, _m128iv2, const int mask);

Opcode/
Instruction

| 66 0F3A44 /rib
PCLMULQDQ xmm1, xmm2/m128,
imm8

| VEX.NDS.128.66.0F3A.WIG 44 /rib
VPCLMULQDQ xmm1, xmm2,
xmm3/m128, imm8

Op/
En

RMI

RVMI

64/32 bit CPUID

Mode
Support

VIV

VIV

Feature
Flag

CcLMUL

Both
CLMUL
and AVX
flags

Description

Carry-less multiplication of
one quadword of xmm1 by
one quadword of
xmm2/m128, stores the
128-bit result in xmm1. The
immediate is used to deter-
mine which quadwords of
xmm1 and xmm2/m128
should be used.

Carry-less multiplication of
one quadword of xmm2 by
one quadword of
xmm3/m128, stores the
128-bit result in xmm1. The
immediate is used to deter-
mine which quadwords of
xmmZ2 and xmm3/m128
should be used.

Instruction Operand Encoding

Op/En Operand 1
| RMI ModRM:reg (r, w)
| RVMI ModRM:reg (w)

Operand2
ModRM:r/m (r)
VEX.vvwv (r)

Operand3 Operand4
imm8 NA
ModRM:r/m (r) imm8

Intel C/C++ Compiler Intrinsic Equivalent

I (V)PCLMULQDQ:
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PCMPEQB/PCMPEQW/PCMPEQD— Compare Packed Data for Equal

Opcode/
Instruction

OF 74 /1"
PCMPEQB mm, mm/m64

66 OF 74 /r
PCMPEQB xmm1, xmm2/m128

OF 75 /1!
PCMPEQW mm, mm/m64

66 OF 75 /r
PCMPEQW xmm1, xmm2/m128

OF 76 /1!
PCMPEQD mm, mm/m64

66 OF 76 /r
PCMPEQD xmm1, xmmZ2/m128

VEX.NDS.128.66.0F.WIG 74 /r

VPCMPEQB xmm1, xmm2, xmm3
/m128

VEX.NDS.128.66.0F.WIG 75 /r

VPCMPEQW xmm1, xmmz2,
xmm3/m128

VEX.NDS.128.66.0F.WIG 76 /r

VPCMPEQD xmm1, xmmZ2,
xmm3/m128

Op/ 64/32bit CPUID

€En  Mode Feature
Support  Flag
RM VNV MMX
RM VNV SSE2
RM VNV MMX
RM VNV SSE2
RM VNV MMX
RM VN SSE2
RVM VNV AVX
RVM VNV AVX
RVM V/V AVX

Description

Compare packed bytes in
mm/m64 and mm for
equality.

Compare packed bytes in
xmmZ2/m128 and xmm1 for
equality.

Compare packed words in
mm/m64 and mm for
equality.

Compare packed words in
xmmZ2/m128and xmm1 for
equality.

Compare packed
doublewords in mm/m64
and mm for equality.

Compare packed
doublewords in
xmmZ2/m128and xmm1 for
equality.

Compare packed bytes in
xmm3/m128 and xmmZ2 for
equality.

Compare packed words in
xmm3/m128 and xmm2 for
equality.

Compare packed
doublewords in
xmm3/m128 and xmm?2 for
equality.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1
RM ModRM:reg (r, w)
RVM ModRM:reg (w)

Operand 2 Operand 3 Operand 4
ModRM:r/m (r) NA NA
VEX.vvwv (r) ModRM:r/m (r) NA
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Intel C/C++ Compiler Intrinsic Equivalents

PCMPEQB:
PCMPEQW:
PCMPEQD:
PCMPEQB:
PCMPEQW:
PCMPEQD:

__m64 _mm_cmpeq_pi8 (__m64 m1, __m64 m2)

__m64 _mm_cmpeq_pi16 (_m64 m1, _m64 m2)

__m64 _mm_cmpeq_pi32 (__m64 m1, _mb4 m2)

__m128i _mm_cmpeq_epi8 (_m128ia, __m128ib)

__m128i _mm_cmpeq_epi16 (_m128ia,__m128ib)

__m128i _mm_cmpeq_epi32 (_m128ia,__m128ib)

PCMPEQQ — Compare Packed Qword Data for Equal

Opcode/
Instruction

66 OF 3829 /r
PCMPEQQ xmm1, xmm2/m128

VEX.NDS.128.66.0F38.WIG 29 /r
VPCMPEQQ xmm1, xmm2,

Op/ 64/32bit CPUID
Feature

En  Mode
Support

RM VNV

RVM V/V

Description

SSE4_1 Compare packed qwords in

xmmZ2/m128 and xmm1 for
equality.

Compare packed quadwords
in xmm3/m128 and xmm2

xmm3/m128 for equality.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PCMPEQQ:
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PCMPESTRI — Packed Compare Explicit Length Strings, Return Index

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature

Support  Flag
66 OF 3A 61 /rimm8 RMI VIV SSE4 2 Perform a packed
PCMPESTRI xmm1, xmm2/m128, comparison of string data
imm8 with explicit lengths,

generating an index, and
storing the result in ECX.

VEX.128.66.0F3AWIG 61 /rib RMI VIV AVX Perform a packed
VPCMPESTRI xmm1, xmm2/m128, comparison of string data
imm8 with explicit lengths,

generating an index, and
storing the result in ECX.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reg (r) ModRM:r/m (r) imm8 NA

Intel C/C++ Compiler Intrinsic Equivalent For Returning Index

m128i b, int Ib, const int mode);

int _mm_cmpestri (__m128ia, int la,

Intel C/C++ Compiler Intrinsics For Reading EFlag Results

int _mm_cmpestra (__m128i 3, intla, __m128ib, int Ib, const int mode);
int _mm_cmpestrc (_m128ia, intla, __m128i b, int Ib, const int mode);
int _mm_cmpestro (__m128ia, intla, __m128ib, int Ib, const int mode);
int _mm_cmpestrs (_m128ia, intla, __m128i b, int Ib, const int mode);

( )

int _mm_cmpestrz (__m128ia, intla, __m128i b, int Ib, const int mode

"

Intel® 64 and IA-32 Architectures Software Developer’s Manual Documentation Changes 221



PCMPESTRM — Packed Compare Explicit Length Strings, Return Mask

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature

Support  Flag
66 OF 3A 60 /rimm8 RMI VIV SSE4 2 Perform a packed
PCMPESTRM xmm1, xmmZ2/m128, comparison of string data
imm8 with explicit lengths,

generating a mask, and
storing the result in XMMO

VEX.128.66.0F3A.WIG 60 /rib RMI VIV AVX Perform a packed
VPCMPESTRM xmm1, xmm2/m128, comparison of string data
imm8 with explicit lengths,

generating a mask, and
storing the result in XMMO.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reg (r) ModRM:r/m (r) imm8 NA

Intel C/C++ Compiler Intrinsic Equivalent For Returning Mask

__m128i _mm_cmpestrm (__m128i 3, int la, __m128i b, int Ib, const int mode);

Intel C/C++ Compiler Intrinsics For Reading EFlag Results

int _mm_cmpestra (__m128i 3, intla, __m128ib, int Ib, const int mode);
int _mm_cmpestrc (_m128ia, intla, __m128i b, int Ib, const int mode);
int _mm_cmpestro (__m128ia, intla, __m128ib, int Ib, const int mode);
int _mm_cmpestrs (_m128ia, intla, __m128i b, int Ib, const int mode);

( )

int _mm_cmpestrz (__m128ia, intla, __m128i b, int Ib, const int mode

"
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PCMPGTB/PCMPGTW/PCMPGTD—Compare Packed Signed Integers for

Greater Than

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag

OF 64 /1! RM VNV MMX Compare packed signed byte

PCMPGTB mm, mm/m64 integers in mm and
mm/m64 for greater than.

66 OF 64 /r RM VNV SSEe2 Compare packed signed byte

PCMPGTB xmm1, xmm2/m128 integers in xmm1 and
xmmZ2/m128 for greater
than.

OF 65 /r! RM VNV MMX Compare packed signed

PCMPGTW mm, mm/m64 word integers in mm and
mm/m64 for greater than.

66 OF 65 /r RM VNV SSE2 Compare packed signed

PCMPGTW xmm1, xmm2/m128 word integers in xmm1 and
xmmZ2/m128 for greater
than.

OF 66 /r! RM VNV MMX Compare packed signed

PCMPGTD mm, mm/m64 doubleword integers in mm
and mm/m64 for greater
than.

66 OF 66 /r RM VNV SSE2 Compare packed signed

PCMPGTD xmm1, xmm2/m128 doubleword integers in
xmm1 and xmm2/m128 for
greater than.

VEX.NDS.128.66.0F.WIG 64 /r RVM V/V AVX Compare packed signed byte

VPCMPGTB xmm1, xmmz, integers in xmma and

xmm3/m128 xmm3/m128 for greater
than.

VEX.NDS.128.66.0F.WIG 65 /r RVM V/V AVX Compare packed signed

VPCMPGTW xmm1, xmm2, word integers in xmmZ2 and

xmm3/m128 xmm3/m128 for greater
than.

VEXNNDS.128.6 VPCMPGTDxmm1, RVM V/V AVX Compare packed signed

6.0FWIGE66 /r xmm2, doubleword integers in
xmm3/m128 xmm2 and xmm3/m128 for
greater than.
NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel 64 and IA-32

Architectures Software Developer’s Manual, Volume 3B.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalents

PCMPGTB: __m64 _mm_cmpgt_pi8 (__m64 m1, __m64 m2)
PCMPGTW:  __m64 _mm_pcmpgt_pi16 (__m64 m1, _m64 m2)
DCMPGTD:  __m64 _mm_pcmpgt_pi32 (__m64 m1, __m64 m2)
PCMPGTB:  _m128i _mm_cmpgt_epi8 (_m128ia, __m128ib)
PCMPGTW:  _m128i _mm_cmpgt_epi16 (_m128ia, __m128iDb)
DCMPGTD:  _m128i _mm_cmpgt_epi32 (_m128ia,__m128ib)

PCMPGTQ — Compare Packed Data for Greater Than

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
66 OF 3837 /r RM VNV SSE4 2 Compare packed signed
PCMPGTQ xmm1,xmmZ2/m128 qwords in xmmZ2/m128and
xmm1 for greater than.
VEX.NDS.128.66.0F38.WIG 37 /r RVM V/V AVX Compare packed signed
VPCMPGTQ xmm1, xmmZ2, gwords in xmmZ2 and
xmm3/m128 xmm3/m128 for greater
than.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA
Description

Performs an SIMD signed compare for the packed quadwords in the destination
operand (first operand) and the source operand (second operand). If the data element
in the first (destination) operand is greater than the corresponding element in the
second (source) operand, the corresponding data element in the destination is set to all
1s; otherwise, it is set to Os.

128-bit Legacy SSE version: Bits (VLMAX-1:128) of the corresponding YMM destination
register remain unchanged.
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VEX.128 encoded version: Bits (VLMAX-1:128) of the destination YMM register are
zeroed. VEX.L must be 0, otherwise the instruction will #UD.

Intel C/C++ Compiler Intrinsic Equivalent

PCMPGTQ:

__m128i _mm_cmpgt_epi64(_m128ia, __m128ib)

PCMPISTRI — Packed Compare Implicit Length Strings, Return Index

Opcode/
Instruction

66 OF 3A 63 /rimm8
PCMPISTRI xmm1, xmmZ2/m128,
imm8

VEX.128.66.0F3AWIG 63 /rib
VPCMPISTRI xmm1, xmm2/m128,
imm8

Op/ 64/32 bit CPUID

En  Mode Feature
Support  Flag

RM VIV SSE4_2

RM VNV AVX

Description

Perform a packed
comparison of string data
with implicit lengths,
generating an index, and
storing the result in ECX.

Perform a packed
comparison of string data
with implicit lengths,
generating an index, and
storing the result in ECX.

Instruction Operand Encoding

Op/En Operand 1
RM ModRM:reg (r)

Operand 2
ModRM:r/m (r)

Operand 3 Operand 4
imm8 NA

Intel C/C++ Compiler Intrinsic Equivalent For Returning Index

int

Intel C/C++ Compiler Intrinsics For Reading EFlag Results

int
int
int
int
int
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PCMPISTRM — Packed Compare Implicit Length Strings, Return Mask

Opcode/
Instruction

66 OF 3A 62 /rimm8
PCMPISTRM xmm1, xmmZ2/m128,
imm8

VEX.128.66.0F3AWIG 62 /rib
VPCMPISTRM xmm1, xmm2/m128,
imm8

Op/ 64/32bit CPUID

En  Mode Feature
Support  Flag

RM VIV SSE4_2

RM VNV AVX

Description

Perform a packed

comparison of string data

with implicit lengths,
generating a mask, and

storing the result in XMMO.

Perform a packed

comparison of string data

with implicit lengths,
generating a Mask, and

storing the result in XMMO.

Instruction Operand Encoding

Op/En
RM

Operand 1
ModRM:reg (r)

Operand 2
ModRM:r/m (r)

Operand 3 Operand 4

imm8

NA

Intel C/C++ Compiler Intrinsic Equivalent For Returning Mask

__m128i _mm_cmpistrm (__m128i 3,

Intel C/C++ Compiler Intrinsics For Reading EFlag Results

int
int
int
int
int

m128i b, const int mode);

_mm_cmpistra (__m128ia, __m128i b, const int mode);

(
_mm_cmpistrc (
_mm_cmpistro (
_mm_cmpistrs (
_mm_cmpistrz (

m128ia, __m128ib, const int mode);
m128ia, __m128ib, const int mode);
m128ia, __m128ib, const int mode);
m128ia, __m128ib, const int mode)

I’
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intel)

PEXTRB/PEXTRD/PEXTRQ — Extract Byte/Dword/Qword

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature

Support  Flag
66 OF 3A 14 MRI VIV SSE4_1 Extract a byte integer value
Irib from xmmZ at the source
PEXTRB reg/m8, xmmZ2, imm8 byte offset specified by

imm8into rreg or m8. The
upper bits of r32 or r64 are

zeroed.
66 OF 3A 16 MRI VIV SSE4_1 Extract a dword integer
Irib value from xmmZ at the
PEXTRD r/m32, xmmZ2, imm8 source dword offset
specified by imm8 into
r/m32.
66 REX.W OF 3A 16 MRl V/N.E. SSE4_1 Extract a qword integer
Irib value from xmmZ at the
PEXTRQ r/m64, xmmZ, imm8 source qword offset
specified by imm8 into
r/m64.
VEX.128.66.0F3A.WO0 14 /rib MRl VIV AVX Extract a byte integer value
VPEXTRB reg/m8, xmmz2, imm8 from xmmZ2 at the source
byte offset specified by

imm8 into reg or m8. The
upper bits of r64/r32 is
filled with zeros.

VEX.128.66.0F3AW0 16 /rib MRI VIV AVX Extract a dword integer

VPEXTRD r32/m32, xmmz2, imm8 value from xmm?2 at the
source dword offset
specified by imm8 into

r32/m32.
VEX.128.66.0F3AW1 16 /rib MRl  V/i AVX Extract a qword integer
VPEXTRQ r64/m64, xmmZ2, imm8 value from xmm?Z at the

source dword offset
specified by imm8 into
re4/me64.

NOTES:
1. In 64-bit mode, VEX.W1 is ignored for VPEXTRB (similar to legacy REX.W=1 prefix in PEXTRB).

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
MRI ModRM:r/m (w) ModRM:reg (r) imm8 NA

Intel C/C++ Compiler Intrinsic Equivalent

PEXTRB: int _mm_extract_epi8 (__m128i src, const int ndx);
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PEXTRD: int _mm_extract_epi32 (__m128i src, const int ndx);
PEXTRQ: __int64 _mm_extract_epi64 (__m128i src, const int ndx);

PEXTRW—Extract Word

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
OF C5 /rib’ RMI VIV SSE Extract the word specified
PEXTRW reg, mm, imm8 by imm8 from mmand move

it to reg, bits 15-0. The
upper bits of r32 or r64 is

zeroed.
66 OF C5 /rib RMI VIV SSEe2 Extract the word specified
PEXTRW reg, xmm, imm8 by imm8 from xmm and

move it to reg, bits 15-0.
The upper bits of r32 or r64

is zeroed.
66 OF 3A 15 MRl VIV SSE4_1 Extract the word specified
Irib by imm8 from xmm and
PEXTRW reg/m16, xmm, imm8 copy it to lowest 16 bits of

reg or m16. Zero-extend
the result in the destination,

r32 or ré4.
VEX.128.66.0FWO C5 /rib RMI V2V AVX Extract the word specified
VPEXTRW reg, xmm1, imm8 by imm8 from xmm1 and

move it to reg, bits 15:0.
Zero-extend the result. The
upper bits of r64/r32 is
filled with zeros.

VEX.128.66.0F3A.WO0 15 /rib MRI VIV AVX Extract a word integer value

VPEXTRW reg/m16, xmmz2, imm8 from xmmZ2 at the source
word offset specified by
imm8 into reg or m16. The
upper bits of r64/r32 is
filled with zeros.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 3B.

2. In 64-bit mode, VEX.W1 is ignored for VPEXTRW (similar to legacy REX.W=1 prefix in PEXTRW).

Intel® 64 and IA-32 Architectures Software Developer’s Manual Documentation Changes 228



Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reg (w) ModRM:r/m (r) imm8 NA
MRI ModRM:r/m (w) ModRM:reg (r) imm8 NA
Intel C/C++ Compiler Intrinsic Equivalent
PEXTRW: int _mm_extract_pi16 (__m64 3, int n)
PEXTRW: int _mm_extract_epi16 (_m128i a, int imm)
PHADDW/PHADDD — Packed Horizontal Add
Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag

0F 38 01 /r! RM VNV SSSE3 Add 16-bit integers
PHADDW mm1, mm2/m64 horizontally, pack to MM1.
66 OF 3801 /r RM VNV SSSE3 Add 16-bit integers
PHADDW xmm1, xmm2/m128 horizontally, pack to XMM1.
0F 3802 /r RM VNV SSSE3 Add 32-bit integers
PHADDD mm1, mm2/m64 horizontally, pack to MM1.
66 OF 3802 /r RM VNV SSSE3 Add 32-bit integers
PHADDD xmm1, xmm2/m128 horizontally, pack to XMM1.
VEX.NDS.128.66.0F38.WIG 01 /r RVM VNV AVX Add 16-bit integers
VPHADDW xmm1, xmm2, horizontally, pack to xmm1.
xmm3/m128
VEX.NDS.128.66.0F38.WIG 02 /r RVM V/V AVX Add 32-bit integers
VPHADDD xmm1, xmm2, horizontally, pack to xmm1.
xmm3/m128
NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1
RM ModRM:reg (r, w)
RVM ModRM:reg (w)

Operand 2 Operand 3 Operand 4
ModRM:r/m (r) NA NA
VEX.vvwv (r) ModRM:r/m (r) NA
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Intel C/C++

PHADDW:
PHADDW:
PHADDD:
PHADDD:

Compiler Intrinsic Equivalents
__m64 _mm_hadd_pi16 (__m64 a, __m64 b)
__m128i _mm_hadd_epi16 (__m128ia, __m128ib)
__m64 _mm_hadd_pi32 (__m64 a, __m64 b)
__m128i _mm_hadd_epi32 (__m128i3a, __m128ib)

PHADDSW — Packed Horizontal Add and Saturate

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
OF 38 03 /r! RM VNV SSSE3 Add 16-bit signed integers
PHADDSW mm1, mm2/m64 horizontally, pack saturated
integers to MM1.
66 OF 38 03 /r RM VNV SSSE3 Add 16-bit signed integers
PHADDSW xmm1, xmm2/m128 horizontally, pack saturated
integers to XMM1.
VEX.NDS.128.66.0F38.WIG 03 /r RVM V/V AVX Add 16-bit signed integers
VPHADDSW xmm1, xmm2, horizontally, pack saturated
xmm3/m128 integers to xmm1.
NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En
RM
RVM

Operand 1 Operand 2 Operand 3 Operand 4
ModRM:reg (r, w) ModRM:r/m (r) NA NA
ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++

PHADDSW:
PHADDSW:

Compiler Intrinsic Equivalent

__m64 _mm_hadds_pi16 (__m64 a3, __m64 b)
__m128i _mm_hadds_epi16 (_m128ia,__m128ib)
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intel)

PHMINPOSUW — Packed Horizontal Word Minimum

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
66 OF 3841 /r RM VNV SSE4_1 Find the minimum unsigned
PHMINPOSUW xmm1, xmmZ2/m128 word in xmm2/m128 and

place its value in the low
word of xmm1 and its index
in the second-lowest word

of xmm1.
VEX.128.66.0F38.WIG 41 /r RM VNV AVX Find the minimum unsigned
VPHMINPOSUW xmm1, xmm2/m128 word in xmm2/m128 and

place its value in the low
word of xmm1 and its index
in the second-lowest word
of xmm1.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent

PHMINPOSUW: __m128i _mm_minpos_epu16(__m128i packed_words);

PHSUBW/PHSUBD — Packed Horizontal Subtract

Opcode/ Op/ 64/32 bit CPUID Description
Instruction En  Mode Feature
Support  Flag
OF 38 05 /r! RM VNV SSSE3 Subtract 16-bit signed
PHSUBW mm1, mm2/m64 integers horizontally, pack
to MM1.
66 OF 3805 /r RM VNV SSSE3 Subtract 16-bit signed
PHSUBW xmm1, xmm2/m128 integers horizontally, pack
to XMMT.
OF 3806 /r RM VNV SSSE3 Subtract 32-bit signed
PHSUBD mm1, mm2/m64 integers horizontally, pack
to MMT.
66 OF 3806 /r RM VNV SSSE3 Subtract 32-bit signed
PHSUBD xmm1, xmm2/m128 integers horizontally, pack
to XMMT.
VEX.NDS.128.66.0F38.WIGC 05 /r RVM V/V AVX Subtract 16-bit signed
VPHSUBW xmm1, xmm2, xmm3/ integers horizontally, pack
m128 to xmm1.
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intel)

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature

Support  Flag
VEX.NDS.128.66.0F38.WIG 06 /r RVM VNV AVX Subtract 32-bit signed
VPHSUBD xmm1, xmm?2, integers horizontally, pack
xmm3/m128 to xmm1.
NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel’ 64 and IA-32
Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reqg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (r, w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalents

PHSUBW: __m64 _mm_hsub_pi16 (__m64 a3, __m64 b)
PHSUBW: __m128i _mm_hsub_epi16 (__m128ia, __m128ib)
PHSUBD: __m64 _mm_hsub_pi32 (__m64 a3, __m64 b)
PHSUBD: __m128i _mm_hsub_epi32 (__m128ia, __m128ib)
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intel)

PHSUBSW — Packed Horizontal Subtract and Saturate

Opcode/
Instruction

OF 38 07 /r!

66 OF 38 07

xmm3/m128

PHSUBSW mm1, mm2/m64

Ir

PHSUBSW xmm1, xmm2/m128

VEX.NDS.128.66.0F38.WIG 07 /r
VPHSUBSW xmm1, xmm?2,

Op/ 64/32bit CPUID

En  Mode
Support

RM VNV

RM VNV

RVM V/V

Feature
Flag

SSSE3

SSSE3

AVX

Description

Subtract 16-bit signed
integer horizontally, pack
saturated integers to MM1.

Subtract 16-bit signed
integer horizontally, pack
saturated integers to XMM1

Subtract 16-bit signed
integer horizontally, pack
saturated integers to xmm1.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “E>§ception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel 64 and IA-32

Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En
RM
RVM

Operand 1
ModRM:reg (r, w)
ModRM:reg (r, w)

Operand 2
ModRM:r/m (r)
VEX.vwwv (r)

Operand 3 Operand 4
NA NA
ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

__m64 _mm_hsubs_pi16 (__m64 a, __m64 b)
__m128i _mm_hsubs_epi16 (__m128ia, __m128ib)

PHSUBSW:
PHSUBSW:
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intel)

PINSRB/PINSRD/PINSRQ — Insert Byte/Dword/Qword

Opcode/ Op/ 64/32bit CPUID Description
Instruction En Mode Feature
Support  Flag
66 OF 3A 20 /rib RMI  V/V SSE4_1 Insert a byte integer value
PINSRB xmm1, r32/m8, imm8 from r32/m8into xmm1 at
the destination element in
xmm71 specified by imm8.
66 0F3A22/rib RMI  V/V SSE4_1 Insert a dword integer value
PINSRD xmm1, r/m32, imm8 from r/m32 into the xmm1
at the destination element
specified by imm8.
66 REX.W OF 3A 22 /rib RMI  N.E/N SSE4 1 Insert a qword integer value
PINSRQ xmm1, r/m64, imm8 from r/m32 into the xmm1
at the destination element
specified by imm8.
VEX.NDS.128.66.0F3AW0 20 /rib  RVMI VIV AVX Merge a byte integer value
VPINSRB xmm1, xmmZ2, r32/m8, from r32/m8 and rest from
imm8 xmmZ into xmm1 at the
byte offset in imm8.
VEX.NDS.128.66.0F3AW0 22 /rib  RVMI V/V AVX Insert a dword integer value
VPINSRD xmm1, xmm2, r32/m32, fromr32/m32 and rest from
imm8 xmmZ into xmm1 at the
dword offset in imm8.
VEX.NDS.128.66.0F3AW1 22 /rib  RVMI V/I AVX Insert a qword integer value
VPINSRQ xmm1, xmm2, r64/m64, from r64/m64 and rest from
imm8 xmmZ into xmm1 at the
qword offset in imm8.
NOTES:

1. In 64-bit mode, VEX.W1 is ignored for VPINSRB (similar to legacy REX.W=1 prefix with PINSRB).

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reg (w) ModRM:r/m (r) imm8 NA
RVMI ModRM:reg (w) VEX.vwwv (1) ModRM:r/m (r) imm8

Intel C/C++ Compiler Intrinsic Equivalent

PINSRB: __m128i _mm_insert_epi8 (__m128is1, int s2, const int ndx);
PINSRD: __m128i _mm_insert_epi32 (__m128is2, int s, const int ndx);
PINSRQ: __m128i _mm_insert_epi64(_m128i s2, __int64 s, const int ndx);
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intel)

PINSRW—Insert Word

Opcode/ Op/ 64/32bit CPUID Description
Instruction En Mode Feature
Support  Flag
OF C4 /rib’ RMI  V/V SSE Insert the low word from
PINSRW mm, r32/m16, imm8 r32 or from m16into mm at
the word position specified
by imm8
66 OF C4 /rib RMI  V/V SSE2 Move the low word of r32or
PINSRW xmm, r32/m16, imm8 from m76 into xmm at the
word position specified by
imm8.
VEX.NDS.128.66.0FWO0 C4 /r ib RVMI V2V AVX Insert a word integer value
VPINSRW xmm1, xmm2, r32/m16, fromr32/m16 and rest from
imm8 xmmZ into xmm1 at the
word offset in imm8.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception Conditions
of Legacy SIMD Instructions Operating on MMX Registers” in the Intel 64 and IA-32 Architectures
Software Developer’s Manual, \/olume 3B.

2. In 64-bit mode, VEX.W1 is ignored for VPINSRW (similar to legacy REX.W=1 prefix in PINSRW).

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reg (w) ModRM:r/m (r) imm8 NA
RVMI ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) imm8

Intel C/C++ Compiler Intrinsic Equivalent

PINSRW: __m64 _mm_insert_pi16 (__m64 3, int d, int n)
PINSRW: __m128i _mm_insert_epi16 (_m128ia, int b, int imm)

Intel® 64 and IA-32 Architectures Software Developer’s Manual Documentation Changes 235



PMADDUBSW — Multiply and Add Packed Signed and Unsigned Bytes

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature

Support  Flag
OF 38 04 /r! RM VNV MMX Multiply signed and
PMADDUBSW mm1, mm2/m64 unsigned bytes, add

horizontal pair of signed
words, pack saturated
signed-words to MM1.

66 OF 3804 /r RM VNV SSSE3 Multiply signed and

PMADDUBSW xmm1, xmm2/m128 unsigned bytes, add
horizontal pair of signed
words, pack saturated
signed-words to XMM1.

VEX.NDS.128.66.0F38.WIG 04 /r RVM V/V AVX Multiply signed and
VPMADDUBSW xmm1, xmm2, unsigned bytes, add
xmm3/m128 horizontal pair of signed

words, pack saturated
signed-words to xmm1.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalents

PMADDUBSW: __m64 _mm_maddubs_pi16 (__m64 a3, __m64 b)
PMADDUBSW: __m128i _mm_maddubs_epi16 (_m128ia, __m128ib)
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PMADDWD—Multiply and Add Packed Integers

intel)

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag

OF F5 /! RM VNV MMX Multiply the packed words in

PMADDWD mm, mm/m64 mm by the packed words in
mm/m64, add adjacent
doubleword results, and
store in mm.

66 OF F5 /r RM VNV SSE2 Multiply the packed word

PMADDWD xmm1, xmm2/m128 integers in xmm1 by the
packed word integers in
xmmZ2/m128, add adjacent
doubleword results, and
store in xmm]1.

VEX.NDS.128.66.0F.WIG F5 /r RVM V/V AVX Multiply the packed word

VPMADDWD xmm1, xmm2, integers in xmmZ2 by the

xmm3/m128 packed word integers in
xmm3/m128, add adjacent
doubleword results, and
store in xmm1.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 3B.

Instruction Operand Encoding

Op/En
RM
RVM

Operand 1
ModRM:reg (r, w)
ModRM:reg (w)

Operand 2
ModRM:r/m (r)
VEX.vvwv (r)

Operand 3 Operand 4
NA NA
ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PMADDWD:
PMADDWD:

__m64 _mm_madd_pi16(_m64 m1,

m64 m2)

__m128i _mm_madd_epi16 (_m128ia, __m128ib)
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intel)

PMAXSB — Maximum of Packed Signed Byte Integers

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
66 0F 38 3C/r RM VNV SSE4 1 Compare packed signed byte
PMAXSB xmm1, xmm2/m128 integers in xmm1 and

xmmZ2/m128 and store
packed maximum values in

xmmT1.
VEX.NDS.128.66.0F38.WIG 3C /r RVM V/V AVX Compare packed signed byte
VPMAXSB xmm1, xmmZ2, integers in xmm2 and
xmm3/m128 xmm3/m128 and store
packed maximum values in
xmm1.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reqg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PMAXSB: __m128i _mm_max_epi8 (_m128ia, __m128ib);

PMAXSD — Maximum of Packed Signed Dword Integers

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
66 0F383D/r RM VNV SSE4_1 Compare packed signed
PMAXSD xmm1, xmm2/m128 dword integers in xmm1 and

xmmZ2/m128 and store
packed maximum values in

xmm1.
VEX.NDS.128.66.0F38.WIG 3D /r RVM V/V AVX Compare packed signed
VPMAXSD xmm1, xmmZ2, dword integers in xmmZ2 and
xmm3/m128 xmm3/m128 and store
packed maximum values in
xmm1.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA
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Intel C/C++ Compiler Intrinsic Equivalent

PMAXSD:

__m128i _mm_max_epi32 (_m128ia, _m128ib);

PMAXSW—Maximum of Packed Signed Word Integers

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag

OF EE /1" RM VIV SSE Compare signed word

PMAXSW mm1, mm2/m64 integers in mmZ2/m64 and
mm7 and return maximum
values.

66 OF EE/r RM VNV SSE2 Compare signed word

PMAXSW xmm1, xmm2/m128 integers in xmmZ2/m128and
xmm1 and return maximum
values.

VEX.NDS.128.66.0F.WIG EE /r RVM V/V AVX Compare packed signed

VPMAXSW xmm1, xmm2, word integers in

xmm3/m128 xmm3/m128 and xmmZ2 and
store packed maximum
values in xmm1.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1
RM ModRM:reg (r, w)
RVM ModRM:reg (w)

Operand 2 Operand 3 Operand 4
ModRM:r/m (r) NA NA
VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PMAXSW:
PMAXSW:

__m64 _mm_max_pi16(_m64 a, __m64 b)
__m128i _mm_max_epi16 (_m128ia, __m128ib)
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intel)

PMAXUB—Maximum of Packed Unsigned Byte Integers

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
OF DE /7! RM VNV SSE Compare unsigned byte
PMAXUB mm1, mm2/m64 integers in mm2/mé64 and
mm71 and returns maximum
values.
66 OF DE /r RM VIV SSE2 Compare unsigned byte
PMAXUB xmm1, xmm2/m128 integers in xmm2/m128and

xmm71 and returns
maximum values.

VEX.NDS.128.66.0F.WIG DE /r RVM V/V AVX Compare packed unsigned

VPMAXUB xmm1, xmmz2, byte integers in xmm2 and

xmm3/m128 xmm3/m128 and store
packed maximum values in
xmm1.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PMAXUB: __m64 _mm_max_pu8(_m64 a, __m64 b)
PMAXUB: __m128i _mm_max_epu8 (_m128ia,__m128ib)
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intel)

PMAXUD — Maximum of Packed Unsigned Dword Integers

Opcode/
Instruction

66 OF 38 3F /r
PMAXUD xmm1, xmmZ2/m128

VEX.NDS.128.66.0F38.WIG 3F /r
VPMAXUD xmm1, xmmZ2,

Op/ 64/32bit CPUID

En  Mode Feature
Support  Flag

RM VNV SSE4_1

RVM VIV AVX

Description

Compare packed unsigned
dword integers in xmm1 and
xmmZ2/m128 and store
packed maximum values in
xmmT.

Compare packed unsigned
dword integers in xmmZ and

xmm3/m128 xmm3/m128 and store
packed maximum values in
xmm1.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reqg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA
Intel C/C++ Compiler Intrinsic Equivalent
PMAXUD:  __m128i_mm_max_epu32 (_m128ia,__m128iDb);
PMAXUW — Maximum of Packed Word Integers
Opcode/ Op/ 64/32 bit CPUID Description
Instruction En  Mode Feature
Support  Flag
66 OF 38 3E/r RM VNV SSE4_1 Compare packed unsigned
PMAXUW xmm1, xmm2/m128 word integers in xmm1 and
xmmZ2/m128 and store
packed maximum values in
xmm1.
VEX.NDS.128.66.0F38.WIG 3E/r RVM V/V AVX Compare packed unsigned

VPMAXUW xmm1, xmmZ,

word integers in

xmm3/m128 xmm3/m128 and xmmZ2 and
store maximum packed
values in xmm1.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA
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Intel C/C++ Compiler Intrinsic Equivalent

PMAXUW:

__m128i _mm_max_epul6 (_m128ia, __m128ib);

PMINSB — Minimum of Packed Signed Byte Integers

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
66 0F 3838 /r RM VNV SSE4_1 Compare packed signed byte
PMINSB xmm1, xmm2/m128 integers in xmm1 and
xmmZ2/m128 and store
packed minimum values in
xmm1.
VEX.NDS.128.66.0F38.WIG 38 /r RVM V/V AVX Compare packed signed byte
VPMINSB xmm1, xmm2, integers in xmmZ2 and
xmm3/m128 xmm3/m128 and store
packed minimum values in
xmm1.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PMINSB:
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PMINSD — Minimum of Packed Dword Integers

intel)

Opcode/

Instruction

66 0F 3839 /r
PMINSD xmm1, xmm2/m128

VEX.NDS.128.66.0F38.WIG 39 /r
VPMINSD xmm1, xmmZ,

Op/ 64/32bit CPUID

En  Mode Feature
Support  Flag

RM VNV SSE4_1

RVM V/V AVX

Description

Compare packed signed
dword integers in xmm1 and
xmmZ2/m128 and store
packed minimum values in
xmm1.

Compare packed signed
dword integers in xmmZ and

xmm3/m128 xmm3/m128 and store
packed minimum values in
xmm1.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PMINSD:

__m128i _mm_min_epi32 (_m128ia, __m128ib);
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intel)

PMINSW—Minimum of Packed Signed Word Integers

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag

OF EA /1! RM VNV SSE Compare signed word

PMINSW mm1, mm2/m64 integers in mm2/mé64 and
mm71 and return minimum
values.

66 OF EA/r RM VNV SSE2 Compare signed word

PMINSW xmm1, xmm2/m128 integers in xmm2/m128and
xmm1 and return minimum
values.

VEX.NDS.128.66.0F.WIG EA /1 RVM V/V AVX Compare packed signed

VPMINSW xmm1, xmm2, word integers in

xmm3/m128 xmm3/m128 and xmmZ2 and
return packed minimum
values in xmm1.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “E)gception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel 64 and IA-32

Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1
RM ModRM:reg (r, w)
RVM ModRM:reg (w)

Operand 2
ModRM:r/m (r)
VEX.vvwv (r)

Operand 3 Operand 4
NA NA
ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PMINSW:
PMINSW:

__m64 _mm_min_pi16 (__m64 a, __m64 b)
__m128i _mm_min_epi16 (_m128ia, _m128ib)
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intel)

PMINUB—Minimum of Packed Unsigned Byte Integers

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag

OF DA /r! RM VNV SSE Compare unsigned byte

PMINUB mm1, mm2/m64 integers in mm2/mé64 and
mm71 and returns minimum
values.

66 OF DA /r RM VNV SSE2 Compare unsigned byte

PMINUB xmm1, xmm2/m128 integers in xmm2/m128and
xmm1 and returns minimum
values.

VEX.NDS.128.66.0F.WIG DA /r RVM V/V AVX Compare packed unsigned

VPMINUB xmm1, xmm2, byte integers in xmm2 and

xmm3/m128 xmm3/m128 and store
packed minimum values in
xmm1.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PMINUB: __m64 _m_min_pu8 (__m64 a3, __m64 b)
PMINUB: __m128i _mm_min_epu8 (_m128ia, __m128ib)
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PMINUD — Minimum of Packed Dword Integers

intel)

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
66 0F 38 3B /r RM VNV SSE4_1 Compare packed unsigned
PMINUD xmm1, xmmZ2/m128 dword integers in xmm1
and xmmZ2/m128 and store
packed minimum values in
xmmT.
VEX.NDS.128.66.0F38.WIG 3B /r RVM V/V AVX Compare packed unsigned
VPMINUD xmm1, xmmZ, dword integers in xmm2 and
xmm3/m128 xmm3/m128 and store
packed minimum values in
xmm1.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reqg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PMINUD: __m128i _mm_min_epu32 (_m128ia, __m128ib);

PMINUW — Minimum of Packed Word Integers

Opcode/ Op/ 64/32 bit CPUID Description
Instruction En  Mode Feature
Support  Flag
66 0F383A/r RM VNV SSE4_1 Compare packed unsigned
PMINUW xmm1, xmm2/m128 word integers in xmm1 and
xmmZ2/m128 and store
packed minimum values in
xmm1.
VEX.NDS.128.66.0F38.WIG 3A/r RVM V/V AVX Compare packed unsigned
VPMINUW xmm1, xmmZ2, word integers in
xmm3/m128 xmm3/m128 and xmmZ2 and
return packed minimum
values in xmm1.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA
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Intel C/C++ Compiler Intrinsic Equivalent

PMINUW: __m128i _mm_min_epul6 (_m128ia, __m128ib);

PMOVMSKB—Move Byte Mask

Opcode/ Op/ 64/32bit CPUID Description
Instruction En Mode Feature
Support  Flag
OF D7 /r! RM VNV SSE Move a byte mask of mm to
PMOVMSKB reg, mm reg. The upper bits of r32 or
r64 are zeroed
66 OF D7 /r RM VNV SSEe2 Move a byte mask of xmm
PMOVMSKB reg, xmm to reg. The upper bits of r32
or r64 are zeroed
VEX.128.66.0F.WIG D7 /r RM VNV AVX Move a byte mask of xmm1
VPMOVMSKB reg, xmm1 to reg. The upper bits of r32
or r64 are filled with zeros.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 3B.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

RM ModRM:reg (w) ModRM:r/m (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent

PMOVMSKB: int _mm_movemask_pi8(__m64 a)
PMOVMSKB: int _mm_movemask_epi8 (_m128i a)
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PMOVSX — Packed Move with Sign Extend

intel)

Opcode/
Instruction

66 0f 3820 /r
PMOVSXBW xmm1, xmmZ2/m64

66 0f 3821 /r
PMOVSXBD xmm1, xmm2/m32

66 0f 3822 /r

PMOVSXBQ xmm1, xmm2/m16

66 0f3823/r
PMOVSXWD xmm1, xmmZ2/m64

66 0f 3824 /r
PMOVSXWQ xmm1, xmm2/m32

66 0f 38 25 /r
PMOVSXDQ xmm1, xmmZ2/m64

VEX.128.66.0F38.WIG 20 /r
VPMOVSXBW xmm1, xmm2/m64

VEX.128.66.0F38.WIG 21 /r
VPMOVSXBD xmm1, xmm2/m32

VEX.128.66.0F38.WIG 22 /It
VPMOVSXBQ xmm1, xmm2/m16

Op/ 64/32bit CPUID

€En  Mode Feature
Support  Flag
RM VNV SSE4_1
RM VNV SSE4_1
RM VNV SSE4_1
RM VNV SSE4_1
RM VNV SSE4_1
RM VNV SSE4_1
RM VNV AVX
RM VNV AVX
RM VNV AVX

Description

Sign extend 8 packed signed
8-bit integers in the low 8
bytes of xmmZ2/m64 to 8
packed signed 16-bit
integers in xmm71.

Sign extend 4 packed signed
8-bit integers in the low 4
bytes of xmm2/m32 to 4
packed signed 32-bit
integers in xmm1.

Sign extend 2 packed signed
8-bit integers in the low 2
bytes of xmm2/m16 to 2
packed signed 64-bit
integers in xmm1.

Sign extend 4 packed signed
16-bit integers in the low 8
bytes of xmmZ2/m64 to 4
packed signed 32-bit
integers in xmm1.

Sign extend 2 packed signed
16-bit integers in the low 4
bytes of xmmz2/m32 to 2
packed signed 64-bit
integers in xmm1.

Sign extend 2 packed signed
32-bit integers in the low 8
bytes of xmm2/m64 to 2
packed signed 64-bit
integers in xmm1.

Sign extend 8 packed 8-bit
integers in the low 8 bytes
of xmm2/m64 to 8 packed
16-bit integers in xmm1.

Sign extend 4 packed 8-bit
integers in the low 4 bytes
of xmm2/m32 to 4 packed
32-bit integers in xmm1.

Sign extend 2 packed 8-bit
integers in the low 2 bytes
of xmm2/m16 to 2 packed
64-bit integers in xmm1.
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Opcode/
Instruction

VEX.128.66.0F38.WIG 23 /r
VPMOVSXWD xmm1, xmm2/m64

VEX.128.66.0F38.WIG 24 /t
VPMOVSXWQ xmm1, xmm2/m32

VEX.128.66.0F38.WIG 25 /t
VPMOVSXDQ xmm1, xmm2/m64

Op/ 64/32bit CPUID

En  Mode Feature
Support  Flag

RM VNV AVX

RM VNV AVX

RM VNV AVX

Description

Sign extend 4 packed 16-bit
integers in the low 8 bytes
of xmm2/m64 to 4 packed
32-bit integers in xmm1.

Sign extend 2 packed 16-bit
integers in the low 4 bytes
of xmm2/m32 to 2 packed
64-bit integers in xmm1.

Sign extend 2 packed 32-bit
integers in the low 8 bytes
of xmm2/m64 to 2 packed
64-bit integers in xmm1.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent

PMOVSXBW: __m128i _mm_ cvtepi8_epi16 (_m128i a);

PMOVSXBD: __m128i _mm_ cvtepi8_epi32 (_m128i a);

PMOVSXBQ: __m128i _mm_ cvtepi8_epi64 (_m128i a);

PMOVSXWD: __m128i _mm_ cvtepi16_epi32 (__m128i a);

PMOVSXWQ: __m128i _mm_ cvtepi16_epib4 (_m128i a);

PMOVSXDQ: __m128i _mm_ cvtepi32_epib4 (_m128i a);

PMOVZX — Packed Move with Zero Extend

Opcode/ Op/ 64/32bit CPUID Description

Instruction En  Mode Feature

Support  Flag

66 0f 3830 /r RM VNV SSE4_1 Zero extend 8 packed 8-bit

PMOVZXBW xmm1, xmm2/m64 integers in the low 8 bytes
of xmm2/m64 to 8 packed
16-bit integers in xmm1.

66 0f 3831 /r RM VNV SSE4_1 Zero extend 4 packed 8-bit

PMOVZXBD xmm1, xmmZ2/m32 integers in the low 4 bytes
of xmm2/m32 to 4 packed
32-bit integers in xmm1.

66 0f 3832 /r RM VNV SSE4_1 Zero extend 2 packed 8-bit

PMOVZXBQ xmm1, xmmZ2/m16 integers in the low 2 bytes
of xmm2/m16 to 2 packed
64-bit integers in xmm1.
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Opcode/
Instruction

66 0f 3833 /r
PMOVZXWD xmm1, xmmZ2/m64

66 0f3834 /r
PMOVZXWQ xmm1, xmm2/m32

66 0f3835/r
PMOVZXDQ xmm1, xmmZ2/m64

VEX.128.66.0F38.WIG 30 /r
VPMOVZXBW xmm1, xmm2/m64

VEX.128.66.0F38.WIG 31 /r
VPMOVZXBD xmm1, xmm2/m32

VEX.128.66.0F38.WIG 32 /t
VPMOVZXBQ xmm1, xmm2/m16

VEX.128.66.0F38.WIG 33 /r
VPMOVZXWD xmm1, xmm2/m64

VEX.128.66.0F38.WIG 34 /r
VPMOVZXWQ xmm1, xmm2/m32

VEX.128.66.0F38.WIG 35 /r
VPMOVZXDQ xmm1, xmm2/m64

Op/ 64/32bit CPUID
En  Mode Feature
Support  Flag
RM VNV SSE4_1
RM VNV SSE4_1
RM VNV SSE4_1
RM VNV AVX
RM VNV AVX
RM VNV AVX
RM VNV AVX
RM VNV AVX
RM VNV AVX

Description

Zero extend 4 packed 16-bit
integers in the low 8 bytes
of xmm2/m64 to 4 packed
32-bit integers in xmm1.

Zero extend 2 packed 16-bit
integers in the low 4 bytes
of xmm2/m32 to 2 packed
64-bit integers in xmm1.

Zero extend 2 packed 32-bit
integers in the low 8 bytes
of xmm2/m64 to 2 packed
64-bit integers in xmm1.

Zero extend 8 packed 8-bit
integers in the low 8 bytes
of xmm2/m64 to 8 packed
16-bit integers in xmm1.

Zero extend 4 packed 8-bit
integers in the low 4 bytes
of xmm2/m32 to 4 packed
32-bit integers in xmm1.

Zero extend 2 packed 8-bit
integers in the low 2 bytes
of xmm2/m16 to 2 packed
64-bit integers in xmm1.

Zero extend 4 packed 16-bit
integers in the low 8 bytes
of xmm2/m64 to 4 packed
32-bit integers in xmm1.

Zero extend 2 packed 16-bit
integers in the low 4 bytes
of xmm2/m32 to 2 packed
64-bit integers in xmm1.

Zero extend 2 packed 32-bit
integers in the low 8 bytes
of xmm2/m64 to 2 packed
64-bit integers in xmm1.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
Intel C/C++ Compiler Intrinsic Equivalent

PMOVZXBW:

__m128i _mm_ cvtepuB_epi16 (_m128ia);
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PMOVZXBD:
PMOVZXBQ:

PMOVZXWD:
PMOVZXWQ:

PMOVZXDQ:

__m128i _mm_ cvtepu8_epi32 (_m128ia);
__m128i _mm_ cvtepu8_epi64 (_m128i a);
__m128i _mm_ cvtepul6_epi32 (_m128i a);
__m128i _mm_ cvtepul6_epib4 (_m128i a);
__m128i _mm_ cvtepu32_epib4 (_m128i a);

PMULDQ — Multiply Packed Signed Dword Integers

Opcode/
Instruction

66 OF 3828 /r
PMULDQ xmm1, xmm2/m128

VEX.NDS.128.66.0F38.WIG 28 /r
VPMULDQ xmm1, xmm?2,

Op/ 64/32bit CPUID

En  Mode Feature
Support  Flag

RM VNV SSE4_1

RVM V/V AVX

Description

Multiply the packed signed
dword integers in xmm1 and
xmmZ2/m128 and store the
quadword product in xmm1.

Multiply packed signed
doubleword integers in

xmm3/m128 xmmZ2 by packed signed
doubleword integers in

xmm3/m128, and store the

quadword results in xmm1.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PMULDQ:

__m128i _mm_mul_epi32(_m128ia, __m128ib);
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intel)

PMULHRSW — Packed Multiply High with Round and Scale

Opcode/ Op/ 64/32bit CPUID

Instruction En  Mode Feature
Support  Flag

OF 38 0B /r! RM VN SSSE3

PMULHRSW mm1, mm2/m64

66 OF 380B /r RM VNV SSSE3

PMULHRSW xmm1, xmm2/m128

VEX.NDS.128.66.0F38.WIG OB /r RVM VNV AVX

VPMULHRSW xmm1, xmmZ,
xmm3/m128

Description

Multiply 16-bit signed
words, scale and round
signed doublewords, pack
high 16 bits to MM1.

Multiply 16-bit signed
words, scale and round
signed doublewords, pack
high 16 bits to XMMT.

Multiply 16-bit signed
words, scale and round
signed doublewords, pack
high 16 bits to xmm1.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En
RM
RVM

Operand 1 Operand 2 Operand 3 Operand 4
ModRM:reg (r, w) ModRM:r/m (r) NA NA
ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalents

PMULHRSW:
PMULHRSW:

__m64 _mm_mulhrs_pi16 (__m64 a, __m64 b)

__m128i _mm_mulhrs_epi16 (_m128i3a, __m128iDb)
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PMULHUW—Multiply Packed Unsigned Integers and Store High Result

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
OF E4 /1! RM VNV SSE Multiply the packed
PMULHUW mm1, mm2/m64 unsigned word integers in

mm1 register and
mmZ2/m64, and store the
high 16 bits of the results in

mmT1.
66 OF €4 /r RM  V/V SSE2 Multiply the packed
PMULHUW xmm1, xmm2/m128 unsigned word integers in

xmm1and xmmZ2/m1.28,
and store the high 16 bits of
the results in xmm1.

VEX.NDS.128.66.0F.WIG E4 /r RVM V/V AVX Multiply the packed
VPMULHUW xmm1, xmmz2, unsigned word integers in
xmm3/m128 xmmZ2 and xmm3/m128,

and store the high 16 bits of
the results in xmm1.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reqg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PMULHUW: __m64 _mm_mulhi_pu16(_m64 a, __m64 b)
PMULHUW: __m128i _mm_mulhi_epul16 (_m128ia, __m128ib)

Intel® 64 and IA-32 Architectures Software Developer’s Manual Documentation Changes 253



PMULHW—Multiply Packed Signed Integers and Store High Result

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
OF €5 /! RM VNV MMX Multiply the packed signed
PMULHW mm, mm/m64 word integers in mm1

register and mm2/m64, and
store the high 16 bits of the
results in mm1.

66 OF ES5 /r RM VNV SSE2 Multiply the packed signed

PMULHW xmm1, xmm2/m128 word integers in xmm1 and
xmmZ2/m128, and store the

high 16 bits of the results in

xmmT.
VEX.NDS.128.66.0FWIG E5 /r RVM V/V AVX Multiply the packed signed
VPMULHW xmm1, xmm2, word integers in xmmZ2 and
xmm3/m128 xmm3/m128, and store the
high 16 bits of the results in
xmm1.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PMULHW: __m64 _mm_mulhi_pi16 (_m64 m1, __m64 m2)
PMULHW: __m128i _mm_mulhi_epi16 (_m128ia, __m128ib)
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PMULLD — Multiply Packed Signed Dword Integers and Store Low Result

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
66 OF 3840 /r RM VNV SSE4_1 Multiply the packed dword
PMULLD xmm1, xmm2/m128 signed integers in xmm1

and xmmZ2/m128 and store
the low 32 bits of each
product in xmm1.

VEX.NDS.128.66.0F38.WIG 40 /r RVM V/V AVX Multiply the packed dword
VPMULLD xmm1, xmm2, signed integers in xmm2
xmm3/m128 and xmm3/m128 and store

the low 32 bits of each
product in xmm1.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reqg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PMULLUD: __m128i _mm_mullo_epi32(_m128ia, __m128ib);

Intel® 64 and IA-32 Architectures Software Developer’s Manual Documentation Changes 255



PMULLW—Muiltiply Packed Signed Integers and Store Low Result

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag

OF D5 /r! RM VNV MMX Multiply the packed signed

PMULLW mm, mm/m64 word integers in mm1
register and mm2/m64, and
store the low 16 bits of the
results in mm1.

66 OF D5 /r RM VNV SSE2 Multiply the packed signed

PMULLW xmm1, xmm2/m128 word integers in xmm1 and
xmmZ2/m128, and store the
low 16 bits of the results in
xmmT.

VEX.NDS.128.66.0F.WIG D5 /r RVM V/V AVX Multiply the packed dword

VPMULLW xmm1, xmm2, signed integers in xmm2

xmm3/m128 and xmm3/m128 and store
the low 32 bits of each
product in xmm1.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel 64 and IA-32

Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1
RM ModRM:reg (r, w)
RVM ModRM:reg (w)

Operand 2
ModRM:r/m (r)
VEX.vvwv (r)

Operand 3 Operand 4
NA NA
ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PMULLW:
PMULLW:

__m64 _mm_mullo_pi16(_m64 m1, __m64 m2)
__m128i _mm_mullo_epi16 (_m128ia,__m128ib)
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intel)

PMULUDQ—Muiltiply Packed Unsigned Doubleword Integers

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
OF F4 /1! RM VNV SSE2 Multiply unsigned
PMULUDQ mm1, mm2/m64 doubleword integer in mm1

by unsigned doubleword
integer in mm2/m64, and
store the quadword result in

mm1.
66 OF F4 /r RM VNV SSE2 Multiply packed unsigned
PMULUDQ xmm1, xmm2/m128 doubleword integers in

xmm1 by packed unsigned
doubleword integers in
xmmZ2/m128, and store the
quadword results in xmm1.

VEX.NDS.128.66.0FWIG F4 /r RVM V/V AVX Multiply packed unsigned
VPMULUDQ xmm1, xmm2, doubleword integers in
xmm3/m128 xmmZ2 by packed unsigned

doubleword integers in
xmm3/m128, and store the
quadword results in xmm1.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PMULUDQ: __m64 _mm_mul_su32 (__m64 a, __m64 b)
PMULUDQ: __m128i _mm_mul_epu32 (_m128ia,__m128iDb)
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POP—Pop a Value from the Stack

intel)

Opcode
8F /0
8F /0

8F /0

58+ rw
58+ rd

58+ rd

1F

07

17

OF A1

OF A1

OF A1

OF A9

OF AS

OF AS

Instruction

POPr/mi16

POP r/m32

POP r/m64

POP r16

POP r32

POP r64

POP DS

POP €S

POP SS

POP FS

POP FS

POP FS

POP GS

POP GS

POP GS

Op/ 64-Bit
En Mode
M Valid
M N.E.

M Valid
0 Valid
0 N.E.

0 Valid
NP Invalid
NP Invalid
NP Invalid
NP  Valid
NP  N.E.
NP  Valid
NP  Valid
NP  N.E
NP  Valid

Compat/
Leg Mode

Valid
Valid

N.E.

Valid
Valid

N.E.

Valid
Valid
Valid

Valid

Valid

N.E.

Valid

Valid

N.E.

Description

Pop top of stack into m16;
increment stack pointer.

Pop top of stack into m32;
increment stack pointer.

Pop top of stack into m64;
increment stack pointer.
Cannot encode 32-bit
operand size.

Pop top of stack into r16;
increment stack pointer.

Pop top of stack into r32;
increment stack pointer.

Pop top of stack into r64;
increment stack pointer.
Cannot encode 32-bit
operand size.

Pop top of stack into DS;
increment stack pointer.

Pop top of stack into ES;
increment stack pointer.

Pop top of stack into SS;
increment stack pointer.

Pop top of stack into FS;
increment stack pointer by
16 bits.

Pop top of stack into FS;
increment stack pointer by
32 bits.

Pop top of stack into FS;
increment stack pointer by
64 bits.

Pop top of stack into GS;
increment stack pointer by
16 bits.

Pop top of stack into GS;
increment stack pointer by
32 bits.

Pop top of stack into GS;
increment stack pointer by
64 bits.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
M ModRM:r/m (w) NA NA NA
0] opcode + rd (w) NA NA NA
NP NA NA NA NA

POPA/POPAD—Pop All General-Purpose Registers

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
61 POPA NP Invalid Valid Pop DI, SI, BP, BX, DX, CX,
and AX.
61 POPAD NP Invalid Valid Pop EDI, ESI, EBP, EBX, EDX,
ECX, and EAX.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

NP NA NA NA NA

POPCNT — Return the Count of Number of Bits Set to 1

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
F3 OF B8 /r POPCNT r16, RM  Valid Valid POPCNT on r/m16
r/mi6
F3 OFB8/r POPCNT r32, RM  Valid Valid POPCNT on r/m32
r/m32
F3 REX.W OF B8 POPCNT r64, RM  Valid N.E. POPCNT on r/m64
r r/mé4

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

RM ModRM:reg (w) ModRM:r/m (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent
POPCNT: int _mm_popcnt_u32(unsigned int a);

POPCNT: int64_t _mm_popcnt_ub4(unsigned __int64 a);
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POPF/POPFD/POPFQ—Pop Stack into EFLAGS Register

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

D POPF NP  Valid Valid Pop top of stack into lower
16 bits of EFLAGS.

aD POPFD NP NE Valid Pop top of stack into
EFLAGS.

REX.W + 9D POPFQ NP  Valid N.E. Pop top of stack and zero-
extend into RFLAGS.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA

POR—Bitwise Logical OR

Opcode Instruction Op/ 64/32bit CPUID Description

En  Mode Feature

Support  Flag

OF EB/r! RM VNV MMX Bitwise OR of mm/m64 and
POR mm, mm/m64 mm.
66 OF EB /r RM VNV SSEe2 Bitwise OR of xmmZ2/m128
POR xmm1, xmm2/m128 and xmmf.
VEX.NDS.128.66.0F.WIG EB /r RVM V/V AVX Bitwise OR of xmm2/m128
VPOR xmm1, xmm2, xmm3/m128 and xmm3.
NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reqg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

POR: __m64 _mm_or_si64(__m64 m1, __m64 m2)
POR: __m128i _mm_or_si128(_m128i m1, _m128i m2)
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PREFETCHh—Prefetch Data Into Caches

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

OF 18 /1 PREFETCHTOm8 M Valid Valid Move data from m8 closer
to the processor using TO
hint.

OF 18 /2 PREFETCHT1 m8 M Valid Valid Move data from m8 closer
to the processor using T1
hint.

0F 18 /3 PREFETCHTZ2Z m8 M Valid Valid Move data from m8 closer
to the processor using T2
hint.

OF 18/0 PREFETCHNTA m8 M Valid Valid Move data from m8 closer
to the processor using NTA
hint.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

M ModRM:r/m (r) NA NA NA

Intel C/C++ Compiler Intrinsic Equivalent

void _mm_prefetch(char *p, int i)

The argument “*p” gives the address of the byte (and corresponding cache line) to be
prefetched. The value “i” gives a constant (_MM_HINT_TO, _MM_HINT_T1,
_MM_HINT_T2, or _MM_HINT_NTA) that specifies the type of prefetch operation to be
performed.
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intel)

PSADBW—Compute Sum of Absolute Differences

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
OF F6 /1! RM VNV SSE Computes the absolute
PSADBW mm1, mm2/m64 differences of the packed

unsigned byte integers from
mmZ2 /m64 and mm1;
differences are then
summed to produce an
unsigned word integer

result.
66 OFF6 /r RM VNV SSE2 Computes the absolute
PSADBW xmm1, xmm2/m128 differences of the packed

unsigned byte integers from
xmmZ2 /m128and xmmT,;
the 8 low differences and 8
high differences are then
summed separately to
produce two unsigned word
integer results.

VEX.NDS.128.66.0FWIG F6 /r RVM V/V AVX Computes the absolute
VPSADBW xmm1, xmm2, differences of the packed
xmm3/m128 unsigned byte integers from

xmm3 /m128 and xmmZ2;
the 8 low differences and 8
high differences are then
summed separately to
produce two unsigned word
integer results.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PSADBW: __m64 _mm_sad_pu8(_m64 a,__m64 b)
PSADBW: __m128i _mm_sad_epu8(_m128ia,__m128iDb)
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PSHUFB — Packed Shuffle Bytes

intel)

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
OF 38 00 /r! RM VNV SSSE3 Shuffle bytes in mm1
PSHUFB mm1, mm2/m64 according to contents of
mm2/m64.
66 OF 3800 /r RM VNV SSSE3 Shuffle bytes in xmm1
PSHUFB xmm1, xmm2/m128 according to contents of
xmm2/m128.
VEX.NDS.128.66.0F38.WIGC 00 /r RVM VNV AVX Shuffle bytes in xmm2
VPSHUFB xmm1, xmm2, according to contents of
xmm3/m128 xmm3/m128.
NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “E>§ception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel 64 and IA-32

Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PSHUFB: __m64 _mm_shuffle_pi8 (__m64 a, __m64 b)
PSHUFB:

PSHUFD—Shuffle Packed Doublewords

__m128i _mm_shuffle_epi8 (_m128ia, __m128ib)

Opcode/ Op/ 64/32bit CPUID

Instruction En  Mode Feature
Support  Flag

66 0F 70 /rib RMI  V/V SSE2

PSHUFD xmm1, xmmZ2/m128, imm8

VEX.128.66.0F.WIG 70 /rib RMI VIV AVX

VPSHUFD xmm1, xmm2/m128,

imm8

Description

Shuffle the doublewords in
xmmZ2/m128 based on the
encoding in imm8 and store
the result in xmm71.

Shuffle the doublewords in
xmm2/m128 based on the
encoding in imm8 and store
the result in xmm1.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reg (w) ModRM:r/m (r) imm8 NA

Intel C/C++ Compiler Intrinsic Equivalent
PSHUFD: __m128i _mm_shuffle_epi32(_m128ia, int n)

PSHUFHW—Shuffle Packed High Words

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
F30F 70 /rib RMI VIV SSe2 Shuffle the high words in
PSHUFHW xmm1, xmm2/ m128, xmmZ:/m?ZQ based on the
imm8 encoding in imm8 and store
the result in xmm71.
VEX.128.F3.0F.WIG 70 /r ib RMI VIV AVX Shuffle the high words in
VPSHUFHW xmm1, xmm2/m128, xmm2l/m1. 28 based on the
imm8 encoding in imm8 and store
the result in xmm1.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reg (w) ModRM:r/m (r) imm8 NA

Intel C/C++ Compiler Intrinsic Equivalent
PSHUFHW: __m128i _mm_shufflehi_epi16(__m128i a, int n)

PSHUFLW—Shuffle Packed Low Words

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
F2 OF 70 /rib RMI VIV SSEe2 Shuffle the low words in
PSHUFLW xmm1, xmm2/m128, xmmée/m128 based on the
imm8 encoding in imm8 and store
the result in xmm]1.
VEX.128.F2.0FWIG 70 /r ib RMI VIV AVX Shuffle the low words in
VPSHUFLW xmm1, xmm2/m128, xmm¢2/m128 based on the
imms encoding in imm8 and store
the result in xmm1.
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Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

RMI ModRM:reg (w) ModRM:r/m (r) imm8 NA

Intel C/C++ Compiler Intrinsic Equivalent
PSHUFLW: __m128i _mm_shufflelo_epi16(_m128ia, int n)

PSHUFW—Shuffle Packed Words

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF 70 /rib PSHUFW mm1, RMI  Valid Valid Shuffle the words in
mmZ2/m64, imm8 mmZ2/m64 based on the

encoding in imm8 and store
the result in mm1.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

RMI ModRM:reg (w) ModRM:r/m (r) imm8 NA

Intel C/C++ Compiler Intrinsic Equivalent
PSHUFW:; __m64 _mm_shuffle_pi16(__m64 3, int n)
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intel)

PSIGNB/PSIGNW/PSIGND — Packed SIGN

Opcode Instruction Op/ 64/32bit CPUID Description
En  Mode Feature
Support  Flag
OF 38 08 /r! RM VNV SSSE3 Negate/zero/preserve
PSIGNB mm1, mm2/m64 packed byte integers in

mm1 depending on the
corresponding sign in

mm2/m64
66 OF 3808 /r RM VNV SSSE3 Negate/zero/preserve
PSIGNB xmm1, xmm2/m128 packed byte integers in

xmm1 depending on the
corresponding sign in

xmm2/m128.
OF 3809 /r! RM VNV SSSE3 Negate/zero/preserve
PSIGNW mm1, mm2/m64 packed word integers in

mm1 depending on the
corresponding sign in

mm2/m128.
66 OF 3809 /r RM VNV SSSE3 Negate/zero/preserve
PSIGNW xmm1, xmm2/m128 packed word integers in

xmm1 depending on the
corresponding sign in

xmm2/m128.
OF 38 0A /r! RM VNV SSSE3 Negate/zero/preserve
PSIGND mm1, mm2/m64 packed doubleword integers

in mm1 depending on the
corresponding sign in

mm2/m128.
66 OF 38 0A /r RM VNV SSSE3 Negate/zero/preserve
PSIGND xmm1, xmm2/m128 packed doubleword integers

in xmm1 depending on the
corresponding sign in

xmm2/m128.
VEX.NDS.128.66.0F38.WIG 08 /r RVM VNV AVX Negate/zero/preserve
VPSIGNB xmm1, xmm2, packed byte integers in
xmm3/m128 xmmZ2 depending on the

corresponding sign in

xmm3/m128.
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intel)

Opcode

VPSIGNW xm
xmm3/m128

xmm3/m128

Instruction

VEX.NDS.128.66.0F38.WIG 09 /r

m1, xmm2,

VEX.NDS.128.66.0F38.WIG OA /r
VPSIGND xmm1, xmm2,

Op/
En  Mode
Support

RVM V/V

RVM V/V

64/32 bit

CPUID
Feature
Flag

AVX

AVX

Description

Negate/zero/preserve
packed word integers in
xmm2 depending on the
corresponding sign in
xmm3/m128.

Negate/zero/preserve
packed doubleword integers
in xmmZ2 depending on the
corresponding sign in
xmm3/m128.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel 64 and IA-32

Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En
RM
RVM

Operand 1
ModRM:reg (r, w)
ModRM:reg (w)

Operand 2
ModRM:r/m (r)
VEX.vvwv (r)

Operand 3 Operand 4
NA NA
ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PSIGNB:
PSIGNB:
PSIGNW:
PSIGNW:
PSIGND:
PSIGND:

__m64 _mm_sign_pi8 (__m64 a, __m64 b)
__m128i _mm_sign_epi8 (__m128ia, __m128ib)
__m64 _mm_sign_pi16 (__m64 a,__m64 b)

__m128i _mm_sign_epi16 (__m128ia,__m128ib)

__m64 _mm_sign_pi32 (__m64 a,__m64 b)

__m128i _mm_sign_epi32 (__m128ia,__m128ib)
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intel)

PSLLDQ—Shift Double Quadword Left Logical

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature

Support  Flag
66 OF 73 /7 ib M VNV SSe2 Shift xmm1 left by imm8
PSLLDQ xmm1, imm8 bytes while shifting in Os.
VEX.NDD.128.66.0F.WIG 73 /7 ib VMl VIV AVX Shift xmmz2 left by imm8

bytes while shifting in Os
and store result in xmm1.

VPSLLDQ xmm1, xmm2, imm8

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
Ml ModRM:r/m (r, w) imm8 NA NA
VMI VEX.vwwv (w) ModRM:r/m (r) imm8 NA

Intel C/C++ Compiler Intrinsic Equivalent

PSLLDQ: __m128i _mm_slli_si128 (_m128i a, int imm)

PSLLW/PSLLD/PSLLQ—Shift Packed Data Left Logical

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
OF F1/r! RM VNV MMX Shift words in mm left
PSLLW mm, mm/m64 mm/m64 while shifting in
Os.
66 OF F1 /r RM VNV SSE2 Shift words in xmm1 left by
PSLLW xmm1, xmm2/m128 xmmZ2/m128 while shifting
in Os.
OF71/6ib M VIV MMX Shift words in mm left by
PSLLW xmm1, imm8 imm8 while shifting in Os.
660F71/6ib M VNV SSE2 Shift words in xmm1 left by
PSLLW xmm1, imm8 imm8 while shifting in Os.
OFF2/r! RM VNV MMX Shift doublewords in mm
PSLLD mm, mm/m64 left by mm/m64 while
shifting in Os.
66 OF F2 /r RM VNV SSE2 Shift doublewords in xmm1
PSLLD xmm1, xmm2/m128 left by xmm2/m128 while
shifting in Os.
OF 72 /6 ib’ Ml VIV MMX Shift doublewords in mm
PSLLD mm, imm8 left by imm8 while shifting
in Os.
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Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
66 OF 72 /6 ib M VNV SSE2 Shift doublewords in xmm1
PSLLD xmm1, imm8 left by imm8 while shifting
in Os.
OF F3 /1! RM VNV MMX Shift quadword in mm left
PSLLQ mm, mm/m64 by mm/m64 while shifting
in Os.
66 OF F3/r RM VNV SSE2 Shift quadwords in xmm1
PSLLQ xmm1, xmm2/m128 left by xmm2/m128 while
shifting in Os.
OF 73 /6 ib' M VIV MMX Shift quadword in mm left
PSLLQ mm, imm8 by imm8 while shifting in Os.
66 0F73/6ib Mi VIV SSE2 Shift quadwords in xmm1
PSLLQ xmm1, imm8 left by imm8 while shifting
in Os.
VEX.NDS.128.66.0F.WIG F1 /r RVM V/V AVX Shift words in xmmz2 left by
VPSLLW xmm1, xmm2, xmm3/m128 amount specified in xmm3/
m128 while shifting in Os.
VEX.NDD.128.66.0F.WIG 71 /6 ib VMl V/V AVX Shift words in xmmz2 left by
VPSLLW xmm1, xmm2, imm$8 imm8 while shifting in Os.
VEX.NDS.128.66.0F.WIG F2 /r RVM V/V AVX Shift doublewords in xmm2
VPSLLD xmm1, xmm2, xmm3/m128 left by amount specified in
xmm3/m128 while shifting
in Os.
VEX.NDD.128.66.0F.WIG 72 /6 ib VMl V/V AVX Shift doublewords in xmm?2
VPSLLD xmm1, xmm2, imm8 left by imm8 while shifting
in Os.
VEX.NDS.128.66.0F.WIG F3 /r RVM V/V AVX Shift quadwords in xmm2
VPSLLQ xmm1, xmm2, xmm3/m128 left by amount specified in
xmm3/m128 while shifting
in Os.
VEX.NDD.128.66.0F.WIG 73 /6 ib VMl V/V AVX Shift quadwords in xmm2
VPSLLQ xmm1, xmm2, imm8 left by imm8 while shifting
in Os.
NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 3B.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3
RM ModRM:reg (r, w) ModRM:r/m (r) NA
Ml ModRM:r/m (r, w) imm8 NA

RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r)
VMI VEX.vvwv (w) ModRM:r/m (r) imm8

Operand 4

Intel C/C++ Compiler Intrinsic Equivalents

PSLLW: __m64 _mm_slli_pi16 (__m64 m, int count)

PSLLW: __m64 _mm_sll_pi16(_m64 m, __m64 count)
PSLLW: __m128i _mm_slli_pi16(_m64 m, int count)

PSLLW: __m128i _mm_slli_pi16(_m128i m, __m128i count)
PSLLD: __m64 _mm_slli_pi32(_m64 m, int count)

PSLLD: __m64 _mm_sll_pi32(_m64 m, __m64 count)
PSLLD: __m128i _mm_slli_epi32(_m128i m, int count)
PSLLD: __m128i _mm_sll_epi32(_m128i m, __m128i count)
PSLLQ: __m64 _mm_slli_si64(_m64 m, int count)

PSLLQ: __m64 _mm_slI_si64(_m64 m, __m64 count)
PSLLQ: __m128i _mm_slli_epi64(_m128im, int count)
PSLLQ: __m128i _mm_sll_epi64(_m128i m, __m128i count)
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intel)

PSRAW/PSRAD—Shift Packed Data Right Arithmetic

Opcode/
Instruction

OF €1 /7!
PSRAW mm, mm/m64

66 OF E1 /r
PSRAW xmm1, xmmZ2/m128

OF 71 /4 ib!
PSRAW mm, imm8

66 0F 71 /4 ib
PSRAW xmm1, imm8

OF E2 /1
PSRAD mm, mm/m64

66 OF E2 /1
PSRAD xmm1, xmm2/m128

OF 72 /4 b’
PSRAD mm, imm8

66 OF 72 /4 ib
PSRAD xmm1, imm8

VEX.NDS.128.66.0F.WIG E1 /r

VPSRAW xmm1, xmm?2,
xmm3/m128

VEX.NDD.128.66.0FWIG 71 /4 ib
VPSRAW xmm1, xmmZ2, imm8

VEX.NDS.128.66.0F.WIG E2 /r

VPSRAD xmm1, xmmZ2,
xmm3/m128

Op/

En

RM

RM

M

M

RM

RM

M

Ml

RVM

VM|

RVM

64/32 bit CPUID

Mode
Support

VIV

VIV

VIV

VIV

VIV

VIV

VIV

VIV

VIV

VIV

VIV

Feature
Flag

MMX

SSE2

MMX

SSE2

MMX

SSE2

MMX

SSE2

AVX

AVX

AVX

Description

Shift words in mm right by
mm/m64 while shifting in
sign bits.

Shift words in xmm1 right
by xmm2/m128 while
shifting in sign bits.

Shift words in mm right by
imm8 while shifting in sign
bits

Shift words in xmm1 right
by imm8 while shifting in
sign bits

Shift doublewords in mm
right by mm/m64 while
shifting in sign bits.

Shift doubleword in xmm1
right by xmmZ2 /m128 while
shifting in sign bits.

Shift doublewords in mm
right by imm8 while shifting
in sign bits.

Shift doublewords in xmm1
right by imm8 while shifting
in sign bits.

Shift words in xmmZ2 right
by amount specified in
xmm3/m128 while shifting
in sign bits.

Shift words in xmmZ2 right
by imm8 while shifting in
sign bits.

Shift doublewords in xmm?2
right by amount specified in
xmm3/m128 while shifting
in sign bits.
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Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
VEX.NDD.128.66.0FWIG 72 /4 ib VMl VIV AVX Shift doublewords in xmm2
VPSRAD xmm1, xmm2, imm8 right by imm8 while shifting
in sign bits.
NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
Mi ModRM:r/m (r, w) imm8 NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA
VMI VEX.vwwv (w) ModRM:r/m (r) imm8 NA

Intel C/C++ Compiler Intrinsic Equivalents

PSRAW: __m64 _mm_srai_pi16 (__m64 m, int count)

PSRAW:; __m64 _mm_sra_pi16 (__m64 m, __m64 count)
PSRAD: __m64 _mm_srai_pi32 (__m64 m, int count)

PSRAD: __m64 _mm_sra_pi32 (__m64 m, __m64 count)
PSRAW: __m128i _mm_srai_epi16(_m128im, int count)
PSRAW:; __m128i _mm_sra_epi16(_m128i m, __m128i count))
PSRAD: __m128i _mm_srai_epi32 (__m128im, int count)
PSRAD: __m128i _mm_sra_epi32 (__m128i m, __m128i count)
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PSRLDQ—Shift Double Quadword Right Logical

intel)

Opcode/
Instruction

66 0F 73 /3 ib
PSRLDQ xmm1, imm8
VEX.NDD.128.66.0F.WIG 73 /3 ib
VPSRLDQ xmm1, xmmZ2, imm8

Op/ 64/32bit CPUID

En  Mode
Support

M VNV

VMI VIV

Feature
Flag

SSE2

AVX

Description

Shift xmm1 right by imm8
while shifting in Os.

Shift xmmZ2 right by imm8
bytes while shifting in Os.

Instruction Operand Encoding

Op/En
Ml
VMI

Operand 1
ModRM:r/m (r, w)
VEX.vvwv (w)

Operand 2
imm8
ModRM:r/m (r)

Operand 3 Operand 4
NA NA
imm8 NA

Intel C/C++ Compiler Intrinsic Equivalents

PSRLDQ:

__m128i _mm_srli_si128 (_m128i a, int imm)
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intel)

PSRLW/PSRLD/PSRLQ—Shift Packed Data Right Logical

Opcode/
Instruction

OF D1 /!
PSRLW mm, mm/m64

66 OF D1 /r
PSRWW xmm1, xmmZ2/m128

OF 71 /2 b’

PSRLW mm, imm8
66 0F 71 /2 ib
PSRLW xmm1, imm8
OF D2 /r!

PSRLD mm, mm/m64

66 OF D2 /r
PSRLD xmm1, xmmZ2/m128

OF 72 /2 ib!
PSRLD mm, imm8

66 0F 72 /2 ib
PSRLD xmm1, imm8

OF D3 /7!
PSRLQ mm, mm/m64

66 OF D3 /r
PSRLQ xmm1, xmmZ2/m128

OF 73 /2 ib'
PSRLQ mm, imm8

Op/ 64/32bit CPUID

En

RM

RM

M

M

RM

RM

M

M

RM

RM

Ml

Mode
Support

VIV

VIV

VIV

VIV

VIV

VIV

VIV

VIV

VIV

VIV

VIV

Feature
Flag

MMX

SSE2

MMX

SSE2

MMX

SSE2

MMX

SSE2

MMX

SSE2

MMX

Description

Shift words in mm right by
amount specified in
mm/m64 while shifting in
Os.

Shift words in xmm71 right
by amount specified in
xmmZ2/m128 while shifting
in Os.

Shift words in mm right by
imm8 while shifting in Os.

Shift words in xmm1 right

by imm8 while shifting in Os.

Shift doublewords in mm
right by amount specified in
mm/m64 while shifting in
Os.

Shift doublewords in xmm1
right by amount specified in
xmmZ2 /m128 while shifting
in Os.

Shift doublewords in mm
right by imm8 while shifting
in Os.

Shift doublewords in xmm1
right by imm8 while shifting
in Os.

Shift mm right by amount
specified in mm/m64 while
shifting in Os.

Shift quadwords in xmm1
right by amount specified in
xmmZ2/m128 while shifting
in Os.

Shift mm right by imm8
while shifting in Os.
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Opcode/ Op/ 64/32bit CPUID

Instruction En  Mode Feature
Support  Flag

66 OF 73 /2 ib M VIV SSE2

PSRLQ xmm1, imm8

VEX.NDS.128.66.0F.WIG D1 /r RVM V/V AVX
VPSRLW xmm1, xmm2,

xmm3/m128

VEX.NDD.128.66.0FWIG 71 /2 ib VMl V/V AVX
VPSRLW xmm1, xmmZ2, imm8

VEX.NDS.128.66.0F.WIG D2 /r RVM V/V AVX

VPSRLD xmm1, xmmZ2, xmm3/m128

VEX.NDD.128.66.0F.WIG 72 /2 ib VMl VIV AVX
VPSRLD xmm1, xmmZ2, imm8

VEX.NDS.128.66.0F.WIG D3 /r RVM VNV AVX
VPSRLQ xmm1, xmm2, xmm3/m128

VEX.NDD.128.66.0F.WIG 73 /2 ib VMl VIV AVX
VPSRLQ xmm1, xmm?2, imm8

Description

Shift quadwords in xmm1
right by imm8 while shifting
in Os.

Shift words in xmmZ2 right
by amount specified in
xmm3/m128 while shifting
in Os.

Shift words in xmmZ2 right
by imm8 while shifting in Os.

Shift doublewords in xmm?2
right by amount specified in
xmm3/m128 while shifting
in Os.

Shift doublewords in xmm?2
right by imm8 while shifting
in Os.

Shift quadwords in xmm2
right by amount specified in
xmm3/m128 while shifting
in Os.

Shift quadwords in xmm2
right by imm8 while shifting
in Os.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, "Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel 64 and IA-32

Architectures Software Developer's Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
Ml ModRM:r/m (r, w) imm8 NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA
VMI VEX.vvvv (w) ModRM:r/m (r) imm8 NA

Intel C/C++ Compiler Intrinsic Equivalents

PSRLW: __m64 _mm_srli_pi16(_m64 m, int count)
PSRLW: __m64 _mm_srl_pi16 (__m64 m, __m64 count)
PSRLW: __m128i _mm_srli_epi16 (_m128i m, int count)
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PSRLW:
PSRLD:
PSRLD:
PSRLD:
PSRLD:
PSRLQ:
PSRLQ:
PSRLQ:
PSRLQ:

__m128i _mm_srl_epi16 (__m128i m, __m128i count)
__m64 _mm_srli_pi32 (__m64 m, int count)
__m64 _mm_srl_pi32 (__m64 m, _m64 count)
__m128i _mm_srli_epi32 (_m128im, int count)
__m128i _mm_srl_epi32 (__m128i m, _m128i count)
__m64 _mm_srli_si64 (_m64 m, int count)
__m64 _mm_srl_si64 (__m64 m, __m64 count)
__m128i _mm_srli_epi64 (__m128im, int count)
__m128i _mm_srl_epi64 (__m128i m, _m128i count)

PSUBB/PSUBW/PSUBD—Subtract Packed Integers

Opcode/
Instruction

OF F8 /1!
PSUBB mm, mm/m64

66 OF F8 /r
PSUBB xmm1, xmmZ2/m128

OF F9 /7!
PSUBW mm, mm/m64

66 OF F9 /r
PSUBW xmm1, xmm2/m128

OF FA /!
PSUBD mm, mm/m64

66 OF FA /r
PSUBD xmm1, xmmZ2/m128

VEX.NDS.128.66.0F.WIG F8 /r

VPSUBB xmm1, xmm2, xmm3/m128

VEX.NDS.128.66.0F.WIG F9 /r

VPSUBW xmm1, xmmZ2, xmm3/

m128

Op/ 64/32bit CPUID
En  Mode Feature
Support  Flag

RM VNV MMX
RM VIV SSE2
RM VIV MMX
RM VNV SSE2
RM VNV MMX
RM VNV SSE2
RVM VNV AVX

RVM VNV AVX

Description

Subtract packed byte
integers in mm/m64 from
packed byte integers in mm.

Subtract packed byte
integers in xmmZ2/m128
from packed byte integers
in xmm1.

Subtract packed word
integers in mm/m64 from

packed word integers in mm.

Subtract packed word
integers in xmmZ2/m128
from packed word integers
in xmm1.

Subtract packed doubleword
integers in mm/m64 from
packed doubleword integers
in mm,

Subtract packed doubleword
integers in xmmZ2/mem128
from packed doubleword
integers in xmm1.

Subtract packed byte
integers in xmm3/m128
from xmmZ2.

Subtract packed word
integers in xmm3/m128
from xmmZ2.
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Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature

Support  Flag
VEX.NDS.128.66.0FWIG FA /r RVM V/V AVX Subtract packed doubleword
VPSUBD xmm1, xmmZ, integers in xmm3/m128
xmm3/m128 from xmmZ2.
NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalents

PSUBB: __m64 _mm_sub_pi8(_m64 m1, __m64 m2)
PSUBW: __m64 _mm_sub_pi16(_m64 m1, __m64 m2)
PSUBD: __m64 _mm_sub_pi32(_m64 m1, __m64 m2)
PSUBB: __m128i _mm_sub_epi8 (_m128i3a, _m128ib)
PSUBW: __m128i _mm_sub_epi16 (_m128ia, _m128ib)
PSUBD: __m128i _mm_sub_epi32 (_m128ia, _m128ib)
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PSUBQ—Subtract Packed Quadword Integers

intel)

Opcode/
Instruction

OF FB /1!

66 OF FB /r
PSUBQ xmm

xmm3/m128

PSUBQ mm1, mm2/m64

1, xmm2/m128

VEX.NDS.128.66.0F.WIG FB/r
VPSUBQ xmm1, xmm2,

Op/ 64/32bit CPUID

En  Mode
Support

RM VNV

RM VNV

RVM V/V

Feature
Flag

SSE2

SSE2

AVX

Description

Subtract quadword integer
in mm1 from mmZ2 /m64.

Subtract packed quadword
integers in xmm1 from
xmm2 /m128.

Subtract packed quadword
integers in xmm3/m128
from xmmZ2.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel 64 and IA-32

Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En
RM
RVM

Operand 1
ModRM:reg (r, w)
ModRM:reg (w)

Operand 2
ModRM:r/m (r)
VEX.vvwv (r)

Operand 3 Operand 4
NA NA
ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalents

__m64 _mm_sub_si64(__m64 m1, __m64 m2)
__m128i _mm_sub_epi64(_m128im1,_m128i m2)

PSUBQ:
PSUBQ:
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PSUBSB/PSUBSW—Subtract Packed Signed Integers with Signed
Saturation

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag

OF E8 /1 RM VNV MMX Subtract signed packed

PSUBSB mm, mm/m64 bytes in mm/m64 from
signed packed bytes in mm
and saturate results.

66 OF E8 /1 RM VNV SSE2 Subtract packed signed byte

PSUBSB xmm1, xmm2/m128 integers in xmmz/m128
from packed signed byte
integers in xmm1 and
saturate results.

OF E9 /! RM VNV MMX Subtract signed packed

PSUBSW mm, mm/m64 words in mm/m64 from
signed packed words in mm
and saturate results.

66 OF EQ /r RM VNV SSE2 Subtract packed signed

PSUBSW xmm1, xmm2/m128 word integers in
xmmZ2/m128 from packed
signed word integers in
xmm1 and saturate results.

VEX.NDS.128.66.0F.WIG E8 /r RVM V/V AVX Subtract packed signed byte

VPSUBSB xmm1, xmm?2, integers in xmm3/m128

xmm3/m128 from packed signed byte
integers in xmm2 and
saturate results.

VEX.NDS.128.66.0FWIG ES /r RVM V/V AVX Subtract packed signed

VPSUBSW xmm1, xmm2, word integers in

xmm3/m128 xmm3/m128 from packed
signed word integers in
xmm¢2 and saturate results.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 2A and Section 22.25.3, “Exception

Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalents

PSUBSB: __m64 _mm_subs_pi8(_m64 m1, __m64 m2)
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PSUBSB:
PSUBSW:
PSUBSW:

__m128i _mm_subs_epi8(_m128i m1, __m128i m2)
__m64 _mm_subs_pi16(_m64 m1, __m64 m2)
__m128i _mm_subs_epi16(_m128im1, __m128i m2)

intel)

PSUBUSB/PSUBUSW—Subtract Packed Unsigned Integers with Unsigned

Saturation
Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
OF D8 /1! RM VNV MMX Subtract unsigned packed
PSUBUSB mm, mm/m64 bytes in mm/m64 from
unsigned packed bytes in
mm and saturate result.
66 OF D8 /r RM VNV SSE2 Subtract packed unsigned
PSUBUSB xmm1, xmm2/m128 byte integers in
xmmZ2/m128 from packed
unsigned byte integers in
xmm1 and saturate result.
OF D9 /r! RM VNV MMX Subtract unsigned packed
PSUBUSW mm, mm/m64 words in mm/m64 from
unsigned packed words in
mm and saturate result.
66 OF D9 /r RM VNV SSEe2 Subtract packed unsigned
PSUBUSW xmm1, xmm2/m128 word integers in
xmmZ2/m128 from packed
unsigned word integers in
xmm1 and saturate result.
VEX.NDS.128.66.0F.WIG D8 /r RVM V/V AVX Subtract packed unsigned
VPSUBUSB xmm1, xmm2, byte integers in
xmm3/m128 xmm3/m128 from packed
unsigned byte integers in
xmm¢2 and saturate result.
VEX.NDS.128.66.0F.WIG D9 /r RVM V/V AVX Subtract packed unsigned
VPSUBUSW xmm1, xmm2, word integers in
xmm3/m128 xmm3/m128 from packed
unsigned word integers in
xmmZ and saturate result.
NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel 64 and IA-32

Architectures Software Developer’s Manual, Volume 3B.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalents

PSUBUSB: __m64 _mm_subs_pu8(_m64 m1, __m64 m2)
PSUBUSB: __m128i _mm_subs_epu8(_m128im1, __m128i m2)
PSUBUSW:  __m64 _mm_subs_pu16(_m64 m1, __m64 m2)
PSUBUSW:  __m128i _mm_subs_epul6(_m128im1,_m128i m2)

PTEST- Logical Compare

Opcode/ Op/ 64/32bit CPUID

Instruction En Mode Feature
Support  Flag

66 OF 3817 /r RM VNV SSE4_1

PTEST xmm1, xmm2/m128

VEX.128.66.0F38.WIG 17 /r RM VNV AVX

VPTEST xmm1, xmm2/m128

VEX.256.66.0F38.WIG 17 /r RM VNV AVX

VPTEST ymm1, ymm2/m256

Description

Set ZF if xmm2/m128 AND
xmm1 result is all Os. Set CF
if xmm2/m128 AND NOT
xmm1 result is all Os.

Set ZF and CF depending on
bitwise AND and ANDN of
sources.

Set ZF and CF depending on
bitwise AND and ANDN of
sources.

Instruction Operand Encoding

Op/En
RM

Operand 1
ModRM:reg (r)

Operand 2
ModRM:r/m (r)

Operand 3

Operand 4

NA NA

Intel C/C++ Compiler Intrinsic Equivalent

PTEST int _mm_testz_si128 (__m128is1, _m128is2);
int _mm_testc_si128 (__m128is1, _m128is2);
int _mm_testnzc_si128 (__m128is1, _m128is2);

VPTEST

int _mm256_testz_si256 (__m256is1, __m256is2);

int _mm256_testc_si256 (__m256is1, __m256is2);
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int _mm256_testnzc_si256 (__m256is1, __m256is2);

int _mm_testz_si128 (_m128is1, __m128is2);

int _mm_testc_si128 (_m128is1,__m128is2);

int _mm_testnzc_si128 (__m128is1, _m128is2);

PUNPCKHBW/PUNPCKHWD/PUNPCKHDQ/PUNPCKHQDQ— Unpack High

Data

Opcode/ Op/ 64/32 bit CPUID Description

Instruction En  Mode Feature

Support  Flag

OF 68 /! RM VNV MMX Unpack and interleave high-

PUNPCKHBW mm, mm/m64 order bytes from mm and
mm/m64 into mm.

66 OF 68 /r RM VNV SSE2 Unpack and interleave high-

PUNPCKHBW xmm1, xmm2/m128 order bytes fr_om xmm1 and
xmmZ2/m128into xmm1.

OF 69 /r! RM VNV MMX Unpack and interleave high-

PUNPCKHWD mm, mm/m64 order words from mm and
mm/m64 into mm.

66 OF 69 /r RM VNV SSE2 Unpack and interleave high-

PUNPCKHWD xmm1, xmm2/m128 order words from xmm1 and
xmmZ2/m128into xmm1.

OF 6A /1! RM VNV MMX Unpack and interleave high-

PUNPCKHDQ mm, mm/m64 order doublewords from mm
and mm/m64 into mm.

66 OF 6A /1 RM VNV SSE2 Unpack and interleave high-

PUNPCKHDQ xmm1, xmm2/m128 order doublewords from
xmm1 and xmm2/m128
into xmm1.

66 OF 6D /r RM VNV SSE2 Unpack and interleave high-

PUNPCKHQDQ xmm1, xmm2/m128 order quadwords from
xmm1 and xmm2/m128
into xmm71.

VEX.NDS.128.66.0F.WIG 68/r RVM V/V AVX Interleave high-order bytes

VPUNPCKHBW xmm1,xmm2, from xmm2 and

xmm3/m128 xmm3/m128 into xmm1.

VEX.NDS.128.66.0F.WIG 69/r RVM V/V AVX Interleave high-order words

VPUNPCKHWD xmm1,xmm2, from xmm2 and

xmm3/m128 xmm3/m128 into xmm1.

VEX.NDS.128.66.0F.WIG 6A/r RVM V/V AVX Interleave high-order

VPUNPCKHDQ xmm1, xmmZ2,
xmm3/m128

doublewords from xmm2
and xmm3/m128 into
xmmT.
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intel)

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature

Support  Flag
VEX.NDS.128.66.0F.WIG 6D/r RVM V/V AVX Interleave high-order
VPUNPCKHQDQ xmm1, xmm2, quadword from xmm2 and
xmm3/m128 xmm3/m128 into xmm1

register.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalents

PUNPCKHBW: __m64 _mm_unpackhi_pi8(_m64 m1, __m64 m2)
PUNPCKHBW: __m128i _mm_unpackhi_epi8(__m128im1,__m128im2)
PUNPCKHWD: __m64 _mm_unpackhi_pi16(_m64 m1,__m64 m2)
PUNPCKHWD: __m128i _mm_unpackhi_epi16(_m128im1,__m128i m2)
PUNPCKHDQ: __m64 _mm_unpackhi_pi32(_m64 m1, _m64 m2)
PUNPCKHDQ: __m128i _mm_unpackhi_epi32(_m128im1, _m128i m2)
PUNPCKHQDQ: __m128i _mm_unpackhi_epi64 (_m128ia, __m128ib)
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intel)

PUNPCKLBW/PUNPCKLWD/PUNPCKLDQ/PUNPCKLQDQ—
Unpack Low Data

Opcode/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
OF 60 /! RM VNV MMX Interleave low-order bytes
PUNPCKLBW mm, mm/m32 from mm and mm/m32 into
mm.
66 OF 60 /r RM VNV SSE2 Interleave low-order bytes
PUNPCKLBW xmm1, xmm2/m128 from xmmT and
xmmZ2/m128into xmm]1.
OF 61 /r! RM VNV MMX Interleave low-order words
PUNPCKLWD mm, mm/m32 from mm and mm/m32 into
mm.
66 OF 61 /r RM VNV SSE2 Interleave low-order words
PUNPCKLWD xmm1, xmm2/m128 from xmm1 and
xmm2/m128into xmm]1.
OF 62 /r! RM VNV MMX Interleave low-order
PUNPCKLDQ mm, mm/m32 doublewords from mm and
mm/m32 into mm.
66 OF 62 /r RM VNV SSE2 Interleave low-order
PUNPCKLDQ xmm1, xmm2/m128 doublewords from xmm?1
and xmm2/m128into
xmm1.
66 OF 6C /r RM VNV SSE2 Interleave low-order
PUNPCKLQDQ xmm1, xmm2/m128 quadword from xmm1 and
xmmZ2/m128into xmm1
register.
VEX.NDS.128.66.0F.WIG 60/r RVM V/V AVX Interleave low-order bytes
VPUNPCKLBW xmm1,xmm2, from xmm2 and
xmm3/m128 xmm3/m128 into xmm1.
VEX.NDS.128.66.0F.WIG 61/r RVM V/V AVX Interleave low-order words
VPUNPCKLWD xmm1,xmm2, from xmm2 and
xmm3/m128 xmm3/m128 into xmm1.
VEX.NDS.128.66.0F.WIG 62/r RVM V/V AVX Interleave low-order
VPUNPCKLDQ xmm1, xmm2, xmm3/ doublewords froml xmm2
m128 and xmm3/m128 into
xmm1.
VEX.NDS.128.66.0F.WIG 6C/r RVM VNV AVX Interleave low-order
VPUNPCKLQDQ xmm1, xmm2, quadword from xmm2 and
xmm3/m128 xmm3/m128 into xmm1
register.

NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 3B.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalents

PUNPCKLBW: __m64 _mm_unpacklo_pi8 (__m64 m1, __m64 m2)
PUNPCKLBW: __m128i _mm_unpacklo_epi8 (_m128i m1, _m128i m2)
PUNPCKLWD: __m64 _mm_unpacklo_pi16 (_m64 m1, __m64 m2)
PUNPCKLWD: __m128i _mm_unpacklo_epi16 (__m128i m1, _m128i m2)
PUNPCKLDQ: __m64 _mm_unpacklo_pi32 (__m64 m1, __m64 m2)
PUNPCKLDQ: __m128i _mm_unpacklo_epi32 (__m128im1, __m128i m2)
PUNPCKLQDQ: __m128i _mm_unpacklo_epi64 (__m128im1, __m128im2)

PUSH—Push Word, Doubleword or Quadword Onto the Stack

Opcode* Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

FF /6 PUSH r/m16 M Valid Valid Push r/m16.

FF /6 PUSH r/m32 M N.E. Valid Push r/m32.

FF /6 PUSH r/m64 M Valid N.E. Push r/mé64.

50+rw PUSH r16 0 Valid Valid Push r16.

50+rd PUSH r32 0 N.E. Valid Push r32.

50+rd PUSH r64 0 Valid N.E. Push r64.

6A PUSH imm8 | Valid Valid Push imm8.

68 PUSH imm16 | Valid Valid Push imm16.

68 PUSH imm32 | Valid Valid Push imm32.

0€E PUSH CS NP Invalid Valid Push CS.

16 PUSH SS NP Invalid Valid Push SS.

1€ PUSH DS NP Invalid Valid Push DS.

06 PUSH ES NP Invalid Valid Push ES.

OF AO PUSH FS NP  Valid Valid Push FS.

OF A8 PUSH GS NP Valid Valid Push GS.

NOTES:

* See IA-32 Architecture Compatibility section below.
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Instruction Operand Encoding

Op/En
M
0
I
NP

Operand 1
ModRM:r/m (r)
opcode + rd (w)
imm8/16/32
NA

Operand 2

NA
NA
NA
NA

Operand 3 Operand 4
NA NA
NA NA
NA NA
NA NA

PUSHA/PUSHAD—Push All General-Purpose Registers

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

60 PUSHA NP Invalid Valid Push AX, CX, DX, BX, original
SP, BP, SI, and DI.

60 PUSHAD NP Invalid Valid Push EAX, ECX, EDX, EBX,
original ESP, EBP, ESI, and
EDI.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA

PUSHF/PUSHFD—Push EFLAGS Register onto the Stack

Opcode* Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
9C PUSHF NP  Valid Valid Push lower 16 bits of
EFLAGS.
C PUSHFD NP NE Valid Push EFLAGS.
aC PUSHFQ NP Valid N.E. Push RFLAGS.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA
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PXOR—Logical Exclusive OR

Opcode*/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature

Support  Flag
OF EF /7! RM VNV MMX Bitwise XOR of mm/m64
PXOR mm, mm/m64 and mm.
66 OF EF /r RM VNV SSE2 Bitwise XOR of
PXOR xmm1, xmm2/m128 xmme/m128 and xmm1.
VEX.NDS.128.66.0F.WIG EF /r RVM VIV AVX Bitwise XOR of
VPXOR xmm1, xmmZ2, xmm3/m128 xmm3/m128 and xmmZ2.
NOTES:

1. See note in Section 2.4, “Instruction Exception Specification” in the Intel” 64 and IA-32
Architectures Software Developer's Manual, Volume 2A and Section 22.25.3, “Exception
Conditions of Legacy SIMD Instructions Operating on MMX Registers” in the Intel” 64 and IA-32
Architectures Software Developer’s Manual, Volume 3B.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (r, w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

PXOR: __m64 _mm_xor_si64 (__m64 m1, __m64 m2)
PXOR: __m128i _mm_xor_si128 (_m128ia, __m128ib)
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RCL/RCR/ROL/ROR-—Rotate

intel)

Opcode**

DO /2

REX + D0 /2
D2 /2

REX +D2 /2
Cco/2ib
REX+CO/2ib
D17/2

D3/2

C1/2ib

D17/2

REXW + D1 /2
D3 /2

REX.W + D3 /2

C1/2ib

REXW +C1 /2
ib

DO /3

REX +D0O /3

Instruction

RCL r/m8, 1

RCL r/m8% 1

RCL r/m8, CL

RCL /m8%, CL

RCL r/m8, imm8

RCL /m8* imm8

RCL /m16, 1

RCL /m16, CL

RCL r/m16, imm8

RCL /m32,1

RCL r/m64, 1

RCL r/m32, CL

RCL r/m64, CL

RCL r/m32, imm8

RCL r/m64, imm8

RCR r/m8, 1

RCR r/m8%* 1

Op/ 64-Bit
€En  Mode
M1  Valid
M1 Valid
MC  Valid
MC Valid
Ml Valid
Ml Valid
M1  Valid
MC  Valid
Ml Valid
M1  Valid
M1 Valid
MC Valid
MC Valid
Ml Valid
Ml Valid
M1  Valid
M1  Valid

Compat/
Leg Mode

Valid
N.E.
Valid
N.E.
Valid
N.E.
Valid
Valid
Valid
Valid
N.E.
Valid

N.E.

Valid

N.E.

Valid

N.E.

Description

Rotate 9 bits (CF, /m8) left
once.

Rotate 9 bits (CF, r/m8) left
once.

Rotate 9 bits (CF, /m8) left
CL times.

Rotate 9 bits (CF, /m8) left
CL times.

Rotate 9 bits (CF, r/m8) left
imm8 times.

Rotate 9 bits (CF, /m8) left
imm8 times.

Rotate 17 bits (CF, /m16)
left once.

Rotate 17 bits (CF, /m16)
left CL times.

Rotate 17 bits (CF, /m16)
left imm8 times.

Rotate 33 bits (CF, /m32)
left once.

Rotate 65 bits (CF, r/m64)
left once. Uses a 6 bit count.

Rotate 33 bits (CF, /m32)
left CL times.

Rotate 65 bits (CF, r/m64)
left CL times. Uses a 6 bit
count.

Rotate 33 bits (CF, /m32)
left imm8 times.

Rotate 65 bits (CF, r/m64)
left imm8 times. Uses a 6 bit
count.

Rotate 9 bits (CF, /m8) right
once.

Rotate 9 bits (CF, /m8) right
once.
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Opcode** Instruction Op/ 64-Bit
€En  Mode

D2 /3 RCR /m8, CL MC Valid
REX +D2 /3 RCR r/m8%, CL MC Valid
Co/3ib RCR /m8 imm8 MI  Valid
REX+CO/3ib RCR/m8* imm8 Ml  Valid
D17/3 RCR /m16, 1 M1  Valid
D3 /3 RCR r/m16, CL MC Valid
C1/3ib RCR /m16, imm8 MI  Valid
D1/3 RCR /m32, 1 M1  Valid
REXW +D1/3 RCR r/m64, 1 M1 Valid
D3 /3 RCR r/m32, CL MC Valid
REXW +D3/3 RCR r/m64, CL MC Valid
C1/3ib RCR r/m32, imm8 MI  Valid
REXW +C1/3 RCR r/m64,imm8 M|  Valid
ib

DO /0 ROL r/m8, 1 M1  Valid
REX + DO /0 ROL /m8%* 1 M1 Valid
D2 /0 ROL r/m8, CL MC Valid
REX + D2 /0 ROL r/m8%*, CL MC Valid
Co/0ib ROL /m8, imm8 Ml  Valid

Compat/
Leg Mode

Valid
N.E.

Valid
N.E.

Valid
Valid
Valid

Valid

N.E.

Valid

N.E.

Valid
N.E.
Valid

N.E.
Valid

N.E.

Valid

Description

Rotate 9 bits (CF, /m8) right
CL times.

Rotate 9 bits (CF, /m8) right
CL times.

Rotate 9 bits (CF, /m8) right
imm8 times.

Rotate 9 bits (CF, /m8) right
imm8 times.

Rotate 17 bits (CF, r/m16)
right once.

Rotate 17 bits (CF, /m16)
right CL times.

Rotate 17 bits (CF, r/m16)
right imm8 times.

Rotate 33 bits (CF, /m32)
right once. Uses a 6 bit
count.

Rotate 65 bits (CF, r/m64)
right once. Uses a 6 bit
count.

Rotate 33 bits (CF, /m32)
right CL times.

Rotate 65 bits (CF, r/m64)
right CL times. Uses a 6 bit
count.

Rotate 33 bits (CF, /m32)
right imm8 times.

Rotate 65 bits (CF, r/m64)
right imm8 times. Uses a 6
bit count.

Rotate 8 bits r/m8 left once.
Rotate 8 bits r/m8left once

Rotate 8 bits r/m8left CL
times.

Rotate 8 bits r/m8left CL
times.

Rotate 8 bits /m8left imm8
times.
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Opcode**
REX+CO/0ib
D1/0

D3/0

C1/0ib

D1/0

REXW +D1/0
D3/0

REXW +D3 /0
C1/0ib

C1/0ib

DO N
REX + DO /1
D2 N

REX +D2 /1
co/ib
REX+CO/1ib
D1 N

D3 /1

Instruction

ROL r/m8%* imm8

ROL r/m16, 1

ROL r/m16, CL

ROL r/m16, imm8

ROL r/m32,1

ROL r/m64, 1

ROL r/m32, CL

ROL r/m64, CL

ROL r/m32, imm8

ROL r/m64, imm8

ROR r/m8, 1

ROR r/m8%* 1

ROR r/m8, CL

ROR r/m8% CL

ROR r/m8, imm8

ROR r/m8%* imm8

ROR r/m16, 1

ROR r/m16, CL

Op/ 64-Bit
€En  Mode
Ml Valid
M1 Valid
MC  Valid
Ml Valid
M1 Valid
M1 Valid
MC  Valid
MC  Valid
Ml Valid
Ml Valid
M1  Valid
M1 Valid
MC Valid
MC Valid
Ml Valid
Ml Valid
M1  Valid
MC  Valid

Compat/
Leg Mode

N.E.

Valid
Valid
Valid

Valid

N.E.
Valid
N.E.
Valid

N.E.

Valid
N.E.
Valid
N.E.
Valid
N.E.
Valid

Valid

Description

Rotate 8 bits r/m8left imm8
times.

Rotate 16 bits r/m16 left
once.

Rotate 16 bits r/m16 left CL
times.

Rotate 16 bits r/m16 left
imm8 times.

Rotate 32 bits r/m32 left
once.

Rotate 64 bits r/m64 left
once. Uses a 6 bit count.

Rotate 32 bits r/m32 left CL
times.

Rotate 64 bits r/m64 left CL
times. Uses a 6 bit count.

Rotate 32 bits r/m32 left
imm8 times.

Rotate 64 bits r/m64 left
imm8 times. Uses a 6 bit
count.

Rotate 8 bits r/m8right
once.

Rotate 8 bits r/m8right
once.

Rotate 8 bits r/m8right CL
times.

Rotate 8 bits /m8right CL
times.

Rotate 8 bits r/m16 right
imm8 times.

Rotate 8 bits r/m16 right
imm8 times.

Rotate 16 bits r/m16 right
once.

Rotate 16 bits r/m16 right
CL times.
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Opcode** Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

C1/1ib ROR r/m16, imm8 Ml Valid Valid Rotate 16 bits /m16 right
imm8 times.

D1 /1 ROR r/m32, 1 M1  Valid Valid Rotate 32 bits r/m32 right
once.

REXW +D1/1 ROR r/m64, 1 M1  Valid N.E. Rotate 64 bits r/m64 right
once. Uses a 6 bit count.

D371 ROR r/m32, CL MC Valid Valid Rotate 32 bits r/m32 right
CL times.

REXW +D3/1 ROR r/m64, CL MC Valid N.E. Rotate 64 bits r/m64 right
CL times. Uses a 6 bit count.

Ci/1ib ROR r/m32, imm8 M|  Valid Valid Rotate 32 bits r/m32 right
imm8 times.

REXW +C1/1 ROR r/m64,imm8 Ml  Valid N.E. Rotate 64 bits r/m64 right

ib imm8 times. Uses a 6 bit
count.

NOTES:

* In 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix is
used: AH, BH, CH, DH.

**See IA-32 Architecture Compatibility section below.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
M1 ModRM:r/m (w) 1 NA NA
MC ModRM:r/m (w) CL NA NA
Mi ModRM:r/m (w) imm8 NA NA
Description

Shifts (rotates) the bits of the first operand (destination operand) the humber of bit posi-
tions specified in the second operand (count operand) and stores the result in the desti-
nation operand. The destination operand can be a register or a memory location; the
count operand is an unsigned integer that can be an immediate or a value in the CL
register. In legacy and compatibility mode, the processor restricts the count to a number
between 0 and 31 by masking all the bits in the count operand except the 5 least-signif-
icant bits.

The rotate left (ROL) and rotate through carry left (RCL) instructions shift all the bits
toward more-significant bit positions, except for the most-significant bit, which is
rotated to the least-significant bit location. The rotate right (ROR) and rotate through
carry right (RCR) instructions shift all the bits toward less significant bit positions, except
for the least-significant bit, which is rotated to the most-significant bit location.

The RCL and RCR instructions include the CF flag in the rotation. The RCL instruction

shifts the CF flag into the least-significant bit and shifts the most-significant bit into the
CF flag. The RCR instruction shifts the CF flag into the most-significant bit and shifts the
least-significant bit into the CF flag. For the ROL and ROR instructions, the original value
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of the CF flag is not a part of the result, but the CF flag receives a copy of the bit that was
shifted from one end to the other.

The OF flag is defined only for the 1-bit rotates; it is undefined in all other cases (except
RCL and RCR instructions only: a zero-bit rotate does nothing, that is affects no flags).

For left rotates, the OF flag is set to the exclusive OR of the CF bit (after the rotate) and
the most-significant bit of the result. For right rotates, the OF flag is set to the exclusive
OR of the two most-significant bits of the result.

In 64-bit mode, using a REX prefix in the form of REX.R permits access to additional
registers (R8-R15). Use of REX.W promotes the first operand to 64 bits and causes the
count operand to become a 6-bit counter.

IA-32 Architecture Compatibility

The 8086 does not mask the rotation count. However, all other IA-32 processors
(starting with the Intel 286 processor) do mask the rotation count to 5 bits, resulting in
a maximum count of 31. This masking is done in all operating modes (including the
virtual-8086 mode) to reduce the maximum execution time of the instructions.

Operation

(* RCL and RCR instructions *)

SIZE < OperandSize;

CASE (determine count) OF
SIZE <« 8:  tempCOUNT « (COUNT AND 1FH) MOD 9;
SIZE <~ 16:  tempCOUNT « (COUNT AND 1FH) MOD 17;
SIZE < 32:  tempCOUNT «— COUNT AND 1FH;
SIZE « 64: tempCOUNT «— COUNT AND 3FH;

ESAC;

(* RCL instruction operation *)
WHILE (tempCOUNT = 0)
DO
tempCF « MSB(DEST);
DEST « (DEST * 2) + CF;
CF « tempCF;
tempCOUNT « tempCOUNT - 1;
0D;
ELIHW;
IF COUNT =1
THEN OF « MSB(DEST) XOR CF;
ELSE OF is undefined;
Fl;

(* RCR instruction operation *)
IF COUNT =1
THEN OF « MSB(DEST) XOR CF;
ELSE OF is undefined;
Fl;
WHILE (tempCOUNT = 0)
DO
tempCF « LSB(SRC);
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DEST « (DEST / 2) + (CF * 25128y,

CF « tempCF;

tempCOUNT <« tempCOUNT - 1;
0D;

(* ROL and ROR instructions *)
IF OperandSize = 64
THEN COUNTMASK = 3FH;
ELSE COUNTMASK = 1FH;
Fl;

(* ROL instruction operation *)
tempCOUNT « (COUNT & COUNTMASK) MOD SIZE

WHILE (tempCOUNT = 0)
DO
tempCF « MSB(DEST);
DEST « (DEST = 2) + tempCF;
tempCOUNT « tempCOUNT - 1;
0D;
ELIHW;
CF « LSB(DEST);
IF (COUNT & COUNTMASK) =1
THEN OF « MSB(DEST) XOR CF;
ELSE OF is undefined;
Fl;

(* ROR instruction operation *)
tempCOUNT « (COUNT & COUNTMASK) MQD SIZE
WHILE (tempCOUNT = 0)
DO
tempCF « LSB(SRC);
DEST « (DEST / 2) + (tempCF = 2512€);
tempCOUNT « tempCOUNT - 1;
0D;
ELIHW;
CF < MSB(DEST);
IF (COUNT & COUNTMASK) = 1
THEN OF « MSB(DEST) XOR MSB - 1(DEST);
ELSE OF is undefined;
Fl;
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RCPPS—Compute Reciprocals of Packed Single-Precision Floating-Point

Values
Opcode*/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag

OF 53 /r RM VNV SSE Computes the approximate

RCPPS xmm1, xmm2/m128 reciprocals of the packed
single-precision floating-
point values in xmm2/m128
and stores the results in
xmmT.

VEX.128.0FWIG 53 /r RM VNV AVX Computes the approximate

VRCPPS xmm1, xmm2/m128 reciprocals of packed single-
precision values in
xmm2/mem and stores the
results in xmm1.

VEX.256.0FWIG 53 /r RM VNV AVX Computes the approximate

VRCPPS ymm1, ymm2/m256

reciprocals of packed single-
precision values in
ymmZ2/mem and stores the
results in ymm1.

Instruction Operand Encoding

Op/En Operand 1
RM ModRM:reg (w)

Operand 2
ModRM:r/m (r)

Operand 3

Operand 4
NA NA

Intel C/C++ Compiler Intrinsic Equivalent

RCCPS:
RCPPS:

__m128 _mm_rcp_ps(_m128 a)
__m256 _mm256_rcp_ps (__m256 a);
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RCPSS—Compute Reciprocal of Scalar Single-Precision Floating-Point

Values
Opcode*/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
F30F53/r RM VNV SSE Computes the approximate
RCPSS xmm1, xmm2/m32 reciprocal of the scalar
single-precision floating-
point value in xmm2/m32
and stores the result in
xmmT.
VEX.NDS.LIG.F3.0FWIG 53 /r RVM VIV AVX Computes the approximate

VRCPSS xmm1, xmmZ2, xmm3/m32

reciprocal of the scalar
single-precision floating-
point value in xmm3/m32
and stores the result in
xmm1. Also, upper single
precision floating-point
values (bits[127:32]) from
xmmZ are copied to
xmm1[127:32].

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA

Intel C/C++ Compiler Intrinsic Equivalent

RCPSS: __m128 _mm_rcp_ss(__m128 a)

RDFSBASE/RDGSBASE—Read FS/GS Segment Base

Opcode/ Op/ 64/32 CPUID Description
Instruction En -bit Feature

Mode Flag
F3 OF AE /O M v/ FSGSBASE  Load the 32-bit destination reg-
RDFSBASE r32 ister with the FS base address.
REX.W + F3 OF AE /0 M v/ FSGSBASE  Load the 64-bit destination reg-
RDFSBASE r64 ister with the FS base address.
F3 OF AE /1 M v/ FSGSBASE  Load the 32-bit destination reg-
RDGSBASE r32 ister with the GS base address.
REX.W + F3 OF AE /1 M \ FSGSBASE  Load the 64-bit destination reg-
RDGSBASE r64 ister with the GS base address.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
M ModRM:r/m (w) NA NA NA
Description

Loads the general-purpose register indicated by the modR/M:r/m field with the FS or GS
segment base address.

The destination operand may be either a 32-bit or a 64-bit general-purpose register. The
REX.W prefix indicates the operand size is 64 bits. If no REX.W prefix is used, the
operand size is 32 bits; the upper 32 bits of the source base address (for FS or GS) are
ignored and upper 32 bits of the destination register are cleared.

This instruction is supported only in 64-bit mode.

Operation

DEST « FS/GS segment base address;

Flags Affected
None

C/C++ Compiler Intrinsic Equivalent

RDFSBASE: unsigned int _readfsbase_u32(void );
RDFSBASE: unsigned __int64 _readfsbase_u64(void );
RDGSBASE: unsigned int _readgsbase_u32(void );
RDGSBASE: unsigned __int64 _readgsbase_u64(void );

Protected Mode Exceptions

#UD The RDFSBASE and RDGSBASE instructions are not recognized in
protected mode.

Real-Address Mode Exceptions

#UD The RDFSBASE and RDGSBASE instructions are not recognized in
real-address mode.

Virtual-8086 Mode Exceptions

#UD The RDFSBASE and RDGSBASE instructions are not recognized in
virtual-8086 mode.

Compatibility Mode Exceptions

#UD The RDFSBASE and RDGSBASE instructions are not recognized in
compatibility mode.

64-Bit Mode Exceptions
#UD If the LOCK prefix is used.
If CR4.FSGSBASE[bit 16] = 0.
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If CPUID.07H.0H:EBX.FSGSBASE[bit 0] = 0.

RDMSR—Read from Model Specific Register

Opcode* Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF 32 RDMSR NP  Valid Valid Read MSR specified by ECX
into EDX:EAX.
NOTES:

* See IA-32 Architecture Compatibility section below.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA

RDPMC—Read Performance-Monitoring Counters

Opcode* Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF 33 RDPMC NP Valid Valid Read performance-

monitoring counter
specified by ECX into
EDX:EAX.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA

RDRAND—Read Random Number

Opcode*/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
OFC7 /6 M VIV RDRAND  Read a 16-bit random
RDRAND r16 number and store in the
destination register.
OFC7 /6 M VIV RDRAND  Read a 32-bit random
RDRAND r32 number and store in the
destination register.
REX.W + OF C7 /6 M v/ RDRAND  Read a 64-bit random
RDRAND r64 number and store in the
destination register.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
M ModRM:r/m (w) NA NA NA
Description

Loads a hardware generated random value and store it in the destination register. The
size of the random value is determined by the destination register size and operating
mode. The Carry Flag indicates whether a random value is available at the time the
instruction is executed. CF=1 indicates that the data in the destination is valid. Other-
wise CF=0 and the data in the destination operand will be returned as zeros for the spec-
ified width. All other flags are forced to 0 in either situation. Software must check the
state of CF=1 for determining if a valid random value has been returned, otherwise it is
expected to loop and retry execution of RDRAND (see Inte/® 64 and IA-32 Architectures
Software Developer’s Manual, Volume 1, Section 7.3.18, "Random Number Generator
Instruction”).

This instruction is available at all privilege levels.

In 64-bit mode, the instruction's default operation size is 32 bits. Using a REX prefix in

the form of REX.B permits access to additional registers (R8-R15). Using a REX prefix in
the form of REX.W promotes operation to 64 bit operands. See the summary chart at the
beginning of this section for encoding data and limits.

Intel C/C++ Compiler Intrinsic Equivalent

RDRAND: int _rdrand16_step( unsigned short * );
RDRAND: int _rdrand32_step( unsigned int *);
RDRAND: int _rdrand64_step( unsigned __int64 *);

RDTSC—Read Time-Stamp Counter

Opcode* Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF 31 RDTSC NP Valid Valid Read time-stamp counter
into EDX:EAX.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4

NP NA NA NA NA
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RDTSCP—Read Time-Stamp Counter and Processor ID

Opcode* Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

OF 01 F9 RDTSCP NP Valid Valid Read 64-bit time-stamp
counter and 32-bit
IA32_TSC_AUX value into
EDX:EAX and ECX.

Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA

REP/REPE/REPZ/REPNE/REPNZ—Repeat String Operation Prefix

Opcode
F36C

F3 6C

F3 6D

F3 6D

F3 6D

F3 A4

F3 REXW A4
F3AS

F3 A5

F3 REX.W A5
F3 6€

F3 REXW 6€
F3 6F

F3 6F

Instruction

REP INS m8, DX

REP INS m8, DX

REP INS m16, DX

REP INS m32, DX

REP INS r/m32, DX

REP MOVS m8, m8

REP MOVS m8, m8

REP MOVS m16,
mi16

REP MOVS m32,
m32

REP MOVS m64,
mé4

REP OUTS DX,
r/m8

REP OUTS DX,
r/m8*

REP OUTS DX, r/
mi16

REP OUTS DX, r/
m32

Op/ 64-Bit
En  Mode
NP Valid
NP Valid
NP Valid
NP Valid
NP Valid
NP Valid
NP Valid
NP Valid
NP Valid
NP Valid
NP Valid
NP Valid
NP Valid
NP Valid

Compat/
Leg Mode
Valid

N.E.

Valid
Valid

N.E.

Valid

N.E.

Valid
Valid

N.E.

Valid

N.E.

Valid

Valid

Description

Input (E)CX bytes from port
DX into ES:[(E)DI].

Input RCX bytes from port
DX into [RDI].

Input (E)CX words from port
DX into ES:[(E)DI.]

Input (E)CX doublewords
from port DX into ES:[(E)DI].

Input RCX default size from
port DX into [RDI].

Move (E)CX bytes from
DS:[(E)SI] to ES[(E)DI].
Move RCX bytes from [RSI]
to [RDI].

Move (E)CX words from
DS:[(E)SI] to ES[(E)DI].
Move (E)CX doublewords
from DS:[(E)SI] to ES:[(E)DI].
Move RCX quadwords from
[RSI] to [RDI].

Output (E)CX bytes from
DS:[(E)SI] to port DX.
Output RCX bytes from [RSI]
to port DX.

Output (E)CX words from
DS:[(E)SI] to port DX.

Output (€)CX doublewords
from DS:[(E)SI] to port DX.
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Opcode

F3 REX.W 6F
F3 AC

F3 REX.W AC
F3 AD

F3 AD

F3 REX.W AD
F3 AA

F3 REX.W AA
F3 AB

F3 AB

F3 REX.W AB
F3 A6

F3 REX.W A6
F3 A7

F3 A7

F3 REX.W A7

F3 AE
F3 REX.W AE
F3 AF
F3 AF

F3 REXW AF

Instruction
REP OUTS DX,
r/m32

REP LODS AL
REP LODS AL
REP LODS AX
REP LODS EAX
REP LODS RAX
REP STOS m8
REP STOS m8
REP STOS m16
REP STOS m32
REP STOS m64
REPE CMPS m§,

m8

REPE CMPS m8,
m8

REPE CMPS m16,
mi16

REPE CMPS m32,
m32

REPE CMPS m64,
mé64

REPE SCAS m8

REPE SCAS m8

REPE SCAS m16

REPE SCAS m32

REPE SCAS m64

Op/ 64-Bit
€En  Mode
NP  Valid
NP Valid
NP Valid
NP Valid
NP  Valid
NP Valid
NP  Valid
NP Valid
NP  Valid
NP  Valid
NP Valid
NP Valid
NP Valid
NP Valid
NP  Valid
NP Valid
NP  Valid
NP Valid
NP Valid
NP  Valid
NP Valid

Compat/
Leg Mode

N.E.
Valid
N.E.
Valid
Valid
N.E.
Valid
N.E.
Valid
Valid
N.E.
Valid
N.E.
Valid

Valid

N.E.

Valid
N.E.

Valid
Valid

N.E.

Description

Output RCX default size
from [RSI] to port DX.

Load (E)CX bytes from
DS:[(E)SI] to AL.

Load RCX bytes from [RSI]
to AL.

Load (E)CX words from
DS:[(E)SI] to AX.

Load (E)CX doublewords
from DS:[(E)SI] to EAX.

Load RCX quadwords from
[RSI] to RAX.

Fill (E)CX bytes at ES:[(E)DI]
with AL.

Fill RCX bytes at [RDI] with
AL,

Fill (€)CX words at ES:{(E)DI]
with AX.

Fill (E)CX doublewords at
ES:[(E)DI] with EAX.

Fill RCX quadwords at [RDI]
with RAX.

Find nonmatching bytes in
ES:[(E)DI] and DS:[(E)SI.

Find non-matching bytes in
[RDI] and [RSI].

Find nonmatching words in
ES:[(E)DI] and DS:[(E)SI].

Find nonmatching
doublewords in ES:[(E)DI]
and DS:[(E)SI].

Find non-matching
quadwords in [RDI] and
[RSI.

Find non-AL byte starting at
ES:[(E)DI].

Find non-AL byte starting at
[RDI].

Find non-AX word starting
at ES:[(E)DI].

Find non-EAX doubleword
starting at ES:[(E)DI].

Find non-RAX quadword
starting at [RDI].
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Opcode

F2 A6

F2 REX.W A6
F2 A7

F2 A7

F2 REX.W A7
F2 AE

F2 REX.W AE
F2 AF

F2 AF

F2 REX.W AF

Instruction

REPNE CMPS m8,
m8

REPNE CMPS m8,
m8

REPNE CMPS m16,
mi16

REPNE CMPS m32,
m32

REPNE CMPS m64,
m64
REPNE SCAS m8

REPNE SCAS m8
REPNE SCAS m16

REPNE SCAS m32

REPNE SCAS m64

Op/
En
NP
NP
NP
NP
NP

NP

NP
NP

NP

NP

64-Bit

Mode

Valid

Valid

Valid

Valid

Valid

Valid

Valid
Valid

Valid

Valid

Compat/
Leg Mode

Valid
N.E.
Valid
Valid
N.E.
Valid

N.E.
Valid

Valid

N.E.

Description

Find matching bytes in
ES:[(E)DI] and DS:[(E)SI.

Find matching bytes in [RDI]
and [RSI].

Find matching words in
ES:[(E)DI] and DS:[(E)SI].

Find matching doublewords
in ES:[(E)DI] and DS:[(E)SI].

Find matching doublewords
in [RDI] and [RSI].

Find AL, starting at
ES:[(E)DI].

Find AL, starting at [RDI].

Find AX, starting at
ES:[(E)DI].

Find EAX, starting at
ES:[(E)DI].

Find RAX, starting at [RDI].

NOTES:

* In 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix is

used: AH, BH, CH, DH.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA
RET—Return from Procedure
Opcode* Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

C3 RET NP Valid Valid Near return to calling
procedure.

(B RET NP  Valid Valid Far return to calling
procedure.

C2 iw RET imm16 | Valid Valid Near return to calling
procedure and pop imm16
bytes from stack.

CAiw RET imm16 | Valid Valid Far return to calling
procedure and pop imm16
bytes from stack.
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Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA
| imm16 NA NA NA

ROUNDPD — Round Packed Double Precision Floating-Point Values

Opcode*/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
66 0F3A09 /rib RMI VIV SSE4_1 Round packed double
ROUNDPD xmm1, xmm2/m128, precision floating-point
imm8 values in xmm2/m128 and
place the result in xmm1.
The rounding mode is
determined by imm8.
VEX.128.66.0F3AWIG 09 /rib RMI VIV AVX Round packed double-
VROUNDPD xmm1, xmm2/m128, precision floating-point
imm8 values in xmm2/m128 and
place the result in xmm1.
The rounding mode is
determined by imm8.
VEX.256.66.0F3A.WIG 09 /r ib RMI  V/V AVX Round packed double-
VROUNDPD ymm1, ymm2/m256, precision floating-point
imm8 values in ymm2/m256 and
place the result in ymm1.
The rounding mode is
determined by imm8.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reg (w) ModRM:r/m (r) imm8 NA

Intel C/C++ Compiler Intrinsic Equivalent

__m128 _mm_round_pd(__m128d s1, int iRoundMode);
__m128 _mm_floor_pd(__m128ds1);

__m128 _mm_ceil_pd(__m128ds1)

__m256 _mm256_round_pd(__m256d s1, int iRoundMode);
__m256 _mm256_floor_pd(__m256d s1);

__m256 _mm256_ceil_pd(__m256d s1)
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ROUNDPS — Round Packed Single Precision Floating-Point Values

Opcode*/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature

Support  Flag
66 OF 3A 08 RMI VIV SSE4_1 Round packed single
Irib precision floating-point
ROUNDPS xmm1, xmm2/m128, values in xmm2/m128 and
imm8 place the result in xmm1.

The rounding mode is
determined by imm8.

VEX.128.66.0F3A.WIG 08 /r ib RMI  V/V AVX Round packed single-
VROUNDPS xmm1, xmm2/m128, precision floating-point
imm8 values in xmm2/m128 and

place the result in xmm1.
The rounding mode is
determined by imm8.

VEX.256.66.0F3A.WIG 08 /r ib RMI VNV AVX Round packed single-
VROUNDPS ymm1, ymm2/m256, precision floating-point
imm8 values in ymm2/m256 and

place the result in ymm1.
The rounding mode is
determined by imm8.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reg (w) ModRM:r/m (r) imm8 NA

Intel C/C++ Compiler Intrinsic Equivalent

__m128 _mm_round_ps(__m128 s1, int iRoundMode);
__m128 _mm_floor_ps(__m128s1);

__m128 _mm_ceil_ps(__m128s1)

__m256 _mm256_round_ps(__m256 s1, int iRoundMode);
__m256 _mm256_floor_ps(__m256 s1);

__m256 _mm256_ceil_ps(__m256 s1)
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ROUNDSD — Round Scalar Double Precision Floating-Point Values

Opcode*/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
66 0F3A0B /rib RMI  V/V SSE4 1 Round the low packed
ROUNDSD xmm1, xmmZ2/m64, imm8 double precision floating-

point value in xmmZ2/m64
and place the result in
xmm1. The rounding mode
is determined by imm8.

VEX.NDS.LIG.66.0F3AWIGOB /rib  RVMI V/V AVX Round the low packed
VROUNDSD xmm1, xmmZ2, double precision floating-
xmm3/m64, imm8 point value in xmm3/m64

and place the result in
xmm’1. The rounding mode
is determined by imm8.
Upper packed double
precision floating-point
value (bits[127:64]) from
xmmZ2 is copied to

xmm1[127:64].
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reg (w) ModRM:r/m (r) imm8 NA
RVMI ModRM:reg (w) VEX.vwwv (r) ModRM:r/m (r) imm8
Intel C/C++ Compiler Intrinsic Equivalent
ROUNDSD: __m128d mm_round_sd(__m128d dst, __m128d s1, int iRoundMode);

__m128d mm_floor_sd(__m128d dst,__m128ds1);
__m128d mm_ceil_sd(__m128ddst,__m128ds1);
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ROUNDSS — Round Scalar Single Precision Floating-Point Values

VROUNDSS xmm1, xmmZ2,
xmm3/m32, imm8

Opcode*/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag

66 OF 3A0A /rib RMI  V/V SSE4_1 Round the low packed single

ROUNDSS xmm1, xmmZ2/m32, imm8 precision floating-point
value in xmmZ2/m32 and
place the result in xmm1.
The rounding mode is
determined by imm8.

VEX.NDS.LIG.66.0F3A.WIG OA ib RVMI VIV AVX Round the low packed single

precision floating-point
value in xmm3/m32 and
place the result in xmm1.
The rounding mode is
determined by imm8. Also,
upper packed single
precision floating-point
values (bits[127:32]) from
xmmZ2 are copied to

xmm1[127:32].
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reg (w) ModRM:r/m (r) imm8 NA
RVMI ModRM:reg (w) VEX.vwwv (r) ModRM:r/m (r) imm8

Intel C/C++ Compiler Intrinsic Equivalent

ROUNDSS: __m128 mm_round_ss(__m128 dst, __m128 s1, int iRoundMode);
__m128 mm_floor_ss(__m128dst,__m128s1);

__m128 mm_ceil_ss(__m128 dst,__m128s1);

RSM—Resume from System Management Mode

Opcode* Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF AA RSM NP Invalid Valid Resume operation of
interrupted program.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA
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RSQRTPS—Compute Reciprocals of Square Roots of Packed Single-
Precision Floating-Point Values

Opcode*/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
OF52/r RM VNV SSE Computes the approximate
RSQRTPS xmm1, xmm2/m128 reciprocals of the square

roots of the packed single-
precision floating-point
values in xmm2/m128 and

VEX.128.0FWIG 52 /r RM VNV AVX Computes the approximate

VRSQRTPS xmm1, xmm2/m128 reciprocals of the square
roots of packed single-
precision values in
xmmZ2/mem and stores the
results in xmmT1.

VEX.256.0FWIG 52 /r RM VNV AVX Computes the approximate

VRSQRTPS ymm1, ymm2/m256 reciprocals of the square
roots of packed single-
precision values in
ymm2/mem and stores the
results in ymm1.

stores the results in xmm1.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA

Intel C/C++ Compiler Intrinsic Equivalent

RSQRTPS: __m128 _mm_rsqrt_ps(__m128 a)
RSQRTPS: __m256 _mm256_rsqrt_ps (__m256 a);
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RSQRTSS—Compute Reciprocal of Square Root of Scalar Single-Precision
Floating-Point Value

Opcode*/ Op/ 64/32bit CPUID Description
Instruction En  Mode Feature
Support  Flag
F30F52/r RM VNV SSE Computes the approximate
RSQRTSS xmm1, xmm2/m32 reciprocal of the square root

of the low single-precision
floating-point value in
xmmZ2/m32 and stores the
results in xmm1.

VEX.NDS.LIG.F3.0FWIG 52 /r RVM VIV AVX Computes the approximate
VRSQRTSS xmm1, xmm2, reciprocal of the square root
xmm3/m32 of the low single precision

floating-point value in
xmm3/m32 and stores the
results in xmm1. Also, upper
single precision floating-
point values (bits[127:32])
from xmmZ2 are copied to

xmm1[127:32].
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RM ModRM:reg (w) ModRM:r/m (r) NA NA
RVM ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) NA
Intel C/C++ Compiler Intrinsic Equivalent
RSQRTSS: __m128 _mm_rsqrt_ss(__m128 a)
SAHF—Store AH into Flags
Opcode* Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
9€ SAHF NP Invalid* Valid Loads SF, ZF, AF, PF, and CF
from AH into EFLAGS
register.
NOTES:
* Valid in specific steppings. See Description section.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA
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SAL/SAR/SHL/SHR—Shift

intel)

Opcode***

DO /4

REX + DO /4
D2 /4

REX + D2 /4
CO0/4ib

REX +CO /4 ib

D1/4
D3/4

C1/4ib

D1/4
REX.W + D1 /4
D3 /4

REX.W + D3 /4
C1/4ib
REXW +C1/4
ib

DO /7

REX + DO /7
D2 /7

REX +D2 /7
C0/7ib
REX+CO/7 ib

D1/7

D3/7

Instruction

SAL r/m8, 1

SAL r/m8**, 1
SAL r/m8, CL
SAL r/m8**, CL
SAL r/m8, imm8

SAL r/m8**, imm8

SAL r/m16,1
SAL r/m16, CL

SAL r/m16, imm8

SAL r/m32, 1
SAL r/m64, 1
SAL r/m32, CL

SAL r/m64, CL

SAL r/m32, imm8

SAL r/m64, imm8

SAR r/m8, 1

SAR r/m8** 1

SAR r/m8, CL

SAR r/m8**, CL

SAR r/m8, imm8

SAR r/m8** imm8

SAR r/m16,1

SAR r/m16, CL

Op/ 64-Bit
En  Mode
M1  Valid
M1  Valid
MC Valid
MC \Valid
Ml Valid
Ml Valid
M1  Valid
MC Valid
Ml Valid
M1  Valid
M1  Valid
MC Valid
MC Valid
Ml Valid
Ml Valid
M1  Valid
M1  Valid
MC Valid
MC Valid
Ml Valid
Ml Valid
M1  Valid
MC  Valid

Compat/
Leg Mode

Valid
N.E.
Valid
N.E.
Valid

N.E.

Valid
Valid

Valid

Valid
N.E.
Valid

N.E.
Valid
N.E.
Valid
N.E.
Valid
N.E.
Valid
N.E.
Valid

Valid

Description

Multiply /m8 by 2, once.
Multiply /m8by 2, once.
Multiply r/m8 by 2, CL times.
Multiply /m8by 2, CL times.
Multiply /m8by 2, imm8
times.

Multiply /m8by 2, imm8
times.

Multiply /m16 by 2, once.
Multiply /m16 by 2, CL
times.

Multiply /m16 by 2, imm8
times.

Multiply r/m32 by 2, once.
Multiply /m64 by 2, once.

Multiply /m32 by 2, CL
times.

Multiply r/m64 by 2, CL
times.

Multiply r/m32 by 2, imm8
times.

Multiply /m64 by 2, imm8
times.

Signed divide* r/m8by 2,
once.

Signed divide* r/m8by 2,
once.

Signed divide* r/m8by 2, CL
times.

Signed divide* r/m8by 2, CL
times.

Signed divide* r/m8by 2,
imm8 time.

Signed divide* r/m8by 2,
imm8 times.

Signed divide* /m16 by 2,
once.

Signed divide* r/m16 by 2,
CL times.
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Opcode
C1/7ib

D1/7

REX.W + D1 /7
D3/7

REX.W + D3 /7
C1/7ib
REXW + C1 /7
ib

D0 /4

REX + DO /4
D2 /4

REX +D2 /4
C0/4ib

REX +CO /4 ib

D1/4
D3 /4

C1/4ib

D1/4
REX.W + D1 /4
D3 /4

REXW + D3 /4
C1/4ib
REX.W + C1 /4
ib

DO /5

REX +D0O /5

D2 /5

Instruction

SAR r/m16, imm8

SAR r/m32, 1

SAR r/m64, 1

SAR r/m32, CL

SAR r/m64, CL

SAR r/m32, imm8

SAR r/m64, imm8

SHL r/m8, 1

SHL /m8** 1
SHL /m8, CL
SHL /m8**, CL
SHL r/m8, imm8

SHL /m8**, imm8

SHL r/m16,1
SHL r/m16, CL

SHL /m16, imm8

SHL r/m32,1
SHL r/m64,1
SHL r/m32, CL

SHL r/m64, CL

SHL r/m32, imm8

SHL r/m64, imm8

SHR r/m8,1

SHR r/m8** 1

SHR r/m8, CL

Op/ 64-Bit
En  Mode
Ml Valid
M1  Valid
M1  Valid
MC Valid
MC  Valid
Ml Valid
Ml Valid
M1  Valid
M1  Valid
MC Valid
MC Valid
Ml Valid
Ml Valid
M1  Valid
MC Valid
Ml Valid
M1  Valid
M1  Valid
MC Valid
MC Valid
Ml Valid
Ml Valid
M1  Valid
M1  Valid
MC  Valid

Compat/
Leg Mode
Valid
Valid

N.E.

Valid

N.E.

Valid

N.E.

Valid
N.E.
Valid
N.E.
Valid

N.E.

Valid
Valid

Valid

Valid
N.E.
Valid

N.E.
Valid
N.E.
Valid
N.E.

Valid

Description

Signed divide* /m16 by 2,
imm8 times.

Signed divide* r/m32by 2,
once.

Signed divide* r/m64by 2,
once.

Signed divide* r/m32 by 2,
CL times.

Signed divide* r/m64 by 2,
CL times.

Signed divide* /m32by 2,
imm8 times.

Signed divide* r/m64 by 2,
imm8 times

Multiply r/m8by 2, once.
Multiply r/m8 by 2, once.
Multiply /m8by 2, CL times.
Multiply r/m8by 2, CL times.
Multiply /m8by 2, imm8
times.

Multiply /m8by 2, imm8
times.

Multiply /m16 by 2, once.

Multiply /m16 by 2, CL
times.

Multiply /m16 by 2, imm8
times.

Multiply r/m32 by 2, once.
Multiply r/m64 by 2, once.

Multiply r/m32 by 2, CL
times.

Multiply r/m64 by 2, CL
times.

Multiply /m32 by 2, imm8
times.

Multiply r/m64 by 2, imm8
times.

Unsigned divide r/m8by 2,
once.

Unsigned divide /m8by 2,
once.

Unsigned divide r/m8by 2,
CL times.
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Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode

REX + D2 /5 SHR /m8** CL MC Valid N.E. Unsigned divide r/m8by 2,
CL times.

CO/5ib SHR /m8, imm8 Ml  Valid Valid Unsigned divide r/m8by 2,
imm8 times.

REX+CO/5ib SHR r/m8** imm8 Ml  Valid N.E. Unsigned divide /m8by 2,
imm8 times.

D1/5 SHR r/m16, 1 M1  Valid Valid Unsigned divide /m16 by 2,
once.

D3 /5 SHR r/m16, CL MC Valid Valid Unsigned divide /m16 by 2,
CL times

C1/5ib SHR r/m16, imm8 Ml  Valid Valid Unsigned divide /m16 by 2,
imm8 times.

D1/5 SHR r/m32, 1 M1  Valid Valid Unsigned divide r/m32by 2,
once.

REXW +D1/5 SHR r/m64, 1 M1  Valid N.E. Unsigned divide r/m64 by 2,
once.

D3 /5 SHR r/m32, CL MC \Valid Valid Unsigned divide r/m32by 2,
CL times.

REXW +D3/5 SHR r/m64, CL MC Valid N.E. Unsigned divide r/m64 by 2,
CL times.

C1/5ib SHR r/m32, imm8 Ml  Valid Valid Unsigned divide r/m32by 2,
imm8 times.

REXW +C1/5 SHR r/m64, imm8 Ml  Valid N.E. Unsigned divide r/m64 by 2,

ib imm8 times.

NOTES:

* Not the same form of division as IDIV; rounding is toward negative infinity.

** In 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix is
used: AH, BH, CH, DH.

***See |A-32 Architecture Compatibility section below.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
M1 ModRM:r/m (r, w) 1 NA NA
MC ModRM:r/m (r, w) CL NA NA
Ml ModRM:r/m (r, w) imm8 NA NA

Intel® 64 and IA-32 Architectures Software Developer’s Manual Documentation Changes 310



SBB—Integer Subtraction with Borrow

intel)

Opcode
1Cib
1D iw
1D id

REX.W + 1D id

80/3ib
REX+80/3ib
81 /3 iw
81/3id

REXW + 81 /3
id

83/3ib
83/3ib
REX.W + 83 /3
ib

181/r
REX+18/r
19/r

19/r

REXW +19/r
1A /r

REX+1A/r

1B/r

Instruction

SBB AL, imm8

SBB AX, imm16

SBB EAX, imm32

SBB RAX, imm32

SBB r/m8, imm8

SBB r/m8%* imm8

SBB r/m16,
imm16

SBB r/m32,
imm32

SBB r/m64,
imm32

SBB r/m16, imm8

SBB r/m32, inm8

SBB r/m64, imnm8

SBB r/m8, r8

SBB r/m8%* r8

SBB r/m16,r16

SBB r/m32, r32

SBB r/m64, r64

SBB r8, r/m8

SBB r8% r/m8*

SBB r16, r/m16

Op/ 64-Bit
€En  Mode
| Valid
I Valid
I Valid
| Valid
Ml Valid
Ml Valid
Ml Valid
Ml Valid
Ml Valid
Ml Valid
Ml Valid
Ml Valid
MR  Valid
MR  Valid
MR  Valid
MR  Valid
MR  Valid
RM  Valid
RM Valid
RM  Valid

Compat/
Leg Mode

Valid

Valid

Valid

N.E.

Valid
N.E.

Valid
Valid

N.E.

Valid
Valid
N.E.
Valid
N.E.
Valid
Valid
N.E.
Valid
N.E.

Valid

Description

Subtract with borrow imm8
from AL.

Subtract with borrow
imm16 from AX.

Subtract with borrow
imm32 from EAX.

Subtract with borrow sign-
extended imm.32 to 64-bits
from RAX.

Subtract with borrow imm8
from r/m8.

Subtract with borrow imm8
from r/m8.

Subtract with borrow
imm16 from r/m16.

Subtract with borrow
imm32 from r/m32.

Subtract with borrow sign-
extended imm32 to 64-bits
from r/m64.

Subtract with borrow sign-

extended imm8 from r/m16.

Subtract with borrow sign-

extended imm8 from r/m32.

Subtract with borrow sign-

extended imm8 from r/m64.

Subtract with borrow r8
from r/m8.

Subtract with borrow r8
from r/m8.

Subtract with borrow r16
from r/m16.

Subtract with borrow r32
from r/m32.

Subtract with borrow r64
from r/m64.

Subtract with borrow /m8
from r8.

Subtract with borrow /m8
from r8.

Subtract with borrow r/m16
from r16.
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Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
1B/r SBB r32, r/m32 RM  Valid Valid Subtract with borrow r/m32
from r32.
REXW +1B/r  SBB r64, r/m64 RM  Valid N.E. Subtract with borrow r/m64
from r64.
NOTES:

* In 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix is
used: AH, BH, CH, DH.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
I AL/AX/EAX/RAX imm8/16/32 NA NA
Mi ModRM:r/m (w) imm8/16/32 NA NA
MR ModRM:r/m (w) ModRM:reg (r) NA NA
RM ModRM:reg (w) ModRM:r/m (r) NA NA
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SCAS/SCASB/SCASW/SCASD—Scan String

intel)

Opcode

AE

AF

AF

REXW + AF

AE

AF

AF

REX.W + AF

Instruction

SCAS m8

SCAS m16

SCAS m32

SCAS m64

SCASB

SCASW

SCASD

SCASQ

Op
En

NP

NP

NP

NP

NP

NP

NP

NP

/ 64-Bit
Mode

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Compat/

Description

Leg Mode

Valid

Valid

Valid

N.E.

Valid

Valid

Valid

N.E.

Compare AL with byte at
ES:(E)DI or RDI, then set
status flags.*

Compare AX with word at
€S:(E)DI or RDI, then set
status flags.*

Compare EAX with
doubleword at ES(E)DI or
RDI then set status flags.*

Compare RAX with
quadword at RDI or EDI then
set status flags.

Compare AL with byte at
€S:(E)DI or RDI then set
status flags.*

Compare AX with word at
E€S:(E)DI or RDI then set
status flags.*

Compare EAX with
doubleword at ES:(E)DI or
RDI then set status flags.*

Compare RAX with
quadword at RDI or EDI then
set status flags.

NOTES:

* In 64-bit mode, only 64-bit (RDI) and 32-bit (EDI) address sizes are supported. In non-64-bit
mode, only 32-bit (EDI) and 16-bit (DI) address sizes are supported.

Instruction Operand Encoding

Op/En
NP

Operand 1
NA

Operand 2
NA

Operand 3 Operand 4
NA NA
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SETcc—Set Byte on Condition

intel)

Opcode

OF 97

REX + OF 97
OF 93

REX + OF 93

OF 92
REX + OF 92
OF 96

REX + OF 96

OF 92
REX + OF 92
OF 94
REX + OF 94
OF 9F

REX + OF 9F
O0F 9D
REX + OF 9D

OF 9C
REX + OF 9C
OF 9E

REX + OF 9E
OF 96
REX + OF 96
OF 92
REX + OF 92

OF 93

Instruction

SETA r/m8

SETA r/m8*

SETAE r/m8

SETAE r/m8*

SETB r/m8
SETB r/m8*
SETBE r/m8

SETBE r/m8*

SETC r/m8
SETC r/m8*
SETE r/m8
SETE r/m8*
SETG r/m8

SETG r/m8*

SETGE r/m8

SETGE r/m8*

SETL /m8
SETL r/m8*
SETLE r/m8

SETLE /m8*

SETNA r/m8

SETNA r/m8*

SETNAE r/m8

SETNAE r/m8*

SETNB r/m8

Op/ 64-Bit
En Mode
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid

Compat/
Leg Mode
Valid

N.E.

Valid

N.E.

Valid
N.E.
Valid

N.E.

Valid
N.E.
Valid
N.E.
Valid

N.E.
Valid
N.E.

Valid
N.E.
Valid

N.E.
Valid
N.E.
Valid
N.E.

Valid

Description

Set byte if above (CF=0 and
ZF=0).

Set byte if above (CF=0 and
ZF=0).

Set byte if above or equal
(CF=0).

Set byte if above or equal
(CF=0).

Set byte if below (CF=1).
Set byte if below (CF=1).

Set byte if below or equal
(CF=1 or ZF=1).

Set byte if below or equal
(CF=1 or ZF=1).

Set byte if carry (CF=1).
Set byte if carry (CF=1).
Set byte if equal (ZF=1).
Set byte if equal (ZF=1).

Set byte if greater (ZF=0
and SF=0F).

Set byte if greater (ZF=0
and SF=0F).

Set byte if greater or equal
(SF=OF).

Set byte if greater or equal
(SF=OF).

Set byte if less (SF# OF).
Set byte if less (SF# OF).

Set byte if less or equal
(ZF=1 or SF# OF).

Set byte if less or equal
(ZF=1 or SF# OF).

Set byte if not above (CF=1
or ZF=1).

Set byte if not above (CF=1
or ZF=1).

Set byte if not above or
equal (CF=1).

Set byte if not above or
equal (CF=1).

Set byte if not below (CF=0).
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Opcode

REX + OF 93
OF 97

REX + OF 97

OF 93
REX + OF 93
OF 95
REX + OF 95
OF S€

REX + OF 9E
OF 9C
REX + 0F 9C

OF 9D
REX + OF 9D
OF SF

REX + OF 9F
0F 91
REX + OF 91

OF 9B

REX + OF 9B
0F 99
REX + OF 99
OF 95
REX + OF 95
OF 90
REX + OF 90
OF 9A
REX + OF 9A
OF 9A

Instruction

SETNB r/m8*
SETNBE /m8

SETNBE r/m8*

SETNC r/m8
SETNC r/m8*
SETNE r/m8
SETNE r/m8*
SETNG r/m8

SETNG r/m8*

SETNGE r/m8

SETNGE r/m8*

SETNL r/m8
SETNL r/m8*
SETNLE /m8

SETNLE r/m8*

SETNO r/m8

SETNO r/m8*

SETNP r/m8

SETNP r/m8*
SETNS r/m8
SETNS r/m8*
SETNZ r/m8
SETNZ r/m8*
SETO r/m8
SETO r/m8*
SETP r/m8
SETP r/m8*
SETPE r/m8

Op/ 64-Bit
En  Mode
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid
M Valid

Compat/
Leg Mode

N.E.
Valid

N.E.

Valid
N.E.
Valid
N.E.
Valid

N.E.
Valid
N.E.

Valid
N.E.
Valid

N.E.
Valid
N.E.

Valid

N.E.
Valid
N.E.
Valid
N.E.
Valid
N.E.
Valid
N.E.
Valid

Description

Set byte if not below (CF=0).

Set byte if not below or
equal (CF=0 and ZF=0).

Set byte if not below or
equal (CF=0 and ZF=0).

Set byte if not carry (CF=0).
Set byte if not carry (CF=0).
Set byte if not equal (ZF=0).
Set byte if not equal (ZF=0).

Set byte if not greater
(ZF=1 or SF# OF)

Set byte if not greater
(ZF=1 or SF# OF).

Set byte if not greater or
equal (SF# OF).

Set byte if not greater or
equal (SF# OF).

Set byte if not less (SF=0F).
Set byte if not less (SF=0F).

Set byte if not less or equal
(2F=0 and SF=0F).

Set byte if not less or equal
(2F=0 and SF=0F).

Set byte if not overflow
(OF=0).

Set byte if not overflow
(OF=0).

Set byte if not parity (PF=0).

Set byte if not parity (PF=0).
Set byte if not sign (SF=0).
Set byte if not sign (SF=0).
Set byte if not zero (ZF=0).
Set byte if not zero (ZF=0).
Set byte if overflow (OF=1)
Set byte if overflow (OF=1).
Set byte if parity (PF=1).
Set byte if parity (PF=1).

Set byte if parity even
(PF=1).
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intel)

Opcode Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
REX + OF 9A SETPE r/m8* M Valid N.E. Set byte if parity even
(PF=1).
OF 9B SETPO r/m8 M Valid Valid Set byte if parity odd
(PF=0).
REX + OF 9B SETPO r/m8* M Valid N.E. Set byte if parity odd
(PF=0).
OF 98 SETS r/m8 M Valid Valid Set byte if sign (SF=1).
REX + OF 98 SETS r/m8* M Valid N.E. Set byte if sign (SF=1).
OF 94 SETZ r/m8 M Valid Valid Set byte if zero (ZF=1).
REX + OF 94 SETZ r/m8* M Valid N.E. Set byte if zero (ZF=1).
NOTES:

* In 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix is

used: AH, BH, CH, DH.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
M ModRM:r/m (r) NA NA NA
SFENCE—Store Fence
Opcode* Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF AE /7 SFENCE NP  Valid Valid Serializes store operations.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
NP NA NA NA NA

Intel C/C++ Compiler Intrinsic Equivalent

SFENCE:

void _mm_sfence(void)
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SGDT—Store Global Descriptor Table Register

intel)

Opcode* Instruction Op/ 64-Bit Compat/ Description

En  Mode Leg Mode
OF01/0 SGDT m M Valid Valid Store GDTR to m.
NOTES:

* See IA-32 Architecture Compatibility section below.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
M ModRM:r/m (w) NA NA NA
SHLD—Double Precision Shift Left
Opcode* Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF A4 SHLD r/m16,r16, MRI Valid Valid Shift r/m16 to left imm8
imm8 places while shifting bits
from r16in from the right.
OF A5 SHLD r/m16,r16, MRC Valid Valid Shift /m16 to left CL places
CL while shifting bits from r16
in from the right.
OF A4 SHLD r/m32, r32, MRI Valid Valid Shift r/m32 to left imm8
imm8 places while shifting bits
from r32in from the right.
REXW + OF A4 SHLD r/m64, r64, MRI Valid N.E. Shift r/m64 to left imm8
imm8 places while shifting bits
from r64 in from the right.
OF A5 SHLD r/m32,r32, MRC Valid Valid Shift /m32 to left CL places
CL while shifting bits from r32
in from the right.
REX.W + OF A5 SHLD r/m64, r64, MRC Valid N.E. Shift r/m64 to left CL places
CL while shifting bits from r64
in from the right.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
MRI ModRM:r/m (w) ModRM:reg (r) imm8 NA
MRC ModRM:r/m (w) ModRM:reg (r) CL NA
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SHRD—Double Precision Shift Right

Opcode* Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OF AC SHRD /m16,r16, MRI Valid Valid Shift r/m16 to right imm8
imm8 places while shifting bits
from r16in from the left.
OF AD SHRD r/m16, r16, MRC Valid Valid Shift r/m16 to right CL
CL places while shifting bits
from r16in from the left.
OF AC SHRD r/m32, r32, MRl Valid Valid Shift r/m32 to right imm8
imm8 places while shifting bits
from r32in from the left.
REXW + OF AC  SHRD r/m64, r64, MRI Valid N.E. Shift r/m64 to right imm8
imm8 places while shifting bits
from r64 in from the left.
OF AD SHRD r/m32,r32, MRC Valid Valid Shift r/m32 to right CL
CL places while shifting bits
from r32in from the left.
REXW + OF AD SHRD r/m64, r64, MRC Valid N.E. Shift r/m64 to right CL
CL places while shifting bits
from r64 in from the left.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
MRI ModRM:r/m (w) ModRM:reg (r) imm8 NA
MRC ModRM:r/m (w) ModRM:reg (r) CL NA
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SHUFPD—Shuffle Packed Double-Precision Floating-Point Values

Opcode*/ Op/ 64/32bit CPUID Description
Instruction En Mode Feature

Support  Flag
66 OF C6 /rib RMI  V/V SSE2 Shuffle packed double-
SHUFPD xmm1, xmm2/m128, imm8 precision floating-point

values selected by imm8
from xmm1 and
xmmZ2/m128to xmm1.

VEX.NDS.128.66.0F.WIG C6 /rib RVMI V/V AVX Shuffle Packed double-
VSHUFPD xmm1, xmm2, precision floating-point
xmm3/m128, imm8 values selected by imm8
from xmm2 and
xmm3/mem.
VEX.NDS.256.66.0F.WIG C6 /rib RVMI V/V AVX Shuffle Packed double-
VSHUFPD ymm1, ymm2, precision floating-point
ymm3/m256, imm8 values selected by imm8
from ymm2 and
ymm3/mem.

Instruction Operand Encoding

Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reqg (r, w) ModRM:r/m (r) imm8 NA
RVMI ModRM:reg (w) VEX.vwwv (r) ModRM:r/m (r) imm8

Intel C/C++ Compiler Intrinsic Equivalent

SHUFPD: __m128d _mm_shuffle_pd(__m128d a, __m128d b, unsigned int imm8)
VSHUFPD: __m256d _mm256_shuffle_pd (__m256d a, __m256d b, const int select);
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SHUFPS—Shuffle Packed Single-Precision Floating-Point Values

Opcode*/ Op/ 64/32bit CPUID Description
Instruction En Mode Feature
Support  Flag
OF C6 /rib RMI  V/V SSE Shuffle packed single-
SHUFPS xmm1, xmm2/m128, imm8 precision floating-point
values selected by imm8
from xmm1 and
xmm1/m128to xmm]1.
VEX.NDS.128.0F.WIG C6 /rib RVMI V/V AVX Shuffle Packed single-
VSHUFPS xmm1, xmm2, precision floating-point
xmm3/m128, imm8 values selected by imm8
from xmm2 and
xmm3/mem.
VEX.NDS.256.0F.WIG C6 /rib RVMI V/V AVX Shuffle Packed single-
VSHUFPS ymm1, ymm2, precision floating-point
ymm3/m256, imm8 values selected by imm8
from ymm2 and
ymm3/mem.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
RMI ModRM:reg (r, w) ModRM:r/m (r) imm8 NA
RVMI ModRM:reg (w) VEX.vwwv (r) ModRM:r/m (r) imm8
Intel C/C++ Compiler Intrinsic Equivalent
SHUFPS: __m128 _mm_shuffle_ps(__m128 a, __m128 b, unsigned int imm8)
VSHUFPS: __m256 _mm256_shuffle_ps (__m256 a, __m256 b, const int select);
SIDT—Store Interrupt Descriptor Table Register
Opcode* Instruction Op/ 64-Bit Compat/ Description
En  Mode Leg Mode
OFO01 N SIDT m M Valid Valid Store IDTR to m.
Instruction Operand Encoding
Op/En Operand 1 Operand 2 Operand 3 Operand 4
M ModRM:r/m (w) NA NA NA
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SLDT—Store Local Descriptor Table Register

/0

Description

Stores segment selector
from LDT