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Chapter 1: Introduction

1.1 What Is NASM?

TheNetwideAssembler ,NASM,isan80x8Gand&k86—-64assemblerdesignedforportabilityand
modularity ItsupportsrangebbjectfildormatsincludindginusandBSk.out ELF COFF,
Mach-016-biand2-bi®OBJOMF format Win32an#in64 Iwilbhlsoutputplaibinaryiles,
Inteheandotorol&-Recordormats Itsyntastslesignedbsimplan@asyaoanderstand,
similartheyntaxhhé&ntefoftwarbevelopeManuawitiminimatomplexityIsupportall
currently known x86 architectural extensions, and has strong support for macros.

NASM also comes with a set of utilities for handling the RDOFF custom object-file fo

1.1.1 License Conditions

Pleaseseehefi 14 ICENSE ,suppliedapartofaniNASMlistributiomrchive,forthelicense
conditionsindemhichyoumayusa&NASM NASM snowindertheso—called®@-clauseBShlicense,
also known as the simplified BSD license.

Copyright 1996-2017 the NASM Authors - All rights reserved.

Redistributiomndisdmsourcandinarformswitlowithoumodificationareermitted
provided that the following conditions are met:

¢ Redistributionsfourceodmustetainhhaboveopyrightoticethisistfdonditionantdhe
following disclaimer.

e Redistribution#pninarformusteproducehaboveopyrightoticethikistefonditionand
the following disclaimer in the documentation and/or other materials provided with

THISSOFTWARE ISPROVIDEDBY THECOPYRIGHT HOLDERSAND CONTRIBUTORS "ASIS" ANDANY
EXPRESSORIMPLIEDNARRANTIES,INCLUDING,BUINOTLIMITEDTO, THEIMPLIEDNARRANT IESOF
MERCHANTABILITYANDE ITNESSFORAPARTICULARPURPOSEAREDISCLAIMED .INNOEVENTSHALL
THECOPYRIGHTOWNERORCONTRIBUTORSBELIABLEFORANYDIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENTOFSUBSTITUTEGOODSORSERVICES; LOSSOFUSE,DATA,ORPROFITS;ORBUSINESS
INTERRUPTION) HOWEVERCAUSED AND ONANY THEORYOF LTIABILITY, WHETHERINCONTRACT,
STRICTLIABILITY,ORTORT (INCLUDINGNEGLIGENCEOROTHERWISE)ARISINGINANYWAYOUTOF
THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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Chapter 2: Running NASM

2.1 NASM Command-Line Syntax

To assemble a file, you issue a command of the form

nasm —-f <format> <filename> [-0 <output>]

For example,

nasm —-f elf myfile.asm

will assemble myfile.asm into an ELF object file myfile.o. And
nasm —-f bin myfile.asm -o myfile.com

will assemble myfile.asm into a raw binary file myfile.com.

TeproducalistingilewitithéexodeputputfromMASMlisplayedrthdeftofftheoriginal
sources, use the -1 option to give a listing file name, for example:

nasm —-f coff myfile.asm -1 myfile.lst

To get further usage instructions from NASM, try typing

nasm -h

As -hf, this will also list the available output file formats, and what they are.

If you use Linux but aren’t sure whether your system is a.out or ELF, type

file nasm

(in the directory in which you put the NASM binary when you installed it). If it say
nasm: ELF 32-bit LSB executable 1386 (386 and up) Version 1

thenyoursystemisELF, andyoushouldusetheoption-felfwhenyouwantNASMtoproduce
Linux object files. If it says

nasm: Linux/i1386 demand-paged executable (QMAGIC)

orsomethingsimilar,yoursystemisa.out,andyoushoulduse-faoutinstead(Linuxa.out
systems have long been obsolete, and are rare these days.)

Lik&nixompilersanassemblers NASMsilentunlesdtgoeswrongyowon’ tseanyputputat
all, unless it gives error messages.

2.1.1 The -o Option: Specifying the Output File Name

NASMilhormallyhoosehmamefouvutputfildoyoupreciselhoutdoeshid slependent
onhebjectfildormat FoMicrosofbobjectfildormatdobjwin32anadiné4) iwil¥removéhe
.asextensionowhateveextensiowyodikemsaNASMoesn’ tcare)fromousourcdilaame
andubstituteobjFotinixbjectfildormatgaout as86coffelf321f64p1fx32iecee,
macho32andnacho64)itwillsubstitute.o.Fordbg,rdf,ithandsrec,itwilluse.dbg,.rdf,
.ithand srec,respectively,andorrhédirformatitwillsimplywemovehextension,sd¢chat
myfile.asm produces the output file myfile.

IfheutputfilalreadexistsNASMilbverwritdtunlesdhashsameamashdnputfilein
which case it will give a warning and use nasm.out as the output file name instead.
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FosituationdwhichhibehavioutsnacceptableNASMrovideshecommand-lineption,
whiclhllowgotspecifwoudesiredutputfilaame Younvokedbyfollowindtwitltheaame
you wish for the output file, either with or without an intervening space. For examp

nasm —-f bin program.asm —-o program.com
nasm —-f bin driver.asm -odriver.sys

Notethatthisisssmallo,andisdifferentfromcapitalQwhichi susedospecifythenumberof
optimisation passes required. See section 2.1.23.

2.1.2 The —f Option: Specifying the Output File Format

Ifyodmotsupplythe-optiont NASM,itwillchoosamutputfileformatforyoutself . Ithe
distributiowersion®NASMthalefaulislwaydbingdfFou’ veompiledouowrropywy NASM,
you can redefine OF_DEFAULT at compile time and choose what you want the default to

Like-o,theinterveningspacebetween-fandtheoutputfileformati soptional;so-felfand
—felf are both wvalid.

A complete list of the available output file formats can be given by issuing the com

2.1.3 The -l Option: Generating a Listing File

Iowupplythe-bptio NASM followedwitithaeisuabptionakpacebyileame NASMNill
generataource-listindil€oyoujimhichddresseandeneratedodaréistedhhéeftand
thectuadourceodeyitdxpansionasfiulti-limeacrogéexcepthosehichpecificallyequest
no expansion in source listings: see section 4.3.11) on the right. For example:

nasm —-f elf myfile.asm -1 myfile.lst

IflistfildselectedyomayrurmfflistindomectiomFoussourcavithlist] andurnt
baclkwitHlist] ,(thedefaultpbviously) Theréaduseform'(withouthdrackets) This
can be used to list only sections of interest, avoiding excessively long listings.

2.1.4 The -M Option: Generate Makefile Dependencies

Thisptiorabaisedgeneratmakefilelependenciesmstdout Thisabeedirectedefile
for further processing. For example:

nasm -M myfile.asm > myfile.dep

2.1.5 The -MG Option: Generate Makefile Dependencies

Thisptiomwabeisedgeneratemakefilelependenciesstdout ThiglifferfromheMption
irthatd fmonexistindfilael ssncountered,itdsassumed degeneratediland sasddedtdhe
dependency list without a prefix.

2.1.6 The -MF Option: Set Makefile Dependency File

Thisoptiorcarbaisedvitithe-Mr-M®ptionstsendtheoutputtafile, ratherthartstdout.
For example:

nasm -M -MF myfile.dep myfile.asm

2.1.7 The -MD Option: Assemble and Generate Dependencies

TheMbptiomctasheombinatiomffheMndMBptions(i.e £ilenamédhasdespecified.)
However,unlikehe-MrM®ptions,~Moediotnhibittheormalbperatiomfthassembler.
Use this to automatically generate updated dependencies with every assembly session.

nasm —-f elf -o myfile.o -MD myfile.dep myfile.asm
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2.1.8 The -MT Option: Dependency Target Name

The-MDbptiomrameaised®mverridehaelefaulmameffhelependenciytarget Thisismormally
the same as the output filename, specified by the -o option.

2.1.9 The -MQ Option: Dependency Target Name (Quoted)

TheM@ptiomctasheMbptiongxceptitriestguoteharactershathavepeciaimeanindgn
MakefilsyntaxThissofoolproofaroaltharacterwithpeciaheaningrquotabléMake.
The default output (if no -MT or -MQ option is specified) is automatically quoted.

2.1.10 The —MP Option: Emit phony targets

Whemusedwithanyofthedependencygenerationoptions,the-MPoptioncausesNASM cemita
phonyargetwithoutdependencieforactheaderfile Thipreventakdromomplaining &
header file has been removed.

2.1.11 The -MW Option: Watcom Make quoting style

ThioptiorauseNASM attemptt uotalependenciesccording datcomMakeonventions
rathertharPOSIXMakeconventions(alsaisedymostotheMakevariants. )Thisqyuotesias$#
ratherhan# usesratherrhanforontinuatiorlines,anégénclosesilenamesontaining
whitespace in double quotes.

2.1.12 The -F Option: Selecting a Debug Information Format

Thisptiodsisedselecthdormabfhdebudgnformatioemittedntcheutputfile tbased
bydebugger(owilbe) Priotorersior2.03.01 thaisefthiswitchdidioénableutputofhe
selectedebudnfdormatUseggsesectiof.l.13tenableutputVersion&.03.0andater
automatically enable —-g if -F is specified.

Icompletelistoffthavailablelebudfileformatsfommutputformatcarbeseerbyissuinghe
commancasmKformat>y Notalloutputformatscurrentlysupportdebuggingutput .See
section 2.1.27.

This should not be confused with the -f dbg output format option, see section 7.14.

2.1.13 The -g Option: Enabling Debug Information.

ThisptionabasetdgeneratdebuggingnformationhhespecifiedormatSesectiof.1.12.
UsinggithoutResultiemittingebudnfathdefaultformatifinyfotrthselectedutput
format I idebugnformationgurrentlymplementedtthaselectedutputformat -g silently
ignored.

2.1.14 The -X Option: Selecting an Error Reporting Format

Thisoptiormcarbaised selectarerrorreportingformatformnyerromessagesthatmightbe
produced by NASM.

Currently,tweerrorweportingformatsmaypeselected.Theyarehe-Xvoptiomndhe-Xgnu
option. The GNU format is the default and looks like this:

filename.asm:65: error: specific error message

wherefilename.asm sshemameofthesourcefilamwhichtherromwasletected,65 hesource
filelinemumbewmwhichthesrromwasletected,errorn sheseveritywffheerror(thisoulde
warning) ,andspecificerrormessageisamoredetailedtextmessagewhichshouldhelp
pinpoint the exact problem.

Thetheformat specifiebyXviashestylasedPicrosofVisual+andometheprograms.
It looks like this:
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2.1.15

2.1.16

2.1.17

2.1.18
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filename.asm(65) : error: specific error message
where the only difference is that the line number is in parentheses instead of being

See also the Visual C++ output format, section 7.5.

The -Z Option: Send Errors to a File

UndeMS-DOS tcabaifficult(thougltheraraeiaysktaedirecthestandard-errooutpubmf
programtafile Sinc&NASMisuallyproduces twarnin@nerromessageorstderr,thisan
make it hard to capture the errors if (for example) you want to load them into an ed

NASMhereforeprovideshe bptiontakingfilenamargumentwhiclktausesrrordsdesento
the specified files rather than standard error. Therefore you can redirect the error

nasm -Z myfile.err -f obj myfile.asm

IrearlierversionsofNASM,thisoptiomwascalledE,butitwaschangedsince-Eisanoption
conventionally used for preprocessing only, with disastrous results. See section 2.1

The -s Option: Send Errors to stdout

The-®optiomredirectserromessagesstdoutrathetrhamstderr,sdtcabbeedirectedinder
MS-DOS. To assemble the file myfile.asm and pipe its output to the more program, you

nasm -s -f obj myfile.asm | more

See also the -Z option, section 2.1.15.

The -i Option: Include File Search Directories

WheNASMeesh&includeBtpathsearcldirectivdmsourcdilgsesectior.6.1l,section
4.6.2Bectiol.2.3) iwilkearcfothgivedile@obnlynheurrentdirectoryputlsarmny
directoriespecifiedttheommandindyhesefhebdptionThereforgowcanncluddiles
from a macro library, for example, by typing

nasm -ic:\macrolib\ -f obj myfile.asm
(As usual, a space between -i and the path name is allowed, and optional).

NASMithdnterestefompletsource-codeortabilitydoesotunderstandhd€ilaaming
conventionfthe®Sitdsrunningn;thestringyowprovideasmmrgumentt dhe-joptiomwillbe
prependeéxactlpwrittencheamefhéncluddileThereforehérailindpackslashthe
above example is necessary. Under Unix, a trailing forward slash is similarly necess

(Yowamsehifyoumdvantage ifou’ reeallperverse pynotinghatheptiomrifowill
cause %include "bar.i" to search for the file foobar.i...)

Ifyowanttalefinestandard ncludesearclpath,similarto/usr/includerynisxsystems,you
should place one or more -i directives in the NASMENV environment variable (see sect

For Makefile compatibility with many C compilers, this option can also be specified

The -p Option: Pre-Include a File

NASMillowgoumpecifyfilesdgre-included nt youmsourcefile pyrhaisefthe-mption So
running

nasm myfile.asm —-p myinc.inc

isquivalenttaunningqasmyfile.asmndlacinghelirective&sincludd'myinc.inc'at
the start of the file.

For consistency with the -I, -D and -U options, this option can also be specified as



2.1.19 The -d Option: Pre-Define a Macro

Justashepptiogiveamlternativéeplacingincluddirectiveathstaro®&ourcdile,
the -d option gives an alternative to placing a %define directive. You could code

nasm myfile.asm —-dFO0=100
as an alternative to placing the directive
$define FOO 100

atthestartofthefile Yowamissoffthenacroralue,aswell theoption-dFOQ :quivalentto
codingdefin&00 Thiformfhelirectivamapasefufoselectingssembly-timeptions
which are then tested using %ifdef, for example -dDEBUG.

For Makefile compatibility with many C compilers, this option can also be specified

2.1.20 The -u Option: Undefine a Macro

Thevptionndefinemacrthatwouldtherwishavbeepre-definedgitheautomaticallpr
by a -p or -d option specified earlier on the command lines.

For example, the following command line:
nasm myfile.asm —-dFOO=100 —-uFOO

wouldresultdiFrOQ10beingpredefinednacrdrtherogram Thisisisefultwverrideptions
specified at a different point in a Makefile.

For Makefile compatibility with many C compilers, this option can also be specified

2.1.21 The -E Option: Preprocess Only

NASMillowsthereprocessotrdeurmnntown uggoint Usindhe-Bption(whichrequires
nargumentsywiltausd¥ASHMpreprocesitdénpufilegxpandlthmacreeferencesyremovall
theommentangreprocessodirectivesangrintheesultingilestandardutputtosavéto
a file, if the -o option is also used).

Thisptiormannobaeppliedprogramwhiclrequiréhereprocessotrtevaluatexpressions
which depend on the values of symbols: so code such as

%$assign tablesize ($-tablestart)
will cause an error in preprocess-only mode.

ForompatiblitwitlhldewversiowRNASMifhisptiorarlsberittere-Ewldeversionsf
NASM was the equivalent of the current -Z option, section 2.1.15.

2.1.22 The -a Option: Don’t Preprocess At All

INASM dbeingisecdashédaclendaompiler,imightbelesirable cuppresgpreprocessing
completelywandissumehecompilethaslreadydonet ,tsavaeimeandincreasecompilation
speedsTheaptionrequiringargument instructNASMeoeplacetpowerfubreprocessor
with a stub preprocessor which does nothing.

2.1.23 The -0 Option: Specifying Multipass Optimization
Using the -0 option, you can tell NASM to carry out different levels of optimization

¢ -O0NoptimizationAlbperandsakeheirondormsishortformnotspecifiedexcept
conditional jumps. This is intended to match NASM 0.98 behavior.

e -OlMinimabptimizationAsboveputimmediateperandswhiclwil¥fitimsignedytare
optimizedunlesshdondormspecifiedConditionaljumpslefaultchdondormnless
otherwise specified.
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¢ —Oxfwherdgshactualettex)MultipassptimizationMinimizérancbhffsetandigned
immediatéytespverridingizepecificatiomnlesshestrickeywordhabeemsedsee
sectioB.7)Focompatibilityitharliereleasesthéettemaglsbaengumbegreaterhan
one. This number has no effect on the actual number of passes.

The -0x mode is recommended for most uses, and is the default since NASM 2.09.

NotehatthisiscapitalD,and slifferentfromsmallo,whichsisedspecifytheoutputfile
name. See section 2.1.1.

2.1.24 The -t Option: Enable TASM Compatibility Mode

NASMncluded imitedormfompatibilitwitBorland’ FASMWheMNASM’ s-toption sised,
the following changes are made:

e local labels may be prefixed with @@ instead of

¢ sizeverridesupportedithibracketsIfiASMompatiblmodegizeverridénsidequare
bracketschangesthesizeoftheoperand,anchottheaddresstypeoftheoperandasi tdoesin
NASMsyntax E.gmowax, [DWORDrallisvalidsyntaxiriTASMompatibilitynode Notechat
you lose the ability to override the default address type for the instruction.

e unprefixedormofsomalirectivesupportedlargelifelse,endif,if,ifdef,ifdifi,
ifndef, include, local)

2.1.25 The —-w and -W Options: Enable or Disable Assembly Warnings

NASMambservaenanyonditionsgluringdheoursefissemblwhiclarevortmentionindd¢he
user putnotwsufficientlgevererrorgustifASMefusinggeneratamutputfile These
conditionareeportedikerrorshutomapithhwordwarningbeforéhmessageWarnings
daotpreventNASM romeneratin@mutputfilendeturningsuccesstatustdcheperating
system.

Someonditionarevedesseverehamhatthegprenlgometimewortimentioningschaser.
TherefordASMupportshewommand-lineptionwhicknablesdisablesertaiglassesf
assemblwarning Suclwarninglassesaraescribedywmame foexamplerphan-labels;you
carnablevarningsfhislasdrheommand-lineptionrwtorphan—-labelsandlisabldty
-w—orphan-labels.

The current warning classes are:
e other specifies any warning not otherwise specified in any class. Enabled by defau

e macro-paramgoversrarningsboumulti-linamacrobeindnvokeditlthesronqumbenf
parameters. Enabled by default; see section 4.3.1 for an example of why you might

e macro-selfref warns if a macro references itself. Disabled by default.

¢ macro-defaultsvarnsvhermmmacrdasorelefaultparametershamptionalparameters.
Enabled by default; see section 4.3.5 for why you might want to disable it.

e orphan-labelsoverstarningaboutsourcdinesthiclkrontaimdnstructiobutdefina
labe¥ithouttrailingolonNASMarnabouthisomewhabbscureonditiobydefault see
section 3.1 for more information.

e number-overflowoverwarningabounumericonstantwhichon’ fitiw®®hitsEnableby
default.

e gnu-elf-extensionawarnsif8-bitorl6-bitrelocationsaraisedin-felfformat .ThesNU
extensions allow this. Disabled by default.

e float-overflow warns about floating point overflow. Enabled by default.
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e float-denorm warns about floating point denormals. Disabled by default.

e float-underflow warns about floating point underflow. Disabled by default.

e float-toolong warns about too many digits in floating-point numbers. Enabled by de
e user controls %$warning directives (see section 4.9). Enabled by default.

e lock warns about LOCK prefixes on unlockable instructions. Enabled by default.

e hle warns about invalid use of the HLE XACQUIRE or XRELEASE prefixes. Enabled by d

e bndrarnsboutineffectivaiseofhd&Nprefiswhemelaxedormfijmgnstructiobmecomes
jmp short form. Enabled by default.

¢ zext-reloawarnghatarelocatiorhadeerrero-extendedluedimitationsirtheoutput
format. Enabled by default.

¢ ptwarnsboutkeywordaisedmthemssemblershatmightindicataemistakethesource
code. Currently only the MASM PTR keyword is recognized. Enabled by default.

¢ bad-pragmaarnsboutmal formedotherwiseinparsabl&pragmalirectiveDisabledy
default.

e unknown-pragmawarnsaboutamunknowntpragmadirective.Thisisnotyetimplemented.
Disabled by default.

e not-my-pragmavarnsboutdtpragmadirectivevhich snotapplicabledhigparticular
assembly session. This is not yet implemented. Disabled by default.

e unknown-warningwarnsabouta-wor-Woptionora[WARNING]directivethatcontainsan
unknown warning name or is otherwise not possible to process. Disabled by default.

e alisnliafoaffuppressiblwarninglassesThusyw+alénablealavailabl@arnings,
and -w-all disables warnings entirely (since NASM 2.13).

Sinceversion2.00,NASMhasalsosupportedthegcc-likesyntax-Wwarning-classand
-Wno-warning-clasdnsteadfwt+warning-clasandw-warning—-classrespectively;
both syntaxes work identically.

Theptionrwt+erromwrWerrorarbaisedd reatwarningssrrors.Thisameontrolledmr
pewarninglasbasidq-w+error=warning—class =Werror=warning—class) i fisvarning—class s
specifiedNASMcreatsitas—wterror=all;thesameappliesto-w—erroror-Wno—-error,of
course.

Imdditionyowarmontrowarningdmheourceodatselfusinghd WARNINGHirective See
section 6.10.

2.1.26 The -v Option: Display Version Info

TypindNASM-willdisplaytheversionofNASMvhichyouwareusing,andthedateorwhichitwas
compiled.

You will need the version number if you report a bug.

Forommand-lineompatibilitwitKWasmthdorm—isalsacceptedothisptiostartingn
NASM version 2.11.05.

2.1.27 The -y Option: Display Available Debug Info Formats

Typinguasmf<option>willdisplayalistoftheavailabledebuginfoformatsforthegiven
output format. The default format is indicated by an asterisk. For example:

nasm —-f elf -y
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valid debug formats for 'elf32’ output format are
(" *’ denotes default):
* stabs ELF32 (i386) stabs debug format for Linux
dwarf elf32 (i386) dwarf debug format for Linux

2.1.28 The —-prefix and ——postfix Options.

The-prefixand-postfixptionprependmppend respectivelylthegivemrgumentall
globalorexternvariables.E.g.——prefix willprependtheunderscoretoallglobaland
external variables, as C requires it in some, but not all, system calling convention

2.1.29 The NASMENYV Environment Variable

Ifodefinarnvironmentvariablealle®ASMENVitherogramillinterpretitdistoéxtra
command-lineptionswhiclhrerocessedbeforeheacaktommandine Yowamséehisoefine
standard search directories for include files, by putting -i options in the NASMENV

Thevalueofthevariableissplitupatwhitespace,scthatthevalue-s-ic:\nasmlib\willbe
treatedastwseparateptions However,thatmeanshattheralue-dNAME="myname 'won’ tdo
whatyomightwant becausdtwilbesplitthespacandh&lASMommand-lingrocessingrill
get confused by the two nonsensical words —-dNAME="my and name".

Tgetroundhis NASMrovidesfeaturethereby i Folhegith&lASMEN¥nvironmentvariable
witlsomecharacterrhatisn’ @minusign,theMNASMvilreatthisharactemsheseparator
characterforoptions.ScsettingtheNASMENWariabletcthevalue!-s!-ic:\nasmlib\is
equivalent to setting it to -s —-ic:\nasmlib\, but !-dNAME="my name" will work.

This environment variable was previously called NASM. This was changed with version

2.2 Quick Start for MASM Users

Ifou’ reisedwritingprogramwitMASMpowit HASMMASM-compatiblgnon-Ideal modepr
with86thisectionttemptsoutlinthmajodifferencebetweeMASM’ syntagnNASM’ sIf
you’ re not already used to MASM, it’s probably worth skipping this section.

2.2.1 NASM Is Case-Sensitive

OneimpldifferencaeshaNASNMsase-sensitivelmakedifferencehetheyouval¥outabel
foo,FooorF0O0.Ifyou’ reassemblingtoDOSor0S/2.0BJfiles,youcaninvoketheUPPERCASE
directivddocumentedsectiof.4tensuréehatlsymbolexportedotherodamodulesre
forced baipperase puteverthen Withilssinglenodule NASW/il Histinguistbetweerd abels
differing only in case.

2.2.2 NASM Requires Square Brackets For Memory References

NASMvaslesignedvitlsimplicitypyfyntaximind Oneffthelesigmoal NASM £hatdtshould
beossibleadamd practical forhaiserdoocktmingld ineNASModandel Whatopcode
is generated by it. You can’t do this in MASM: if you declare, for example,

foo equ 1
bar dw 2

then the two lines of code

mov ax, foo
mov ax,bar

generate completely different opcodes, despite having identical-looking syntaxes.

NASMvoidéshisndesirableituatiobhavinguclsimplesyntafomemoryeferencesThe
ruldsimplyhatnwyccessaheontents fmemorgocatiomrequiresquardracketaroundhe
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address,andanyaccesstotheaddressofavariabledoesn’ t .Soaninstructionoftheform
movax, foawillalwaysrefert cacompile—-timeconstant,whetherit’ sarEQUbrtheaddressofa
variable; and to access the contents of the variable bar, you must code mov ax, [bar].

Thisalsomeansthat NASMhasnoneed forMASM’ sOFFSET keyword, sincetheMASMcode
movax, of fsetbameansexactlythesamethingasNASM’ smovax, bar.Ifyou’ retryingtoget
large amounts of MASM code to assemble sensibly under NASM, you can always code
$idefine offset to make the preprocessor treat the OFFSET keyword as a no-op.

Thidssud evemoreonfusindm86 wheraleclarindabeWwitlirailingolomefinedtba
‘label’asopposedtoa‘variable’andcausesa86toadoptNASM-stylesemantics;soina86,
movax,varhasdifferentbehaviourdependingonwhethervarwasdeclaredasvar:dw0 (a
label) or var dw 0 (a word-size variable). NASM is very simple by comparison: everythi

NASMjittheénterestefimplicityalsdoesnotsupporthédybridyntaxesupportedASMnd
itsclones,suchasmovax, table[bx],whereamemoryreferenceisdenotedbyoneportion
outsidesquarebracketsandanotherportioninside.Thecorrectsyntaxfortheaboveis
mov ax, [table+bx]. Likewise, mov ax,es:[di] is wrong and mov ax, [es:di] is right.

2.2.3 NASM Doesn’t Store Variable Types

NASM,bydesign,choosemottacememberthetypesofvariablesyouwdeclare WhereaMASMyill
remember ,orseeingrardw) ,thatyowdeclaredramsword-sizerariable,andvilltherbaable
tdfillinhambiguitymheizefhdnstructiomowar, 2 NASNildeliberatelyemember
nothingaboutthesymbolvarexceptwhereitbegins, andsoyoumustexplicitlycode
mov word [var],2.

Forthisreason, NASMdoesn’ t support thelLODS, MOVS, STOS, SCAS, CMPS, INS, orQOUTS
instructionsbubnlgupportshéormsuch&0DSBMOVSWan8CASDywhickxplicitlgpecify
the size of the components of the strings being manipulated.

2.2.4 NASM Doesn’t ASSUME

AparofNASM' slrivdosimplicity italsadoesnotsupportthdSSUMElirective NASNilhot
keert racko fivhatvaluesyowchooseeputinyoursegmentregisters,andeil Ineverautomatically
generate a segment override prefix.

2.2.5 NASM Doesn’t Support Memory Models

NASMlsdoesmothavanygirectivessuppordifferentl 6-bimemormodels Therogrammer
hags &keegraclofwhicHunctionsaresupposeddealledritifaral bndvhiclwitlmearall,
and gesponsibldoputtingdheorrectformREEnstruct ion(RETMRETE NASMccept RET
itselfismlternatdormoRETN) jmadditionfherogrammer sesponsibl€orodin§ALFEFAR
instructionsthereecessarwhercalling@xternafunctions,andwustalskeerraclofvhich
external variable definitions are far and which are near.

2.2.6 Floating-Point Differences

NASMiseglifferentnametsaeferdloating-pointregistersfroMASMwher&ASMoulaall
themST (0) ,ST (1)andsoon,anda86wouldcallthemsimply0,landsoon,NASMchoosestocall
them st0, stl etc.

Asofversion0.96,NASMnhowtreatstheinstructionswith'nowait’formsinthesamewayas
MASM-compatiblassemblersTheédiosyncratitreatmentmployed§. 9&ndarliewalbasedn
a misunderstanding by the authors.

2.2.7 Other Differences

Fothistoricalreasons NASMisesthé&keywordWORGvhera@/ASMincdcompatibleassemblerasise
TBYTE.
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NASMloesnotdeclareuninitializedstorageinthesamewayasMASM:whereaMASMorogrammer
might use stack db 64 dup (?), NASMrequires stack resb 64, intended to be read as
‘reservébytes’ FoAimitedmounbftompatibilitysinc&dlASMreat®sralidharactenn
symbolnames, youcancode?equlandthenwritingdw?willatleastdosomethingvaguely
useful. DUP is still not a supported syntax, however.

IndditiotaldbfhismacroandirectiveworkompleteldifferentlydMASMSeehapteédnd
chapter 6 for further details.



3.1

Chapter 3: The NASM Language

Layout of a NASM Source Line

LikmostssemblersgacNASMourcéineontaingunlesstmacropreprocessodirectiver
an assembler directive: see chapter 4 and chapter 6) some combination of

label: instruction operands ; comment

Asisual mostofhesdieldareptional theresencenbsencefingombinatiomfabel an
instructiomn@&ommentisllowedOfoursetheperandieldeitherequiredforbiddeby
the presence and nature of the instruction field.

NASMsebackslashi\athéineontinuationharacterjfiinendwitbackslashiheextines
considered to be a part of the backslash-ended line.

NASMlacesoestrictionowhitespacaerithidinelabelmahaverhitspacdeforéehempr
instructionmahavespacbeforeéhempanythingTheolonftedabelalsoptional (Note
thatthianeansthatifyouintendtoccodelodskaloneoral ine,andtypelodalbyaccident,then
that’sstillavalidsourcelinewhichdoesnothingoutdefinealabel .RunningNASMviththe
command-lineoption-wtorphan—-labelsvillcauselittovarryoul fyoudefinealabelaloneom
line without a trailing colon.)

Validharacterddabelsardetterspnumbers, S#Q,,. and® Thenlyharactershiclmape
useashdrstharactepfindentifienrdetters (witlspeciaheaningsesectio’.9) an&.
Aridentifiemaplsberefixearitlidndicatehatitisntended baecadandentifiernnd
notxeservediord;thus,ifSomethemodulgowrdinkingiitidefinessymbokallecax,you
camrefert Seaxi NASModecadistinguishthesymbolfrontheregister Maximunmlengtlofan
identifier is 4095 characters.

TheinstructiorfieldnayxontairmnynachindnstructionPentiumnd®@nstructions,FPU
instructiondM¥structiomsedramdocumentedadstructiomasEshipportedhenstruction
maybeprefixedoyLOCK,REP,REPE/REPZ,REPNE/REPNZ,XACQUIRE/XRELEASEorBND/NOBND,
ithaisualWway Explicitaddress-sizaendperand-sizerefixedAl16A32A6401@nd32,064
areprovidedonesxampleoftheimsei syivenirchapterl0.Yowarmlsaiseehenameo fasegment
registerasaninstructionprefix: codingesmov [bx],ax isequivalent tocoding
movies:bx],ax Werecommendhelattersyntax,sinceitisconsistentwithothersyntactic
featuresofthelanguage,butforinstructionssuchadl.ODSB,whicthasmomperandsand/etcan

the four fi

require a segment override, there is no clean syntactic way to proceed apart from es

Aninstruction smotrequiredaiseprefixprefixesuca<LS,A32,LOCKREPEamppeamma
line by themselves, and NASM will just generate the prefix bytes.

IndditiotactuahachineénstructionsNASMlssupportaumbeonpseudo-instructions,
described in section 3.2.

Instructiomperandamatakenumbewfforms theyxabeegisters,describedimplibithe
registemamegle.gaxbpebx,cr0NASMoesnotusehgas-stylesyntadimwhiclregistemames
musberefixetdhpign) pthegabeffectivaddresseqgsesection.3) constantgsection
3.4) or expressions (section 3.5).

Foxr8Floating-pointinstructionsNASMccept@ideangesfyntaxesyouwanséwo—operand
formslikeMASMsupports,oryowcamseNASM’ snativesingle—operandformsimostcases For
example, you can code:

fadd stl ; this sets st0 := st0 + stl
fadd st0, stl ; so does this
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3.2

3.2.1

3.2.2

3.2.3

30

fadd stl,stO ; this sets stl := stl + stO
fadd to stl ; so does this

Almosany8Floating-pointnstructiohhareferencememormustsenefhprefixeBWORD,
QWORD or TWORD to indicate what size of memory operand it refers to.

Pseudo-Instructions

Pseudo-instructionsrehingshichthoughotreak8machindnstructionsaresedmhe
instructionfieldanywaybecausethat’ sthanostconvenientplacetputthem.Thecurrent
pseudo-instructionsar®BPWPDPOPTPOPBEN@Z theinninitializedounterpartRESB,
RESW,RESD,RESQ,REST,RESO,RESYandRESZ; theINCBINcommand, theEQUcommand, andthe
TIMES prefix.

DB and Friends: Declaring Initialized Data

DB,DW,DD,DQ,DT ,DO,DYandZaraised,muchasiiMASM,tadeclareinitializeddataintheoutput
file. They can be invoked in a wide range of ways:

db 0x55 ; Just the byte 0x55

db 0x55,0x56, 0x57 ; three bytes in succession

db "a’,0x55 ; character constants are OK

db "hello’,13,10,’S$’ ; so are string constants

dw 0x1234 ; 0x34 0x12

dw ra’ ; 0x61 0x00 (it’s just a number)
dw "ab’ ; 0x61 0x62 (character constant)
dw "abc’ ; 0x61 0x62 0x63 0x00 (string)
dd 0x12345678 ; 0x78 0x56 0x34 0x12

dd 1.234567e20 ; floating-point constant

dg 0x123456789%abcdef0 ; eight byte constant

dg 1.234567e20 ; double-precision float

dt 1.234567e20 ; extended-precision float

DT, DO, DY and DZ do not accept numeric constants as operands.

RESB and Friends: Declaring Uninitialized Data

RESB,RESW,RESD,RESQ,REST,RESO,RESYandRESZaredesignedtdoeusedintheBSSsectionof
aodule theydeclaraninitializedtoragespace EacltakessingleperandwhichH £heiumbeof
byteswordsdoublewordswhatevetraoeserveAstatedsectioR.2.7NASMoesotsupport
theASM/TASMyntarfeservingninitializedpackbyriting®similathingsthidwhatt

does instead. The operand to a RESB-type pseudo-instruction is a critical expression:

For example:

buffer: resb 64 ; reserve 64 bytes
wordvar: resw 1 ; reserve a word
realarray resq 10 ; array of ten reals
ymmval: resy 1 ; one YMM register
zmmvals: resz 32 ; 32 ZMM registers

INCBIN: Including External Binary Files

INCBIN HorrowedromheoldmigassemblebPevPacitincludedbinaryfilererbatimntdahe
outputfileThisabdandyorx foexample)includingraphicandoundatairectlyntaame
executable file. It can be called in one of these three ways:

incbin "file.dat" ; include the whole file
incbin "file.dat",1024 ; skip the first 1024 bytes

see



incbin "file.dat",1024,512 ; skip the first 1024, and
; actually include at most 512

INCBIN botlmlirectivandstandardacroithestandardacroersiomearchefotrhegildn
thdncluddilsearclhpatlandddshdiléedshalependencyists Thimacrocabeverriddenf
desired.

3.2.4 EQU: Defining Constants

EQ@Wefinesymbokt@iverronstantvalue whekQU sised,thesourcd inemustcontaimabel.
ThactiomEQitdefinehgivedabehamedhealuefitsonlypperandThislefinitiods
absolute, and cannot change later. So, for example,

message db "hello, world’
msglen equ $S-message

definesmsglentobetheconstantl2.msglenmaynotthenberedefinedlater.Thisisnota
preprocessodefinitiomsitherthwaluefisglensvaluatednceusinghgaluefsesection
3.¥ommexplanatiomBattheointwfdefinition,ratherthabmeingvaluatedthereverdits
referenced and using the value of $ at the point of reference.

3.2.5 TIMES: Repeating Instructions or Data

Th&IME®refixauseshdnstructiorbassembledultipleimes Thid partlpresentas
NASM’ s equivalent of the DUP syntax supported by MASM-compatible assemblers, in that

zerobuf: times 64 db 0

osimilatrhingspbutTIMES snoreversatileharthat Thargument FIMES s1otjustmumeric
constant, but a numeric expression, so you can do things like

buffer: db "hello, world’
times 64-S$+buffer db 7 '

whiclwillstoreexactlynouglspacesmakeheotallengtlobuffemp 4 Finally, TIMES
can be applied to ordinary instructions, so you can code trivial unrolled loops in i

times 100 movsb

Notethatthereisnceffectivedifferencebetweentimesl00resblandresbl00,exceptthat
the latter will be assembled about 100 times faster due to the internal structure of

The operand to TIMES is a critical expression (section 3.8).

NotalschatTIMERan’ bappliedmacrostheeasorforthis £hatTIMES processedfter
thenacrphasewhiclmllowshargument FIMES ccontairexpressionsucla$4-$+buffer
asabove.Torepeatmorethanonelineofcode,oracomplexmacro,usethepreprocessorsrep
directive.

3.3 Effective Addresses

AaffectivaeddressangperantehnstructiowmhicheferencememoryEffectivaeddressesin
NASMhaveveryimpleyntaxtheyonsistofhmxpressiomvaluatingahelesiredddress,
enclosed in square brackets. For example:

wordvar dw 123
mov ax, [wordvar]
mov ax, [wordvar+1]
mov ax, [es:wordvar+bx]

Anythinqottonformingd¢chisimpleystemr siotaralidhemoryeferenca WNASM forxample
es:wordvar [bx].
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Moreomplicatedffectivaddressesguchshosénvolvingorehanneegisteryorkaxactly
the same way:

mov eax, [ebx*2+ecx+offset]
mov ax, [bp+di+8]

NASMsapablefloinglgebrahheseffectivaddressesgthathingwhicHon’ hecessarily
look legal are perfectly all right:

mov eax, [ebx*5] ; assembles as [ebx*4+ebx]
mov eax, [labell*2-1label2] ; ie [labell+ (labell-label2)]

Someformsofeffectiveaddrescshavemorechamneassembledform;imostsuchcaseNASMyill
generatehesmallestformtcan Foexample theraralistinceassembledormfotrh82-bit
effectivaddressedeax*2+0bndeax+teax] anMASMilgenerallygeneratéhdatteovmhe
grounds that the former requires four bytes to store a zero offset.

NASMashintingnechanismwhichvillcause[eax+tebxland ebx+eaxltageneratedifferent
opcodesthidsccasionallusefubecausdesitebphndebptesihavelifferendefault
segment registers.

However,yowwanforca&NASM aggeneratarffectiveaddressimparticularformythaiseofthe
keywords BYTE, WORD, DWORD andNOSPLIT. If youneed [eax+3] tobeassembledusinga
double-wordoffsetfieldinsteadoftheonebyteNASMvillnormallygenerate,youcancode
[dwordeax+3] Similarly,yowanforca&NASM aisebyteoffsetfommal valuawhichithasn’t
seenonthefirstpass (seesection3.8foranexampleofsuchacodefragment)byusing
[bytescaxtoffset] Asspecialcases,[bytecax]willcode[eax+0lwithdbyteoffsetofzero,
and[dwordeax]willcodeitwithadouble-wordffsetofzero.Thenormalform, [eax] ,willbe
coded with no offset field.

Thd€ormescribedthereviouparagrapialsasefulifoareryinga@ccesslatam2-bit
segmentfromwithinl @bitcode .Fomoreinformationonthisseethesectionomixed-size
addressindgsectioh0.2) Iparticularjiyoneetiaccesdatmitknownffsethattiargerhan
wilfitdm6-bitvalue ifowdon’ tspecifyrhatitisdwordffset naswillausehdighworadf
the offset to be lost.

SimilarlyNASMilkplifeax*2lintdeaxt+eaxbecause¢hatllowsheffsetfieldbabsent
andgpacedsesaved;irfact itwilhlssplitfeax*2+offsetlintdeaxteax+offset] Yowan
combat thisbehaviourbytheuseoftheNOSPLITkeyword: [nospliteax*2]will force
[eax*2+0 ktdgeneratediterally.[nosplittax*lhlshashesameffect Iranothewaya
splitEAform[0,eax*2]canbeused,too.However, NOSPLITin[nospliteaxteax]willbe
ignored because user’s intention here is considered as [eaxteax].

Iv4-bimode NASMilbygefauligeneratabsolutaddresses Th&Ekeywordaked produce
RIP-relativeddressesSincehisfrequentlygheormallgesiredehaviourgeehBEFAULT
directive (section 6.2). The keyword ABS overrides REL.

AedormfEplieffectivaddresyntatalssupportedThidmainlyntendedomilbperands
asise®dWMPX nstructions butcabaisedomnmemoryeference Thdasiconceptoffthiform
is splitting base and index.

mov eax, [ebx+8,ecx*4] ; ebx=base, ecx=index, 4=scale, 8=disp

FomilbperandstherarseveraWwaysfritingffectivaddresslependingrheools NASM
supports all currently possible ways of mib syntax:

; bndstx

; next 5 lines are parsed same

; base=rax, index=rbx, scale=1, displacement=3
bndstx [rax+0x3,rbx], bnd0 ; NASM - split EA
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3.4.1

bndstx [rbx*1l+rax+0x3], bnd0 ; GAS - ’"*1’ indecates an index reg

bndstx [rax+rbx+3], bnd0 ; GAS - without hints
bndstx [rax+0x3], bnd0, rbx ; ICC-1
bndstx [rax+0x3], rbx, bnd0 ; ICC-2

When broadcasting decorator is used, the opsize keyword should match the size of eac

VDIVPS zmm4, zmm5, dword [rbx]{ltolé6} ; single-precision float
VDIVPS zmmé4, zmmb5, zword [rbx] ; packed 512 bit memory
Constants

NASM understands four different types of constant: numeric, character, string and f1l

Numeric Constants

Aumericonstantissimplyemnumber NASMallowsyourspecifynumbersiravarietyomumber
bases,imavarietyfways:youwcansuffixorX,DorT,r0,andBor¥forhexadecimal ,decimal,
octabhndinaryespectivelypyowaprefidx fohexadecimalimhstylefpyocaprefis
fohexadecimaithstyleBorlan®ascabMMotoroldssemblersNotefthoughthathrefix
doegloubldutwyagprefivrndentifierssesection.l) sdexumbeprefixedritldigmust
havaligiwfteth&athethadetterImdditiongcurrentversion®NASMcceptherefi®h
forhexadecimal,0dbr0tfordecimal ,0mrcgforoctal ,andorlyforbinary .Pleasenotethat
unlike C, a 0 prefix by itself does not imply an octal constant!

Numeric constants can have underscores (_) interspersed to break up long strings.

Some examples (all producing exactly the same code):

mov ax, 200 ; decimal

mov ax, 0200 ; still decimal

mov ax,0200d ; explicitly decimal

mov ax, 0d200 ; also decimal

mov ax, 0c8h ; hex

mov ax, $0c8 ; hex again: the 0 is required
mov ax, 0xc8 ; hex yet again

mov ax, Ohcs8 ; still hex

mov ax,310q ; octal

mov ax, 3100 ; octal again

mov ax, 00310 ; octal yet again

mov ax, 0g310 ; octal yet again

mov ax,11001000b ; binary

mov ax,1100_1000b ; same binary constant

mov ax,1100_1000y ; same binary constant once more
mov ax,0b1100_1000 ; same binary constant yet again
mov ax,0y1100_1000 ; same binary constant yet again

3.4.2 Character Strings

Bharactestringonsistefipeightharactersnclosedaithesinglgquoteg’ ...’ ) double
quotes("..."pobackquotes('...") Singledoublguotearequivalentt NASMexceptof
courséhasurroundingheonstanwitlsinglguoteallowsloublguotesappeawithintnd
viceersa)theontentsfthosareepresentederbatimStringsnclosedbackquotesupport
C-style \-escapes for special characters.

The following escape sequences are recognized by backquoted strings:

\’ single quote (')
\" double quote (")
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\ backquote (V)

\\ backslash (\)

\? question mark (?)

\a BEL (ASCII 7)

\b BS (ASCII 8)

\t TAB (ASCII 9)

\n LF (ASCII 10)

\v VT (ASCIT 11)

\f FF (ASCII 12)

\r CR (ASCII 13)

\e ESC (ASCII 27)

\377 Up to 3 octal digits - literal byte

\xFF Up to 2 hexadecimal digits - literal byte
\ul234 4 hexadecimal digits - Unicode character

\U12345678 8 hexadecimal digits - Unicode character

AlbtheescapsequencearaeservedNotehatOmeanindlUkharacterASCID) ismpecial
case of the octal escape sequence.

UnicodeharacterspecifieditNowiGreonverteddTF-8Foexamplethd&ollowindines
are all equivalent:

db *\u263a‘ ; UTF-8 smiley face
db ‘\xe2\x98\xba’ ; UTF-8 smiley face
db OE2h, 098h, OBAh ; UTF-8 smiley face

Character Constants

Kharacteronstanttonsistefstringgeightbytedongusedmrexpressiorontext Itis
treated as if it was an integer.

Eharacteronstanwitmorehamndyteilbarrangedritiittle-endiamrdermindifou
code

mov eax,’abcd’

thertheconstantgenerated smot0x61626364 ,butlx64636261,sdhatdi fyowerehertcstore
thevalueintanemory,itwouldreadabcdrathertharmdcba.Thisisalscthesenseofcharacter
constants understood by the Pentium’s CPUID instruction.

String Constants

Stringonstantareharactestringasedhheontextfompseudo-instructionspamelyhBB
familywndNCBIN(wherdtrepresentsfilename.)Theyaralsaisedrcertaimpreprocessor
directives.

Btringonstantlookd ikerharactexonstant onlyonger Itifreatedstoncatenatiomf
maximum-size character constants for the conditions. So the following are equivalent

db "hello’ ; string constant
db "h’,’e’,’1",71","0’ ; equivalent character constants

And the following are also equivalent:

dd "ninechars’ ; doubleword string constant
dd "nine’,’char’,’s’ ; becomes three doublewords
db "ninechars’,0,0,0 ; and really looks like this

Notéhawhemsedmtring-supportingontextguotedtringaréreatedstringonstants
even ftheymreshortenouglt decharacterxronstant becausetherwisadld ab'wouldavehe
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sameffecaédba’whichouldsillySimilarlyfthree-characteesfour-characteeconstants
are treated as strings when they are operands to DW, and so forth.

Unicode Strings

Thespecialoperators utflé6_ ,  utfléele_ , utflébe_ , utf32_ , utf32le_
and _utf32be__allowsdefinitiomflUnicodestrings.TheytakestringirUTF-8formatand
convertstt dJJTF-1@MTF-32,respectivelyUnlessthédormarspecified,theoutputis
littleendian.

For example:

$define u(x) __utflé6_ (x)

%$define w(x) __ utf32_ (x)
dw u(’C:\WINDOWS’), O ; Pathname in UTF-16
dd w('A + B = \u206a‘'), 0 ; String in UTF-32

Th8TBperatorsabaeppliedithetstringpassedch®Bamilynstructionsptcharacter
constants in an expression context.

Floating-Point Constants

Floating-pointconstantsareacceptableonlyasargumentstDB,DW,DD,DQ,DT,andO,o0ras
argumentf£d¢hepeciabperators float8_ , floatl6_ , float32_ , float64d_ ,
_ float80m__, _ float80e_ , _ floatl281_ , and _ floatl28h__ .

Floating-pointonstantsrexpressetnheraditionaflormdigitsthemeriodshesptionally
moraligits,themptionallyifollowedprrexponent Theperiod mandatory,schatNASMan
distinguishbetweenddl,whichdeclaresanintegerconstant,andddl.Owhichdeclaresa
floating-point constant.

NASM supporO9-stylexadecimadlloating-pointOshexadecimaligit periodptionally
morédexadeximaldigits,themmptionally@followedyinarfnothexadecimal }exponentin
decimahotationAasaxtensionNASMdditionallgupportsh@hnfirefixefohexadecimal,
as well binary and octal floating-point, using the Ob or Oy and 0o or Og

Underscores to break up groups of digits are permitted in floating-point

Some examples:

db -0.2 ; "Quarter precision"

dw -0.5 ; IEEE 754r/SSE5 half precision
dd 1.2 ; an easy one

dd 1.222_222_222 ; underscores are permitted
dd Ox1lp+2 ; 1.0x272 = 4.0

dg Ox1p+32 ; 1.0x2732 = 4 294 967 296.0
dg 1.el10 ; 10 000 000 000.0

dg l.e+10 ; synonymous with 1.el0

dg l.e-10 ; 0.000 000 000 1

dt 3.141592653589793238462 ; pi

do 1.e+4000 ; IEEE 754r quad precision

Te-bIMguarter-precisiorfoating-poiftormagd gn:exponent :mantislssd wd @xponent
biasfi Thisppearsbéehamosttrequentlyused@-bitfloating-pointtormat althoughtisot
covered by any formal standard. This is sometimes called a "minifloat."

Thepeciadperatorarasedproducéloating-poinhumbersntherontextsTheproducthe
binaryepresentatioandpecififloating-poinhumbeaanntegerandansenywherénteger
constantsareusedinanexpression._ float80m__and float80e__producethe64-bit
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_ floatl1l28h_producehdowemndipperd-bithalve Al 28-bitfloating-pointnumber,
respectively.

mantissaandl 6-bitexponentofan80-bitfloating-pointnumber,and floatl1l281__and

For example:

mov rax,_ float64_ (3.141592653589793238462)

.. wouldssigrthdinaryepresentatiombihsbd-bitfloatingointmumbernnt RAX Thids
exactly equivalent to:

mov rax, 0x400921fb54442d18

NASMannotdaompile-timarithmetiomrfloating-pointtonstants This $ecaus&lASM s
designeddeortablealthoughtalwaygeneratesodecumnx8processorsthassembler
itseltarummnyystemitl@®NSTtompiler Thereforethassemblexannotguaranted¢he
presencefloating-pointunittapablehandlinghdntehumberformats anddoNASM be
abledfloatingrithmetidcwoulaveancludetewnompletsebfloating-pointoutines,
which would significantly increase the size of the assembler for very little benefit

Thespecialtokens__ Infinity ,__ QONaN__ (or__NaN__) and__SNaN__canbeusedto
generate infinities, quiet NaNs, and signalling NaNs, respectively. These are normal

$define Inf _ Infinity_
%$define NaN __ QNaN_
dg +1.5, -Inf, NaN ; Double-precision constants

The %use fp standard macro package contains a set of convenience macros. See section

Packed BCD Constants

x87-styleacke®Clonstantsabesedithsameontexta80-bitfloating-pointnumbers.
They are suffixed with p or prefixed with Op, and can include up to 18 decimal digit

As with other numeric constants, underscores can be used to separate digits.
For example:

dt 12_345_678_901_245_678p
dt -12_345_678_901_245_678p
dt +0p33

dt 33p

Expressions

ExpressiondhNASMreimilarsyntaxchosefExpressionarevaluated$4-bitintegers
which are then adjusted to the appropriate size.

NASMupporttswespeciatlokenxpressionsgllowincglculationsnvolveheurrendssembly
position:thelands$cokens.$evaluatestctheassemblypositiomtthédeginningftheline
containinghexpressionsgowcarodannfinitdoomsindgMB s&valuatesahdeginning
of the current section; so you can tell how far into the section you are by using ($

The arithmetic operators provided by NASM are listed here, in increasing order of pr

|: Bitwise OR Operator

Thémeratogiveﬁﬁiwis@Rexactlp;@rformebyh@ﬁwchindnstructionBitwis@Hs
the lowest-priority arithmetic operator supported by NASM.
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3.5.3

3.5.4

3.5.5

3.5.6

3.5.7

3.6

A: Bitwise XOR Operator

~ provides the bitwise XOR operation.

&: Bitwise AND Operator

& provides the bitwise AND operation.

<< and >>: Bit Shift Operators

<givesdbit-shifttaheleft,justasitdoesinC.Scb<<Fvaluatestcbtimesd,ord0.>>givesa
bit-shifttacheright;iMASM,sucheshift salwaysinsigned,sdchatthditshiftedrfromthe
left-hand end are filled with zero rather than a sign-extension of the previous high

+ and -: Addition and Subtraction Operators
The + and - operators do perfectly ordinary addition and subtraction.
*, 1, 11, % and %%: Multiplication and Division

Agheultiplicatiowmperator And Arbotllivisiowperatorsdsnsignedivisiomnd As

[3e)

signed division. Similarly, % and %% provide unsigned and signed modulo operators re
NASM, like ANSI C, provides no guarantees about the sensible operation of the signed

Sincéh&haractersiseé@xtensivelpyhamacrpreprocessoryoshoul@nsuréehatbotlthe
signed and unsigned modulo operators are followed by white space wherever they appea

Unary Operators

Thérighest-prioritypyperatorsWNASM’ £xpressiomrammamrehoserhiclonlypplitmne
argument. These are +, -, ~, !, SEG, and the integer functions operators.

negatesitsoperand,tdoesnothing(it’ providedforsymmetrwith-) ,~computestheone’s
complement of its operand, ! is the logical negation operator.

SEG provides the segment address of its operand (explained in more detail in section

BebhdditionabperatorwitAheadingndrailindoublanderscorearasedamplementhe
integer functions of the ifunc macro package, see section 5.4.

SEG and WRT

Whemritingargé6-biprogramswhichusbespliintmultipleegmentsjitteftenecessargo
baabletarefertcchesegmentpartoftheaddressofasymbol NASMsupportstheSEGperatorto
perform this function.

Thé&E®peratoreturnshereferredegmentbasefsymbol definedshesegmentasaelative
to which the offset of the symbol makes sense. So the code

mov ax, seg symbol
mov es,ax
mov bx, symbol

will load ES:BX with a valid pointer to the symbol symbol.

Thingscarbanorecomplexthanthis:sincel6-bitsegmentsandyroupamayverlap,younight
occasionallwanttaoefetrsomesymbolisingdifferentsegmentbasedromthereferredne.
NASM lets you do this, by the use of the WRT (With Reference To) keyword. So you can

mov ax,weird_seg ; weird_seg is a segment base
mov es, ax
mov bx, symbol wrt weird_seg
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to load ES:BX with a different, but functionally equivalent, pointer to the

NASMupportfarinter-segment)allandumpdbmeanofhesyntaxallsegment:offset,
wheresegmentandffsetbotlrepresentimmediateralues Sdacallafamrocedure,yowould
code either of

call (seg procedure) :procedure
call weird_seg: (procedure wrt weird_seq)

(ThparenthesearéncludefloclarityishowhéntendedarsingtfhebovénstructionsThey
are not necessary in practice.)

NASMsupportsthesyntaxcallfarprocedureasasynonymforthefirstoftheaboveusages.
JMP works identically to CALL in these examples.

To declare a far pointer to a data item in a data segment, you must code
dw symbol, seg symbol

NASMsupportswaconvenientsynonynforthis,thoughyowramlwaysinventonaisinghenacro
processor.

STRICT: Inhibiting Optimization

Whermssemblingritltheptimizesettdevedhigher(sesectio®.1.23) NASMillisesize
specifiers(BYTE,WORD,DWORD,QWORD,TWORD,OWORD,YWORDo¥ZWORD) ,butwillgivethenthe
smallespossibleizeTh&eywor8TRICEabasedanhibibptimizatioandorcearticular

symbol s

operand to be emitted in the specified size. For example, with the optimizer on, and

push dword 33
is encoded in three bytes 66 6A 21, whereas

push strict dword 33

is encoded in six bytes, with a full dword immediate operand 66 68 21 00 00 00.

Witltheptimizeoff thesameode(sidbytes)igeneratedthetherthesSsTRICkeywordrasised
or not.

Critical Expressions

AlthougiNASMasmptionalmulti-pasoptimizer,theraresomexpressionsthichmustbe
resolvable on the first pass. These are called Critical Expressions.

The€irstpasdsisedaeterminghesizefilthassembledodandlata,sahatheecongass,
whemyeneratin@allheode knowsmllheymboladdressestheodereferso SmnehindiASM
can’ thandld sodevhosessizalependortheraluefsymboldeclaredftetrtheodd muestion.
For example,

times (label-$) db O
label: db 'Where am I?’

Thargument §IME3thisaseoula@qualliegallevaluateanythingtll NASMilYkxeject
thisxampldecausdttannotelthesizefhdIMESinetherdtfirstseedt IwilHustafirmly
reject the slightly paradoxical code

times (label-$+1) db 0
label: db "NOW where am I?’

in which any value for the TIMES argument is by definition wrong!



NASMre jectstheseexampledymeansofaconceptcal ledcriticaxpression,whichi sdefined de
arxpressiomhoseralud sequired beomputabldihe€irstpass,anathiclmusttherefore
depend only on symbols defined before it. The argument to the TIMES prefix is a crit

Local Labels

NASMjivespecialkreatmenttsymboldeginningritleriod Aabebeginningiitlsingle
periodsreateadocdlabel whichmeanshatiisssociatedititherevioumon-localabel.
So, for example:

labell ; some code

.loop
; some more code

jne .loop
ret
label2 ; some code

.loop
; some more code

jne .loop
ret

Inhaeboveoddragment gackNEnstructiogumpsschdindmmediatelpeforatpecausche
twadefinitionsf loomre&keptseparatéwirtuefaclbeing@associatedvititherevious
non—-local label.

Thidormflocallabehandling dorrowedromheoldmigassembledDevPachowever NASM
goesnstegurtherinllowingccessdocalabelfromthepartefheodeThidachieveby
meansflefiningocalabelitermofherevioumon-localabel the€irstdefinitioms loop
abovelsreallydefiningsymbolcalledlabell.loop,andthesecondefinessymbolcalled
label2.loop. So, if you really needed to, you could write

label3 ; some more code
; and some more

Jmp labell.loop

Sometimesitisisefuldmnacro,fornnstancetdabledaadefinalabelwhichcarbereferenced
fromnywherbuwhicHoesn’tnterfergithheormalocal-labehechanismSuchabetan’t
beon-locadecausstoulihterfeneitdubsequendefinitionsfandeferencetsolocalabels;
anditcan’ tbelocalbecausechanacrdhatdefineditwouldn’ tknowhelabel’ sful Iname NASM
thereforéntroduceshirdypefabelyhichprobablgnlusefulmacrdefinitionsifabel

begins with the special prefix ..@, then it does nothing to the local label mechanis:
labell: ; a non—-local label
.local: ; this is really labell.local
..@foo0: ; this is a special symbol
label2: ; another non-local label
.local: ; this is really label2.local
Jmp ..@foo0 ; this will jump three lines up

NASMatsheapacitydefinethespeciakymbolbeginningitimoubleeriodfoexample,
..startisusedtospecifytheentrypointintheobjoutputformat (seesection7.4.6),

39



40

. .imagebaseisusedtof indouttheoffsetfrombaseaddressofthecurrentimageinthewiné4
outputformatisesectiol.6.1l) Sguskeegpmindhatsymbolbeginningitkloubleeriodre
special.



Chapter 4: The NASM Preprocessor

NASMontaingowerfuhacrprocessoryhichupportsonditionadssemblypulti-levefile
inclusiontwbormstiacrésingle—linendulti-line)andcontexstackhechanishoextra

[)

macro power. Preprocessor directives all begin with a % sign.
The preprocessor collapses all lines which end with a backslash (\) character into a

$define THIS_VERY_LONG_MACRO_NAME_IS_DEFINED_TO \
THIS_VALUE

will work like a single-line macro without the backslash-newline sequence.

4.1 Single-Line Macros
4.1.1 The Normal Way: %define

Single-linmacroardefinedsingh&definpreprocessodirectiveThdefinitionworkna
similar way to C; so you can do things like

$define ctrl 0x1F &
$define param(a,b) ((a)+(a)* (b))
mov byte [param(2,ebx)], ctrl 'D’

which will expand to
mov byte [(2)+(2)* (ebx)], O0x1F & ’'D’

Whethexpansionfingle-linmacrocontainsokenwhichnvokanothemacrothexpansion
is performed at invocation time, not at definition time. Thus the code

%$define a (x) 1+b (x)
%$define b (x) 2*x
mov ax,a(8)

willevaluateintheexpectedvaytanovax, 1+2*8,everthoughthaenacrdwasn’ tdefinedatthe
time of definition of a.

Macrogdefinedviti¥definearecasesensitivemaftertdefinefodar,onlyfoawillexpando
barfFooFOWilhot Byusingidefindnsteadfdefingthei’standforinsensitive’ you
candefineallthecasevariantsofamacroatonce,sothat%$idefinefoobarwouldcausefoo,
Foo, FOO, fOO and so on all to expand to bar.

Therd smechanismwhickletectsvshemacra@al hamccurreasresultofpreviousxpansion
ofthesamenacrotguardagainstcirculareferencesandnfinitdoops Ifhisappens,the
preprocessor will only expand the first occurrence of the macro. Hence, if you code

%$define a (x) l+a (x)

mov ax,a(3)

thaacra (3wilEkxpandnce pecomind+a (3) anaviltherxpanddurther Thidbehaviour
can be useful: see section 9.1 for an example of its use.

You can overload single-line macros: if you write

$define foo (x) 1+x
$define foo(x,y) 1l+x*y
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thereprocessowilbabléebandldothiypesmacreall pyountinghe@arameteryowass;
so foo(3) will become 1+3 whereas foo(ebx,2) will become l+ebx*2. However, if you de

%$define foo bar

thenothedefinitionfowilbacceptedamacrwithparameterprohibitshdefinitionf
the same name as a macro With parameters, and vice versa.

This doesn’t prevent single-line macros being redefined: you can perfectly well define
$define foo bar

and then re-define it later in the same source file with

$define foo baz

Theneverywherethemacrofooisinvoked,itwillbeexpandedaccordingtothemostrecent
definitionThisgsarticularlysefudhedefiningingle-linmacrowithassigfisesection
4.1.7).

Yowampre-defineingle-linmacrosisinghe' -doptiomrith&lASMommand ine sesection
2.1.19.

Resolving %define: %xdefine

Thavereference@mrmbeddedingle-linmacraesolvedtthaeimehatthembeddingnacro
isdefined,asopposed avherntheembeddingnacrai sexpanded,yomneeddi f ferentmechanisnto
thenefferedbpdefineTheolutionsaséxdefinepnt’ gase-insensitiveounterpart
$ixdefine.

Suppose you have the following code:

%$define isTrue 1
%$define isFalse isTrue
%$define isTrue O

vall: db isFalse
%$define isTrue 1

val2: db isFalse

Irthiscase,vallissqualtd,andral2i sequaltd .Thisi dbecause,whemsingle-linanacrals
definedisindgtdefine,itisexpandednlwhenitiscalled AsisFalseexpandstaisTrue,the
expansiowilbeheurrentvaluefisTrueThd€irstimdtigsalledhati ¥ andhesecondimdt
is 1.

IfyouwantedisFalsetcexpandtcthevalueassignedtotheembeddednacroisTrueatthetime
that isFalse was defined, you need to change the above code to use %xdefine.

$xdefine isTrue 1
$xdefine isFalse isTrue
$xdefine isTrue O
vall: db isFalse

$xdefine isTrue 1

val2: db isFalse



Now,eachtimethati sFalseiscalled,itexpandstadl ,asthati sthattheembeddednacraisTrue
expanded to at the time that isFalse was defined.

4.1.3 Macro Indirection: %[...]

The%[...]lconstructcanbeusedtoexpandmacrosincontextswheremacroexpansionwould
otherwisenotoccur,includingirthenamesthemacros Forxample,ifyothavesetofmacros
named Fool6, Foo32 and Foo64, you could write:

mov ax,Foo%$[__ BITS_ ] ; The Foo value

taisehéduiltimacro BITS_ (seessectiord.ll.5)t@utomaticallyselectbetweerthem.
Similarly, the two statements:

$xdefine Bar Quux ; Expands due to %$xdefine

%$define Bar % [Quux] ; Expands due to %[...]

have, in fact, exactly the same effect.
%[...koncatenates@djacenttokendrithesamaervatthatmulti-linemacreparameterslo,see

section 4.3.9 for details.

4.1.4 Concatenating Single Line Macro Tokens: %+

Individuatokendrmsingldineacroxabeoncatenated,tproducdongerokendfodater
processing. This can be useful if there are several similar macros that perform simi

Pleaseoteahatspacd sequiredaftet+,imrdetraisambiguatdtfromhesynta®+isedn
multiline macros.

As an example, consider the following:

$define BDASTART 400h ; Start of BIOS data area
struc tBIOSDA ; 1ts structure

.COMladdr RESW 1

.COM2addr RESW 1

; ..and so on
endstruc

Now, if we need to access the elements of tBIOSDA in different places, we can end up

mov ax, BDASTART + tBIOSDA.COMladdr
mov bx, BDASTART + tBIOSDA.COM2addr

Thiswillbecomeprettyugly(andtedious)ifusedimmanyplaces,andcanbereducedinsize
significantly by using the following macro:

; Macro to access BIOS variables by their names (from tBDA) :
%$define BDA (x) BDASTART + tBIOSDA. %+ X
Now the above code can be written as:

mov ax, BDA (COMladdr)
mov bx, BDA (COM2addr)

Using this feature, we can simplify references to a lot of macros (and, in turn, red

4.1.5 The Macro Name Itself: %? and %??

Thespecialsymbols%?and$??canbeusedtoreferencethemacronameitselfinsideamacro
expansionthid supportedobotlsingle-andulti-linmacros $referschmacroamas
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invoked, whereas%??referstothemacronameasdeclared. Thetwoarealwaysthesamefor
case—-sensitive macros, but for case-insensitive macros, they can differ.

For example:

[) [)

%$idefine Foo mov %7?,%?7
foo
FOO

will expand to:

mov foo,Foo
mov FOO, Foo

The sequence:
$idefine keyword $%7?

carbaisedt anakekeyword'disappear",forrxampleaircasenewinstructiorhadeemisedasa
label in older code. For example:

$idefine pause $%7? ; Hide the PAUSE instruction

4.1.6 Undefining Single-Line Macros: %undef
Single-line macros can be removed with the %undef directive. For example, the follow
$define foo bar
gundef foo
mov eax, foo

willexpandtotheinstructionmoveax,foo,sinceaftersundefthemacrofooisnolonger
defined.

Macroghatwouldtherwiséegre-definedamaindefinedrheommand-linaisinghe'-u’
option on the NASM command line: see section 2.1.20.

4.1.7 Preprocessor Variables: %assign

Analternativewaytodefinesingle-linemacrosisbymeansofthe%assigncommand(andits
case—insensitiveounterpartiassignwhichlifferdro®assignexactlyheam@ayhat
%$idefine differs from %define).

%$assignaisedaefinesingle-linaenacroswhicltakewgparametersandavenumericoralue.
Thisvaluecarbespecifiedintheformfarexpression,anditwillbesvaluatednce,whenthe
%$assign directive is processed.

Like %define, macros defined using %assign can be re-defined later, so you can do th
%assign i i+l
to increment the numeric value of a macro.

%$assignssefuforontrollinghéerminationfrepreprocessotoopssesectiod.%oan
example of this. Another use for %assign is given in section 8.4 and section 9.1.

Thexpressiopassed&assigngriticaéxpressionsesection.8) andustlsevaluatéa
pureumbexrathethamelocatableeferenceuchgodedataddresspanythingnvolving
a register).
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4.1.8 Defining Strings: %defstr

$defstrandtsase-insensitiveounterpargidefstrdefineredefinaingle-linmacro
withouparameterbutonvertshentireight-handideaftemacrexpansiontguotedtring
before definition.

For example:
%defstr test TEST
is equivalent to
$define test ’TEST’

This can be used, for example, with the %! construct (see section 4.10.2):

$defstr PATH $!PATH ; The operating system PATH variable

4.1.9 Defining Tokens: %deftok

$deftokandtsase-insensitiveounterpargideftokdefineredefinaingle-linmacro
withoulparameterbuttonvertshesecongparameteraftestringonversionit@equencef
tokens.

For example:
%deftok test ’'TEST’
is equivalent to

%$define test TEST

4.2 String Manipulation in Macros

It’ oftemusefuktdabledhandlestringsmacros NASMupportsfewimplestrindandling
macro operators from which more complex operations can be constructed.

Althetringperatorslefineredefinealudeithemstringmumeriwaluet@ingle—line
macroWheproducingtringalueimayghangehstylefuotingfhdnputstringstrings,
and possibly use \-escapes inside ‘-quoted strings.

4.2.1 Concatenating Strings: %strcat
The $%strcat operator concatenates quoted strings and assign them to a single-line ma
For example:
$strcat alpha "Alpha: ", 12" screen’
would assign the value ’'Alpha: 12" screen’ to alpha. Similarly:
$strcat beta ""foo"\’, "'bar’"
would assign the value ‘"foo"\\’bar’‘ to beta.

The use of commas to separate strings is permitted but optional.

4.2.2 String Length: %strlen

The $%strlen operator assigns the length of a string to a macro. For example:
$strlen charcnt 'my string’

Inthisexample,charcntwouldreceivethevalue9,justasi fansassigrhadoeemised.Inthis
example,’ mystring’wasaliteralstrindoutitcouldalschavebeemsingle—linanacrcthat
expands to a string, as in the following example:
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$define sometext 'my string’
%$strlen charcnt sometext

As in the first case, this would result in charcnt being assigned the value of 9.

4.2.3 Extracting Substrings: %substr

Individualetterssubstringsstringsabhextractedsingh&substoperatorAaxamplef
its use is probably more useful than the description:

%$substr mychar ’'xyzw’ 1 ; equivalent to %define mychar ’x’
$substr mychar ’xyzw’ 2 ; equivalent to %define mychar 'y’
$substr mychar "xyzw’ 3 ; equivalent to %define mychar 'z’
$substr mychar ’"xyzw’ 2,2 ; equivalent to %define mychar ’yz’
$substr mychar ’"xyzw’ 2,-1 ; equivalent to %define mychar ’yzw’
$substr mychar "xyzw’ 2,-2 ; equivalent to %define mychar ’yz’

AgiitBstrlensesectiod.2.2) thdirsparametenshesingle-linmacrobereatedndhe
secondshstringTheéhirgarametespecifieshéirstharactetbselectedantitheptional
fourtlparametempreceededyromma)ithdength Notehatthefirstindexid nottandhdast
inded ®quatdcheralucehattstrlewoul@dssigmiverthsamstring Indexaluemubfrange
resulttmaemptptringhAegativéengtheanduntiN-tharacterbeforéhendstring"i.e.
-1 means until end of string, -2 until one character before, etc.

4.3 Multi-Line Macros: %omacro

Multi-linemacrosaremuchnorelikethetypeofmacroseeniMASMandlASM:anulti—-linanacro
definition in NASM looks something like this.

%¥macro prologue 1

push ebp

mov ebp, esp
sub esp, %1
%endmacro

This defines a C-like function prologue as a macro: so you would invoke the macro wi
myfunc: prologue 12

which would expand to the three lines of code

myfunc: push ebp
mov ebp, esp
sub esp,12

Thenumberlafterthanacramameinthedmacrolinedefinesthenumberofparametersthenacro
prologuexpectsaeceiveThaseflinsidéhmacrdefinitiomeferschdirsiparameterto
thanacrocall Withamacrcoctakingnorethamoneparameter,subsequentparameterswouldoe
referred to as %2, %3 and so on.

Multi-linmacrosliksingle-linmacrosarease-sensitiveunlesgodefinthemsinghe
alternative directive %imacro.

Ifyomeed passacommaasoarbfaparametertcanulti-linemacro,youwcardahatbyenclosing
the entire parameter in braces. So you could code things like

$macro silly 2

o

2: db

o
=
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%endmacro

silly ’"a’, letter_a ; letter_a: db "a’
silly ’"ab’, string_ab ; string_ab: db ’ab’
silly {13,10}, crlf ; crlf: db 13,10

4.3.1 Overloading Multi-Line Macros

Asvitlsingle-linemacrosmulti-lineacroxabeverloadedyefininghesamemacrmame
severatimewitdifferenhumbersparametersThisimenexceptionmadeéomacrowitho
parameters at all. So you could define

$macro prologue 0
push ebp
mov ebp, esp
%$endmacro
to define an alternative form of the function prologue which allocates no local stac

Sometimeshoweveryomightwantdoverloadfachinenstructionfoexampleyomightwant
to define

$macro push 2

push %1
push %2
%endmacro

so that you could code

push ebx ; this line is not a macro call
push eax,ecx ; but this one is

Ordinarily NASMilbivewmarnindothdirstofhaebovéwdines sincepushisnowefined de
aacroand beindnvokedriitlmumbewdParameterfomhichmalefinitiomadeemyiven The
correctodwilstilbgeneratedputhassemblewilgyiva@arningThiwarningabdisabled
by the use of the -w-macro-params command-line option (see section 2.1.25).

4.3.2 Macro-Local Labels

NASMllowsyowtalefinelabelawithimnulti-linenacradefinitionmsuclavayasanakechem
locatdchmacrecall secallinghesamamacraultipléeimesriliisa@iffereniabekachime.
Yowdhidprefixing¥dhdabehame SgowannventannstructiomwhiclkexecutesRET £
the Z flag is set by doing this:

$macro retz 0

jnz %%skip
ret
$%skip
%endmacro

Youcancallthismacroasmanytimesasyouwant,andeverytimeyoucallitNASMwillmakeupa
different‘real’namesubstituteforrhelabe®$skip ThenameNASM nventsareffheform
..@2345.skip,wheretchenumber2345changesvitheverymacrocall .The. . @refixprevents
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macro—localabelfromnterferingithhdocalabehechanismadescribedrectiofl. 9You
shouldvoidefiningoupwidabeldthifornthe .prefixthemumberfheanotheperiod)
in case they interfere with macro-local labels.

4.3.3 Greedy Macro Parameters

OccasionallytsisefuktaefinamacraovhicHumpsdtentireommand indntongarameter
definitionpossiblgfteextractingnerwsmalleparameterfromhérontAaxamplmighbe
a macro to write a text string to a file in MS-DOS, where you might want to be able

writefile [filehandle], "hello, world",13,10

NASMallowsyouradefinethelastparameterofamacra doegreedy,meaning hati fyouinvokethe
macreithmorparametershadexpectsaltihesparparametergetiumpednttehédastdefined
one along with the separating commas. So if you code:

$macro writefile 2+

Jjmp %$%endstr
$%str: db %2
%$%endstr:
mov dx, $%str
mov cx, %$%endstr—-%%str
mov bx, %1
mov ah, 0x40
int 0x21
%endmacro

therthexamplealltarritefileabovavilworkasexpected:itheextbeforehefirstcomma,
[filehandle] fjsisedafshdirstmacrparametemnégxpandeavhersliseferredoandalthe
subsequent text is lumped into %2 and placed after the db.

Thegreedynaturefthaenacra sindicated NASMthaiseofthetsigmfterrthegarameterount
on the %macro line.

Ifyowefinegreedmacro,yowmreffectiveljellinglASMow tshouldxpandheacragiven
anylumbeovparameterdfromhactuahumbespecifiedigdnfinityirthisase foexample,
NASMnowknowswhattodowhenitseesacalltowritefilewith?2,3,4omoreparameters . .NASM
wiltakéehidnta@accountwhemverloadingqacrosanarilhottllowottadefinanotherformf
writefile taking 4 parameters (for example).

Ofcourse,thabovanacracoulchavebeenimplementedasnon—greedymacro,irwhichcasehe
call to it would have had to look like

writefile [filehandle], {"hello, world",13,10}

NASMrovidedotmechanismfoputtingommasmacrgparameters,andowhoosavhichne
you prefer for each macro definition.

See section 6.3.1 for a better way to write the above macro.

4.3.4 Macro Parameters Range

NASMllowyotexpangarameterviapeciatonstructiof{x:yWheradashdirsparameter
index and y is the last. Any index can be either negative or positive but must never

For example

%¥macro mpar 1-%*
db %${3:5}
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%endmacro

mpar 1,2,3,4,5,6
expands to 3,4,5 range.
Even more, the parameters can be reversed so that

%¥macro mpar 1-%*

db %${5:3}
%endmacro

mpar 1,2,3,4,5,6
expands to 5,4,3 range.

Butverthid smotthdast Thearametersxabmaddressedriamegativdandices®ASNilount
them reversed. The ones who know Python may see the analogue here.

%¥macro mpar 1-%*

db %${-1:-3}
%endmacro

mpar 1,2,3,4,5,6
expands to 6,5,4 range.
Note that NASM uses comma to separate parameters being expanded.

Bytheway,hereisatrick-youmightusetheindex%{-1:-1}whichgivesyouthelastargument
passed to a macro.

4.3.5 Default Macro Parameters

NASMlsa@allowgodtaefinemulti-linemacrovitl@ang@fllowablgarameterounts Ifou
do this, you can specify defaults for omitted parameters. So, for example:

$macro die 0-1 "Painful program death has occurred."

writefile 2, %1

mov ax,0x4c01
int 0x21
%endmacro

Thisnacro(whichmakesiseofthavritefilenacralefinedirsectiord.3.3)carbecalledvitlan
explicierromessagewyhichwildisplaghherropoutpustreaheforexitingpttahealled
with no parameters, in which case it will use the default error message supplied in

Ingeneral,yousupplyaninimumndnaximumumberofparametersforamacrocofthistype;the
minimumumbeoParameterarehemrequiredthamacreall andheryoprovidelefault<or
the optional ones. So if a macro definition began with the line

$macro foobar 1-3 eax, [ebx+2]

thenitcouldecalledvitlbetweeroneandhregarameters,an®dwouldalwaybecakenfrom
thenacracall $2,imotspecifiedithanacraall wouldlefaultteax,and3d hotspecified

would default to [ebx+2].

You can provide extra information to a macro by providing too many default parameter

$macro quux 1 something
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4.3.6

4.3.7

4.3.8
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Thiwiltriggemarninbgdefault sesectio.l.2fomorénformationWhequuxdénvokedit
receivesotondbuttwgparameters .somethingaeaeferred @2 Thelifferencédetween
passingsomethingthiswayandwritingsomethinginthemacrobodyisthatwiththisway
something is evaluated when the macro is defined, not when it is expanded.

YomaymitparametedefaultSfromhamacraefinitiondimwhiclkrasehgarametedefaults
takernddlank Thicabmaisefufomacrowhickartakerariablewumbeoparameters,since
th&koken(sesectiort.3.6krllowgyotkadeterminédomanyparametersereeallpassedo
the macro call.

Thislefaultingnechanismarbecombinedviththegreedy-parametemechanism;scchedie
macraboveould@madamorpowerful andioraseful pyrhanginghdirsiinefheaefinition
to

$macro die 0-1+ "Painful program death has occurred.",13,10

Thaeaximuparametecxounttabdnfinitedenotedy Ithisaseptfourseitidmpossiblé&o
provide a full set of default parameters. Examples of this usage are shown in section

%0: Macro Parameter Counter

Thparametereferencé&@iltreturmumericonstangivinghaumbeoparameterseceived,
thatds,ifQstherdnithd astparameter SAsnostlywsefulfomacroshatcartakaerariable
numberofparameters.Itcarbaisedasamrgumenttdrep(seesectiom.5)imrdertaiterate
through all the parameters of a macro. Examples are given in section 4.3.8.

%00: Label Preceeding Macro

$0wilketurthdabebreceedinghemacrdnvocationifiny Thd abehusbeorirhsamd inas
the macro invocation, may be a local label (see section 3.9), and need not end in a

%rotate: Rotating Macro Parameters

Unishelbrogrammersrilbdamiliawititheshiftshelktommandwhiclkkllowshe@rguments
passedtoashellscript(referencedas$l,$2andscon)tdoanovedleftbyoneplace,scthatthe
argumentpreviouslyreferencedsiecomesavailableassl,andheargumentpreviously
referenced as $1 is no longer available at all.

NASMrovidessimilamechanism,irmthdorm&rotate Adtsmamsuggests,itdiffersfromhe
Unishiftirthatmgparametersardost parametersotatedffhdeftendfhargumentlist
reappear on the right, and vice versa.

$rotateisinvokedwithasinglenumericargument (whichmaybeanexpression) .Themacro
parametersreotateddhdeftbythatmanyplaces Ifhargumentt&rotatd smegative,the
macro parameters are rotated to the right.

So a pair of macros to save and restore a set of registers might work as follows:

$macro multipush 1-%*

Srep %0

push %1
%Srotate 1
%endrep
%endmacro

Thimacrdanvokesh®USHnstructiomeachfitargumentdturnfromeftaight Ibeginbky
pushingtgirsargument 51 thennvokegrotatemovalthargument®nelacedahdeft,
sthatheriginakecondrgumenti mowvailabla$l Repeatinghiproceduramanyimess



4.3.9

therawverarguments(achievedwupplyingBsthargumentt &rep)causesachkhrgumentin
turn to be pushed.

Notealsdhaiseofasthenaximunpparameterxount ,indicatinghatthere smaipperd imitorthe
number of parameters you may supply to the multipush macro.

Itwouldeconvenient ,whemusinghianacro,thavePORequivalent ,whichdidntequireche
argument s deyivenmreverserder Ideally,yowouldiritehenultipusmacraall,then
cut-and-pastethelinedeavherehepomeeded deaedone,ancdchangechenameofthecallednacro
tamultipop,andhaenacravouldakearefpoppingheaegistersirtheppositerderfronthe
one in which they were pushed.

This can be done by the following definition:
$macro multipop 1-%*
Srep %0

$rotate -1

pop
%endrep

o
=

%endmacro

Thisnacrdegindywotatingtargument onelacadheight,sachattheriginalasérgument
appeara$l Thid shepoppedandhargumentareotatedighttgainsachsecond-to-last

argument becomes %1. Thus the arguments are iterated through in reverse order.

Concatenating Macro Parameters

NASMcanconcatenatemacroparametersandmacroindirectionconstructsontoothertext
surroundinghemThiallowgotdeclardamilpfymbols foexampleimacrdefinitionIf,
foexample,yowantedgeneratetablefkeyxodeslongiitloffsetdntdcheable,yowwould
code something like

$macro keytab_entry 2

keypos%l equ $-keytab
db %2
%endmacro
keytab:

keytab_entry F1,128+1
keytab_entry F2,128+2
keytab_entry Return,13

which would expand to

keytab:

keyposF1l equ S-keytab
db 128+1

keyposF2 equ S-keytab
db 12842

keyposReturn equ S-keytab
db 13

You can just as easily concatenate text on to the other end of a macro parameter,
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Ifyowmeedt cappenddigit camacragparameter,forexampledefininglabelsfoolandfoo2when
passedtheparameterfoo,youcan’ tcodesllbecausethatwouldetakemstheeleventimacro
parameter Instead,yomusttod& {1}l whiclwilkeparatehdirstli(givingdheaumbeofhe
macro parameter) from the second (literal text to be concatenated to the parameter).

Thisoncatenationanlsbappliedothepreprocessorn-linebjectssuchmacro-local
labelbsectioh. 3.29ncbntext—-locallabelbsectioh. 7.2)Imldasesgmbiguitielsynt acame
resolvebenclosingverythingfteth&igantbeforéhéiteratextibracess&{%foo}bar
concatenatesthetextbartctheendoftherealnameofthemacro-locallabel%%foo.(Thisis
unnecessary,sinceheormASMisesfortrthereahamesfmacro-locallabelsneansthatthewo
usagess {$foolbamnd&%foobamouldotlexpanddhesamehin@anywaynevertheless,the
capability is there.)

Theingle-linmacrandirectiononstruct®([...lsectiod.l.3)behaveshsamwagmacro
parameters for the purpose of concatenation.

See also the %+ operator, section 4.1.4.

4.3.10 Condition Codes as Macro Parameters

NASMamivespeciakreatmentt@macrgparametemhickrontainsconditiomrode Forstart,
yowarrefetrdhaenacrparametet bymeanoffhalternativesyntax®+l ,whichnforma&NASM
thathimacrparametensupposedcontaimonditiomodeandiil tausehereprocessoto
report an error message if the macro is called with a parameter which is not a valid

Famoreaisefully,though,yowcamrefertdchanacrparametermyneansof-1,whiciNASMvill
expandaghdnverseonditiorcode Stheret macraefinedrsectiom. 3. zamereplacedy
general conditional-return macro like this:

$macro retc 1

J%-1 %$%skip
ret
$%skip:
%endmacro

Thisnacracamoweinvokedisingcallslikeretme,whichwillcausetheconditional-jump
instruction in the macro expansion to come out as JE, or retc po which will make the

Th&+Mhacro-parametereferencd sjuitdapprdnterpretthargument £Xan&CXasralid
conditiorrodes/however ,f-Wwillreportarerrod passecdithewfhese becausemdnverse
condition code exists.

4.3.11 Disabling Listing Expansion

WheNASMgeneratindistindiléromouprogramitwilyenerallgxpandulti-linmacroby
means®fritinghamacrecal hndhedistingaciinefhexpansionThisllowyotsearhich
instructionshhmacrexpansioargeneratinghatodehoweverfosommacroshislutters
the listing up unnecessarily.

NASHMhereforprovideshenolisgualifierwhickovanncludeémacrdefinitiondanhibit
thexpansiopfhmacranhéistindgdileThenolisgualifieromesdirectlgfterthaumbenf
parameters, like this:

$macro foo l.nolist
Or like this:

$macro bar 1-5+.nolist a,b,c,d,e,f,g,h
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4.3.12 Undefining Multi-Line Macros: %unmacro

Multi-linenacroscarberemovedviththedunmacralirective Unlikehe&undefdirective,
however gunmacraakesmrgumentspecificationandiilbnlyemovexacmatchewitlthat
argument specification.

For example:

$macro foo 1-3

; Do something
%endmacro
$unmacro foo 1-3

removes the previously defined macro foo, but

$macro bar 1-3

; Do something
%endmacro
$unmacro bar 1

does not remove the macro bar, since the argument specification does not match exactl

4.4 Conditional Assembly

Similarlydahé@reprocessorNASMllowsectioneBourcdilaebassemblednly fertain
conditions are met. The general syntax of this feature looks like this:

$if<condition>

; some code which only appears if <condition> is met
%$elif<condition2>

; only appears if <condition> is not met but <condition2> is
%else

; this appears if neither <condition> nor <condition2> was met
$endif

The inverse forms %ifn and %elifn are also supported.

The%elseclauseisoptional,asisthe¥elifclause.Youcarhavenorethamonetelifclauseas
well.

Therarenumbemwfrariantofthe&ifdirective Eacthasitscorrespondingelif,$ifn,and
$elifdirectivesforxamplefhequivalentstché&ifdeflirectivaréelifdefgifndef,
and %elifndef.

4.4.1 %ifdef: Testing Single-Line Macro Existence

Beginningonditional-assemblplockithhdin&ifdeMACR&ilassembléhesubsequent
codei f,andnlyif,ssingle-linenacracalledACRO gdefined. Ifmot ,therth&elifandkelse
blocks (if any) will be processed instead.

For example, when debugging a program, you might want to write code such as

; perform some function
$ifdef DEBUG

writefile 2, "Function performed successfully",13,10
$endif

; go and do something else

Thenyoucouldusethecommand-lineoption-dDEBUGtocreateaversionoftheprogramwhich
producedlebuggingnessages andemoveehoptiomgeneratehdinalreleasarersiomfhe
program.
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Yowartestformmacrdiobeinglefinedywsingifndefinstead®ifdef .Yowamlsaestfor
macro definitions in %$elif blocks by using %elifdef and %$elifndef.

4.4.2 %ifmacro: Testing Multi-Line Macro Existence

Th&ifmacralirectiveperatedmhsameraynth&ifdeflirective exceptthatitchecksor
the existence of a multi-line macro.

Foexample,yomapeorkingritldargerojecmandiothaveeontrobverheacrosm@ibrary.
Yowmawanttacreatemacravitlonename fi tdoesn’ talreadyexist,ancanothemamel fonaewith
that name does exist.

The¥ifmacra sconsideredrueaei fdefiningmacravitithegivemameancdumbermwfarguments
would cause a definitions conflict. For example:

$ifmacro MyMacro 1-3

$error "MyMacro 1-3" causes a conflict with an existing macro.
%else

$macro MyMacro 1-3

; insert code to define the macro

%endmacro
%$endif

ThisrilkreatéehmacrdMyMacrd-3"ifimacralreadexistshiclwoula@donflicwitht and
emits a warning if there would be a definition conflict.

YowartestforthanacramotexistindwsinghesifnmacransteadBZifmacro Additional
tests can be performed in %elif blocks by using %elifmacro and %elifnmacro.

4.4.3 %ifctx: Testing the Context Stack

Theonditional-assemblygonstructifctwiltausehesubsequentodée bassembled And
only fheogwontextrthgreprocessor’ sontextstachatshsamemamasnefharguments.
Aswith%ifdef, theinverseand%elifforms%ifnctx, $elifctxand%elifnctxarealso
supported.

For more details of the context stack, see section 4.7. For a sample use of %ifctx,

4.4.4 %if: Testing Arbitrary Numeric Expressions

Theonditional-assemblyonstructiExpwiltausehsubsequenttodéebassembled And
only fhealuefheumeri@xpressiorxprision-zero Arxamplefhasefhifeaturdsn
deciding when to break out of a %rep preprocessor loop: see section 4.5 for a detail

The expression given to %$if, and its counterpart %elif, is a critical expression (se

$iEéxtendsheaormaNASMxpressiosyntaxpprovidingebfelationabperatorshichre
nonormallwvailableexpressionsTheperators<p<=pandtesequalityless-than,
greater-thani,ess-or-equalgreater-or-equalmbt-equalespectivel yThe-11i ko rmanics
arsupportedalternativdormefind>Indditionlow-priorityogicabperators&é&; and
| breorovided,supplyindogicalAND,logicalXORnd ogicalOR Thesavork ikechelogical
operators(althoughthamalogicalXOR) ,inthattheyalwaysreturreitherdbrl ,andreatany
non-zeroinputasl(scthat””,forexample,returnsli fexactlyoneofitsinputsiszero,and
otherwise) . The relational operators also return 1 for true and 0 for false.
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4.4.5

4.4.6

Like other %if constructs, %if has a counterpart %elif, and negative forms %ifn and

%ifidn and %ifidni: Testing Exact Text Identity

Theconstructdifidrtextl, textwillcausethesubsequentcodeedassembledi andnlyif
textdndext2afteexpandingingle-limeacrosariedenticapiecestfextDifferencesmhite
space are not counted.

%$ifidni is similar to %ifidn, but is case-insensitive.

Foexamplethdollowingquacrpushesregisteomumbeworihestack,andllowgout dreatlP
as a real register:

¥macro pushparam 1

$ifidni %1,1ip

call %$%label
%$%label
%else
push %1
$endif
%$endmacro

Likeothe®iftonstructs,sifidrhascounterparttelifidn,anchegativeormgifnidand
%$elifnidn. Similarly, %ifidni has counterparts %$elifidni, %ifnidni and %elifnidni.

%ifid, %ifnum, %ifstr: Testing Token Types

Somenacrowilwantterformlifferenttaskslependingmwhethetrhewareassednumber,a
stringomndentifier Foexample stringutputmacramightwanttbeablecoparitibeing
passed either a string constant or a pointer to an existing string.

Theonditionahssemblygonstructifidtakingnearameterdwhichapdlank) assembles
theubsequenttodd findnly fhedirsttokedtheparameteexistandaddentifier $ifnum
works similarly, but tests for the token being a numeric constant; %$ifstr tests for

Forxample,thevritefilenacralefinedimsectiom. 3. kabextended dakeadvantagef
$ifstr in the following fashion:

$macro writefile 2-3+

$ifstr %2

$%str db %$2,%3
%else
$%str db %2
$endif
%$%endstr: mov dx, $%str
mov cx, $%endstr—%%str
%else
mov dx, %2
mov cx,%3
$endif
mov bx, %1
mov ah, 0x40
int 0x21
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4.4.7

4.4.8

4.4.9

4.5
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%endmacro
Then the writefile macro can cope with being called in either of the following two w

writefile [file], strpointer, length
writefile [file], "hello", 13, 10

Irthdirst strpointensisedshaddresofimlready-declaredtringandength siseas
itdengthithesecondgtrindgiventchamacrowhichherefordeclaredtitselndorksut
the address and length for itself.

NotehaiseoBifinsidehe&ifstrthid ssaletectwhetherthenacrawapassedwarguments
(schestringiouldesinglestringonstant andl&vouldadequate)omore(iwhiclkase,
all but the first two would be lumped together into %3, and db %2,%3 would be requir

The usual %elif..., %ifn..., and %elifn... versions exist for each of %ifid, %ifnum

%iftoken: Test for a Single Token

SomamacrowiliWwantoddifferenthingslependingdfiti passedingléeokene.gpastdto
something else using %+) versus a multi-token sequence.

Theconditionalassemblyonstructdiftokemssembledhesubsequentcoda fandnlyiffhe
expanded parameters consist of exactly one token, possibly surrounded by whitespace.

For example:

$iftoken 1

will assemble the subsequent code, but

$iftoken -1

will not, since -1 contains two tokens: the unary minus operator -, and the number 1
The usual %eliftoken, %ifntoken, and %$elifntoken variants are also provided.
%ifempty: Test for Empty Expansion

Theconditionalassemblyonstructdifemptymssembledshesubsequentcodea fandnlyi ffhe
expanded parameters do not contain any tokens at all, whitespace excepted.

The usual %elifempty, %$ifnempty, and %elifnempty variants are also provided.

%ifenv: Test If Environment Variable Exists

Theconditionalassemblyconstructtifenvassemblesthesubsequentcodei fandonlyifthe
environment variable referenced by the %!variable directive exists.

The usual %elifenv, %ifnenv, and %elifnenv variants are also provided.
Justasor ! variableheargumentshouldeirittemsstring fittontainsharactershatwould

not be legal in an identifier. See section 4.10.2.

Preprocessor Loops: %rep

NASM' £IME®refixthoughiseful cannotbaeiseddnvokenulti-linemacramultipleimes,
becausdtiprocessedWASMftemacrohavalreadpeerxpanded Therefor&lAShrovides
another form of loop, this time at the preprocessor level: S%rep.

Thedirectivestremandsendrep($reptakesanumericargument ,whichcabearexpression;
$endreptakesncaarguments)carbausedtcencloseaxchunkofcode,whichi sthenreplicatedas
many times as specified by the preprocessor:



%$assign i 0

rep 64

inc word [table+2*i]
%assign i i+l
%endrep

Thiswillgeneratesequenceof64INCinstructions,incrementingverwordfimemoryfrom
[table] to [table+126].

Fomoreomplexerminatioronditions ot drealoutofrepeatlooppartwaymlong,yowanise
the %exitrep directive to terminate the loop, like this:

fibonacci:
%$assign i 0
%$assign j 1
$rep 100
$if j > 65535

$exitrep
$endif

dw j

%assign k Jj+i
%$assign 1 j
%$assign j k
%endrep

fib_number equ ($-fibonacci) /2

Thiproduceslistofallthd'ibonacchumberdshatwillfitdrndits Notehatmaximumrepeat
countnuststilbgiven&repThidspreventhepossibilitpRASMettingntannfinitéoop
inhereprocessoryhickomultitaskingrulti-usegystemsyoultdypicallgauselthsystem
memory to be gradually used up and other applications to start crashing.

NotemaximunrepeatcountidimitedypDbitmumber,thoughiti shardlyossiblehatyowver
need anything bigger.

4.6 Source Files and Dependencies

These commands allow you to split your sources into multiple files.

4.6.1 %include: Including Other Files

Usingpncagaingerpimilasyntakxch@reprocessorNASM’ preprocessotetyoiunclude
other source files into your code. This is done by the use of the %include directive

$include "macros.mac"

willincludechecontentsofthefilenacros.madntdhesourcefilecontainingheinclude
directive.

Includd€ilesarsearchedorittheurrendirectorythdirectoryou’ rawheyowudNASMas
opposetithéocatiopnfhdASMxecutablethédéocationfhesourcéile) pluandirectories
specified on the NASM command line using the -i option.

Thetandarddiofopreventingfiléeindncludediorehamncd sjustaapplicabld NASM:
if the file macros.mac has the form

%$ifndef MACROS_MAC

$define MACROS_MAC

; now define some macros
$endif
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4.6.4
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thenincludinghefilenorehamncevilnotcausesrrors,becausehesecondimethefileals

included nothing will happen because the macro MACROS_MAC will already be defined.

Yowadorcdiléebdanclude@dvenfherda&includeirectivehatexplicitlyncludedtpy
using the -p option on the NASM command line (see section 2.1.18).

%pathsearch: Search the Include Path

Thé&pathsearchlirectiveakesingle-linmacraoamandilename andeclareredefines
thepecifiedingle-limmcriddehinclude-path-resolvedersiocothei lenameitfhfi lexists
(otherwise, it is passed unchanged.)

For example,

$pathsearch MyFoo "foo.bin"

with -Ibins/ in the include path may end up defining the macro MyFoo to be "bins

%depend: Add Dependent Files

The&dependlirectivecakesfilenameandaddsittdhelistoffileds demittecasdependency
generation when the -M options and its relatives (see section 2.1.4) are

Thid generallwsedronjunctiomwit¥pathsearchFoexamplesimplifiedersiomfhe
standard macro wrapper for the INCBIN directive looks like:

$imacro incbin 1-2+ 0
%pathsearch dep %1
%depend dep

incbin dep, %2
%endmacro

Thidfirstresolveshdocatiowmfhdileéntehmacrdeptherdddtaheependencyistsand
finally issues the assembler-level INCBIN directive.

%use: Include Standard Macro Package

Th&usdirectivaesimilar&includebutrathethanncludingheontentsfiilejitincludesa
namedtandardnacrgpackage ThestandardnacrpackagesrpartoNASMandraelescribedn
chapter 5.

Unlikehe&includelirective packagemamesfortrh&usalirectivalmotrequirejuotes but
quotesmreermitted INASM .04nd . 0Fhainquotedormouldeanacro—expanded;thisiso
longer true. Thus, the following lines are equivalent:

%use altreg
%use ’"altreg’

StandardacrpackagesrerotectedromultipldnclusionWhemtandardacrpackagéas

used, a testable single-line macro of the form __ USE_package__ is also defined,

The Context Stack

Havindabelshatréocatamacrdefinitionsometimemoguitpowerfuénoughsometimes
yowanttdeabletocsharelabel oetweenseveralmacrocalls ArexamplanightbesREPEAT. . .
UNTILloop,inmwhichtheexpansionoftheREPEATmacrowouldneedtdoeabletorefertoalabel
whichtheUNTIImacrohaddefined.However,forsuchamacroyouwouldalsowanttcbeableto
nest these loops.

NASMrovidesthislevelofowerbyneanso fzcontexdack . Thepreprocessomaintainsstackof
contexts,eaclofwhichischaracterizedyamame Yowmddnewontexttdhestackisinghe&push

used.

It pr

see S



directive andemovenasingpop Yowamefindabelshatmrdocat@articulaxrontexbon
the stack.

4.7.1 %push and %pop: Creating and Removing Contexts

Th&pushldirectiva sisedareatenewontextanplacdatorthedomffhaeontextstack Spush
takes an optional argument, which is the name of the context. For example:

%push foobar

Thipushesnewontextcalledoobawrthestack Yowamaveseverakontext®orhetackwith
thesameame theywarstilbelistinguished Imimama syiven,theontexti sinnamed(thisis
normally used when both the %$push and the %$pop are inside a single macro definition.

Thelirectivé&poptakingneptionadrgument removeshéopontextfromheontextstacknd
destroydtalongitlanyabelassociatedritit Ifmrgumentigivenimusmatclthaamef
the current context, otherwise it will issue an error.

4.7.2 Context-Local Labels

Justathaisagé&$foalefineslabeWwhich docaktdahearticulamacrealliwhichtsised,
thaisages$fod aisedaefinalabewhichisdlocaldheontextortheopfhaecontextstack.
So the REPEAT and UNTIL example given above could be implemented by means of:

$macro repeat 0

%push repeat
$Sbegin:

%endmacro

$macro until 1

j%-1 %$Sbegin
Spop
%endmacro

and invoked by means of, for example,

mov cx,string
repeat

add cx,3
scasb

until e

which would scan every fourth byte of a string in search of the byte in AL.

Iffomeedaefine,omccess,labeldocakdaheontextbelotheomnerthestack,youwwanse
$$$foo, or %$$$S$foo for the context below that, and so on.

4.7.3 Context-Local Single-Line Macros

NASMlsallowyotdefinsingle-linmacrosthiclhrdocatgarticularontext igusthe
same way:

$define %$localmac 3

wildefindheingle-linmacr&$localmadcddocaktdcheomontexorthestack Otourse,
after a subsequent %push, it can then still be accessed by the name %$$$localmac.
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4.7.4 Context Fall-Through Lookup (deprecated)

Contexffall-throughookugautomatisearchingbuterontextslideaturéhawaaddedn
NASMersiof.98.03Unfortunatelythifeatureésnintuitivendanesulibhugggodehawould
haveotherwisebeerpreventedWNASM’ serrorreporting.Asaresult,thisfeaturehasbeen
deprecatedNASNersior.0%illissuawarningghemsagefhigeprecatedeaturd sletected.

StartingitWASNersio®.l0usagefhigeprecatedeaturaeril kimplyresult mmexpression
syntax error.

An example usage of this deprecated feature follows:

$macro ctxthru O
%$push ctxl
%$assign %$Sexternal 1
$push ctx2
%$assign %$S$internal 1
mov eax, %S$external
mov eax, %$internal

Spop
Spop
%$endmacro

Aglemonstrated$Sexternalibeinglefinedmhetxkontextandeferencedrithithetx2
contextiWithontexfall-throughookupyeferencingmndefinedontext—-locadacrbikehis
implicitlygearcheshrougklbuterontextsntikmatchimadenrsn’foundmnygontext Aa
result,%$SexternalreferencedvithirthectxXontextwouldimplicitlywset$Sexternalas
definedinctxl .MostpeoplewouldexpectNASMtoissueanerrorinthissituationbecause

$Sexternalvamevedefinedrithirtx2ana@lsdsn’/tgualifiedritltheropexontextdepth,
$$Sexternal.

Here is a revision of the above example with proper context depth:

$macro ctxthru O
%push ctxl
%$assign %$Sexternal 1
$push ctx2
%$assign %$S$internal 1
mov eax, %$S$external
mov eax, %$internal

Spop
Spop
%$endmacro

AglemonstratedgS$Sexternalistilbeinglefinedithetxktontextandeferencearithimrhe
ctxZontext Howeverthaeeference&Sexternawithimtxhadbeerfullyualifiedritithe
proper context depth, %$$external, and thus is no longer ambiguous,

4.7.5 %repl: Renaming a Context

unintuitive or e

Ifyouneedtochangethenameofthetopcontextonthestack(inorder,forexample,tchaveit
respondlifferentlyt&ifctx) ,yowarxecutetpofollowedgpushbutthiwilhavethe

sideffecbtdestroyingldontext—-localabelandacroassociatedithheontexthawagust
popped.

NASMrovidesheirectivé&replwhichieplacegontexwitiifferennamewithoutouching
the associated macros and labels. So you could replace the destructive code

Spop
%push newname
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4.7.6

with the non-destructive version %repl newname.

Example Use of the Context Stack: Block IFs

Thisxamplmakegseflmosaltheontext-stackeaturesincludingheonditional-assembly
construct %$ifctx, to implement a block IF statement as a set of macros.

$macro if 1

$push if
j%-1 %S$ifnot

%endmacro
$macro else 0

$ifctx if

$repl else
Jmp $$ifend
$S$ifnot:
%else
$error "expected ‘if’ before ‘else’"
$endif
%endmacro

$macro endif 0

$ifctx if

$S$ifnot:
Fpop
$elifctx else
$S$ifend:
Fpop
%else
$error "expected ‘if’ or ‘else’ before ‘endif’"
$endif
%endmacro

Thiscodel anorerobustthart heREPEATAndINTIImacrosyivenirsectiom. 7.2 becausetuses
conditionakssemblycheckhathamacroasressuedtheighbrdexfoexamplenottalling
endif before if) and issues a %error if they’re not.

Irmddition,theendifmacrchastdablaacopavititheewadistinctcasesofeitherdirectly
followingn fprfollowingrlse Itachieveshisagainbpwsingonditionahssemblyado
different things depending on whether the context on top of the stack is if or else.

Theelsanacrdas@reservehecontextorthestack,imrdertchaveehes$ifnotreferred dy
theifmacrobethesameastheonedefinedoytheendifmacro,buthastochangethecontext’s
name so that endif will know there was an intervening else. It does this by the use

A sample usage of these macros might look like:

cmp ax, bx

if ae
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cmp bx, cx

if ae
mov ax, cx
else
mov ax,bx
endif
else
cmp ax, cx
if ae
mov ax, cx
endif
endif

Thblock-IRacrokhandlaestinquitkappilypmeanspushingnotherontextdescribing
theinner f,ontopftheonaedescribingheuter f;thuslseandkendifalwaysrefertthelast
unmatched if or else.

4.8 Stack Relative Preprocessor Directives

Théollowingreprocessodirectiveprovideayoséabelspefetrbocatariablesllocatedn
the stack.

* %arg (see section 4.8.1)
e %$stacksize (see section 4.8.2)

e %local (see section 4.8.3)

4.8.1 %arg Directive

Th&arglirectivdasisedsimplifithdhandlingbarameterpassedrthestack Stackhased
parameter passing is used by many high level languages, including C, C++ and Pascal.

WhilWASHamacrowhichttemptduplicateéhifunctionalitysesectiofi.4.5)thsyntaxs
nofparticularlygonvenientasand siotTASMompatible Herd samxamplerhiclshowshaise
of %arg without any external macros:

some_function:

%push mycontext ; save the current context
$stacksize large ; tell NASM to use bp
%arg i:word, j_ptr:word
mov ax, [i]
mov bx, [j_ptr]
add ax, [bx]
ret
$pop ; restore original context

ThidsimilatdherocedurelefinedmsectioB.4. andddshevaludrtdhevalupointed by
j_ptmandeturnthesunrthaxegister Sesectio.7.formmexplanatiompusangpomnd
the use of context stacks.
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4.8.2 %stacksize Directive

Th&stacksizaelirectivdasisedronjunctiowithith&arg(sesectiort.8.1l)andh&local
(sesectior.8.3directives ItelldASMheefaultsizemsdosubsequenttargn&local
directivesTh&stacksizaelirectiveakesmneequiredrgumenwhichi snefflat flat64,
large or small.

$stacksize flat

ThidformausedASMasstack-basegparameternddressingelativeebrndassumeshata
near form of call was used to get to this label (i.e. that eip is on the stack).

%$stacksize flato4

ThidformausedNASMasstack-basegparametenddressingelativeabrndassumeshata
near form of call was used to get to this label (i.e. that rip is on the stack).

$stacksize large

Thisformisedbrtadosstack-basedarameteraddressingndssumesthatafarformfcallwas
used to get to this address (i.e. that ip and cs are on the stack).

%$stacksize small

Thisformlsaisedb@ddresstackarametersbutitislifferentfromargdecausetalso
assumeshatheldaluebppushedntthestacki.eiexpectamNTERnstruction) Imther
words,itexpectshatop,imndarenthadaomithestack,underneatanylocalspacaevhichnay
havédeemllocated®dENTER.Thiform probablmostusefulwhemsedcombinatiomwithhe
%$local directive (see section 4.8.3).

4.8.3 %local Directive

Th&locadirectivessedsimplifyhasefocatemporargtackariableallocatedmtack
frame Automatidoca¥ariabled@rarxamplefhikindfariableTh&localirectivéas
mostusefulwhemisedvitith&stacksize(sesectiort.8. andsalsacompatiblaevitith&arg
directivésesectiod.8.1)I&llowsimplifiedeferencevariableshhstackhichavkeen
allocated typically by using the ENTER instruction. An example of its use is the fol

silly_swap:
%push mycontext ; save the current context
%$stacksize small ; tell NASM to use bp
%$assign %$S$localsize 0 ; see text for explanation

%$local old_ax:word, old_dx:word

enter %$S$localsize, 0 ; see text for explanation
mov [old_ax],ax ; swap ax & bx
mov [old _dx],dx ; and swap dx & cx
mov ax,bx
mov dx, cx
mov bx, [0ld_ax]
mov cx, [old_dx]
leave ; restore old bp
ret 7
$pop ; restore original context

Th&S$Slocalsizerariabld sisednternallpyh&localdirectivandnudbelefinearithimhe
currentontexbeforeéh&localirectivamapaesedFailuredewil¥esulimnexpression
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syntaxerrorforeach%¥localvariabledeclared.Itthemaybeusedintheconstructionofan
appropriately sized ENTER instruction as shown in the example.

4.9 Reporting User-Defined Errors: %error, %warning, %fatal

Thereprocessodirectivéerrowiltaus@dASMaeporfamrronfibccurdmssembledode.
Sdbthemserargoingdaryassemblgousourcedilesyocarnsuréhatheygefinegheight
macros by means of code like this:

$ifdef F1
; do some setup
$elifdef F2
; do some different setup
%else
%$error "Neither F1l nor F2 was defined."

$endif

Themnywisemwhdailsainderstandhaevaywourcodda ssupposed dassembledvil bequickly
warnedfheimistake,rathetrthamavingawoaituntitherogramwrashesoieingumndhen
not knowing what went wrong.

Similarly, %warning issues a warning, but allows assembly to continue:

$ifdef F1
; do some setup
$elifdef F2
; do some different setup
%else
$warning "Neither F1 nor F2 was defined, assuming F1."

$define F1
$endif
$errorandwarningareissuedonlyonthefinalassemblypass.Thisnakesthemsafetousein
conjunction with tests that depend on symbol wvalues.

$fataterminateassemblymmediatelyregardlesspassThidmsefuwhenhereapointn
continuinghassemblyfurther andloingddikelyjustgoingcausespewtfonfusingrror
messages.
Idoptionalforhanessagestrin@fteerror,Swarning®fataktdoeuoted Ifid 910t,then
single-linmacrosrexpandednt whickabasedadisplamordnformatiotahaiser For
example:
$if foo > 64

%$assign foo_over foo-64

$error foo is foo_over bytes too large
$endif

4.10 Other Preprocessor Directives

NASMlshapreprocessodirectivewhichllowccessanformatiofromxternakources.
Currently they include:

¢ $line enables NASM to correctly handle the output of another preprocessor (see sec

¢ 3lenabledNASMareadinthevalueofarenvironmentvariable,whichcantherbaisedinyour
program (see section 4.10.2).
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4.10.1 %line Directive

Th&lineirectivdsisedmotifWASMhatthdnputlineorresponds@pecifidinaumbenn
anothefileTypicallghisthefilwoulbenriginad&ourcéilewithheurrenNASMnpubeing
theutpubfpre-processor ThélinelirectivallowdASMoutpumessagesthicindicate
the line number of the original source file, instead of the file that is being read

Thigpreprocessordirectivei snotgenerallyfusetgrogrammers,bymaybeofinterestto
preprocessor authors. The usage of the %$line preprocessor directive is as follows:

$line nnn[+mmm] [filename]

Ihhidirectivepnndentifieshéinefheriginasourcéilwhichhi$ineorrespondsommis
amptionabarametewhiclspecifieslindncrementvaluegaclinefhdnputfileecadns
consideredecorrespondommhinesfheriginakourc€ileFinallyfilenameéawptional
parameter which specifies the file name of the original source file.

AftereadinglinpreprocessodirectiveNASMilteporalfileamendinrumberselative
to the values specified therein.

4.10.2 %!variable: Read an Environment Variable.

Th& ! variablelirectivanaked possibleaeadhevaluefirenvironmentvariablat@assembly
time Thigouldforxamplepasedstoreheontentefirnvironmentvariabldntatring,
which could be used at some other point in your code.

Forxample,supposehatyothavaearenvironmentrariabld&’00,andyowantthecontent 00
to be embedded in your program as a quoted string. You could do that as follows:

$defstr FOO $!FOO
See section 4.1.8 for notes on the %defstr directive.

Ifheamefhenvironmentariableontainson-identifiecharactersyouwansstrinquotes
to surround the name of the variable, for example:

$defstr C_colon gslrce’

4.11 Standard Macros

NASMefinessetoStandardacroswhiclaraelreadylefinedrhedtstarts@rocesangource
file.Ifyoureallyneedaprogramtdeassembledwithnopre—definednacros,youcamisethe
$cleadirectiveemptiyhiereprocessoafverythingutontext—-locadreprocessorariables
and single-line macros.

Mostuser-levelhssembledirectives(seehapte)aradmplementedsacrowhichnvoke
primitivdirectivesthesardescribedohaptefTheesbfhetandardacreettdescribed
here.

4.11.1 NASM Version Macros

The single-linemacros__NASM MAJOR__, NASM_MINOR_ , NASM_SUBMINOR_ _and
___ NASM_PATCHLEVEL_expanddchemajorminor,subminomngatcievebartofherersion
numberofNASMoeingused.So,underNASMO. 98.32plforexample,_ NASM_MAJOR__wouldbe
definedkc del, NASM MINOR__wouldedefinedas98, NASM SUBMINOR_ wouldoedefined
to 32, and ___ NASM PATCHLEVEL__ would be defined as 1.

Additionallyfthmacro NASM SNAPSHOT_ idefinedoamutomaticallgeneratednapshot
releases only.
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4.11.2 __NASM_VERSION_ID__: NASM Version ID

Theingle-linenacro NASM VERSION_ID_ expands@wordntegemrwepresentingheull
versiomumbeofherersiommasmeingised Theralud £hequivalentto NASM _MAJOR__,
__ NASM _MINOR__, _ NASM_SUBMINOR__ and ___ NASM PATCHLEVEL___ concatenated to
produce a single doubleword. Hence, for 0.98.32pl, the returned number would be equi

dd 0x00622001
or
db 1,32,98,0

Notehattheabovelinesregeneratexactlithesameode ,thesecondina aisedjusttaivean
indication of the order that the separate values will be present in memory.

4.11.3 _ NASM_VER__: NASM Version string

Thesingle—linenacro NASM _VER_expandE@stringthicllefinedsherersiomumbemommhasm
being used. So, under NASM 0.98.32 for example,

db __NASM_VER___
would expand to

db "0.98.32"
4114 _ FILE_ and __ LINE__: File Name and Line Number

Likehéreprocessor NASMllowshaisertdinduthdilemamandineumbexcontaininghe
currentinstructionTheaacro FILE_expandé@tringonstangivingheamefheurrent
inputfile(whiclmayxhangehrougltheoursefissembly £includelirectivearaised) and
__LINE__ expands to a numeric constant giving the current line number in the input £

Thesaacroxouldaised, foexample tcommunicataelebuggingnformatiormr@aacro,since
invoking LINE_insidmacrdefinitioeithesingle—-linemulti-linewilteturhhéine
numberofthemacrocall, rathert handefinition.Sot ocdeterminewhereinspieceofcodeacrashis
occurring,forxample,oneouldiritexroutinestillhere which passedl ineaumbernEAX
and outputs something like ‘line 155: still here’. You could then write a macro

$macro notdeadyet O

push eax

mov eax,_ LINE_

call stillhere

pop eax
%endmacro

and then pepper your code with calls to notdeadyet until you find the crash point.

4.11.5 _ BITS__: Current BITS Mode

The BITS_ standardnacroisupdatedeverytimethattheBITSnodel ssetusingtheBITXXor
[BITSXX]directive,whereXXisavalidmodenumberofl6,320r64._ BITS__ receivesthe
specifiedodaumbenndakedigloballpavailableThigabeerusefufotrthoseshatilize
mode—-dependent macros.

4.11.6 _ OUTPUT_FORMAT__: Current Output Format

The OUTPUT_FORMAT__standardmacroholdsthecurrentOutputFormat,asgivenbythe-f

option or NASM’s default. Type nasm -hf for a list.
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$ifidn _ OUTPUT_FORMAT_ , win32
$define NEWLINE 13, 10

%$elifidn _ OUTPUT_FORMAT_ , elf32
%$define NEWLINE 10
%$endif

4.11.7 Assembly Date and Time Macros
NASM provides a variety of macros that represent the timestamp of the assembly sessi

e The DATE_ _and TIME_ macrosgivetheassemblydateandtimeasstrings,inIS08601

format ("YYYY-MM-DD" and "HH:MM:SS", respectively.)

e The DATE_NUM__and TIME_NUM_macrosgivetheassemblydateandtimeinnumeric
form; in the format YYYYMMDD and HHMMSS respectively.

e The UTC_DATE__and UTC_TIME_ macrosgivetheassemblydateandtimeinuniversal

timgUTChstringsAidS@60format("YYYY-MM-DDAndHH:MM:SS" respectively.Ifhe
host platform doesn’t provide UTC time, these macros are undefined.

e The_ UTC_DATE_NUM__and__ UTC_TIME_NUM__macrosgivetheassemblydateandtime
universatimgUTCYimumeridormithd€orma¥YYYMMDRn#HMMSEespectively Ifhdost
platform doesn’t provide UTC time, these macros are undefined.

¢ The POSIX_TIME_ macraslefinedasnumbercontaininghenumberofsecondssincethe
POSIXpochTJanuarg970@0:00:00TCexcludin@nyeameconds Thid somputedisin@TC
time if available on the host platform, otherwise it is computed using the local t

Allinstancemfimandlatmacrodithesamassemblyessioproduceonsistentoutput For
example,irmrassemblysessiomstarted@tdSecondsaftemidnightonanuaryl , 201 Moscow
(timezon&TC+3)}hesmacrowouldavehdollowingalues assumingpofourse gproperly
configured environment with a correct clock:

_ DATE_ "2010-01-01"
_ TIME_ "00:00:42"

_ DATE_NUM___ 20100101

_ TIME_NUM_ 000042

_ UTC_DATE_ "2009-12-31"
_ UTC_TIME_ "21:00:42"

_ UTC_DATE_NUM_ 20091231

_ UTC_TIME_NUM_ 210042

_ POSIX TIME_ 1262293242

4.11.8 _ USE_package _: Package Include Test

Whemtandardacrpackagd seehapteblidncludedithh&usdirectivdsesectiod.6.4),
aingle-linmacrofhd&orm USE_package isutomaticallgefinedThisllowsestingh
particular package is invoked or not.

Foexample ifhaltregackagddncluded sesectiorn.l) therthemacro USE_ALTREG_ _
is defined.

4119 _ PASS_ : Assembly Pass

Themacro__ PASS___isdefinedtobelonpreparatorypasses, and2onthefinalpass.In
preprocess-onlynode,itd sett 3 andvherunningnlit@eneratalependencies(duedheM
or -MG option, see section 2.1.4) it is set to O.

Avoid using this macro if at all possible. It is tremendously easy to generate very strange errors by
misusing it, and the semantics may change in future versions of NASM.
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4.11.10
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STRUC and ENDSTRUC: Declaring Structure Data Types

TheorefASMontainmdntrinsimeansdefinindatatructuresinsteadfhpreprocessors
sufficientlypowerfuthatdatstructuresabdmplementedsetomacros Themacro$STRUC
and ENDSTRUC are used to define a structure data type.

STRUCG akesoneortwparameters.Thefirstparameteri sshenameofthedatatype .Thesecond,
optionabarameterdnshdaseffsebfhstructure Thaamefhaataypd slefineadssymbol
witltheralueofthdaseffset andhamameofthadataypavitithesuffix sizeappendeddts
defined=sEQWivindhesizeofhestructure OnceSTRUGadeen ssued,yowrmrelefininghe
structureandhouldefin€dieldssinghBESBamilppseudo-instructionsandhennvoke
ENDSTRUC to finish the definition.

Foexampletaefinestructurealledytypeontainingdongwordaorddytandstringf
bytes, you might code

struc mytype

mt_long: resd 1

mt_word: resw 1

mt_byte: resb 1

mt_str: resb 32
endstruc

Theabovecodedefinessixsymbols:mt_longasO(theoffsetfromthebeginningofamytype
structuretocthelongwordfield) ,mt_wordas4,mt_byteas6,mt_stras’ ,mytype_sizeas39,
and mytype itself as zero.

Thereasomwhythestructuretypenamei sdefinedatzerdoydefaultisassidesffectofallowing
structuresoorlwitithdocallabelechanismifoustructuremembersend haveheame
names in more than one structure, you can define the above structure like this:

struc mytype

.long: resd 1

.word: resw 1

.byte: resb 1

.str: resb 32
endstruc

Thiglefinesheffsetdsdshstructurdieldamytype.longmytype.wordmytype.bytand
mytype.str.

NASMsincd thasdntrinsiet ructuresupport doesotsupportanyformperiodotatioraefer
tahelementeBtructurencgohavendexcepthabovdocal-labehotation) scodsuch
asnowx, [mystruc.mt_wordlismotvalidmt_wordisconstantjustlikeanytherxonstant,
so the correct syntax is mov ax, [mystruc+mt_word] or mov ax, [mystruc+tmytype.word].

Sometimeyownlhavehaddresofhastructureisplacedbpwiffset Foexampleconsider
this standard stack frame setup:

push ebp
mov ebp, esp
sub esp, 40

In this case, you could access an element by subtracting the offset:

mov [ebp - 40 + mytype.word], ax



However, if you do not want to repeat this offset, you can use -40 as a base offset:
struc mytype, -40
And access an element this way:

mov [ebp + mytype.word], ax

4.11.11 ISTRUC, AT and IEND: Declaring Instances of Structures

Havinglefinedgtructureypethaexthingottypicallwantddsdeclardnstancesfhat
structureirnyourdatasegment NASMrovidesareaswaytaddthisinthel STRUGnechanism.To
declare a structure of type mytype in a program, you code something like this:

mystruc:
istruc mytype

at mt_long, dd 1234506

at mt_word, dw 1024

at mt_byte, db rx’

at mt_str, db "hello, world’, 13, 10, O

iend

ThefunctiomftheéAThacra stanakaiseofthelTIMErefit advancecheassemblypositiorto
theorrecpoinfotthepecifiedtructuréieldantdhendeclarthepecifiedataThereforthe
structure fields must be declared in the same order as they were specified in the st

Ifhdatdgdmtructurdieldequiremoréhamnesourcdineéspecifyftheemainingource
lines can easily come after the AT line. For example:

at mt_str, db 123,134,145,156,167,178,189
db 190,100,0

Dependingmpersonalkaste,yowarmlsomitheodparbfhdNineompletely,andgtartthe
structure field on the next line:

at mt_str
db "hello, world’
db 13,10,0

4.11.12 ALIGN and ALIGNB: Data Alignment

TheALIGNanALIGNBnacrosgprovidesconvenientwaytmligrocodeordataoraword,longword,
paragrapbotheboundary (Somassemblergalthidirectiv&VEN. FrheyntarfhALIGNNnd
ALIGNB macros is

align 4 ; align on 4-byte boundary
align 16 ; align on 1l6-byte boundary
align 8,db 0 ; pad with 0Os rather than NOPs
align 4,resb 1 ; align to 4 in the BSS

alignb 4 ; equivalent to previous line

Bothmacrosrequiretheirfirstargumentt despoweroftwo;theybothcomputethenumberof
additionabytegequireddringhdengtlhhfheurrentsectiomga@aultiplefhatpowenf
two, and then apply the TIMES prefix to their second argument to perform the alignme

Iffhesecondrgumenti smotspecified,thelefaultfo ALIGN NOP andhaelefaultfo ALIGNR s
RESH Sd fhesecondrgumenti specifiedthewmacrosarequivalent Normallyyowarnjust
useALIGNincodeanddatasectionsandALIGNBinBSSsections,andneverneedthesecond
argument except for special purposes.
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ALIGMNanNALIGNB beingimplenacros,performe@rrorheckingtheyxannotwarryouffheir
firstargumentfaild dbepoweoftwo,odftheisecondrgumentgeneratesmorehamnédytef
code. In each of these cases they will silently do the wrong thing.

ALIGNB (or ALIGN with a second argument of RESB 1) can be used within structure defi

struc mytype?2

mt_byte:

resb 1

alignb 2
mt_word:

resw 1

alignb 4
mt_long:

resd 1
mt_str:

resb 32

endstruc

This will ensure that the structure members are sensibly aligned relative to the bas

Ninalcaveat ALIGNAnALIGNRvorkrelativeedhdeginning ffhesectionnotthéeginningf
thaddresspacaenhdinaéxecutableAligningd6-bytdoundarwhetthsectioyou’ rans
onlyuaranteedbaligneda-bytdoundary foexampleiawaste£ffort Again NASMoes
not check that the section’s alignment characteristics are sensible for the use of A

Both ALIGN and ALIGNB do call SECTALIGN macro implicitly. See section 4.11.13 for de

See also the smartalign standard macro package, section 5.2.

4.11.13 SECTALIGN: Section Alighment

Th&8ECTALIGNacroprovidesraymodifplignmentttributedbutputfilsectionUnliké&he
alignattributgwhichsallowedtsectiomefinitiomnly)thesSECTALIGMacrmapaise@t
any time.

For example the directive
SECTALIGN 16

setfhesectiomlignmentrequirementsd dytes Onceancreasedtcamotbalecreased,the
magnitude may grow only.

NotehatALIGNsesectiod.11.12callshsSECTALIGRacrdmplicitlyahactiveection
alignmentrequirement mapeipdatedThid dyefaulbehaviourifosomeeasoyowanthe
ALIGN do not call SECTALIGN at all use the directive

SECTALIGN OFF
It is still possible to turn in on again by

SECTALIGN ON
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5.1

5.2

Chapter 5: Standard Macro Packages

Th&usdirectivdsesectiod.6.4)includesnefhstandardacrpackagedsncludedithhe
NASMistributiomndompiledntchdASWinary Ioperatedikeh&includdirectivegsee
section 4.6.1), but the included contents is provided by NASM itself.

The names of standard macro packages are case insensitive,

and can be quoted or not.

altreg: Alternate Register Names

TheltregtandarmdacrpackagprovidealternateegistemamesIprovidesumeriregister
namefornl¥kegistergnogjus®8-R15) thdntel-definedliaseRB8L-R15Korhdobytesf
register(asopposedtotheNASM/AMDstandardnamesR8B-R15B) ,andthenamesROH-R3H(by
analogy with ROL-R3L) for AH, CH, DH, and BH.

Example use:

%use altreg

proc:

mov r0l, r3h ; mov al,bh
ret

See also section 11.1.

smartalign: Smart ALIGN Macro

ThesmartaligrstandardnacrgackagerovidesfomrALIGNnacravhichi snorgpowerfulhan
thdefaulttanbackwards—-compatiblepndsesectiod.1l1l.12)Whehhsesmartaligpackages
enabled,whenALIGNisusedwithoutasecondargument,NASMwillgenerateasequenceof
instructionmorefficienthamerie®NOP Furthermoreifheaddingxceedsspecific
threshold, then NASM will generate a jump over the entire padding sequence.

Thepecifidnstructiongieneratedabeontrolledritlthee®LIGNMODMacro Thimacro
takeswparametersonmode andowptionajumphresholdverrideIfifornyeasonyouneed
tecurmfffhejumgompletelyjustsejumghresholdralue o (osetittmojmp) Theollowing
modes are possible:

generic:Worksonallx86&CPUsandshouldhavereasonableperformance.Thedefaultjump
threshold is 8. This is the default.

nopPadutwitWNOBEnstructions ThenlyifferenceompareddchstandardALIGkacrds
that NASM can still jump over a large padding area. The default jump threshold is

k70ptimizéorthaMB{Athlon/AlthoXP) Thesénstructionshouldtil¥orknlk86PUs.
The default jump threshold is 16.

k8OptimizdothdMKgOpteron/Althor4) Thesdnstructionshouldtilivorkbmlk86
CPUs. The default jump threshold is 16.

p6OptimizEofntelPUsThisseshdonyO”Pnstruction§irstintroducedBentiuroThis
idncompatibleithlCPUsfamilpitowerpwelasom&¥ IEPUsandeveral¥irtualization
solutions. The default Jjump threshold is 16.

Thenacro ALIGNMODE__isdefinecdtocontainthecurrentalignmentmode .Afnumberofother
macros beginning with _ ALIGN_ are used internally by this macro package.
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5.3

5.4

5.4.1
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fp: Floating-point macros

This packages contains the following floating-point convenience macros:

%$define Inf _ Infinity
%$define NaN ___QONaN___
%$define QNaN ___QONaN___
$define SNaN __SNaN___
$define float8 (x) _ float8__ (x)
$define floatl6 (x) _ floatl6__ (x)
$define float32 (x) _ float32_ (x)
$define float64 (x) _ float64d_ (x)
$define float80m(x) _ float80m__ (x)
$define float80e (x) _ _float80e__ (x)
%$define floatl281 (x) _ floatl1281_ (x)
%$define floatl28h (x) _ floatl28h__ (x)

ifunc: Integer functions

Thisgackagecontainssetofmacrosvshichimplementintegerfunctions.Theseaareaactually
implemented as special operators, but are most conveniently accessed via this macro

The macros provided are:

Integer logarithms

Theséunctionsalculatéheéntegetogarithibhas®fheiargument gconsideredannsigned
integerThenldifferencebetweenhdunctiondsheirespectivbehaviorfhargument
provided is not a power of two.

The function ilog2e() (alias ilog2()) generates an error if the argument is not a po

Thefunctionilog2f ()roundstheargumentdowrnt cchenearestpoweroftwo;iftheargumentis
zero it returns zero.

The function ilog2c() rounds the argument up to the nearest power of two.

Thefunctiond log2fw()(aliaslog2w () Jand log2cw ()generatewarning fheargumentis
not a power of two, but otherwise behaves like ilog2f() and ilog2c(), respectively.



6.1

Chapter 6: Assembler Directives

NASMthoughtttemptsavoidhdbureaucracpfissemblerdikMASMndASMimevertheless
forced to support a few directives. These are described in this chapter.

NASM’ directivesoméhwbypestser-levelirectivean@rimitiveirectivesTypicallygach
directivhaasser-leve¥ormndrimitivdormImlmostaltaseswaecommendhatusersse
the user-level forms of the directives, which are implemented as macros which call t

Primitive directives are enclosed in square brackets; user-level directives are not.

Iadditiomoheniversadirectivedescribetinhichaptergeachbjecfilformataoptionally
supplegxtrdirectivesnrdetroontroparticulafeaturesthafil&ormatTheskformat-specific
directives are documented along with the formats that implement them, in chapter 7.

BITS: Specifying Target Processor Mode

TheBITHirectivespecifieswhetheMNASMhouldjeneratecodaedesigned aurmrgprocessor
operating in 16-bit mode, 32-bit mode or 64-bit mode. The syntax is BITS XX, where X

Imostcases,yowshoulchotneed auseBITSxplicitly.Theaout,coff,elf,macho,win32and
win6dbjectformatswhiclaraesignedomsdB2-bibvwvd-bitperatingystemsallause
NASMelectB2-bitbwvd-bimode,respectivelybpyefault Thebpbjectformatmllowyoiro
specifyeachsegmentyouwdefineaseitheWUSE16MUSE32,andNASMvillsetit soperatingnode
accordingly, so the use of the BITS directive is once again unnecessary.

Theostlikelyeasofonsingh®IT8lirectiveserit82-bibob4-bittodaedlabinaryfile;
thid becausehdimutputformatdefaultsdb6-bitmoddmanticipatiomfitbeingsediost
frequently to write DOS .COM programs, DOS .SYS device drivers and boot loader softw

TheBITHirectivecamlsdaised ageneratecodeformdifferentmodeharthestandardnefor
the output format.

YoudonoheedtospecifyBITS32merelyinordertouse32-bitinstructionsinal 6-bitDOS
programifodofhassemblewilgeneratencorrectodbecausewilbgritingodéargeted
at a 32-bit platform, to be run on a 16-bit one.

WherNASM sirBITSL Gnode,instructionsshichise32-bitdataarerefixedvitlarlx6dyte,
andhoseeferring@2-bitaddresseshavarlx6prefix IBITInode,theeversa srue:
32-biftnstructionsequireprefixesyhereasnstructionssing6-bidatneecdfx6édntdhose
working on 16-bit addresses need an 0x67.

WhenNASMisinBITS64mode, mostinstructionsoperatethesameastheydoforBITS32mode.
However, there are 8 more general and SSE registers, and 16-bit addressing is no lon

Théefaulbddressizeébits3d2-bitddressingabselectedithhx6prefixThdefault
operandizestilBPitshoweverandhéx6prefizgelectib-bibperandizeTh&8E¥refixs
usebothselectt4-bibperandizeandaccesshaewegistersNASMutomaticallynserts
REX prefixes when necessary.

WhentheREXprefixisused,theprocessordoesnotknowhowtoaddresstheAH,BH,CHorDH(high
8-bitlegacy)registers.Instead,itd possiblea@ccessthehadowB-bitoofhesP BESAndI
registers as SPL, BPL, SIL and DIL, respectively; but only when the REX prefix is us

TheBITSdirectivehasanexactlyequivalentprimitiveform, [BITS16], [BITS32]and
[BITS 64]. The user-level form is a macro which has no function other than to call t

Note that the space is neccessary, e.g. BITS32 will not work!
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6.1.1 USE16 & USE32: Aliases for BITS

The ‘USE16’ and *USE32’ directivescanbeusedinplaceof ‘BITS16’ and ‘BITS32’, for
compatibility with other assemblers.

6.2 DEFAULT: Change the assembler defaults

Th®EFAULBirectivehangeshassembledefaultsNormallyNASMefaultsa@odeheréhe
programmeisxpectetexplicitlypecifigosfeaturedirectlyHoweverthissccasionally
obnoxious, as the explicit form is pretty much the only one one wishes to use.

Currently, DEFAULT can set REL & ABS and BND & NOBND.

6.2.1 REL & ABS: RIP-relative addressing

Thisetwhetheregisterlessnstructionsfd-bimoderkRIP-relativemotBgefaultihegre
absolutaeinlesoverriddewitith&kElspecifier(sesectior8.3) However i DEFAULREL s
specified,RElisdefault,unlessoverriddemwiththeABSspecifier,excepthensewittf8GS
segment override.

ThepeciahandlingFand&dverrideardueachdactthatthesaegisterargenerallwused
ashreadointersethespeciafunctionsfd4d-bimodeandeneratinBIP-relativeddresses
would be extremely confusing.

DEFAULT REL is disabled with DEFAULT ABS.
6.2.2 BND & NOBND: BND prefix

IFEFAUIBNDseta lind-prefixvailablenstructionfollowinghidirectivererefixewith
bnd. To override it, NOBND prefix can be used.

DEFAULT BND
call foo ; BND will be prefixed
nobnd call foo ; BND will NOT be prefixed

DEFAULINOBNDcandisableDEFAULTBNDandtherBNDprefixwillbeaddedonlywherexplicitly
specified in code.

DEFAULT BND is expected to be the normal configuration for writing MPX-enabled code.

6.3 SECTION or SEGMENT: Changing and Defining Sections

TheSECTIONlirective(SEGMENHE sarexactlyquivalentsynonym)changeswhiclsectiomfhe
outputfileéheodgowritewil bassembledinto Irsomebjectfileormats,thenumberand
namesofsectionsarefixed;imothers,theusemaymakeupasnanyastheywish.HenceSECTION
mayometimegivarrromessage,omayefinenewectionifokryrswitclhasectiothat
does not (yet) exist.

Th8nigbjecformatsantdhbinbjecformattbusesectiofl.l.3) aldupporthestandardized
sectiomames text,.datandbsfotrheode datandininitialized-datasections Thebj
formatbygontrastgdoenotrecognizéhessectionameabeingpecialandndeedilstripff
the leading period of any section name that has one.

6.3.1 The _ SECT__ Macro

Th8ECTIONirectivésnusualhhattaeser-leveforfiunctiondifferentlfromtprimitive
formTherimitiveform,[SECTIONKyz] ,simplywitchesheurrenttargetsectiortd¢hene
givenThaser-leveform8ECTIOMyzhoweverfirstiefineshsingle-linmacro SECT_to
beherimitivd SECTIONHirectiveehichti@aboutdssueandhedssuedt Secheiser-level
directive
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6.4

SECTION .text
expands to the two lines

%$define _ SECT_ [SECTION .text]
[SECTION .text]

Useranayfinditusefultanakaiseofthisintheimwmacros Forxample,thewvritefileanacro
defined in section 4.3.3 can be usefully rewritten in the following more sophisticat

$macro writefile 2+

[section .datal

$%str: db %2
%$%endstr:
SECT
mov dx, $%str
mov cx, %$%endstr—-%%str
mov bx, %1
mov ah, 0x40
int 0x21
%endmacro

Thiformfhmacropnceasseadtringoutput firsswitchesemporarilyschdatasectionf
thefile,usingherimitiveformfheSECTIONlirectives@amottanodify SECT__ .Itthen
declareditstringmheatsectionandhednvokes SECT_tewitchackdavhichevesection
thaisewmapreviouslworkingnItthusvoidsheeed,irthereviousrersiomfthanacroto
includeJMB nstructiomrgumpverhaataandlsaoesotfailif,imomplicatedBFormat
module, the user could potentially be assembling the code in any of several separate

ABSOLUTE: Defining Absolute Labels

TheABSOLUTEdirectivecanbethoughtofasanalternativeformofSECTION:itcausesthe
subsequentodébdirectedhphysicasectionputthéypotheticakectiostartingthe
given absolute address. The only instructions you can use in this mode are the RESB

ABSOLUTE is used as follows:

absolute 0x1A

kbuf_chr resw 1
kbuf_free resw 1
kbuf resw 16

ThisxamplaedescribessectiomffhP@IOIatarea,atsegmentaddresdDx40 thabovecode
defines kbuf_chr to be 0x1A, kbuf_free to be 0x1C, and kbuf to be 0x1E.

Thaiser-levelformoABSOLUTE,likechatofSECTION,redefineshe SECT__macrawhernitis
invoked.

STRUC and ENDSTRUC are defined as macros which use ABSOLUTE (and also _ SECT_ ).

ABSOLUTEdoesn’ thavetctakeambsoluteconstantasamargument :itcantakeanexpression
(actuallygmriticakxpressionsesectiol.8pandttaberaludmsegment Foexample ASR
can re-use its setup code as run-time BSS like this:
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org 100h ; it’s a .COM program
Jjmp setup ; setup code comes last
; the resident part of the TSR goes here

setup:

; now write the code that installs the TSR here

absolute setup

runtimevarl resw 1
runtimevar?2 resd 20
tsr_end:

Thidefinesomsariablesonopftheetupodesthatftethsetupafinishedunningthe
spacettookiprarbee-usedasdatastoragegotrthaeunnind SR .Thesymbol'tsr_end’carbeaised
to calculate the total size of the part of the TSR that needs to be made resident.

EXTERN: Importing Symbols from Other Modules

EXTERNissimilartotheMASMdirectiveEXTRNandtheCkeywordextern:itisusedtodeclarea
symbolwhich siotdefinedanywherarheoduldein@ssembled butismassumeddoalefinedn
somethemodulandeeds dbeaeferreddithione Noteverypbject-fildormatcarsupport
external variables: the bin format cannot.

The EXTERN directive takes as many arguments as you like. Each argument is the name

extern _printf
extern _sscanf,_fscanf

Somebject-filéormatsrovidextrfeatureisohBXTERNirectivelaldasesthextrfeatures
arasebpuffixingolonthsymbohaméollowebpbject-formaspecifitextFoexample,
thebformatmllowgotaeclarehatthalefaultsegmentbasefhirexternalshouldehagroup
dgroup by means of the directive

extern _variable:wrt dgroup

TheprimitiveformEXTERNDiffersfronthaeuser—levelformonlyinthatitcantakeonlyone
argument at a time: the support for multiple arguments is implemented at the preproc

YowardeclarehesamerariablafXTERMoreharmnce NASMriluietlygnorehesecondnd
later redeclarations. You can’t declare a variable as EXTERN as well as something el

GLOBAL: Exporting Symbols to Other Modules

GLOBAILi stheotherrn®EXTERN i fonanoduledeclaresssymbolasEXTERNandreferstat,then
imrdet@reventlinkeerrors,somethemoduleustactuallyefin@ehesymbohndleclardtas
GLOBAL. Some assemblers use the name PUBLIC for this purpose.

The GLOBAL directive applying to a symbol must appear before the definition of the syr

GLOBAusesfhesamessyntaxaEXTERN,exceptthati mustrefet symbolsvhicharelefinedirthe
same module as the GLOBAL directive. For example:

global _main
_main:
; some code



6.7

6.8

GLOBAL/Lik&XTERNallowsbjectformatsdefingrivatextensionbmeansfolonThelf

object format, for example, lets you specify whether global data items are functions

global hashlookup:function, hashtable:data

Lik&XTERN,therimitiveormGLOBAMi fferSfromthaiser—-levelformnlyirthattcartake
only one argument at a time.

COMMON: Defining Common Data Areas

TheCOMMONdirectivei suised adeclarecommonariables Zcommorwvariablei snuchl ikeeglobal
variable declared in the uninitialized data section, so that

common intvar 4

is similar in function to
global intvar

section .bss

intvar resd 1

Thelifferenca s£hatd fmoreehamnenodulelefinesthesamecommornvariable,themtlink ime
thosewariablewilbenergedandeferencesdntvarimlihodulewilboinathsampiecef
memory .

Lik&LOBARnNBXTERNLOMMOKupportesbject-formaspecifiextensionsFoexampleftheb]
formatallowscommonvariablest dbeNEAROIFAR,andtheel fformatallowsyoutospecifythe
alignment requirements of a common variable:

common commvar 4:near ; works in OBJ
common intarray 100:4 ; works in ELF: 4 byte aligned

Onceagainlik&XTERMNGLOBAL therimitivdormfOMMONIifferfromhaiser—levelorm
only in that it can take only one argument at a time.

CPU: Defining CPU Dependencies

The CPU directive restricts assembly to those instructions which are available on th

Options are:

e CPU 8086 Assemble only 8086 instruction set

e CPU 186 Assemble instructions up to the 80186 instruction set
e CPU 286 Assemble instructions up to the 286 instruction set
e CPU 386 Assemble instructions up to the 386 instruction set
e CPU 486 486 instruction set

e CPU 586 Pentium instruction set

e CPU PENTIUM Same as 586

e CPU 686 P6 instruction set

e CPU PPRO Same as 686

e CPU P2 Same as 686

e CPU P3 Pentium III (Katmai) instruction sets

e CPU KATMAI Same as P3
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e CPU P4 Pentium 4 (Willamette) instruction set

e CPU WILLAMETTE Same as P4

e CPU PRESCOTT Prescott instruction set

e CPU X64 x86-64 (x64/AMD64/Intel 64) instruction set
e CPU IA64 IA64 CPU (in x86 mode) instruction set

AldptionareasénsensitiveAlinstructionsilbselectednlyfhegppliybheelected@P8r
lower. By default, all instructions are available.

6.9 FLOAT: Handling of floating—point constants

Bgefaultfloating-pointonstantareoundetinearestandEEBenormalarsupportedThe
following options can be set to alter this behaviour:

e FLOAT DAZ Flush denormals to zero

e FLOAT NODAZ Do not flush denormals to zero (default)
e FLOAT NEAR Round to nearest (default)

e FLOAT UP Round up (toward +Infinity)

e FLOAT DOWN Round down (toward —-Infinity)

e FLOAT ZERO Round toward zero

e FLOAT DEFAULT Restore default settings

Thestandardnacros FLOAT DAZ__, FLOAT_ROUND__ ,and FLOAT_containthecurrent
state, as long as the programmer has avoided the use of the brackeded primitive form

_ FLOAT_containshdulkebfloating-poinsettingsthisvalueabsavedwagrndnvoked
later to restore the setting.

6.10 [WARNING]: Enable or disable warnings

The[WARNINGIdirectivecarbaised enableordisablelassesofwarningsithesamaevayasthe
-w option, see section 2.1.25 for more details about warning classes.

e [warning +warning-class] enables warnings for warning—class.
e [warning -warning-class] disables warnings for warning-class.

e [warnindgwarning—classrestoresvarning-classcheriginalaluegithethdefaulwvalue
or as specified on the command line.

The [WARNING] directive also accepts the all, error and error=warning-class specifiers.

No "user form" (without the brackets) currently exists.
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7.1

7.1.1

7.1.2

Chapter 7: Output Formats

NASM sportablassembler designed bablecompile@mn®BNST-supportinglatformnd
produceutputoummwarietpfiintek8o6peratingystemsFotrhigseasonithadargaumber
ofavailableutputformats,selectedisindhe Pptiomrthd&lASMommand ine Eacloffhese

formats, along with its extensions to the base NASM syntax, is detailed in this chap

Astatedrsectio.1.1NASMhooseslefaultnamegowyoumutputfiléasedrthanputfile
nameandhehosemutputformat Thiwil beyeneratedywemovindhextension(.asm,.s,or
whateveyoldikeaosefromhaenputfil@eameandubstitutingextensiodefinebyheutput
format. The extensions are given with each format below.

bin: Flat-Form Binary Output

Théirformatdoesotproducebjectfilesditgeneratesiothindtheutputfilexceptheode
yowrote SuchRpurdinaryfilesreise®dPS-DOS:LCO¥xecutablesand SY8levicelriverare

pure binary files. Pure binary output is also useful for operating system and boot 1

Théirformatsupportmultiplesectiomames FodetaileohoWASMandlesectiondthdin
format, see section 7.1.3.

Usindhédinformatput NASMydefaultintd 6-bitmode(seesectiorns.1l) .Imrdertaiseirto
write32-bitor64-bitcode,suchasanOSkernel,youneedtoexplicitlyissuetheBITS320r
BITS 64 directive.

bihasdefaulbutputfileamextensioninsteadjifleaveyourfileaamaedtisnceéeheriginal
extensiorhaseerremoved.Thus,thelefaulti foNASM @ssembléinprog.asmntainary
file called binprog.

ORG: Binary File Program Origin

Théidormatprovidesmdditionaldirectivedchdisgivenrchaptef ORGThdunctiowthe
OR@irectivdf&specifyherigimddressshiclNASMil hssuméehgrogrameginatwhernts
loaded into memory.

For example, the following code will generate the longword 0x00000104:

org 0x100
dd label
label:

Unlikéh®R@GirectiverovidedASM-compatiblassemblerswhichllowyottgumaround
irthebjectfilandverwriteodgohavalreadgenerated NASM’' HRG@oesxact lwhatthe
directiveaysoriginItsoldunctionsspecifypneffsewhichaddedallinternahddress
referencesrithithesectionitdoesotpermitanpfhéerickeryhatMASM’ srersiomoes See
section 12.1.3 for further comments.

bin Extensions to the SECTION Directive

TheébimutputformatextendstheSECTION(orSEGMENT)directivetcallowoutospecifythe
alignmentrequirement®fegments Thid slondpppendinghALIGNualifietachendfhe
section-definition line. For example,

section .data align=16
switches to the section .data and also specifies that it must be aligned

Theparameterr ALIGNspecifieshomanylowitsofthesectiomstartaddressnustbeforcedto
zero. The alignment value given may be any power of two.
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7.1.3 Multisection Support for the bin Format

Théiformatllowshasefmultiplsectionspfrbitrarnamespesideshdknown" text,
.data, and .bss names.

e Sectionsmaybedesignatedorogbitsomobits.Defaultisprogbits(except.bss,which
defaults to nobits, of course).

¢ Sectiongabalignedmpecifiedboundaryollowinghereviousectiowithklign=pnt
an arbitrary byte—-granular position with start=.

¢ Sectiongabgivemirtuaktartaddresswhiclwilbaisedothealculatiomflhemory
references within that section with vstart=.

e Sections can be ordered using follows=<section> or vfollows=<section> as an
alternative to specifying an explicit start address.

e Argumentsorg,start,vstart,andlignareriticakxpressions SesectioB.8E.qg.
align=(1 << ALIGN_SHIFT) - ALIGN_SHIFT must be defined before it is used here.

¢ AnyodethicltomedbeforamxplicitSECTIONirectivdslirectedyefaultintdche text
section.

e If an ORG statement is not given, ORG 0 is used by default.

¢ The.bsssectiomwillbeplacedafterthelastprogbitssection,unlessstart=,vstart=,
follows=, or vfollows= has been specified.

e All sections are aligned on dword boundaries, unless a different alignment has bee
e Sections may not overlap.

e NASMcreatesthesection.<secname>.startforeachsection,whichmaybeusedinyour
code.

7.1.4 Map Files

Mapfilescanbegeneratedin-fbinformatbymeansofthe [map]loption.Maptypesofall
(default) brief,sections,segments,orsymbolamapespecified Outputmaypairectedo
stdout(default) ,stderr,omspecifiedile E.g.[masymbolanyfile.map] Nd'userform"
exists, the square brackets must be used.

7.2 ith: Intel Hex Output

ThetHildormatproducedntehex—-formatfilesJustshdiformat thidslamemorymage
formawitheupportforelocatiomtinkingltissualluseditROMrogrammerandgimilar
utilities.

All extensions supported by the bin file format is also supported by the ith file fo

ith provides a default output file—name extension of .ith.

7.3 srec: Motorola S-Records Output

Theredildormatproducedlotorolsd-recordfiles Justashdirformat thidsflamemory
imagdormawitimsupportforelocatiomiadinkingItisisuallysedritROProgrammersand
similar utilities.

All extensions supported by the bin file format is also supported by the srec file £

srec provides a default output file—name extension of .srec.
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7.4 obj: Microsoft OMF Object Files

Thebfildormat(NASMallsdtbtrathetrthammffothistoricalreasons)itheneroducedy
MASMndASMwhich £ypicallfedd 6-bibOdinkersproduce EXKEiles Iti@lsachdormat
used by 0S/2.

obj provides a default output file-name extension of .obj.

obisoexclusiveld6-bitformat thoughNASMadful kupportftothd82-biextensionsdhe
formatIparticular32-bibtbformafilearasedBorland’ Win32ompilersjinsteadfising
Microsoft’s newer win32 object file format.

Thebformatdoesmotdefinanypecialsegmenthames yowarral yoursegmentanythingou
like. Typical names for segments in obj format files are CODE, DATA and BSS.

Ifousourcéileontainsodeeforspecifyingaxplici8EGMENdirectivetheRASMI linvent
its own segment called _ NASMDEFSEG for you.

Whernyouwlefinessegmentimmbijfile, NASMlefinesthesegmenthameasassymbolasvell,scthat
you can access the segment address of the segment. So, for example:

segment data
dvar: dw 1234

segment code

function:
mov ax,data ; get segment address of data
mov ds, ax ; and move it into DS
inc word [dvar] ; now this reference will work
ret

TheobijformatalscenablesthauseoftheSEGndiRToperators,scchatyouwarwritecodevhich
does things like

extern foo

mov ax,seqg foo ; get preferred segment of foo
mov ds, ax

mov ax,data ; a different segment

mov es, ax

mov ax, [ds:foo] ; this accesses ‘foo’

mov [es:foo wrt data],bx ; so does this

7.4.1 obj Extensions to the SEGMENT Directive

Thebputputformatextenddt heSEGMENT(0SECTION)irective@llowokspecifwarious
propertiesfheegmentyoardefiningThid slonbappendingxtragualifiersachendfhe
segment-definition line. For example,

segment code private align=16

defineshsegmenttodeputlsdeclaredtb@rivatsegment andequireshatheortiomf
it described in this code module must be aligned on a 16-byte boundary.

The available qualifiers are:

e PRIVATE PUBLICLCOMMOMNGTACKpecifyheombinatiorharacteristice®fhesegment.
PRIVATEsegmentsdonotgetcombinedwithanyothersbythelinker; PUBLICandSTACK
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segmentgyetconcatenatedogethentlinkime an@OMMONegment @l etoverlaidriowt
each other rather than stuck end-to-end.

e ALIGMN sused,asshowmmbove,tspecifiyhownanylowitsofthesegmentstartaddresanustbe
forcedwmero.Thealignmentvalueggivemaypanyoweroftwofronlt 4096;imreality,the
onlwaluesupportedrd 2,4,16,25@nd 096 ,sd B8 specifiedtwil beoundeditd 6,and
32,6and2&ilhlbeoundedit 256,andomn Notehatalignmenttd096-bytéoundaries
is a Pharlap extension to the format and may not be supported by all linkers.

e CLASGabasedspecifyhsegmentlassthidfeaturéndicatesthdinkethatsegmentsf
thesameclasshouldelacedearaclhtherntheutputfile Theelasshamecarbeanword,
e.g. CLASS=CODE.

¢ OVERLAYlik&€LASS,ispecifiedritlmamrbitrarwordasamrgument angrovideoverlay
information to an overlay-capable linker.

¢ SegmentscarbedeclaredadISE1@MWISE32 ,whicthashesffectofrecordinghechoicerthe
objecttilandlsensuringhatASM’ slefaultassemblynodehemssemblindgthatsegment
is 16-bit or 32-bit respectively.

¢ Whewritin®dS/dbjectfiles,yowshouldleclar82-bitsegmentaFLAT whickauseshe
defaultsegmentbasdonnythingithsegment behspeciagroupLAT andlsadefineshe
group if it is not already defined.

e Thebfildormatlsallowsegmentsdbeleclaredhavingre-definedbsolutesegment
addressalthoughbinkerareurrent lgnowmmaksensiblesetthifeaturenpevertheless,
NASMallowsyoutodeclareasegment suchasSEGMENT SCREENABSOLUTE=0xB800ifyou
need to. The ABSOLUTE and ALIGN keywords are mutually exclusive.

NASM’s default segment attributes are PUBLIC, ALIGN=1l, no class, no overlay, and USE

7.4.2 GROUP: Defining Groups of Segments

Theobformatals@allowsegment £ dearouped,sdthatssinglesegmentregisterarbaisedto
refer@lthesegmentsmyroup NASMhereforesupplieth&ROURIirective wherebywyowan
code

segment data
; some data
segment bss
; some uninitialized data

group dgroup data bss

whichwilldefineagroupcalleddgrouptocontainthesegmentsdataandoss.LikeSEGMENT,
GROUFcausesthegroumamet bedefinedasasymbol,scthatyowanrefertcavariablevarinthe
datasegmentasvarwrtdataorasvarwrtdgroup, dependingonwhichsegmentvalueis
currently in your segment register.

Ifyouyustreferrorar,however,andrari sdeclaredimsegmentwhichi spartofagroup,theNASM
wilHefaultgivingotheffseofFarfromhdeginningthgroupnothsegmentTherefore
SEG var, also, will return the group base rather than the segment base.

NASMvillallowsegmentt dbeartomorehamneyroup butwillgenerataewarning fyouwdhis.
Variablesleclaredmsegmentwhich partomorehamngroupwildefaulttdeingelativeo
the first group that was defined to contain the segment.
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7.4.3

7.4.4

7.4.5

Kgroupdoesnothavetoccontaimnysegments;yowanstil ImakdiRTreferencestcegroupwhich
doesottontainheariablgoareeferringo0S/2 foexampledefineshepeciayroupLAT
with no segments in it.

UPPERCASE: Disabling Case Sensitivity in Output

AlthoughiASMtselfigassensitive somOME inkeraraot therefordttabasefufoNASMo
outputingle-casabjectilesTHEPPERCASFormat-specifidi rectiveausesldegmentgroup
andsymbolnamesthataresrittentccheobjectfiletdbeforced auppercasejustbeforeeing
writtenWithiaourcé&ilelASMstildase-sensitiveputhebjecfileabwritteantirelyn
upper case if desired.

UPPERCASE is used alone on a line; it requires no parameters.

IMPORT: Importing DLL Symbols

ThadMPORTEormat-specifidirectivalefinessymbotddmportedromLL, fomsd ffoware
writingdLL’ dmportlibraryMNASMYowstilheedaeclarehesymboh&EXTERMwel hsising
the IMPORT directive.

TheIMPORTdirectivetakestworequiredparameters,separatedoywhitespace,whichare
(respectively)thenameofthesymbolyowishtoimportandthenameofthelibraryyowishto
import it from. For example:

import WSAStartup wsock32.dll

Athirdoptionalparametergivesthenamebywhichthesymbolisknowninthelibraryyouare
importingitfrom,incasethisi snotthesameasthenameyowishthesymbolt doeknowrbytoyour
code once you have imported it. For example:

import asyncsel wsock32.dll WSAAsyncSelect

EXPORT: Exporting DLL Symbols

Th&XPOREormat-specifidirectivelefineslobakymbolbexported®dLiymbol fonse
ifyowmrenritingDLIimMNASM.Youstillneedt odeclarethesymbolasGLOBAIasvellasusingthe
EXPORT directive.

EXPORTtakesonerequiredarameter,whichi sshenameofthesymbolyowisht export ,asitwas
definedyousourc€ileAwptionakecongparameterdseparateddbwhitepacdromhdirst)
givestheexternalnameofthesymbol: thenamebywhichyouwishthesymboltobeknownto
programsusingtheDLL.Ifthisnameisthesameastheinternalname,younayleavethesecond
parameter off.

FurtheparametersabgivehdefinattributesfhexportedymbolThesparameterslike
theecondarseparatebyhitspaceIfurtheparameterargivenfthexternahamamustlso
be specified, even if it is the same as the internal name. The available

e residentindicategshatthexportediamda £ d&keptresidentbstthesystemoader Thid san
optimisation for frequently used symbols imported by name.

¢ nodatdndicateshathexportedymbolgfunctiomwhickloesomakaes@fnynitialized
data.

¢ parm=NNN,wherd&NM saninteger,setsthemumberwfparametemwordsforrthecaseirwhichhe
symbol is a call gate between 32-bit and 16-bit segments.

e Anttributehichgus@mumbeindicateshathsymbobshouldexportedithndentifying
number (ordinal), and gives the desired number.

For example:
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7.4.6

7.4.7

7.4.8

84

export myfunc

export myfunc TheRealMoreFormallLookingFunctionName
export myfunc myfunc 1234 ; export by ordinal
export myfunc myfunc resident parm=23 nodata

..start: Defining the Program Entry Point

OMRinkersequirexactlgnefhebjecfilebeindinkeddefinthprogramntrpointwhere
executiowilbegimhenhprogramsunIfhebjectfiléhatdefineshentrpointiassembled
usind®ASMyowspecifithentrpointbyWeclaringhespecialsymbol .starattheointwhere
you wish execution to begin.

obj Extensions to the EXTERN Directive

If you declare an external symbol with the directive
extern foo

therreferencesuchasmowx, fowillgivgotheffsetoffodromt preferrecdsegmentbase
(aspecifiedwhichevemoduldodsctuallgefinedn) Staccessheontentefoyowill
usually need to do something like

mov ax,seg foo ; get preferred segment base
mov es, ax ; move it into ES
mov ax, [es:foo] ; and use offset ‘foo’ from it

Thiddittlenwieldyparticularlyfoknowhatexternalgoingbaccessibléromiven

segment or group, say dgroup. So if DS already contained dgroup, you could simply co

mov ax, [foo wrt dgroup]

However,havingcctypethiseverytimeyowanttcaccessfooccanegpain;sdNASMallowsyouto
declare foo in the alternative form

extern foo:wrt dgroup

ThisformauseNASM pretendthatthereferredsegmentbaseoffoaisinfactdgroup;sathe
expressionsegfoowillnowreturndgroup, andtheexpressionfooisequivalentto
foo wrt dgroup.

Thisdefault-WRThechanisnmarbaused anakesexternalsappeartderelativetaanygroupor
segment in your program. It can also be applied to common variables: see

obj Extensions to the COMMON Directive

Theobjformatallowsommorvariablesdeithemeamwrfar;NASMllowsyowtspecifwhich
your variables should be by the use of the syntax

common nearvar 2:near ; ‘nearvar’ is a near common
common farvar 10:far ; and ‘farvar’ is far

FarxommorwariablemapagreatenmizehadKbanddchOMBpecificatiomaythatthewnre
declarecasnumbemwfelement®fagiversize Sal 0-bytefarcommorvariablecouldaleclared
as ten one-byte elements, five two-byte elements, two five-byte elements

SomeOMFl inkersrequirecheslementsize,aswellastherariablesize ,tanatclwhemrresolving
commorvariablesleclaredmorehamnenodule .Thereford&ASMustallowowspecifythe

element size on your far common variables. This is done by the following
common c_5by2 10:far 5 ; two five-byte elements
common c_2by5 10:far 2 ; five two-byte elements

section 7.4

or one ten-.

syntax:



Ihelementsizd specifiedthalefaultid Alsoth&Akeyword siotrequiredthemmlement
sizespecifiedsincenlyarommonsmahavelemensizeatll Schabovdeclarationsould
equivalently be

common c_5by2 10:5 ; two five-byte elements
common c_2by5 10:2 ; five two-byte elements

Iadditiobbhesextensionsth@OMMONirectivenbglssupportdefault-WREpecification

like EXTERN does (explained in section 7.4.7). So you can also declare things like
common foo 10:wrt dgroup

common bar l6:far 2:wrt data

common baz 24:wrt data:6

7.4.9 Embedded File Dependency Information

Sinc&lASM.13.02,0bfilexontairmbeddedlependencyfilanformation ITsuppresshe
generation of dependencies, use

$pragma obj nodepend

7.5 win32: Microsoft Win32 Object Files

Thein3dutputformagenerateMicrosofWin3®bjecfilesguitabléopassingdicrosoft
linkersuchas/isualC++ NotechatBorlandiin3Zompilersdamotusechisformat butuseobj
instead (see section 7.4).

win32 provides a default output file-name extension of .obj.

NotéhatlthougMicrosofsayhaWin3?bjecttilefollowh€OFKCommofbjecEil&ormat)
standardihebjectileproducedMicrosofiin32ompilerareotompatibleitB0FFinkers
sucladIGPP’' s,andriceversa Thid slue@ifferencodbpiniomvertrherecissemanticof
PC-relativeelocationsTproduc€OFFilesuitabléobIJGPPusNASM’ sofbutpuformat;
converselytheofformatdoemoproducebjectfileshaWin32inkersagenerateorrect
output from.

7.5.1 win32 Extensions to the SECTION Directive

Likehebformat win32llowyouwspecifyrdditionalinformatiomthsSECTIONirective
linetcontrotheypangropertiesectionyodeclare Sectiotypeangropertiesre
generatecautomaticallpWNASMorrhestandardectiomames.text,.datand bss butmay
still be overridden by these qualifiers.

The available qualifiers are:

e code,orquivalentlyext,definedhesectiortderodsection Thisnarksheectioras
readablan&xecutable butmotwritable andlsdndicatesdchdinketrhattheypeofhe
section is code.

¢ dataandssdefinethesectiontdedatasection,analogouslytocode . .Datasectionsare
markedgeadablandritablepuhotxecutabledatdeclareannitializedataection,
whereas bss declares an uninitialized data section.

¢ rdatdeclareannitializedatsectionhatseadablleutowritableMicrosoftcompilergse
this section to place constants in it.

e infdefineshsectiohbamnformationakectionwhicheotincludedthexecutabléile
bythd inker bumay(forxample)passinformatiord@hd inker Forxample,declarin@n
info-typsectiormalleddrectveauseshdinketdnterpretheontentsfhesections
command-line options.
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e align=usedrithtrailinqumbendmbjgivethalignmentrequirement®fheection.
Themaximunyounayspecifyist4 :thdiin32objectfileformatcontainsnaneanstarequesta
greategecticaml ignmenthatrhi sTEflignmenimogxplicitlgpecifiedihdefaultarkb-byte
alignmenforodsections@-bytelignmenfordataectionand-bytelignmenfodatdand
BSSyectionsInformationasectiongedefaulalignmentbytdnalignment) thoughhe
value does not matter.

The defaults assumed by NASM if you do not specify the above qualifiers are:

section .text code align=16
section .data data align=4
section .rdata rdata align=8
section .bss bss align=4

Any other section name is treated by default like .text.

7.5.2 win32: Safe Structured Exception Handling

Amongtherimprovement sififindowsXESP2andiindowsServer200Microsofthasintroduced
concept¥safstructuredxceptiohandling.®eneraldeasoollechandlerséntrpointsn
designatedead-onlygablenHavellegedntrpointerifiedgainsthisablprioexception
controlipasseddheéhandler Irorderfomrexecutablenodulae dequippedvitsucH'safe
exceptiorhandlerable, 'albbjectmoduleoriinkercommand indasacomplwithertain
criterialIPnesinglenoduleamondhemoesot therthaeabldmuestion omittedndbove
mentionedun-timehecksilhobeerformedornpplicationmuestionTablemissiod by
defaultsilentndhereforeabeasilypverlookedOneannstructiinketaoefuseproduce
binary without such table by passing /safeseh command line option.

Withoutregarddtchisun-timeheckheritdt’ saturatexpectNASMbeapablefenerating
modules suitable for /safeseh linking. From developer’s viewpoint the problem is two

e how to adapt modules not deploying exception handlers of their own;

e how to adapt/develop modules utilizing custom exception handling;

Former can be easily achieved with any NASM version by adding following line to sour
S@feat.00 equ 1

Anfrersio? . 0NASMddshisbsolutesymbohutomaticallyIfit’ siotalreadypresenttde
precisel.eifowhatevereasodevelopewouldhooséassiganothevaluesourcEileit
would still be perfectly possible.

Registeringustomxceptiohandlephhethehandequiresertaifimagic.BhAsfersio.03
additionalirectividémplementedafeselwhidmnstructtdessembldmroduappropriately
formatted input data for above mentioned "safe exception handler table." Its typical

section .text
extern _MessageBoxA@l6

$if _ NASM_VERSION_ID__ >= 0x02030000
safeseh handler ; register handler as "safe handler"
$endif
handler:
push DWORD 1 ; MB_OKCANCEL
push DWORD caption
push DWORD text
push DWORD 0
call _MessageBoxAQ1l6
sub eax, 1 ; incidentally suits as return value

; for exception handler
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7.5.3

7.6

7.6.1

ret
global _main

_main:
push DWORD handler
push DWORD [fs:0]
mov DWORD [fs:0],esp ; engage exception handler
XOor eax,eax
mov eax, DWORD [eax] ; cause exception
pop DWORD [fs:0] ; disengage exception handler
add esp, 4
ret
text: db "OK to rethrow, CANCEL to generate core dump’,0
caption:db "SEGV’, 0

section .drectve info
db " /defaultlib:user32.1ib /defaultlib:msvcrt.lib '

Apomighimaginejt’pgerfectlpossibleproduceexkinaryithsafexceptiohandletrable"
angeéngaganregisteredxceptiohandlerIndeedhandletsngagedgimplmanipulating
[fs:0locatiomtrun-time,somethind inkethasigpowemwver,run-timehatis Itshoulde
explicitlmentionetthasuchailurepegistehandler’entrpoinwithafesedirectivkas
undesiredideffecatun-timeléxceptionsaisedndnregisteretdandleirsbexecutedihe
applicationabruptligerminatedithousangotificatiowhatsoeverOneaarguthasystem
coulatleasthavdoggedom&ind non-safexceptiomandledx.exataddressaifhessagdn
eventlogbutmo,literallynmotificationprovidedndiserndeftwitihhaluemwhattaused
application failure.

Finallyalmentions¥inkeirnhigaragraphefetdicrosoftinkeversion.anlaterRresence
of@feat.00symbolandinputdatafor"safeexceptionhandlertable"causesnobackward
incompatibilitieanlisafesehflodulegeneratedNASHM. 08ndatecantilbéinkeldgarlier
versions or non-Microsoft linkers.

Debugging formats for Windows

Thewin32andwin64formatssupporttheMicrosoftCodeViewdebuggingformat .Currently
CodeViewersioformatisupportedcv8) punewerversionsfh€odeViewebuggeshoulde
able to handle this format as well.

win64: Microsoft Win64 Object Files

Thein6éutpuformagenerateMicrosofiin6ébjectfilesyhichraearl§00%denticatbhe
win3®dbjectformat(sectio.5withhexceptiorthatitisneanttdcargetvd-bitcodandhe
x86-6bplatformltogether Thiwbjectfild sise@dxactlithsamatherin3dbjectformat
(section 7.5), in NASM, with regard to this exception.

win64: Writing Position-Independent Code

Whil&ELakegoodareRIP-relativaddressingftherd snaspecthatigasyoverlookon
Win64 programmer: indirect references. Consider a switch dispatch table:

Jmp gword [dsptch+rax*8]
dsptch: dg case0
dg casel

Evemovicé&lin6hssembleprogrammemwillsoomrrealizehattheodd s1otb4-bitsavvy Most
notably linker will refuse to link it with
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"ADDR32’ relocation to ’.text’ invalid without /LARGEADDRESSAWARE :NO
So [s]lhe will have to split jmp instruction as following:

lea rbx, [rel dsptch]
Jjmp gword [rbx+rax*8]

Whathappendehindhecend shattffectivaddresdned sncodedelativednstruction
pointerptperfectlposition-independenmannerButhisenlparbfhproblemTroublés
thatin dllcontextcaseNelocationsvilImakeheimwaytdhefinalmoduleandnighthave-de
adjusteadt dlloadime Ibspecifiaherdtcan’ bdoadedtpreferredddress Anavherthis
occurs,pagesvitlsuclrelocationswil beenderegprivateacurrentprocess,whictkkindf
undermines the idea of sharing .dll. But no worry, it’s trivial to fix:

lea rbx, [rel dsptch]
add rbx, [rbx+rax*8]
Jmp rbx

dsptch: dg case(O-dsptch
dg casel-dsptch

NASMrersiom?.03&ndatemprovidesanothemlternative,wrt. . imagebaseperator which
returnsffsetfrobasaddressfheurrentimagepaetexerdlhodulefthereforéh@aameFor
thosecquainte@ditBE-COFFormabasaeddresdenotestarvIMAGE_DOS_HEADERtructure.
Here is how to implement switch with these image-relative references:

lea rbx, [rel dsptch]
mov eax, [rbx+rax*4]
sub rbx,dsptch wrt ..imagebase
add rbx, rax
Jmp rbx
dsptch: dd case0 wrt ..imagebase
dd casel wrt ..imagebase

Oneamrguehattheperatord sredundant Indeed,snippetbefordastworksjustfinevitlany
NASMversionandisnot evenWindows specific... Thereal reasonforimplementing
wrt ..imagebase will become apparent in next paragraph.

It should be noted that wrt ..imagebase is defined as 32-bit operand only:

dd label wrt ..imagebase ; ok
dg label wrt ..imagebase ; bad
mov eax, label wrt ..imagebase ; ok
mov rax, label wrt ..imagebase ; bad

7.6.2 win64: Structured Exception Handling

StructuredxceptiohandingiWin64sompleteldifferenmattefroin32Uporxception
programountevaluénsotedandinker—generatetiableomprisingtarandndddresseséll
theéunctiondigiverxecutablaoduleisraversedndomparedthesavegrogramounter.
ThuscalledNWIND_INFG&tructuresdentifiedIft’ sofoundithenffendingubroutines
assumed d&leafindusmentionedookuprocedurd sttemptedorntsaller IWin6deaf
functiodsucHunctiomhatdoesmottal hnptherfunctiomatfiodifieanWinéhon-volatile
registerdncludirsfagointeTHattemsurahadtt wossiblmlentiflpdfinction’calléyy
simply pulling the value from the top of the stack.
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Whilmajoritgf€ubroutinewrittenassembleareotallingngthefunctionyequiremenfor
non-volatileegistersimmutabilityeavedevelopewithomoréhaffegisterandstack
framewhichaohecessarilyhatfs]heountedithCustomarilpnwouldeetheequirement
bgpavingon-volatileegistersstackndestoringhempomreturnsehatagerongZfand
onlyif hrexceptionsaisedtrun-timeancddNWIND_INFGtructurdsssociatedvitlsuch
"leafunctionthstacknwingrocedureiléexpectdindaller’ seturaddressthéopf
stacknmediatelfollowdatfirameGi varthatevelopgrusherhller/mon-volatileegistersn
stackwouldhealuerntopointtsomeodsegmentoevemddressablespaceWell developer
camttempttcopyingaller’ xeturrmddresscheowBtackndhisouldctuallworksome
vergpecificircumstancesBuinlesdeveloperagquaranteghathesei rcumstancesralways
metit’moraeppropriateéassumeorstassecenarioj.estacknwingrocedurgoingerserk.
Relevanquestioiwhaltappentshen®pplicatiombrupt ltyerminatewdithoudnyotification
whatsoever Justlikdmin3Zase, oneamrguehatsystemoulatleasthavad ogged'unwind
procedure went berserk in x.exe at address n" in event log, but no, no trace of fail

Nowwhemanderstandignificancefh8NWIND_INF&tructurelet’discuswhat’ snand/or
howt’ processedFirsbilitisheckedopresencefeferencécustomanguage-specific
exceptiohandlerIfherésnethent’ snvokedDependinghheeturmaluegxecutiofilous
resumed(exception ssaidde" handled") ,0frestofUNWIND_ INFGstructurel sorocesseds
followindBesidwptionadeferendmustdmndlergarrieimformatiabouturrentallee’s
stackramaengheraon-volatileegisterarsavedInformationsgletaileénoughbabléo
reconstruciontentsallermon-volatilmegistenpamdurreral ledrsdal ler/context
izxeconstructedandhemnwingrocedure sepeatedi.eanotheNWIND_ INF@tructures
associatedthitsimeyitdnller’/instructigmointermwhicisherheckefipresenamfeference
thanguage-specifilmandlergtclherocedurasecursivelyepeatedi ldxceptioiisandledAs
last resort system "handles" it by generating memory core dump and terminating the a

AsforthanomentofthisvritindNASMinfortunatelydoesotfacilitategeneratiormfabove
mentionedetailednformatiocaboustackraméayoutBuastersiod.0Btmplementlsuilding
blockfogeneratingtructurednvolvedstackinwindingAsimplesexample herafowo
deploy custom exception handler for leaf function:

default rel
section .text
extern MessageBoxA

handler:
sub rsp, 40
mov rcx, 0
lea rdx, [text]
lea r8, [caption]
mov r9,1 ; MB_OKCANCEL
call MessageBoxA
sub eax, 1 ; incidentally suits as return value
; for exception handler
add rsp, 40
ret
global main
main:
Xor rax, rax
mov rax, QWORD [rax] ; cause exception
ret
main_end:
text: db "OK to rethrow, CANCEL to generate core dump’,0
caption:db 'SEGV’, 0
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section .pdata rdata align=4

dd main wrt ..imagebase
dd main_end wrt ..imagebase
dd xmain wrt ..imagebase
section .xdata rdata align=8
xmain: db 9,0,0,0
dd handler wrt ..imagebase
section .drectve info
db " /defaultlib:user32.1ib /defaultlib:msvcrt.lib ’

Whatyouseein.pdatasectioniselementofthe"tablecomprisingstartandendaddressesof
function@longiitlreferencée@ssociatedNWIND_INFGtructure Andthatyosedn xdata
section8NWIND_INFStructurdescribinfunctiownithbframebutitesignatedxception
handler Referenceard¢equired ddmage-relativegwhicH sheeakeasorfoimplementing
wrt ..imagebase operator). It should be noted that rdata align=n, as well as
wrt .imagebaseareptionalilthesewsegments’contextsi.ecabbemittedlLattemeans
thatf2-bitreferencespobnlgbovéistedequirednesplacedntbtheséwsegmentsurnut
image-relativeWhistmportantonderstandDevelopeisllowet®ppendandler-specific
datda NWIND_INFG@tructureandfislhadds®82-bitreferencetheris]lheil havéaremember
to adjust its value to obtain the real pointer.

Aslreadmentioned,iiin64 ermdeaffunctiononehatdoemotcallanywtherfunctiomor
modifieangon-volatileegisterjincludingtackointerButt’sotncommohhagssembler
programmeplansatilizevergingleegisteandometimesvehaveariabletackramels
therenythingneadwitbarbuildinglocks?.ebesidemanuallgomposingully-fledged
UNWIND_INF®tructurewhiclhouldurelpeonsideredrror-prone¥estheraesRecalthat
exceptidmndleisal lefli rstheforstackayouimnalyzedAturneoitit/merfectlyossible
tmanipulateurrenttallee’ £ontextirrustomandlernmannetrhatpermitsfurthestack
unwindingGeneraldeashahandlewouldosactuall¥handlethexceptionbuinsteadestore
callee’ sontextpdiwastitentrpointndhumimideafunctionInthewordshandlewould
simply undertake part of unwinding procedure. Consider following example:

function:
mov rax, rsp ; copy rsp to volatile register
push rl5 ; save non-volatile registers
push rbx
push rbp
mov rll, rsp ; prepare variable stack frame
sub rll, rcx
and rll,-64
mov QWORD[rll],rax ; check for exceptions
mov rsp,rll ; allocate stack frame
mov QWORD [rspl,rax ; save original rsp value

magic_point:

mov rll,QWORD [rsp] ; pull original rsp value

mov rbp, QWORD [r11-24]

mov rbx, QWORD[r11-16]

mov rl5,QWORD[r11-8]

mov rsp,rll ; destroy frame
ret

Thé&eyword£hatuggmagic_pointbriginakswalueemaindmrhosewolatileegisternnao
non-volatileegistergexcepforspjmodifiedihilpasthagic_pointspemainsonstantill
theergndfhdunctionIthigsaseustomanguage-specifiexceptiomandlewouldook
like this:



EXCEPTION_DISPOSITION handler (EXCEPTION_RECORD *rec,ULONG64 frame,
CONTEXT *context,DISPATCHER_CONTEXT *disp)
{ ULONG64 *rsp;
if (context->Rip<(ULONG64)magic_point)
rsp = (ULONG64 *)context->Rax;
else
{ rsp ( (ULONG64 **)context—->Rsp) [0];
context->Rbp = rsp[-31;

context->Rbx = rspl[-2];
context->R15 = rsp[-1];
}
context->Rsp = (ULONG64) rsp;

memcpy (disp—->ContextRecord, context, sizeof (CONTEXT)) ;

RtlVirtualUnwind (UNW_FLAG_NHANDLER, disp->ImageBase,
dips—->ControlPc,disp—>FunctionEntry, disp->ContextRecord,
&disp->HandlerData, &disp->EstablisherFrame, NULL) ;

return ExceptionContinueSearch;

}

AzxustomandlemimicdeaffunctioncorrespondinNWIND_INFGtructureoesothaveo
contain any information about stack frame and its layout.

7.7 coff: Common Object File Format
The coff output type produces COFF object files suitable for linking with the DJGPP
coff provides a default output file—-name extension of .o.

Theoffformatsupport £hesamextensions ¢heSECTIONlirectivawin32oes exceptthat
the align qualifier and the info section type are not supported.

7.8 macho32 and macho64: Mach Object File Format

Theacho3andachob6dutputformt producedach-®@bjectfilesuitabldorinkingritithe
MacOS X linker. macho is a synonym for macho32.

macho provides a default output file—name extension of .o.

7.8.1 macho extensions to the SECTION Directive

Thenach@mutputformatspecifiesectiomamesirtheformat"segment, section” Nespacesare
allowed around the comma. The following flags can also be specified:

e data - this section contains initialized data items

e text - this section contains code exclusively

e mixed - this section contains both code and data

* bss — this section is uninitialized and filled with zero

e zerofill - same as bss

e no_dead_strip - inhibit dead code stripping for this section
e live_support - set the live support flag for this section

e strip_static_syms - strip static symbols for this section

e debug - this section contains debugging information

e align=alignment - specify section alignment
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Thedefaultislata,unlesshesectiomameis textor bssirwhichcasechaedefaultisextor
bss, respectively.

For compatibility with other Unix platforms, the following standard names are also s

.text = _ TEXT,___text text
.rodata = __ DATA, const data
.data = _ DATA, data data
.bss = _ DATA,_ Dbss bss

Ifherodatasectiomontainsaoelocationsitidnsteagutintehe TEXT,_ constsection
unlestshisectiohaalreadpeernpecifiedxplicitlyHoweverjitiprobablpetterspecify
__ TEXT,__const and __ _DATA,__const explicitly as appropriate.

7.8.2 Thread Local Storage in Mach-0O: macho special symbols and WRT

Mach-Gdefinesthefollowingspecialsymbolsthatcarbausedrtheright-handsideoftheWRT
operator:

e ..tlvp is used to specify access to thread-local storage.

o ..gotpcrelismisedspecifyeferencesdch&lobabDffsetTable Th&sOTW supportedrthe
macho64 format only.

7.8.3 macho specfic directive subsections_via_symbols

Thaelirectivesubsections_via_symbolsetsh&H SUBSECTIONS_VIA_SYMBOLXladrthe
Mach-Geaderwhichellshéinkethatheymboldthd&ilmatchesheonventiongequiredo
allow for link-time dead code elimination.

This directive takes no arguments.

This smacrdmplementedstpragma . ltcamlsdespecifiedint®pragmaform,irwhichcase
it will not affect non-Mach-O builds of the same source code:

$pragma macho subsections_via_symbols

7.8.4 macho specfic directive no_dead_strip

Thedirectiveno_dead_stripmsetsheMach-CGH_NO_DEAD_STRIPsectionflagrthesection
containing a a specific symbol. This directive takes a list of symbols as its argume

This smacrdmplementedstpragma . ltcamlsdespecifiedint®pragmaform,irwhichcase
it will not affect non-Mach-O builds of the same source code:

$pragma macho no_dead_strip symbol...

7.9 elf32, elf64, elfx32: Executable and Linkable Format Object Files

Theelf32, elf64andelfx32output formatsgenerateELF32andELF64 (Executableand
Linkabl&ormatpbjectfilespaseb¥inuaweldBnifysteMincludingolarix86PnixWare
and SCO Unix. elf provides a default output file-name extension of .o. elf is a syno

The elfx32 format is used for the x32 ABI, which is a 32-bit ABI with the CPU in 64-

7.9.1 ELF specific directive osabi

ThelReadespecifietshapplicationinarinterfacéotrtheargetperatingystefOSABI)This
fieldabesebusinghesabdirectiveithhaumeriwalug0-255p£fhéargetsystemIfhis
directivdsiotusedthaefaultwvalueril b UNIXysteMABI"(0OwhiclwilWworlomostsystems
which support ELF.
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7.9.2 elf extensions to the SECTION Directive

Likéhebformatgléllowygotespecifrdditionainformationnhh8ECTIONirectivéine,
toontrotheypengropertiesfectiongodeclareSectiohypeangropertieargenerated
automatically by NASM for the standard section names, but may still be overridden by

The available qualifiers are:

e allocdefinesthesectiontobeonewhichisloadedintomemorywhentheprogramisrun.
noalloc defines it to be one which is not, such as an informational or comment sec

e execdefinefhesectiomdenarthiclshouldavexecuteermissiomwherthgrogram ssun.
noexec defines it as one which should not.

e writedefinesthesectiontdenevhichshouldavritablevhentherogram srun.nowrite
defines it as one which should not.

e progbitdefineshsectionbeneitkxplicitontentstoredthebijecttileanrdinary
codedatsection foexamplenobitglefineshesectiotbeneritmhexplicitcontents
given, such as a BSS section.

e align=, used with a trailing number as in obj, gives the alignment requirements of
e tls defines the section to be one which contains thread local variables.

The defaults assumed by NASM if you do not specify the above qualifiers are:

section .text progbits alloc exec nowrite align=16
section .rodata progbits alloc noexec nowrite align=4
section .lrodata progbits alloc noexec nowrite align=4

section .data progbits alloc noexec write align=4
section .ldata progbits alloc noexec write align=4
section .bss nobits alloc noexec write align=4
section .lbss nobits alloc noexec write align=4
section .tdata progbits alloc noexec write align=4 tls
section .tbss nobits alloc noexec write align=4 tls
section .comment progbits noalloc noexec nowrite align=1
section other progbits alloc noexec nowrite align=1

(Anysectiomameotherrharthoseirtheaboveableae s reatedydefaultlikethernthabove
table. Please note that section names are case sensitive.)

7.9.3 Position-Independent Code: macho Special Symbols and WRT

Sinc&lKoemotsupportsegment-baseeferences,thédiRbperatord swotusedorntsiormal
purposejtherefor®dASM’ lbutputformamakesiseofRTorldifferentpurpose namelythe
PIC-specific relocation types.

elfdefinesfivespecialsymbolsvhichyowamiseastheright-handsideofthdiRToperatorto
obtainPICrelocationtypes.Theyare..gotpc,..gotoff,..got,..pltand..sym.Their
functions are summarized here:

¢ Referringdchesymboharkingheglobabffsettabldasaisingirt .gotpawilknagiving
thedistancefromthebeginningofthecurrentsectiontotheglobaloffsettable.
(_GLOBAL_OFFSET_TABLE_isthestandardsymbolnamaised aefert the50T. )Soyowould
then need to add $$ to the result to get the real address of the GOT.

e Referrindg@ocationmnefouowrsectionsisingirt. .gotofwillhivehalistance€rom
théeginningpfhe&Ot dchespecifiedocation,sdchataddingprtheaddressfhaO0Tvould
give the real address of the location you wanted.
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¢ Referrindarexternabglobakymbolisingirt. .gottauseshd inketrduildmrntryfthe
GO®Bontaininghaddressfheymbol andheeferencgivesheistancEromhdeginning
oftheGOTttheentry;soyowcamddrtheaddressofthes0T,loadfrontheresultingddress,
and end up with the address of the symbol.

e Referringmprocedurenamaisingirt. .pltcauseshelinkertdouildprocedurelinkage
tablentryortrhesymbol,andheeferencegiveshaddresofh®LEBntry Yowwamnlyuse
thisoontextwhichkouldeneratBC-relativeelocationormallyi.eashé@estinatiofior
CALL or JMP), since ELF contains no relocation type to refer to PLT entries absolu

¢ Referrindtosymbolnamausingwrt. . symausesNASM ovritearmordinaryrelocation,but
insteadmakingheelocatiomrelativéshestarbfhesectiomndhemddingrnheffseto
theymboljwilwriteelocationecordimedirectlgtheymboiguestionThdistinction
is a necessary one due to a peculiarity of the dynamic linker.

Kulleexplanatioohowaos¢heseelocationypesoritesharedibrariesntirelyNASMs
given in section 9.2.

7.9.4 Thread Local Storage in ELF: elf Special Symbols and WRT

e TiELF32node,referrind@armexternalbrglobalsymbolisingirt. .tlsieausesheinkero
buil@armentryfth&O®ontainingheffsetoffhesymbowithith&€Lblock,sgyowarmccess
the value of the symbol with code such as:

mov eax, [tid wrt ..tlsie]
mov [gs:eax],ebx

o TIRLF6HELFx32ode,referrind@amrxternabyglobalsymbolisingirt. .gottpofdfauses
thdinkerrduilarentryth&OTontainingheffsetwfhesymbowithirth&fLdlock,so
you can access the value of the symbol with code such as:

mov rax, [rel tid wrt ..gottpoff]
mov rcx, [fs:rax]

7.9.5 elf Extensions to the GLOBAL Directive

ElL®bjectfilesarontaimordnformatiomboutylobakymbothamustitaddress theygan
containthsizefhesymbohndtsypasell Thesaraomerelyebuggeronveniences put
aractuallwyecessaryhenherograbeingrittensharedibraryNASMhereforsupports
some extensions to the GLOBAL directive, allowing you to specify these features.

Yowarspecifwhethemylobalvariable sfunctiommalatabjectowuffixindtheamevitha
colon and the word function or data. (object is a synonym for data.) For example:

global hashlookup:function, hashtable:data
exports the global symbol hashlookup as a function and hashtable as a data object.

Optionallyyowagontroth&LWisibilitpfheymbol Justddnefheisibilitkeywords:
default,internal,hidden,orprotected.Thaedefaultisdefaultofcourse .Forexample,to
make hashlookup hidden:

global hashlookup:function hidden

Yowramlsspecifrhsizefhaatassociatedritithesymbol asnumeriexpression(which
may involve labels, and even forward references) after the type specifier. Like this

global hashtable:data (hashtable.end - hashtable)
hashtable:

db this,that,theother ; some data here
.end:
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7.9.6

7.9.7

7.9.8

7.10

7.11

ThimakedASMutomaticallygalculatéhdengtbhfheablanglacehatinformatiodntdahe
ELF symbol table.

DeclaringhéypaendizeflobakymboldsecessarwhewritingharedibrargodeFomore
information, see section 9.2.4.

elf Extensions to the COMMON Directive

ElRlsallowyotspecifyrnlignmentrequirement ®mwommowariables Thid slondputting
number(whichmustbepowemwftwo)afterthenameandizeffheeommonvariable,separated(as
usual) by a colon. For example, an array of doublewords would benefit from 4-byte al

common dwordarray 128:4

Thisgleclaresheotalsizeoftharratdda2dbytes,andequireshatitbealignedhmd-byte
boundary.

16-bit code and ELF

Th&LF33pecificationoesn’ provideelocationfoBand6-bitvaluesputh&Nldinker
addshesaserxtensionNASMagenerat&NU-compatibleelocationstallowb6-bittod&o
belinkedasELFusingGNUld.IfNASMisusedwiththe-w+gnu-elf-extensionsoption, a
warning is issued when one of these relocations is generated.

Debug formats and ELF

ELprovideslebugnformation$TABSn®WAREormats Linaumbernnformatiod generated
for all executable sections, but please note that only the ".text" section is execut

aout: Linux a.out Object Files

Thaoutformagenerates.oubbjectfilesimthdormsedbgarlinusystemygcurrentinux
systemss&LF sesectiof. 9. Thesdiffefromthen.oubbjectfiledthathamagiaumber
ithdirstfoubytenfthdilddifferentalso,somdmplementationof.out forexample
NetBSD’s, support position—-independent code, which Linux’s implementation does not.

a.out provides a default output file-name extension of .o.

a.ouisrerpimplebjectformat Itsupportacpecialtirectivesnespeciakymbolspasef
SE@G@HWRT andextensionsanpgtandardirectives Itsupportenlyhéhrestandardection
names .text, .data and .bss.

aoutb: NetBSD/FreeBSD/OpenBSD a.out Object Files

Theaoutbformatgeneratesa.outobjectfiles,intheformusedoythevariousfreeBSDUnix
clones NetBSD FreeBSandpenBSD Forsimplebjectfiles thiobjectformatd xactlyhe
sameasaoutexceptforthanagimumberinthefirstfourbytesofthefile . .However,theaoutb
formatsupportgposition-independentcodeirthesamavayasheslfformat,sgyowcamseitto
write BSD shared libraries.

aoutb provides a default output file-name extension of .o.

aoutbupportaspeciadlirectivespepeciasymbolsandnlyhéhrestandardectionames
.text,.dataand.bss.However,italsosupportsthesameuseofWRTaselfdoes,toprovide
position-independent code relocation types. See section 7.9.3 for full documentation

aoutlmalssupportshesamextensiontdh&LOBAMirectivasldoes sessectio.9. Yor
documentation of this.
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7.12 as86: Minix/Linux as86 Object Files

Th&linix/Linui 6-biassemblerns8bfadtewmon-standardbjectfildormat Althoughts
companiohinketd8producesomethinglostordinarg.oubinarieasutputthebjecfile
format used to communicate between as86 and 1d86 is not itself a.out.

NASMupportshiformat justicrasetisseful pas86as8provideslefaulbutputfile—name
extension of .o.

as8a swverysimpleobjectformat(fronthelASMiser’ spointofview) .Itsupportsicspecial
directivesnaseoSEGHRT ande@xtensiont@nytandardlirectives Itsupportsnlyxhe
threestandardsectionnames.text,.dataand.bss.Theonlyspecialsymbolsupportedis
..start.

7.13 rdf: Relocatable Dynamic Object File Format

ThedbutputformaproduceBDOFBbjectfilesRDOFKRelocatabl®ynami®bjecEil&ormat)
iBome—-growabject-filformatgdesignedlongsiddASMt seldndeflectingntfilé&ormathe
internal structure of the assembler.

RDOFH siotusedbwywnwell-knowwperatingystems Thoserritingheiowsystems however,
mawellwishtaiseRDOFFasheimbjectformat ,ortheggroundshatiti slesignedprimarilyfor
simplicity and contains very little file-header bureaucracy.

TheUnixNASMarchive,andtheDOSarchivewhichincludessources,bothcontainanrdoff
subdirectorkoldingetRDOFHtilitiesaRDEinkeraRDEtatic—-librarmanageraRDFile
dump utility, and a program which will load and execute an RDF executable under Linu

rdf supports only the standard section names .text, .data and .bss.

7.13.1 Requiring a Library: The LIBRARY Directive

RDOFEontainsmechanisnformmbjectfilealemandgivenlibrarytde inked dhenodule,
eithermtloadimeorruntime.Thisi sdoneébythelIBRARYdirective,whichtakesoneargument
which is the name of the module:

library mylib.rdl
7.13.2 Specifying a Module Name: The MODULE Directive

SpecialRDOFFheaderrecordisused storadheameofthanodule Itcarbaised,forrxample by
run-timdoadetperformynamidinkingMODULKEirectiveakesnargumentwhichi $haeaame
of current module:

module mymodname

Notehatwhewyowstaticallginkhodulesandellinketrtstrigheymbolfromutputfileall
module names will be stripped too. To avoid it, you should start module names with $

module Skernel.core

7.13.3 rdf Extensions to the GLOBAL Directive

RDOFBlobakymbolgamontaimdditionalinformatiomeededyhetatidinker Yowamark
globaiymboasxportedihusellinghéinkedonostripfromargeexecutabletibrarygile.
Like in ELF, you can also specify whether an exported symbol is a procedure (functio

Suffixing the name with a colon and the word export you make the symbol exported:
global sys_open:export
Tepecifyrhatexportedymbolisprocedure(function) yowddhevorgproowrxfunctiomfter

declaration:

96



7.13.4

714

global sys_open:export proc
Similarly, to specify exported data object, add the word data or object to the direc

global kernel_ticks:export data
rdf Extensions to the EXTERN Directive

Bgefaulth&XTERNirectiveRDOFHeclaredpurexternal 8ymboXi.ethstatidinkewill
complain Buclsymbolsiotresolved) Taeclararimportedsymbol whicmustbeesolved
latedurin@ynamidinkingphase RDOFBfferamdditionalimpormodifier A GLOBALyou
can also specify whether an imported symbol is a procedure (function) or data object

library $libc

extern _open:import
extern _printf:import proc
extern _errno:import data

HereheirectivdIBRARY @alsdncludedwhiclyiveshelynamidinkedminasoheredind
requested symbols.

dbg: Debugging Format

Thalbdormatdoesotoutpuambjectfilasuch;instead, ibutputstextfilaevhiclktontainsa
completdistiBlltheransactionbetweerthamaibodpNASMndheutput-formatbaclkend
module Iiprimarilyntendedaigeopleshomanterriteheivwoutputdrivers sahathey
camgetmrleareddeamfherariousrequestshamaiprogramakeofheoutputdriver and what
order they happen.

For simple files, one can easily use the dbg format like this:
nasm —-f dbg filename.asm

whicwilgenerataeliagnostidilealledilename.dbgHoweverfthigilhoworkelbdbrdiles
whiclwerdesignedodifferenbbjectformatpecauseacbbjectformatlefinestewmacros
(usuallwser-levelformofirectives) andhosemacroswilhobaefinedrthalbdormat.
TherefordtwamaisefutauMNASMwice,imrdeta@dhereprocessingiitithemativebject
format selected:

nasm -e —-f rdf -o rdfprog.i rdfprog.asm
nasm —-a —-f dbg rdfprog.i

Thigpreprocessegsdfprog.asmntadfprog.ikeepinghaedbbjectformatselectedmwrder
tmaksurRDEpeciadirectiveareonvertedntprimitivéormorrectlyThehhpreprocessed
source is fed through the dbg format to generate the final diagnostic output.

Thiworkarouna#rilktiltypicallnoworkKoprogramintendedoonbformat pecauseheb]
SEGMENTandGROUPdirectiveshavesideeffectsofdefiningthesegmentandgroupnamesas
symbols;dbgvilhotddhis,sdcherogramwilhotassemble Yowilhaveavorkaroundhatby
definingheymbolsgourself{lusin&XTERN, forexample)ifFoureall needgetmbgraceofan
obj-specific source file.

dbg accepts any section name and any directives at all, and logs them all to its out
dbg accepts and logs any %pragma, but the specific %pragma:
$pragma dbg maxdump <size>

where<size>iseitheranumberorunlimited, canbeusedtocontrolthemaximumsizefor
dumping the full contents of a rawdata output object.

97



98



Chapter 8: Writing 16-bit Code (DOS, Windows 3/3.1)

ThishaptemttemptE @woversomefheommon ssuesencounteredvhemwritind 6-bitcodeo
runundeMS-DOSorWindows3 . x.Itcovershowtolinkorogramstgoroduce. EXEor.COMfiles,
howtowrite.SYSdevicedrivers,andhowtointerfaceassemblylanguagecodewithl 6-bitC
compilers and with Borland Pascal.

8.1 Producing .EXE Files

AnylargeprogramwrittenunderDOSneedstcbebuiltasa.EXEfile:only.EXEfileshavethe
necessarynternastructureequiredspamoréhanné4kegment Windowprogramsalso,
have to be built as .EXE files, since Windows does not support the .COM format.

Imeneral ,yowenerate EXKFiledbwsindhebputputformatt producenemore OBFiles,
andhedinkinghemogethensindinker However NASMlssupportshelirecgeneratiowf
simpleDOS.EXEfilesusingthebinoutputformat(byusindBanditoconstructthe. EXEfile
header) andnacrpackagd suppliedadchis Thanks ¥anGuidorforontributindheode
for this.

NASM may also support .EXE natively as another output format in future releases.

8.1.1 Using the obj Format To Generate .EXE Files

This section describes the usual method of generating .EXE files by linking .OBJ fil

Mostl6-bitprogrammindanguageackagesomaeritlmuitabld inkerifohaveonefhese,
thereisafreelinkercalledVAL,availableinl.ZBrchiveformatfromx2ftp.oulu. fi AnLZH
archivecxambdounatftp.simtel.net Therdanother freelinkerthoughthisneoesn’t
comgitkourcestralleBREELINKavailabléromww.pcorner.comihirddjlinkwritteby
DDelorie,ismvailablatwww.delorie.comXourthinker ALINKwritterby@nthony.J.
Williams, is available at alink.sourceforge.net.

Whed inkingeveralOBfilednt@a EXEileyowshoul@nsurehatexactlynefhehasstart
poindefinedusinghe .startspeciakymbodefinebyhebformat sesectio¥.4.6) Ifio
modulelefinesstartpoint thdinkewilhotknowhatvaluegivehentry-pointfieldrithe
output file header; if more than one defines a start point, the linker will not know

AnexampleofaNASMsourcefilewhichcanbeassembledtoa.OBJfileandlinkedonitsowntoa
.EXEgivehereIdemonstrateshbasiprinciplesflefiningtackjinitialisingheegment
registersandeclaringtarpoint ThifilealsprovidedinhéestsubdirectorpfhdASM
archives, under the name objexe.asm.

segment code

..Start:
mov ax,data
mov ds, ax
mov ax, stack
mov ss,ax
mov sp, stacktop

ThisnitialpiecofodsetauPpIpointtdhelatasegment andnitializesSAndRpointto
theopfhprovidedtackNoticthatnterruptarémplicitlgisablefloonénstructioaftea
movént8Spreciselyotrhisituationsthathere’ achancefnnterrupbccurrinbetween
the loads of SS and SP and not having a stack to execute on.
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Not@alschatthespeciakymbol .startdsdefinedtthdeginningpfhisodewhicmeandhat
will be the entry point into the resulting executable file.

mov dx,hello
mov ah, 9
int 0x21

Theaboveisthemainprogram:loadDS:DXwithapointertothegreetingmessage(hellois
implicitlyelativechesegmentdatawhiclwadoadednt®d3thesetugodesachdulbointer
is wvalid), and call the DOS print-string function.

mov ax, 0x4c00
int 0x21

This terminates the program using another DOS system call.

segment data

hello: db "hello, world’, 13, 10, 'S’
The data segment contains the string we want to display.

segment stack stack
resb 64
stacktop:

Theboveoddeclarestackegmentontainingbytesfininitializedtackpaceangoints
stacktopatthetopofit .Thedirectivesegmentstackstackdefinesasegmentcalledstack,
andlsofyp@TACK Thdatted smotmecessarytcheorrectrunningfherogrambutl inkers
are likely to issue warnings or errors if your program has no segment of type STACK.

Thaeabovefile whemssembledint@ OBFilewilllinkntsowtaralid EXEfile, whiclwhen
run will print ‘hello, world’ and then exit.

8.1.2 Using the bin Format To Generate .EXE Files

The EXHildormatisimplenoughthatit’ possiblebuild EXEildwritingoure-binary
programandstickinga32-byteheaderonthefront .Thisheaderissimplesnoughthatitcarbe
generatedusingDBandWcommandsbyNASMitself,sothatyoucanusethebinoutputformatto
directly generate .EXE files.

Includedmh&lASMrchives imthaissubdirectoryisfilexebin.maomacros Itdefines
three macros: EXE_begin, EXE_stack and EXE_end.

Toproducea.EXEfileusingthismethod, youshouldstartbyusing%includetoloadthe
exebin.mamacrgackagantgoumsourceile Yoshouldhen ssuehdXE_begimacraall
(whichhakesm@arguments)tagenerateheiléeaderdata Themwriteodasiormalforrhéin
formatyouwamseallthreestandardsections.text,.dataand.bss .Attheendfthefileyou
shouladalth&XE_endiacroagainnarguments) whiclkhefinesomesymbolsmarkection
sizes, and these symbols are referred to in the header code generated by EXE_begin.

Irthisodel theodgowendiwritingtartatdx100,justlikea COMileirfact ifowstriwmff
th82-bytédeaderfromheesultingEXKHile yowilhaveralid COrogramAlkhesegment
basesarethesame,sgyommrelimited a4 rogram,againjustlikea. COMile NotethatarORG
directive is issued by the EXE_begin macro, so you should not explicitly issue one o

Yoman’directlyefetrtpousegmenbasealueynfortunatelysincehiwouldequireelocation
intheéheader,andhingsvouldyetalotmorecomplicated.Sgyowshouldyetyoursegmentbasey
copying it out of CS instead.
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Orentrytoyour.EXEfile,SS:SParealreadysetuptointtaahetopf2Klstack .Yowamdjust
thelefaultstackizef2Klbyrallingh&XE_stacknacro Foexample tachangehestackizef
your program to 64 bytes, you would call EXE_stack 64.

BAsampleprogramwhichgeneratesa. EXEfileinthisvayisyiveninthetestsubdirectoryfthe
NASM archive, as binexe.asm.

8.2 Producing .COM Files

WhildargdOProgramsnustberritterms EXHiles,smalbnesareftebettemritterms COM
files. .COM files are pure binary, and therefore most easily produced using the bin

8.2.1 Using the bin Format To Generate .COM Files

.COMilesxpecttddoadedtwffsetl 00 ntdheisegment(thoughthesegmentmayhange) .
ExecutiorthebeginatlOOh,i.e rightatthestartofherogram Scavritea COMrogram,you
would create a source file looking like

org 100h
section .text

start:
; put your code here

section .data
; put data items here
section .bss

; put uninitialized data here

Théoinformatputsthe textsectionfirstinthefile,sgyowcardeclaraelataoBSSitemdbefore
beginningtarritecodal fyowanttcandhecodavillstillenduimtthefrontofthefilavhereit
belongs.

ThBS%uninitializedatasectiodoernotakappacéhheCOfiletselfinsteadaddressest
BS3temareaesolvedpointatspacdeyondthendffheile prithgroundshatthiwilberee
memorwhertherogram ssrun ThereforgrowshouldotrelywryouBSeinginitialized@all
zeros when you run.

To assemble the above program, you should use a command line like
nasm myprog.asm —fbin -o myprog.com

Thédirformatwoulgroducefilealledyprogdhexplicibutputfilemameverspecified,so
you have to override it and give the desired file name.

8.2.2 Using the obj Format To Generate .COM Files

Ifyouarewritinga. COMprogramasmorethamnenodule,youmaywishtcassembleseveral. OBJ
filesndinkhenmtogethernnt@ COMrogramYowamdhis providedothavaelinkexapable
obutputtingCOMileslirectl1TLINKloeshis) prlternativelwonverteprogramsuchs
EXE2BIN to transform the .EXE file output from the linker into a .COM file.

If you do this, you need to take care of several things:

e Th€irsbjectfileontainingodshouldtaritsodesegmenwitdindik&ESBOOh TThis
ig@nsuraehattheoddeginatwffsetl 00lrelativaedchéeginningpfheodsegment ,so
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8.3

8.4

8.4.1
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thathéinkeopronverteprogramoeaohavéadjustddresgseferencewithinhé&ilahen
generatinghe COMile Othemssemblersis@®R@irectivdotrhipurpose putORAMNASM
igformat-specifidirectivechdimutputformat andloesomearthesamehingdtdoes
in MASM-compatible assemblers.

e You don’t need to define a stack segment.

e Allyoursegmentsshouldethesamegroup,scthatevertimegyourcodeordatareferencesa
symbobffset albffsetareelativéetchsamsegmenbaseThid becausewhem COMilds
loaded, all the segment registers contain the same value.

Producing .SYS Files

MS-DO@levicdriversSY¥ilesmrpurbinaryilessimilatoCOMilesgxcepthathegtart
abrigimeraodathethad00hThereforeifoareritinglevicerivensinghdiformat you
doomneedh®R@irective sincehelefaulbrigifobidseroSimilarlyifoaresingbj,
you do not need the RESB 100h at the start of your code segment.

.SYBilestarwitheadestructuregontainingointersbheariousoutinesnsidehdriver
whichkldherork Thistructurshouldaefinedathstarbfheodsegment gverthoughts
not actually code.

Fomordnformatiommhdormatwf SY¥ilesandhaatashicthasgdrihdeadestructure,
alist of booksisgiven inthe Frequently AskedQuestions list for the newsgroup
comp.os.msdos.programmer.

Interfacing to 16-bit C Programs

Thisectionovershbasicefiritingssemblyoutineshatallparealledrom@rogramsTo
d¢his,yowouldypicallwriteamssemblyodulaes OBF¥ile, andinkitwitlyoumhodulego
produce a mixed-language program.

External Symbol Names

Compilerhaveheonventiothatheaamesfilflobakymbolg functionsedatakthedefine
ardormedprefixing@ninderscoredhamamad appeardsrtheprogram So,forexample,the
functionaCprogrammerthinksofasprint fappearstoanassemblylanguageprogrammeras
_printf.Thismeansthatiryourmssemblyrograms,yowardefinesymbolsvithoutaleading
underscore, and not have to worry about name clashes with C symbols.

Iffofindhainderscoresnconvenient,yowamefineamacrosaeplace hs&sLOBAIanEXTERN
directives as follows:

%¥macro cglobal 1

global _%1
$define %1 _

o
=

%endmacro

$macro cextern 1

extern _%1
%$define %1 _

o
=

%endmacro

(These forms of the macros only take one argument at a time; a %$rep construct could

If you then declare an external like this:


news:comp.os.msdos.programmer

cextern printf
then the macro will expand it as

extern _printf
$define printf _printf

Thereafteryowamweferencerintfd iwasymbol andhereprocessowilbutthdeading
underscore on where necessary.

Theglobahmacraoorksimilarly Yomustuseglobabeforaefinindgheymbolimuestion,
but you would have had to do that anyway if you used GLOBAL.

Also see section 2.1.28.

8.4.2 Memory Models

NASMontainsimechanismeupporttherarioudmemormodelsglirectly yolhavedkeeg rack
yourself of which one you are writing for. This means you have to keep track of the

¢ Imodelmsingsingleodsegment(tiny,smalbndompact) functionsareear Thimeans
thattunctiopointerswhestoreddataegment spushedthstackfunctioarguments,
ardbitdongndontaimnlpwffsetfieldth€%egisteneverhangedtsyalueandlways
giveshsegmenpartfhéulfunctioaddress) antdhafunctionarealledsingrdinargear
CALInstructionandeturmsin®RETNwhich,iMNASM,isynonymousvitiREBnyway) This
meandoththatyowshouldiritgoummwroutines aceturmwitRETN,andhatyowshouladall
external C routines with near CALL instructions.

¢ Imodelsusingnorechamnecodesegment(medium,largeandcuge) ,functionsrefar.This
meanshatfunctiopointerar8ditdongconsistingf 6-bitoffsetfollowedd 6-bit
segment) andhatfunctionsrealledisin€ALFAR(oxALIseg:offset )andeturmsing
RETF Again,yowshouldhereforavritgroumwiroutines aeturmitRETEandiseCALIFAR
to call external routines.

¢ Imodelsisingsinglelatasegment(tiny,smallandnedium) datgpointersard ditdong,
containingnlpmwffsetfieldth®Fegistedoesn’ thangdtsalue anadlwaygivethe
segment part of the full data item address).

¢ Imodelsisingnoreehamnealatasegment(compact ,largandiuge) datgpointerars8dits
longronsistingf 6-bibbffsetfollowedyd 6-bitsegment Yoshouldtilbearefuhoto
modifPdyouroutinesrithoutrestoringtafterwardsputdfredoyottasea@ccesshe
contents of 32-bit data pointers you are passed.

¢ Théugenemormodehllowsinglaelatatemt@®@xceed4Krsize Iralbbthememormodels,
yowramccestshaetholefdatdtemustbyWoing@rithmetiomheffsetfieldfheointewyou
aregiven,whethemsegmentfield presentomot ;irthugenodel ,yothave denorearefulof
your pointer arithmetic.

e Immostmemorymodels,thereisadefaulidatasegment ,whosesegmentaddressiskeptinDS
throughouttherogramThislatsegmentisypicallvhsamsegmenashestack keptiss,
stchatfunctionsloca¥Yariablegwhichretoredthstackhndlobalatdtemgsabotle
accessedasilyithouthanginBSParticularlyargdatatemareéypicallgtoredother
segments .However,somanemorynodels(thoughmotthestandardnes,usually)allowhe
assumptiorthatSsandholdhesameraluedeemoved Becarefulaboutfunctions’local
variables in this latter case.

Imodelsvithesinglecodesegment ,thesegmentiscalled TEXT,sgyourcodesegmentmustalso
gdoythisnameinordert delinkedintocthesameplaceasthanaincodesegment .Imodelswitha
single data segment, or with a default data segment, it is called _DATA.
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8.4.3 Function Definitions and Function Calls

Th@allingonventionh6-biprogramsafollowsIhh&ollowindescriptionthwordsaller
and callee are used to denote the function doing the calling and the function which ge

¢ Theallepusheshéunction’parametershhstackenefteanotherjneverserdetrighto
left, so that the first argument specified to the function is pushed last).

¢ Thealletherxecute&€ALLnstructiotpassontrotchealleeThif€ALLhgitheneanr
far depending on the memory model.

e Thealleeeceivemontrolandypicallfalthougthilsscdctuallnyecessaryifuinctiomshich
daotheed @accessheiparameters)startoyavingheralueofSPiBEs@a s dableaise
BRdraspointertdindtparametersthestack However theallewaprobablyoinghis
toosparbfheallingonventiomstateshaBhustbereservedywany@unction Hencehe
callee, if it is going to set up BP as a frame pointer, must push the previous value

¢ Theallemayhemccesdtparameterselative®P Theror@dt{BP holdshereviousalue
ofBPasitwaspushed;thenextword,at[BP+2] ,holdstheoffsetpartofthereturmaddress,
pushedmplicitlp@ALLImmall-modelnearfunctionthparameterstartftethatat
[BPt+4] idarge-model(far)functionthsegmenparbfheeturmddresdivesat{BP+4],
andhearameterdegimt{BP+6] Thdeftmostparameteofhedunction sincdtwagpushed
lastjaccessiblethisffsefroBPthetherfollowasuccessivelgreateaffsetsThusia
functionsuchasprint fwhichtakesavariablenumberofparameters,thepushingofthe
parameterdmeverserdemeanshathdunctioknowwherédindt£irsparameterwhich
tells it the number and type of the remaining ones.

¢ ThecalleanayalsovishtodecreaseSPfurther,scastmllocatespaceonthestackforlocal
variables, which will then be accessible at negative offsets from BP.

¢ Thecallee,ifitwishestaeturmmwvalueccthecaller,shouldleavecthevalua L ,AX DX AX
dependingrthesizeoftheralue Floating-pointresultsaresometimes(dependingrthe
compiler) returned in STO.

e OnctéheallebhafinishegrocessingitrestoreSErolRfhadllocatedocastackpace,
then pops the previous value of BP, and returns via RETN or RETF depending on memo

¢ Whethealleregainsontro¥fromhealleethdunctioparameterarstildtnhstackgsat
typicallyddsanmmediateonstant SR aemoveheminstead £xecutingnumbewslow
POBnstructions) Thusifiunctionaccidentallgalledithherongumbeoparameters
duegrototypamismatchthstackilktilbeaeturned@mensiblstatsincehealler,
which Knows how many parameters it pushed, does the removing.

IftsnstructivecomparthisallingonventiowithhafoPascaprogram$describetlsection
8.5.1) Pascahasimpleronventionsincadunctionhaveariablaumbersparameters.
Thereforéhealle&nowhomanparameterdtshouldhavdeepassedandsabléedeallocate
thenfronthestackitselbypassin@rnmmediatargumentt thRE®DRETE nstruction,sdhe
calledoesohaveddtAlsothparameterarpushedheft-to-rightrdernoright-to-left,
whicheanthatwompileragivbetteguaranteeaboutsequencpointwithouperformance
suffering.

Thus,yowouldlefinefunctionmstyldmhegollowingray Thefollowingxampld forsmall
model:

global _myfunc
_myfunc:

push bp
mov bp, sp
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sub sp, 0x40 ; 64 bytes of local stack space
mov bx, [bp+4] ; first parameter to function

; some more code

mov sp, bp ; undo "sub sp,0x40" above
pop bp
ret

Formlarge-modelfunction,yowouldreplaceRETORETF ,andlookforthefirstparameterat
[BP+6]insteadf[BP+4] .Ofcourse,ifoneoftheparametersisgpointer,thentheoffsetsof
subsequenparametersiil thangaelependingrhaeemormodehsiell fapointergakaiffour
bytes on the stack when passed as a parameter, whereas near pointers take up two.

Atthetherndfherocess,taalldfunctionfronyourmssemblyode,yowouldlsomething
like this:

extern _printf

; and then, further down...

push word [myint] ; one of my integer variables
push word mystring ; pointer into my data segment
call _printf

add sp,byte 4 ; ‘byte’ saves space

; then those data items...
segment _DATA
myint dw 1234
mystring db "This number -> %d <- should be 1234’,10,0
This piece of code is the small-model assembly equivalent of the C code

int myint = 1234;
printf ("This number -> %d <- should be 1234\n", myint);

Idargemodel thdunction-caltodamightiookordikéhisIthisexampleitiassumedhabs
already holds the segment base of the segment _DATA. If not, you would have to initi

push word [myint]

push word seg mystring ; Now push the segment, and...
push word mystring ; ... offset of "mystring"
call far _printf

add sp,byte 6

Thdntegewalustillakesipnavordrithestack,sincdargamodedoesnotaffectthesizefhe
indat&ype Th€irstargument(pushedastkerintf howeveriasatpointer andherefore
hastocontainasegmentandoffsetpart.Thesegmentshouldbestoredsecondimemory,and
thereforanustbeoushedfirst.(Ofcourse,PUSIDSvoulchavéeemshorterinstructiomthan
PUSHWORDSEGmystring,ifDSwassetupastheaboveexampleassumed.)Thentheactualcall
becomesfarall,sincefunctionsxpectfarallsinlargaenodel ;andShhasdencreasedyo
rather than 4 afterwards to make up for the extra word of parameters.
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8.4.4

8.4.5
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Accessing Data Iltems

Tgettheontentofrariablespradeclarevariablesshicl®amccess yomeednlyeclare
thaameaSLOBALEXTERN.(Againtheamesequirdeadingnderscoresastatedmsection
8.4.1.) Thus, a C variable declared as int i can be accessed from assembler as

extern _i

mov ax, [_i]

Andadeclaregyourownintegerariablevhichrogramscaraccessasexternintj,youdathis
(making sure you are assembling in the _DATA segment, if necessary):

global _j

_J dw 0

ToaccessaCarray,youneedtoknowthesizeofthecomponentsofthearray.Forexample,int
variablesmsrewdyteslong,sa fHprogramleclaresmrarraywsinta[l10] ,yowcamccessa[3]
byrodingqowax, [_at6] (ThédyteffsetGi obtainedbwmultiplyindghalesiredrrayndex,3py
thesizefharraglement 2. Thesizeofhdbasaeypedr6-bitcompileraredforchar,Xor
short and int, 4 for long and float, and 8 for double.

Taccessdatastructure yomeed knowheffsetfromthdaseofthestructureadchegieldou
arenterestednYowvarithedthibygonvertingh&tructurdefinitionnt&ASMtructure
definition (using STRUC), or by calculating the one offset and using Jjust that.

Todeeitherofthese,youshouldreadyourCcompiler’ snanualtofinduthowitorganizesdata
structures NASMyivesispecialalignmenttstructurenembersnt wrBTRUGhacro,sgrou
havespecifwlignmentyourselfifh&ompilegeneratedt Typicallyyomightfindhata
structure like

struct {

char c;

int 1i;
} foo;
mightbefourbyteslongratherthanthree,sincetheintfieldvouldbealignedtocatwo-byte
boundaryHoweverthisorbfeatureéendsbeonfigurableptionhth@ompilergithensing
command-line options or #pragma lines, so you have to find out how your own compiler

c16.mac: Helper Macros for the 16-bit C Interface

Includedmh&lASMrchives,irtheniscdirectory,isfilelé.macmmacros Itdefineshree
macros procar@aneégndproc Thesardntended baisedo-stylerocedurelefinitions,
and they automate a lot of the work involved in keeping track of the calling convent

(AmlternativeTASMompatibléormArdalsaobuiltintNASM’ preprocessorSesection
4.8 for details.)

An example of an assembly function using the macro set is given here:

proc _nearproc

351 arg

%57 arg
mov ax, [bp + %$1i]
mov bx, [bp + %$7]
add ax, [bx]
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endproc

Thisdefines nearproddeprocedurecakingwarguments,thefirst(i)anintegermndhe
second (j) a pointer to an integer. It returns i + *7j.

NotethattheargnacrdhasmrEQlashefirstlineofit s=expansion,andgincehelabelbeforehe
macraallget prependedaheirstlineofhexpandediacro,th&QWworks,defining$itde
amffsetfromP kontext-locakvariabld sisedlocatdcheontextpushedbrheromacrand
poppedytheendproanacro,scthatthesameargumentnamecarbeusedinlaterprocedures.Of
course, you don’t have to do that.

Thaacreeproducesoddoneafunctiongtiny smal andompact-modetodepygefault You
canhaveitgeneratefarfunctions(medium,largeandhuge-modelcode)bymeansofcoding
$define&’ARCODE.Thischangeshekindfreturninstructiomeneratedyendproc,andcglso
changeshstartingoinforhergumentffsetsThmacresetontainedntrinsidependencygn
whether data pointers are far or not.

argartakeamptionabarametergivindhesizefhargument Ificizd gyiven,dsassumed,
since it is likely that many function parameters will be of type int.

The large-model equivalent of the above function would look like this:

$define FARCODE

proc _farproc

351 arg

$$57 arg 4
mov ax, [bp + %$1i]
mov bx, [bp + %$71]
mov es, [bp + %$$7 + 2]
add ax, [bx]

endproc

Thismakesuseoftheargumenttotheargnacrotodefinesparameterofsized ,becausejisnowa
far pointer. When we load from j, we must load a segment and an offset.

Interfacing to Borland Pascal Programs

InterfacingBorlanBascabrogramisimilatnonceptanterfacingd6-biProgramsThe
differences are:

¢ The leading underscore required for interfacing to C programs is not required for

¢ Thanemorwmodelimlwaydargefunctionardar datgpointersardar,andiadatatencambe
moréhamw4Rong.(Actuallysom€gunctionsraearpubnlyhosdunctionshatardocata
PascaliniandeveralledromutsidetAlassemblfunctionshaPascatallsandlPascal
functionshatssemblyoutinesrablecall ardar. Howeveralstatidatadeclaredmn
Pascabrogramoedntdahaelefaultdatsegment which $henethosesegmentaddressiilbe
imShercontroli passedgoumssemblywode Theonlythingshatdmotliveirthaelefault
datsegmentardocalvariables(theyivdrihestackegment andlynamicallywllocated
variables. All data pOMKHS, however, are far.

¢ The function calling convention is different - described below.

e Some data types, such as strings, are stored differently.
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¢ TherareestrictionmrthesegmentmamegowmrallowedaiseBorlandascawillignore
code or data declared in a segment it doesn’t like the name of. The restrictions a

8.5.1 The Pascal Calling Convention

Thé6-biPascatallingonventionafollowsInhd&ollowingescriptiontheordeallexnd
callee are used to denote the function doing the calling and the function which gets c

¢ Theallepusheshéunction’ parametershhstackpnafteanotherjinormadrdexlefto
right, so that the first argument specified to the function is pushed first).

¢ The caller then executes a far CALL instruction to pass control to the callee.

e Thealleeeceivemontrolandypicallfalthougthilsscdctuallnyecessaryifuinctiomshich
daotneed accessheiparameters)startoyavingheralueofSPiBEBs@a s dableaise
BRdraspointetdindtparametersthestack However theallewaprobablyoinghis
toosparbfheallingonventiostateshatBhiustbereservedyunyfunction Hencehe
callee, if it is going to set up BP as a frame pointer, must push the previous val

¢ Theallemayhemccesdtparametergelative®P Thavor@at{BP holdshereviousalue
oBRasitwagpushed . Thenextword,at[BP+2] holdsheffsetpartofthereturmddress,and
thenextoneat [BP+4]thesegmentpart .Theparametersbeginat [BP+6] .Therightmost
parametepfhd&unctionsincewapushedastisccessiblathisffsetfro®MPfhethers
follow, at successively greater offsets.

¢ ThecalleanayalsovishtodecreaseSPfurther,scastmllocatespaceonthestackforlocal
variables, which will then be accessible at negative offsets from BP.

¢ Thecallee,ifitwishestaeturmmwvalueccthecaller,shouldleavecthevalua L ,AX DX AX
dependingthesizefhsalueFloating-pointresultareeturnedS8TOResultefypleal
(Borland’ swroustoffiloating-pointdataypenpohandledirectlpyh&PUpreeturnedn
DX:BX:AX.TaeturmresultoffypeString,theallemushespointertdtemporarywtring
beforpushinghparametersantthealleplacesheeturnedtringaluethatocationThe
pointer is not a parameter, and should not be removed from the stack by the RETF i

e OnctéheallebafinishegrocessingitrestoreSErolRfhadllocatedocakstackpace,
thenpopsthepreviousvalueofBP,andreturnsviaRETF .ItusestheformofRETFwithan
immediateparameter,givindthemumbemwbytedakempthearametersorthestack This
causes the parameters to be removed from the stack as a side effect of the return

e Whehhealleregainsontrofromhealleefthéunctioparameterhavelreadpeenemoved
from the stack, so it needs to do nothing further.

Thus,yowouldlefinaefunctionrPascalstyle,takingwdnteger-typearameters,irthe
following way:

global myfunc

myfunc: push bp
mov bp, sp
sub sp, 0x40 ; 64 bytes of local stack space
mov bx, [bp+8] ; first parameter to function
mov bx, [bp+6] ; second parameter to function

; some more code

mov sp, bp ; undo "sub sp,0x40" above
pop bp
retf 4 ; total size of params is 4
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Attheotherendoftheprocess,tocallaPascalfunctionfronmyourassemblycode,youwoulddo
something like this:

extern SomeFunc

; and then, further down...

push word seg mystring ; Now push the segment, and...
push word mystring ; ... offset of "mystring"
push word [myint] ; one of my variables

call far SomeFunc

This is equivalent to the Pascal code

procedure SomeFunc (String: PChar; Int: Integer);
SomeFunc (@mystring, myint);

8.5.2 Borland Pascal Segment Name Restrictions

Sinc8orlanBlascal’ snternalnifildormatisompleteldifferenfromMBJibnlpakesery
sketchyobdctuallyeadingndnderstandinghgariousnformationontainedmealBfile
whentlinkshatin Thereforambjectfilantended de inked@Pascalprogramustobeya
number of restrictions:

e Proceduresandfunctionanustbeimrassegmentwhosenamei s£itherCODE,CSEG,orsomething
ending in _TEXT.

e initialized data must be in a segment whose name is either CONST or something endi

e Uninitializedlatanustbelrssegmentwhoseramel ithe®ATADSEG,orsomethingndingn
_BSS.

¢ Anywthersegmentsirthebjectfilareompletelyignored GROURlirectivesandegment
attributes are also ignored.

8.5.3 Using c16.mac With Pascal Programs

Thel6.mamacrpackagedescribedsectiofi.4.5¢canlsbasedsimplifyritindunctions
tdoecalledfronPascalprograms,ifyouwcodesdefinePASCAL. Thisdefinitiorensuresthat
functionaréartitmplieBARCODE) andlsocauseprocedureeturinstructionsbgenerated
with an operand.

Definin®ASCAWoesotchangéeheodaethiclkralculateshargumentoffsets yomustdeclare
your function’s arguments in reverse order. For example:

$define PASCAL

proc _pascalproc

$$7 arg 4

$$1 arg
mov ax, [bp + %$1i]
mov bx, [bp + %$71]
mov es, [bp + %$7 + 2]
add ax, [bx]

endproc

Thidefineshsameoutinegonceptuallyashexamplénectiof.4.5tdefinefunctiohaking
twarguments,anintegemndpointerr@ninteger,whiclreturnsthesumftheintegermndhe
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contentoftheointer Thenlygifferenckdetweethigsodandhdarge-mode®ersiodshat
PASCAL is defined instead of FARCODE, and that the arguments are declared in reverse
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Chapter 9: Writing 32-bit Code (Unix, Win32, DJGPP)

Thisxhaptermttemptdsacoversomefheommon ssuesnvolvedthewritin®@2-bitcode taun
undeMin3dAnix,otddinkedvitifCodegeneratedy@nix-styleérompilesuctadDIGPP It
covershowtowriteassemblycodetointerfacewith32-bitCroutines, andhowtowrite
position—-independent code for shared libraries.

Almostall32-bitcode,andirparticulamllcodeunninginde®in32 ,DIJGPRhmanywfhe@nix
variantsrunsflahemormodel Thismeangshatthesegmentregistersngagindhavelready
beersetuprayiveyouthesame32-bitdGladdressspacenanattemwhatsegmentyoworkrelative
toanthayoshouldlgnoraldegmentegistersompletelyWhewritinflat-modedpplication
codeyomeveneed msasegmenverridemodifyanpyegmentregister andheode-section
addressegowpassCALlandMP ivarthesameaddresspacadthalata-sectiomddressesgou
accesyouvariablebgndhstack-sectioanddressegonccesdoca¥Yariableangrocedure
parameters by. Every address is 32 bits long and contains only an offset part.

9.1 Interfacing to 32-bit C Programs

Aobfhdiscussiomrectiofi.4aboutinterfacingd6-bifrogramssgtilappliewhemorking
in 32 bits. The absence of memory models or segmentation worries simplifies things a

9.1.1 External Symbol Names

MosBB2-bittompilershareheonventiomsedy 6-bittompilers thatheamamessfilflobal
symbols(functionsorata)theydefineareformedyprefixincnmninderscoreectchenameasit
appeardrthérogram However notal bffhemoth&lBpecificatiomstateshatsymbolslo
not have a leading underscore on their assembly-language names.

Theolderdinuxza.outtcompiler,allWin32compilers,DIGPP,andNetBSDand'reeBSD,alluse
thdeadingnderscorefotrheseompilersthamacroxextermnadglobal agiverdmsection
8.4.1, will still work. For ELF, though, the leading underscore should not be used.

See also section 2.1.28.

9.1.2 Function Definitions and Function Calls

Th@allingonventionB2-biprogramsafollowsIhh&ollowindescriptionthwordsaller
and callee are used to denote the function doing the calling and the function which ge

¢ Theallepusheshéunction’parametershhstackenefteanotherjneverserdetrighto
left, so that the first argument specified to the function is pushed last).

¢ The caller then executes a near CALL instruction to pass control to the callee.

e Thealleeeceivemontrolandypicallialthougthilsscdctuallnyecessaryifuinctiomshich
daotneed amccesstheiwarameters)startdbywavingheralueoESPirEBPsa st daableo
uséBRasbaseointertdindit parametersrthestack However,thecallemwasgprobably
doinghisoosparbfheallingonventiostateshatEBhusbereservedbwpn@unction.
Hence the callee, if it is going to set up EBP as a frame pointer, must push the p

¢ Thecalleanaytheraccessitparametersrelativee&BP .Thedoublewordat[EBP holdsthe
previousvalueofEBPasitwaspushed;thenextdoubleword,at[EBP+4] ,holdsthereturn
addresspushedmplicitlp¢ALLThearameterstartftethat aAfEBP+8] Thdeftmost
parametenfhéunctionsincewapushedastiasccessiblathisffseffrofiBPrthethers
followatsuccessivelygreatenffsetsThusidunctiosuchprintfhichakesariable
numbewoparameters,theushingffthearametersireverseordemeanshatthefunction
knows where to find its first parameter, which tells it the number and type of the
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¢ ThecalleanawlsavishalecreaseESPfurther,smast@mllocatespaceorthestackforlocal
variables, which will then be accessible at negative offsets from EBP.

¢ Thecallee,ifitwishestoreturmavaluetcthecaller,shouldleavethevalueinAL,AXEAX

depending on the size of the value. Floating-point results are typically returned

e Oncéehealledadfinishegprocessingitrestore&SEromBE ithadllocatedocaktack
space, then pops the previous value of EBP, and returns via RET (equivalently,

¢ Whethealleregainsontro¥romhealleethdunctioparameterarstildtnhstackgsat
typicallyaddsnmmediateconstantt ESFtaemovechem(insteadfexecutingnumberf
slowOPinstructions) .Thus,ifafunctionisaccidentallywalledvitithevronqrumbemwf
parameterdué@rototypmismatchfthstackilstilbeeturneda@ensiblstatsinc&he
caller, which knows how many parameters it pushed, does the removing.

TheregmlternativeallingonventiomsedWin3®rogramfoWindowdP&allsandlsdor
functiongalledyh&@indowdPBuchwindoproceduresthefollowhaMicrosofttallshe
__stdcaltonventionThidslightlglosetrthBascatonventionjihhathealleelearshe
staclbypassingparameterdhkETAnstruction However ,thearametersarestillpushedn
right-to-left order.

Thus, you would define a function in C style in the following way:

global _myfunc

_myfunc:
push ebp
mov ebp, esp
sub esp, 0x40 ; 64 bytes of local stack space
mov ebx, [ebp+8] ; first parameter to function

; some more code
leave ; mov esp,ebp / pop ebp
ret

Atthetherndfherocess,taalldfunctionfronyourmssemblyode,yowouldlsomething
like this:

extern _printf

; and then, further down...

push dword [myint] ; one of my integer variables
push dword mystring ; pointer into my data segment
call _printf

add esp, byte 8 ; ‘byte’ saves space

; then those data items...
segment _DATA

myint dd 1234
mystring db "This number -> %d <- should be 1234’,10,0
This piece of code is the assembly equivalent of the C code
int myint = 1234;
printf ("This number -> %d <- should be 1234\n", myint);
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9.1.3

9.1.4

Accessing Data Iltems

Tgettheontentofrariablespradeclarevariablesshicl®amccess yomeednlyeclare
thaameaSLOBALEXTERN.(Againtheamesequirdeadingnderscoresastatedmsection
9.1.1.) Thus, a C variable declared as int i can be accessed from assembler as

extern _1i
mov eax, [_i]

Andadeclaregyourownintegerariablevhichrogramscaraccessasexternintj,youdathis
(making sure you are assembling in the _DATA segment, if necessary):

global _j
iy dd 0

ToaccessaCarray,youneedtoknowthesizeofthecomponentsofthearray.Forexample,int
variablesrefoubytedslong,sa &programdeclaressmrrayasinta[10] ,yowamccessaa [3]
byodingoax, [_a+1l2] (Thdyteffseldobtainedypultiplyingdhelesiredrrayndex3,
bithesizefftharraylement 4.)ThesizesofthdbasaypesmB2-bitcompilersaredforchar,2
forshort 4Aornnt,lon@andloat ,andfordouble Pointers being@32-bitaddresses,aralsd
bytes long.

TaccessWatastructure yomeed knowheffsetfromthdaseofthestructureadchegieldou
arenterestednYowvarithedthibygonvertingh&tructurdefinitionnt&ASMtructure
definition (using STRUC), or by calculating the one offset and using Jjust that.

Todeeitherofthese,youshouldreadyourCcompiler’ snanualtofinduthowitorganizesdata
structures NASMyivesispecialalignmentt structurenembersnt wrBTRUGhacro,sgrou
havespecifwlignmentyourselfifh&ompilegeneratedt Typicallyyomightfindhata
structure like

struct {
char c;
int 1i;
} foo;
mightbesightbyteslongratherthanfive,sincetheintfieldvouldelignedtcafour-byte
boundaryHoweverfhisorbfeaturesometimegonfigurableptionnh@&ompilergither
using command-line options or #pragma lines, so you have to find out how your own co

c32.mac: Helper Macros for the 32-bit C Interface

Includedmh&lASMirchives,irtheniscdirectory,isfile32 . macmMmacros Itdefineshree
macros procar@aneégndproc Thesardntended baisedo-stylerocedurelefinitions,
and they automate a lot of the work involved in keeping track of the calling convent

An example of an assembly function using the macro set is given here:

proc _proc32

$S$1i arg

%57 arg
mov eax, [ebp + %$i]
mov ebx, [ebp + %$$7]
add eax, [ebx]

endproc

Thiglefines proc3Zdeprocedureakingwarguments thdirst(igrnntegemndhesecond
(j) a pointer to an integer. It returns i + *j.
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NotethattheargnacrdhasmrEQlashefirstlineofit s=expansion,andgincehelabelbeforehe
macraallget prependeddaheirstlineofhexpandednacro,th&QWworks,defining$itde
amffsetfromP kontext-locakvvariabld sisedlocatdcheontextpushedbrheromacrand
poppedytheendproanacro,scthatthesameargumentnamecarbeusedinlaterprocedures.Of
course, you don’t have to do that.

argqartakamptionabarametergivinghsizefhargument Ihcizd syiven A assumed,
since it is likely that many function parameters will be of type int or pointers.

9.2 Writing NetBSD/FreeBSD/OpenBSD and Linux/ELF Shared Libraries

ELFreplacedtheoldera.outobjectfileformatunderlLinuxbecauseitcontainssupportfor
position-independentod¢PIC)whichakewritingharedibrariemuchasierNASEupports
the ELF position-independent code features, so you can write Linux ELF shared librar

NetBSDandtsloseousin&reeBShndpenBSDtakalifferentpproachbhackin®I@upport
intcdthea.outformat NASMsupportshisshaoutbutputformat,sgyowcamwriteBSkshared
libraries in NASM too.

Theperatingystehoad®I@haredibrarpmemory-mappinghéibraryilaetarbitrarily
chosepointithaddresspacefheunningrocess Theontentefthdibrary’ sodsection
must therefore not depend on where it is loaded in memory.

Therefore, you cannot get at your variables by writing code like this:
mov eax, [myvar] ; WRONG

Instead,thd inkemprovidesamreafmemoryal ledthglobalffséable,oGOT thesOT ssituated
atonstantdistanceronyoudibrary’ ssode,sd fowanfindutwhergoudibraryisoaded
(whichifypicallyonaisingCALIandPORombination) ,yowambtairtheaddresofheaOT,

and you can then load the addresses of your variables out of linker—-generated entrie

ThadatadectiomfPIGhared ibrardoesothaveheseestrictions sincehalatasections
writable,ithasdbeopiedntmemorywnywayathetrharnjustpagedrfrommhdibraryfile sas
lon@dt’ deingopiedtcabeelocatedoo Syowamputordinaryypeofelocationthelata
section without too much worry (but see section 9.2.4 for a caveat).

9.2.1 Obtaining the Address of the GOT

Each code module in your shared library should define the GOT as an external symbol:

extern _GLOBAL_OFFSET_TABLE_ ; in ELF
extern _ GLOBAL_OFFSET_TABLE_ ; in BSD a.out

AthdeginningfnyfunctiodyousharedibrarwhiclhplansaccesyoudataBSS$Sections,
yomustfirsttalculatehaddres®fh&OT Thidsypicallyondwritinghdunctionthis

form:
func: push ebp
mov ebp, esp
push ebx
call .get_GOT
.get_GOT:
pop ebx
add ebx,_ GLOBAL_OFFSET_TABLE_+$S$-.get_GOT wrt ..gotpc

; the function body comes here

mov ebx, [ebp-4]
mov esp, ebp
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pop ebp
ret

(For BSD, again, the symbol _GLOBAL_OFFSET_TABLE requires a second leading underscor

Thedirsttwdineoffhifunctiomresimplythestandardrologuasetu@stackrame andhe
lasthredinesrstandar&€unctioepilogue Théhirdineandhd&ourtitdastiine savand
restore the EBX register, because PIC shared libraries use this register to store th

Theénterestindpii $§h€ALhnstructiomndhdollowingwdines Th€ALERn&Okombination
obtainsheaddressfthelabel.get_GOT,withouthaving knowiradvancevhereeherogram
waboadedsinceh@ALinstructionsncodedelativebheurrenbosition) ThaDbnstruction
makesuseofoneofthespecialPICrelocationtypes:GOTPCrelocation . WiththeWRT. .gotpc
qualifiespecifiedfheymboteferencedhereGLOBAL_OFFSET_TABLE_jhspeciasymbol
assignedch&OT)igivemawffsetfromhbeginningfhesection (ActuallyELEBncodedtas
theffsefromheperandieldfhaDbnstructionbuNASMimplifieshideliberatelygypodo
thingshesamarayfobotELBn®SD. )Sdchdnstructiortheraddshdeginningpfheection,
togettherealaddressoft heGOT,andsubtractsthevalueof.get_GOTwhichitknowsisinEBX.
Therefore, by the time that instruction has finished, EBX contains the address of th

Ifodidn’tfollokwhat don’ worryit’ mevenecessaryobtaithaddresefh&€0bpunpther
means, Sso you can put those three instructions into a macro and safely ignore them:

$macro get_GOT O

call %$%getgot
%$%getgot:
pop ebx
add ebx,_ GLOBAL_OFFSET_TABLE_+$$-%%getgot wrt ..gotpc
%$endmacro

9.2.2 Finding Your Local Data ltems

Havingyotth&OT yowarthensd tt@btaithaddresseofoudatatems Mostvariableswill
residdrithesectionyohaveleclaredtheygrabhaccessedisinghe .gotofSpecialWREype.
The way this works is like this:

lea eax, [ebx+myvar wrt ..gotoff]

Theexpressiomyvamrt. .gotoffiscalculated,wherthesharedlibraryislinked,tdoethe
offsettdchdocaVvariablaewyvarfromhdeginningfhe&OT Thereforeaddingtt &BXsabove
will place the real address of myvar in EAX.

Ifodeclarevariablea&lLOBAWwithoutspecifyingsizdotrthemthenpresharedetweerrode
moduledithdibrarypudaogetxportedromhdibrarydaherogramhatioadedt Thewill
stillbeinyourordinarydataandBSSsections,soyoucanaccesstheminthesamewayaslocal
variables, using the above ..gotoff mechanism.

Notehatdude@eculiaritpftheraBSh.outformathandleshigelocatiotype theraustbe
at least one non-local symbol in the same section as the address you’re trying to ac

9.2.3 Finding External and Common Data ltems

Ifoutibrarneedsgeamxternavariablgexternatahdbrarynoustonefhaodules
withint) ,yomustusehe. .gottypeeaggetatit The .gottype,insteadbfgivingottheffset
fronthe&sObasedherariable,givesyottheoffsetfronthes0base&GO®NrKontaininghe
addressfheariableThdinkewilketnpphi §OBntrwhedbuild¢hdibraryandheynamic
linkewilplaceéheorrectaddresdrntfioadime Scobtainthaddressfmxterna¥ariable
extvar in EAX, you would code
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mov eax, [ebx+extvar wrt ..got]

ThisloadstheaddressofextvaroutofarentryintheGOT.Thelinker,whenitbuildstheshared
librarycollectfogethereveryelocatiomfype .got andbuildsh&OBats@nsurdthas
every necessary entry present.

Common variables must also be accessed in this way.

9.2.4 Exporting Symbols to the Library User

Iffowantexportsymbolsdhaiseofhdibraryyohaveadeclarethethetheywrdunctions
orata,andifthevareaelata,yothaveeaivechesizeofthedataitem.Thisi oecausechaedynamic
linkehastbuildroceduréinkageablentriefoangxporteflunctionsandl smovesxported
data items away from the library’s data section in which they were declared.

So to export a function to users of the library, you must use

global func:function ; declare it as a function
func: push ebp
; etc.

And to export a data item such as an array, you would have to code

global array:data array.end-array ; give the size too
array: resd 128
.end:

Beareful Ifoexporwariabléedchdibraryserpygeclaringta&LOBARndupplyingize,
theariableiléndpivindtheatasectionfhmaiprogramrathethanyoutibrary’ slata
section,whergoueclaredt Sgyowilhave@ccessjoumwrglobalvariableviththe . got
mechanism rather than ..gotoff, as if it were external (which, effectively, it has b

Equallyifomeedstorehaddressfirxportedilobalimnefoudatasections yowan’ do
it by means of the standard sort of code:

dataptr: dd global_data_item ; WRONG

NASMrillinterprethisxodesmrdinarywyelocationimwhiclylobal_data_item smerelyn
offsetfromhdeginningfhedatsectiofowhatever) sgchigseferencailéndpointingt
your data section instead of at the exported global which resides elsewhere.

Instead of the above code, then, you must write
dataptr: dd global_data_item wrt ..sym

whichmakesuseofthespecialWRTtype. .symtoinstructNASMcosearchthesymboltablefora
particular symbol at that address, rather than just relocating by section base.

Either method will work for functions: referring to one of your functions by means o
funcptr: dd my_function

will give the user the address of the code you wrote, whereas

funcptr: dd my_function wrt ..sym

wilggivehaddressfhproceduréinkageabléorhéunctionyhichwheréheallinprogram
will believe the function lives. Either address is a valid way to call the function.
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9.2.5

9.2.6

Calling Procedures Outside the Library

Callingroceduresutsideyourshared ibraryhas delonéoymeanso fprocedurnkagiable,or
PLT ThelLT placedtknowmffsetfromherehd ibraryisoaded,sdchdibraryodeamake
callstathePLTimgposition—-independentway WithinthePLTtherei scodetojumptooffsets
containedth&0T sdunctiorallsothesharedibrariestaoutineithmaimrograman
be transparently passed off to their real destinations.

Taallarexternalroutine,yomustusanothemspeciaPIGelocatiortype WRT. .plt Thidss
mucheasierthantheGOT-basedones:yousimplyreplacecallssuchasCALIprintfwiththe
PLT-relative version CALL printf WRT ..plt.

Generating the Library File

Havingirittersomecodanodulesandassembledhento.aofiles,yoitthergenerategourshared
library with a command such as

1d -shared -o library.so modulel.o module2.o # for ELF
1d -Bshareable -o library.so modulel.o module2.o # for BSD

FoELFAifousharedibrarvygoindaesiddmystemirectoriesuclagdusr/lilory1libits
usuallworthisinghesonam€lagtchdinkertstoréehdinalibrarfileamewitlarersion
number, into the library:

1d -shared -soname library.so.l -o library.so.l1l.2 *.o

Yowouldhercopylibrary.so.l.2intchelibraryirectory,andtreatelibrary.so.lasa
symbolic link to it.
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10.1

10.2

Chapter 10: Mixing 16 and 32 Bit Code

Thishaptetriescovesomefhassueslargelyelatedanusua¥ormefddressingndump
instructionsncounteredhewritimperatimystemdigrotected-modenitialisation
routineswhiclrequireodéhatperated mixedegmentsizes suclhsoddd 6-bitsegment
trying to modify data in a 32-bit one, or Jjumps between different-size segments.

Mixed-Size Jumps

Themostcommonformfmixed-sizeinstructionistheonaisedvherwriting32-bitOS:having
dongrourssetudrl 6-bitmode,sucladoadinghé&ernel yotthemavedootitbyswitchindnto
protectediodandumpingah8&2-bitkernektaraddress IfullB2-bi®OSthisendsbehe
onlti xed-sizdnstructioyomeedsinceverythinefordttabeondpurd 6-bittode and
everything after it can be pure 32-bit.

Thigummustspecif@8-bitfarnddresssincéehéargetsegmenti S82-bitone However imust
be assembled in a 16-bit segment, so just coding, for example,

Jmp 0x1234:0x56789ABC ; wrong!

wilhotwork,sincaeheffsetpartofhaddresswilberuncated dx9ABGndhejumpil ban
ordinary 16-bit far one.

Thé&inukerneketupodgetgsoundhdnabilitpfs8&generateheequirednstructioby
codindgmanuallyusinBnstructionsNASMagonbetterhathatbgctuallgeneratinghe
right instruction itself. Here’s how to do it right:

Jmp dword 0x1234:0x56789ABC ; right

Th®WORbrefixstrictlgpeakingjishouldomdftetheolonsincetisleclaringhoffsetield
tbaloublewordputNASMilhccepteitheformsincdotmraanambiguous)forcesheffset
parttdoereatedsfar,ithassumptiorthatyommredeliberatelwritingjumgfroml 6-bit
segment to a 32-bit one.

Youwandothereverseoperation,jumpingfrom32-bitsegmenttcal 6-bitone,bymeansofthe
WORD prefix:

Jmp word 0x8765:0x4321 ; 32 to 16 bit

Ifh&@ORprefidispecifiedd 6-bimode pth®WORPrefisB32-bimode thewilbdgnored,
since each is explicitly forcing NASM into a mode it was in anyway.

Addressing Between Different-Size Segments

Iffou®I mixed @nd2-bit,odfFowmrevritingdO®xtender,yowardikelytdhaveaeawith
somel 6-bitsegmentandome2-bitones Atsomgoint ,yowillprobablyendigwritingoddara
16-bit segment which has to access data in a 32-bit segment, or vice versa.

Ifhdatgowreryind@ccesdmB2-bitsegmentliewithinthdirstt4dfhesegment yomay
bablegeawawithising@wrdinaryg 6-bitaddressingperatiofotheurpose putsooneor
later, you will want to do 32-bit addressing from 16-bit mode.

Theasieswarddhid smaksurgowseregisteforhaddress,sincangffectivaddress
containing a 32-bit register is forced to be a 32-bit address. So you can do

mov eax,offset_into_32_bit_segment_specified_by_ fs
mov dword [fs:eax],0x11223344
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Thisfinepuslightlgumbersomdsincewasteannstructioandegisterjigoalreadinow
thereciseffseyoaraimingt The8&architectureoeasllow2-bitffectivaddresseso
specifywothinpud-byteffset swhghouldn’ NASBablégeneratéhbestinstructiofor
the purpose?

Itcan.Asirsectionl(0.1,yomneednlyprefixheaddressviththeDWORkeyword,anditwillbe
forced to be a 32-bit address:

mov dword [fs:dword my_offset],0x11223344

Alsasirsectiornl 0.1 ,NASM snotfussyaboutwhethett hdDWORDprefisxcomedbeforeomfterthe
segment override, so arguably a nicer-looking way to code the above instruction is

mov dword [dword fs:my_offset],0x11223344

Don’ tonfuse h®WORPrefiwuisidehsquardracketswhickiontrolshesizefhdatastored
attheaddress,witlthene nsidehesquardoracketshichcontrolsdhe engtloftheaddress
itself. The two can quite easily be different:

mov word [dword 0x12345678], 0x9ABRC
This moves 16 bits of data to an address specified by a 32-bit offset.

YowarmlsspeclifWORDDWORDprefixesmlongritithé&Abrefistdndirectfagumporalls.
For example:

call dword far [fs:word 0x4321]

ThisnstructioonontainanddresspecifieBg§b-bibffsetitoadd8-bifapointefromhat
(16-bit segment and 32-bit offset), and calls that address.

10.3 Other Mixed-Size Instructions

Theothemwawowmightwantt accesslatanightbaisinghestringinstructions(LODSx,STOSx
andonptrth&LATEnstructionThesdnstructionssinceheyakaparametersmighiseemo
have no easy way to make them perform 32-bit addressing when assembled in a 16-bit s

Thisl ssheurposeoMNASM’ s2l16,a32andb6dprefixes. Ifyomrecodind.ODSRirEl 6-bitsegment
butitisupposeddbaccessingtrindgm2-bitsegment yoshouldoadheaesiredddresdnto
ESTI and then code

a32 lodsb

Therefiforcesthaddressingize3ditsmeaninghatlODSBoadfronDS:ESIlinsteadf
[DS:SI] Taccessstrindir 6-bitsegmentwhercoding ré32-bitone,theorrespondinglb
prefix can be used.

Thal6al3ando6bdrefixesabmapplieda@nyinstructiod™NASM’ dnstructiomrable pbumost
ofhemageneratelthaesefuformgithouthemThprefixearaecessargnlyornstructions
withmplicitwddressing CMPSx SCASx LODSx STOSxMOVSx INSx QUTSxan&XLATBAlsothe
variouspushandpopinstructions(PUSHAandPOPFaswellasthemoreusualPUSHandPOP)can
acceptal6,a32orabdprefixestoforceaparticularoneofSP,ESPorRSPtobeusedasastack
pointer, in case the stack segment in use is a different size from the code segment.

PUSBNn®OP whemppliedsegmentregisterd®d2-bimodealshavehslightlpddehaviour
thattheyushandopbytesatatime,ofwhichthetoptwaareignoredandtheéottonmtwogivethe
valuefhsegmentregistebeinganipulatedTéorcehéb6-bibehaviounfegment-register
push and pop instructions, you can use the operand-size prefix o0lé6:

0l6 push ss
0l6 push ds
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ThisodsavesdoublewordStackpacdfittindwesegmentregisterdantdhepacavhich
would normally be consumed by pushing one.

(Yowrwarmlsaiseheo3drefikxdorceh82-bitbehavioumwhernd 6-bimode butthiseemdess
useful.)
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11.2

Chapter 11: Writing 64-bit Code (Unix, Win64)

Thisxhaptermttemptdsacoversomefheommon ssuesnvolvedthewritingd4-bitcode taun
undefWin6dbtnix Icoverhowwritassemblyodednterfaceritlbd-bittoutines andow
to write position-independent code for shared libraries.

Alb4-bittodaisesgflamemormodel sincsegmentatiod motavailabldw4-bimode Thene
exception is the FS and GS registers, which still add their bases.

Positiodndependencdrmi4-bimoddsignificantlwimpler sincéeherocessosupports
RIP-relativeddressindirectlygethBEkeywordsectiod.3)Omost4-biplatformsjits
probably desirable to make that the default, using the directive DEFAULT

64-biprogrammingselativelyimilatrd2-biprogrammingbutdourspointersréditsong;
additionallygldxistimmlat fornmmassrgumentiregistermsathaerhasrhstackfiurthermore,
64-biplatformsis€SEDbyefaultforfloatingoint PleasseehdBHocumentatiofoyour
platform.

64-biplatformdifferhheizesth&/C+fundamentadatatypespotiusfrod2-biplatforms
butfromaclhhtherIspecificgizdataypdslesireditiprobablpestaseheypeslefinedn
the standard C header <inttypes.h>.

Alknowh4-biplatformexcepsomembeddeplatformsequiréhathstacki6-bytaligned
atthentrytafunction Irordettenforcehat thestaclkpointer(RSP)needstdalignedran
odd multiple of 8 bytes before the CALL instruction.

Iv4-bimodethdefaultinstructiosizestilBbitsWhedoadingalueéntd2-bitregister

REL

(sectio

(but not an 8- or 16-bit register), the upper 32 bits of the corresponding 64-bit re

Register Names in 64-bit Mode

NASMiseshedollowinquamesfomgeneral -purposeegisterdrb4d-bitmode,foB-,16-,32and
64-bit references, respectively:

AL/AH, CL/CH, DL/DH, BL/BH, SPL, BPL, SIL, DIL, R8B-R15B
AX, CX, DX, BX, SP, BP, SI, DI, R8W-R15W

EAX, ECX, EDX, EBX, ESP, EBP, ESI, EDI, R8D-R15D

RAX, RCX, RDX, RBX, RSP, RBP, RSI, RDI, R8-R15

Thidsonsistenwithhd&MbocumentatioandosbtheassemblersTh&ntedocumentation,
howeverusesh@mameR8L-R15HoB-bitreferencestchdigheregistersItipossiblemse
thosemamedywefinitindhemsaacros;similarly,ionaewantfaserumeri mamesforhd owd
registersdefindhemmacros Thestandardacrpackagaltregsesectiord.l catbaised
for this purpose.

Immediates and Displacements in 64-bit Mode

Iv4-bimodeimmediateandisplacementasrgenerallynlgbitwideNASMiltherefore
truncate most displacements and immediates to 32 bits.

The only instruction which takes a full 64-bit immediate is:
MOV reg64, immé64

NASMvillproducethisinstructiomwhenevertheprogrammermisedMOWithanimmediateinta
64-biregisterIfhissodesirablesimplygpecifyhequivalenB2-bitegisteryhichilhe

automatically zero-extended by the processor, or specify the immediate as DWORD:
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mov rax, foo ; 64-bit immediate

mov rax,gword foo ; (identical)
mov eax, foo ; 32-bit immediate, zero-extended
mov rax,dword foo ; 32-bit immediate, sign-extended

The length of these instructions are 10, 5 and 7 bytes, respectively.

Ibptimizatiodenabled@ndlASMameterminatassemblyiméhathorternstructiowill
sufficetheshorternnstructiowilbemittedinles®Tours&STRICDWORDIETRICDWORA s
specified (see section 3.7):

mov rax,1l ; Assembles as "mov eax,l" (5 bytes)
mov rax,strict gword 1 ; Full 10-byte instruction

mov rax,strict dword 1 ; 7-byte instruction

mov rax, symbol ; 10 bytes, not known at assembly time
lea rax, [rel symbol] ; 7 bytes, usually preferred by the ABI

Notethatlearax, [relsymbol]isposition—-independent,whereasmovrax, symbolisnot.
MostABIgprefemwmrverrequireosition—-independentcodeinb4-bitmode However,theMOV
instructiod@bléeaeferencesymbobnywherdithé4-bitaddresspace whereadEAonly
able to access a symbol within within 2 GB of the instruction itself (see below.)

Thenlynstructionwhichakeul b4-bidisplacementiocadingstoringusinOVALAXEAX
oRAXbumotheregisterstambsoluté4-bimaddress Sincehidsrelativelyarelyused
instructiotb4-bidodeeneral ysasslatiwddressing)timrogramméasxplicitldeclare
the displacement size as ABS QWORD:

default abs

mov eax, [foo] ; 32-bit absolute disp, sign-extended
mov eax, [a32 foo] ; 32-bit absolute disp, zero-extended
mov eax, [gword foo] ; 64-bit absolute disp

default rel

mov eax, [foo] ; 32-bit relative disp

mov eax, [a32 foo] ; d:o, address truncated to 32 bits(!)
mov eax, [gword foo] ; error

mov eax, [abs gword foo] ; 64-bit absolute disp

Isign-extendedbsolutelisplacementtamccessrom LR ot L5Bmero—extendedbsolute
displacement can access from 0 to 4 GB.

Interfacing to 64-bit C Programs (Unix)

Ornix,theb4-bitABlasvellasthex3ABI(32-bitABIWwitithe&CPUrb4-bitmode)islefinedithe
documents at:

http://www.nasm.us/abi/unix64

AlthoughrittefcAT&T-syntaxssemblytheonceptapplgqual lwelfio¥ASM-stylassembly.
What follows is a simplified summary.

Thefirstsixintegemrguments(frontheleft )argpassedRDI,RSI RDX,RCX,R8,andR9,irthat
orderAdditionalintegenrgumentareassedthstack TheseegisterspluRAXRlan®&11l
are destroyed by function calls, and thus are available for use by the function with

Integer return values are passed in RAX and RDX, in that order.


http://www.nasm.us/abi/unix64

Floatingointd glonaisingSKkegistersexceptfodonglouble which 8®its(TWORD)omost
platforms(Android onexceptionjtherdongoubld $bitandreatedthsamasiouble.)
Floating-pointargument sarepassedimiXMMOt XMM7 ;returni XMMCandXMM1 .longloubleare
passed on the stack, and returned in STO and ST1.

All SSE and x87 registers are destroyed by function calls.

On 64-bit Unix, long is 64 bits.

Integer and SSE register arguments are counted separately, so for the case of
void foo(long a, double b, int c)

a is passed in RDI, b in XMMO, and c in EST.

11.4 Interfacing to 64-bit C Programs (Win64)
The Win64 ABI is described by the document at:
http://www.nasm.us/abi/winé64
What follows is a simplified summary.

Th€irstfourntegenrgument airpassed RCXRDXR&nAR 9 ithatorder Additionalinteger
argumentareassedithestack Theseegisters pluRAXR1@GndR1bBrelestroyedyfunction
calls, and thus are available for use by the function without saving.

Integer return values are passed in RAX only.

Floatingointisdonasin§SkegistersgxceptfotongoubleFloating-pointrgumentare
passed in XMMO to XMM3; return is XMMO only.

On Win64, long is 32 bits; long long or _int64 is 64 bits.
Integer and SSE register arguments are counted together, so for the case of
void foo(long long a, double b, int c)

a is passed in RCX, b in XMM1, and c in R8D.

125


http://www.nasm.us/abi/win64

126



12.1
12.1.1

12.1.2

12.1.3

Chapter 12: Troubleshooting

Thisxhapterdescribesomefheommorproblemshatusershavéeerknowrtencountemwith
NASM, and answers them. If you think you have found a bug in NASM, please see sectio

Common Problems
NASM Generates Inefficient Code

Wesometimesget‘bug’reportsaboutNASMyeneratinginefficient,oreven*wrong’ ,codeon
instructionsuchADESP, 8Thisdeliberatdesigmfieaturegonnectetipredictabilitpf
output NASM,orseein@®DESP, 8 wilbeneratehdormfhdnstructiowhicleavexoonfon
32-bitoffset.YouneedtocodeADDESP, BYTE8ifyouwantthespace-efficientformofthe
instructionThidgsn’bugit’ sseerrorifoprefetbhaviASMroduceéhmorefficientode
automatically enable optimization with the -O option (see section 2.1.23).

My Jumps are Out of Range

Similarlypeopleomplaibhhatwhehheyssueonditionalumpgwhichr&8HORBgefaultihat
try to jump too far, NASM reports ‘short jump out of range’ instead of making the ju

Thisagainipartlpredictabilityssueputifachamoreractica¥reasomwell NASHMaso
mean®beindoldthattypebrocessotrthaeodd i ggeneratingiil beurmn;sd tcannotdecide
fortselfhatshouldeneratdcNEARypeénstructionshbecauseétioesn’ knowhatt’ sorking
foB86mboveAlternativelyitouldeplaceéheut-of-rangshortyNEnstructiowitlrery
shortJEnstructiomthaumpovemIMINEAR;this ssensiblesolutiorfomprocessordelowa
386 ,buthardlyefficientorprocessoravhicthavegoodranclpredictiomndoulchavaised
JNREARnstead Sopncagainit’ sipchaiser notthassemblertadeciderhatinstructions
should be generated. See section 2.1.23.

ORG Doesn’t Work

PeopleiritindootsectoprogramdrthdirformatfterromplairthatORG@oesn’ workhevay
they’dikedmrdet@lacehdxAASSsignaturevoratthendfH12-bytdootsector people
who are used to MASM tend to code

ORG O
; some boot sector code
ORG 510

DW OxAA55

Thid snottheintendediseofthedOR@irectiveliNASM,andvil Inotwork .Thecorrectwaytsolve
this problem in NASM is to use the TIMES directive, like this:

ORG O
; some boot sector code

TIMES 510-($-$$) DB O
DW OxAA55

Th&IMEg8lirectiverillinserexactlegnouglzerbytedntecheutputmovehassemblypoint
ug d1l0 Thimethodlshasthadvantagehati Fowccidentallyfilyoubootsectotrodull,
NASMvillcatchtheproblematassemblytimeandreportit,soyowon’ tendupwithadbootsector
that you have to disassemble to find out what’s wrong with it.
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12.1.4 TIMES Doesn’t Work

The other common problem with the above code is people who write the TIMES line as
TIMES 510-$ DB 0

byreasoninghatshouldepurerumber,justlikeb10,sctchedifferencédetweerthermsalsa
pure number and can happily be fed to TIMES.

NASM smodulaassembler therariousomponentpartsaralesigneddeasilyeparablefor
re-usegbhegon’ €exchangénformationnnecessarilyInonsequencethbionutpuformat,
everthoughithadeertoldtheORG@irectivethatthe textsectiomshouldstartatd,doesnot
passhatinformatiobackthexpressiorvaluatorSdromhevaluator’ poinbfiewisn’a
pureumberit’ sawffsetfromectiobase Thereforehaifferenchetweemndlialsmot
Ppurewumber butinvolvessectiorbase Valuesinvolvingectiorbasesannotbegasseds
arguments to TIMES.

The solution, as in the previous section, is to code the TIMES line in the form
TIMES 510-($-$$) DB O

iwhicnd@reffsetfromhesamsectiomase anddheidifferencd spuremumber This
will solve the problem and generate sensible code.
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Appendix A: Ndisasm

The Netwide Disassembler, NDISASM

A.1 Introduction

Th&letwid®isassembled ssmalktompaniomprogramdchdletwiddssembler NASM Itseemed
shame havamx8@ssembler,completavitiullinstructiortable andotmakaswuchiseofit
apossibleshere’ glisassemblewhickharesheénstructionabldandomethebits€ode)
with NASM.

Théletwid®isassembledoesothingxcepttproducalisassemblieobinargourceiles.
NDISASMloesnothaveanyunderstandingfobjectfileformats,likeobjdump,anditwillnot
understand DOS .EXE files like debug will. It just disassembles.

A.2 Running NDISASM

To disassemble a file, you will typically use a command of the form
ndisasm -b {16|32|64} filename

NDISASMcardisassemblel 6—,32-or64-bitcodesquallyeasily,providedfcoursethatyou
remembertrspecifwhichtdsworlwith Imolswitch present NDISASMvorksirl 6-bitmode
by default. The -u switch (for USE32) also invokes 32-bit mode.

Twomorecommandlineoptionsare-rwhichreportstheversionnumberofNDISASMyouare
running, and -h which gives a short summary of command line options.

A.2.1 COM Files: Specifying an Origin

Tdisassembl®0SCOMileorrectlydisassemblemustssuméhathdirstinstructionthe
fild doadedttaddres®x100 ratherthamtzeroNDISASMwhiclssumedbyefaulthatanyfile
you give it is loaded at zero, will therefore need to be informed of this.

Theoptiomllowyotdeclar@ifferenbrigifothdilgoardisassemblingltargument
maypexpressedrnpfhdlASMumeriformats decimabylefault ifitbeginswith ' $%or'Ox’or
ends in ‘H’ it’s hex, if it ends in ‘Q’ it’s octal, and if it ends in ‘B’ it’s binar

Hence, to disassemble a .COM file:
ndisasm -01l00h filename.com

will do the trick.

A.2.2 Code Following Data: Synchronisation

Supposegyowmrealisassemblingfilevhiclktontainsomelatavhichisn’ tmachinecode ,andhen
containsommachineodeNDISASMil¥aithfullploughhroughhdatsectionproducing
machindnstructionwhereverdtcan(althougmostofhemillloolbizarre andomaenathave
unusuabrefixese.g ' FORX, 0x240A’ ) pandgeneratindDBinstructiongvesoftedfit’s
totally stumped. Then it will reach the code section.

Supposin®yfDISASMagusttinishedeneratingtrangmachinenstructiofiroparbfheata
sectionandt£ileosition smowndytdeforehdeginninpfheodsectionIt’/ @ntirely
possiblehasnothespuriousnstructiowildeggeneratedsgtartingithhéinabytefhdata
sectionandhenheorrecfirstnstructionhheodsectiomilhobseebecauseéhstarting
point skipped over it. This isn’t really ideal.
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Tavoidhisyowaspecif@synchronisationbpointpindeedmangynchronisatiopoints
agoltikdalthougNDISASMannliiandl214748364%ynpointénternally) Thdefinitioné
synpointshisNDISASHMuaranteeshisynpointexactldurindisassemblyIftishinking
aboutgeneratinannstructiowhichvouldausdttgumpvemynpoint itwilHdiscardhat
instructiomnadutpu@db/instead Sdtwiltardisassemblexactlfromhesynpoint andgo
you Will see all the instructions in your code section.

Synpointarepecifiedisingheoptionthewnreeasureditermofherogramriginmnot
the file position. So if you want to synchronize after 32 bytes of a .COM file, you

ndisasm -0100h -s120h file.com
rather than
ndisasm -0100h -s20h file.com

As stated above, you can specify multiple sync markers if you need to, just by repea

A.2.3 Mixed Code and Data: Automatic (Intelligent) Synchronisation

Supposeg/owmralisassemblinghéootsectomDOf loppy(maybeae thasvirus,and/omneedo
understandherirusdhatyoknowhatkindoflamaga tmighthavelongsou) Typically,this
wilkontaimIMBEnstructionthemsomalata thertheestofheode Seaherd syergoodhance
of NDISASM being misaligned when the data ends and the code begins. Hence a sync point

Ortheotherhand,whyshouldrothaveespecifithesynointmanually Whatyou’ dddmrderto
findthereahesyngointwoulde,surely wouldeaxeadhelMPinstruction,andhertaisets
target address as a sync point. So can NDISASM do that for you?

Thanswer,oftourse,igyesusingitheofhesynonymouswitchesa(fomnutomatisynchori
(forntelligensyncwilénablaeuto-synmodeAuto-synmodaeutomaticallgenerateaync
poinfeanforward-referrimC-relativiummalinstructiomhadDISASdhcounters(Since
NDISASMsne-passifiencounter®C-relativgumwhoséargethaslreadpeeprocessed,
there isn’t much it can do about it...)

OnlgC-relativgdumparerocessedsincarbsolutgdumpeithethrouglregisterimhich
cas&DISASMoesn’ knowhattheegisterontainsprinvolvessegmentaddresygiwhiclkase
theargetcodaisn’ inthesamesegmentthatNDISASM sworkingin,andsdhesyngointcan’ the
placed anywhere useful).

Fosom&indefilethimechanismilhutomaticallputsynpointdmltheightplacesand
savgodrohavingplacangynpointmanuallyHoweveritshoultdetressedhatuto-sync
mode is not guaranteed to catch all the sync points, and you may still have to place

Auto-synmodeoesn’ preventyolirodeclaringanuakynpointsitustddautomatically
generated ones to the ones you provide. It’s perfectly feasible to specify -i and sor

Anotheraveatwitluto-synanodel £hatd f bysomainpleasantfluke,somethingryourata
sectiorhouldisassembleéBC-relativealdjumpnstructionNDISASMapbedientlplace
synpointirtotallywyandomlace,forexampldmrhaiddlebnefhdnstructiondyourode
section.Sgyomayendiwithawronglisassemblyweven fyowisaauto-sync Again,thereisn’t
muchlcardaboutthis.Ifyothaveproblems,you’ llhavetaisananualsyngoints,oruseche-k
option (documented below) to suppress disassembly of the data area.

A.2.4 Other Options

The-eoptiomskipsheadewrihefile byignoringheirstthytes Thisneanthatthédreaded ot
countedowardshelisassemblypffsetifFowiveelGolOdisassemblwilktarabytddn
the file, and this will be given offset 10, not 20.
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The-loption providedvititwacomma-separatechumeri@rguments,thefirstofwhichisan
assemblypffsetandhesecond snumbeobytedtskip Thiwiktounttheskippedytesowards
thassemblypffsetitsisd tsuppressisassemblypfdatasectiowhiclwouldn’ tcontain
anything you wanted to see anyway.
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Appendix B: Instruction List

B.1 Introduction

ThéollowingectionshowhénstructionshicKASMurrentlgupportskFoeachnstruction,
therd sseparatentryforaclsupportedddressingqode Thehirdolumshowsherocessor
type in which the instruction was introduced and, when appropriate, one or more usag

B.1.1 Special instructions...

DB
DW
DD
DQ
DT
DO
DY
DZ
RESB imm 8086
RESW
RESD
RESQ
REST
RESO
RESY
RESZ

B.1.2 Conventional instructions

AARA 8086, NOLONG
AAD 8086, NOLONG
AAD imm 8086, NOLONG
AAM 8086, NOLONG
AAM imm 8086, NOLONG
AAS 8086, NOLONG
ADC mem, reg8 8086, LOCK
ADC reg8, reg8 8086

ADC mem, reglé 8086, LOCK
ADC regl6, regl6 8086

ADC mem, reg32 386, LOCK
ADC reg32, reg32 386

ADC mem, reg64 X64,LOCK
ADC reg64, reg64 X64

ADC reg8,mem 8086

ADC reg8, reg8 8086

ADC regl6,mem 8086

ADC regl6, regl6 8086

ADC reg32,mem 386

ADC reg32, reg32 386

ADC reg64,mem X64

ADC reg64, reg64 X64

ADC rml6, imm8 8086, LOCK
ADC rm32, imm8 386, LOCK
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ADC
ADC
ADC
ADC
ADC
ADC
ADC
ADC
ADC
ADC
ADC
ADC
ADC
ADC
ADC
ADC
ADC
ADC
ADC
ADC
ADC
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD

rm64, imm8
reg_al, imm
reg_ax, sbyteword
reg_ax, imm
reg_eax, sbytedword
reg_eax, imm
reg_rax, sbytedword
reg_rax, imm

rm8, imm

rml6, sbyteword
rml6, imm

rm32, sbytedword
rm32, imm

rm64, sbytedword
rm64, imm

mem, imm8

mem, sbytewordl6
mem, imml6

mem, sbytedword32
mem, imm32

rm8, imm

mem, reg8

reg8, reg8

mem, regl6

regl6, regl6

mem, reg32

reg32, reg32

mem, reg64

reg64, reg64
reg8, mem

reg8, reg8
regl6,mem

regl6, regl6
reg32,mem

reg32, reg32
reg64,mem

reg64, reg64
rml6, imm8

rm32, imm8

rm64, imm8
reg_al, imm
reg_ax, sbyteword
reg_ax, imm
reg_eax, sbytedword
reg_eax, imm
reg_rax, sbytedword
reg_rax, imm

rm8, imm

rml6, sbyteword
rml6, imm

rm32, sbytedword
rm32, imm

rm64, sbytedword
rm64, imm

X64, LOCK
8086
8086, ND
8086

386, ND

386

X64,ND

X64

8086, LOCK
8086, LOCK, ND
8086, LOCK
386, LOCK, ND
386, LOCK
X64, LOCK, ND
X64, LOCK
8086, LOCK, ND
8086, LOCK, ND
8086, LOCK
386, LOCK, ND
386, LOCK
8086, LOCK, ND, NOLONG
8086, LOCK
8086

8086, LOCK
8086

386, LOCK
386

X64, LOCK
X64

8086

8086

8086

8086

386

386

X64

X64

8086, LOCK
386, LOCK
X64, LOCK
8086
8086, ND
8086

386, ND

386

X64,ND

X64

8086, LOCK
8086, LOCK, ND
8086, LOCK
386, LOCK, ND
386, LOCK
X64, LOCK, ND
X64, LOCK



ADD
ADD
ADD
ADD
ADD
ADD
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
ARPL
ARPL
BBO_RESET
BB1_RESET
BOUND
BOUND
BSF
BSF
BSF

mem, imm8

mem, sbytewordl6
mem, imml6

mem, sbytedword32
mem, imm32

rm8, imm

mem, reg8

reg8, reg8

mem, regl6

regl6, regl6

mem, reg32

reg32, reg32

mem, reg64

reg64, reg64
reg8, mem

reg8, reg8
regl6,mem

regl6, regl6
reg32,mem

reg32, reg32
reg64,mem

reg64, reg64
rml6, imm8

rm32, imm8

rm64, imm8
reg_al, imm
reg_ax, sbyteword
reg_ax, imm
reg_eax, sbytedword
reg_eax, imm
reg_rax, sbytedword
reg_rax, imm

rm8, imm

rml6, sbyteword
rml6, imm

rm32, sbytedword
rm32, imm

rm64, sbytedword
rm64, imm

mem, imm8

mem, sbytewordl6
mem, imml6

mem, sbytedword32
mem, imm32

rm8, imm

mem, regl6

regl6, regl6

regl6,mem
reg32,mem
regl6,mem
regl6, regl6
reg32,mem

8086, LOCK
8086, LOCK, ND
8086, LOCK
386, LOCK, ND
386, LOCK
8086, LOCK, ND, NOLONG
8086, LOCK
8086

8086, LOCK
8086

386, LOCK

386

X64, LOCK

X64

8086

8086

8086

8086

386

386

X64

X64

8086, LOCK
386, LOCK
X64, LOCK
8086

8086, ND

8086

386, ND

386

X64, ND

X64

8086, LOCK
8086, LOCK, ND
8086, LOCK
386, LOCK, ND
386, LOCK
X64, LOCK, ND
X64, LOCK
8086, LOCK
8086, LOCK, ND
8086, LOCK
386, LOCK, ND
386, LOCK
8086, LOCK, ND, NOLONG
286, PROT, NOLONG
286, PROT, NOLONG

PENT, CYRIX,ND, OBSOLETE
PENT, CYRIX,ND, OBSOLETE

186, NOLONG
386, NOLONG
386
386
386
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BSF reg32, reg32 386

BSF reg64,mem X64

BSF reg64, reg64 X64

BSR regl6, mem 386

BSR regl6, regl6 386

BSR reg32,mem 386

BSR reg32, reg32 386

BSR reg64,mem X64

BSR reg64, reg64 X64

BSWAP reg32 486

BSWAP reg64 X64

BT mem, regl6 386

BT regl6, reglé6 386

BT mem, reg32 386

BT reg32, reg32 386

BT mem, reg64 X64

BT reg64, reg64 X64

BT rml6, imm 386

BT rm32, imm 386

BT rm64, imm X64

BTC mem, reglé 386, LOCK
BTC regl6, regl6 386

BTC mem, reg32 386, LOCK
BTC reg32, reg32 386

BTC mem, reg64 X64,LOCK
BTC reg64, reg64 X64

BTC rml6, imm 386, LOCK
BTC rm32, imm 386, LOCK
BTC rm64, imm X64, LOCK
BTR mem, reglé 386, LOCK
BTR regl6, regl6 386

BTR mem, reg32 386, LOCK
BTR reg32, reg32 386

BTR mem, reg64 X64,LOCK
BTR reg64, reg64 X64

BTR rml6, imm 386, LOCK
BTR rm32, imm 386, LOCK
BTR rm64, imm X64, LOCK
BTS mem, reglé 386, LOCK
BTS regl6, regl6 386

BTS mem, reg32 386, LOCK
BTS reg32, reg32 386

BTS mem, reg64 X64,LOCK
BTS reg64, reg64 X64

BTS rml6, imm 386, LOCK
BTS rm32, imm 386, LOCK
BTS rm64, imm X64, LOCK
CALL imm 8086, BND
CALL imm|near 8086, ND, BND
CALL imm|far 8086, ND, NOLONG
CALL imml6 8086, NOLONG, BND
CALL imm16|near 8086, ND, NOLONG, BND
CALL imm16 | far 8086, ND, NOLONG
CALL imm32 386, NOLONG, BND
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CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CBW
CDQ
CDQE
CLC
CLD
CLT
CLTS
CMC
CMP
CMP
CMP
CMP
CMP
CMP
CMP
CMP
CMP
CMP
CMP
CMP
CMP
CMP
CMP
CMP
CMP
CMP
CMP
CMP
CMP
CMP
CMP
CMP

imm32 |near
imm32 | far
imm64
immé64 |near
imm:imm
imml6:imm
imm:immlé
imm32 :imm
imm:imm32
mem|far
mem|far
meml6 | far
mem32 | far
memé64 | far
mem|near
rml6|near
rm32 | near
rm64 |near
mem

rmlé

rm32

rmé64

mem, reg8
reg8, reg8
mem, regl6
regl6, regl6
mem, reg32
reg32, reg32
mem, reg64
reg64, reg64
reg8, mem
reg8, reg8
regl6,mem
regl6, regl6
reg32,mem
reg32, reg32
reg64,mem
reg64, reg64
rml6, imm8
rm32, imm8
rm64, imm8
reg_al, imm

reg_ax, sbyteword

reg_ax, imm

reg_eax, sbytedword

reg_eax, imm

386, ND, NOLONG, BND
386, ND, NOLONG
X64, BND
X64,ND, BND
8086, NOLONG
8086, NOLONG
8086, NOLONG
386, NOLONG
386, NOLONG
8086, NOLONG
X64

8086

386

X64
8086, ND, BND
8086, NOLONG, ND, BND
386, NOLONG, ND, BND
X64,ND, BND
8086, BND
8086, NOLONG, BND
386, NOLONG, BND
X64, BND

8086

386

X64

8086

8086

8086

286,PRIV

8086

8086

8086

8086

8086

386

386

X64

X64

8086

8086

8086

8086

386

386

X64

X64

8086

386

X64

8086

8086, ND

8086

386, ND

386
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CMP

CMP

CMP

CMP

CMP

CMP

CMP

CMP

CMP

CMP

CMP

CMP

CMP

CMP

CMP

CMPSB
CMPSD
CMPSQ
CMPSW
CMPXCHG
CMPXCHG
CMPXCHG
CMPXCHG
CMPXCHG
CMPXCHG
CMPXCHG
CMPXCHG
CMPXCHG486
CMPXCHG486
CMPXCHG486
CMPXCHG486
CMPXCHG486
CMPXCHG486
CMPXCHG8B
CMPXCHG16B
CPUID
CPU_READ
CPU_WRITE
CQO

CWD

CWDE

DAA

DAS

DEC

DEC

DEC

DEC

DEC

DEC

DIV

DIV

DIV

DIV

DMINT

reg_rax, sbytedword
reg_rax, imm

rm8, imm

rml6, sbyteword
rml6, imm

rm32, sbytedword
rm32, imm

rm64, sbytedword
rm64, imm

mem, imm8

mem, sbytewordl6
mem, imml6

mem, sbytedword32
mem, imm32

rm8, imm

mem, reg8
reg8, reg8
mem, reglé
regl6, regl6
mem, reg32
reg32, reg32
mem, reg64
reg64, reg64
mem, reg8
reg8, reg8
mem, reglé
regl6, regl6
mem, reg32
reg32, reg32
mem

mem

reglé
reg32
rm8
rml6
rm32
rmé64
rm8
rml6
rm32
rmé64

X64,ND

X64

8086

8086, ND

8086

386, ND

386

X64,ND

X64

8086

8086, ND

8086

386, ND

386

8086, ND, NOLONG

8086

386

X64

8086

PENT, LOCK

PENT

PENT, LOCK

PENT

PENT, LOCK

PENT

X64, LOCK

X64

486, UNDOC, ND, LOCK, OBSOLETE
486, UNDOC, ND, OBSOLETE
486, UNDOC, ND, LOCK, OBSOLETE
486, UNDOC, ND, OBSOLETE
486, UNDOC, ND, LOCK, OBSOLETE
486, UNDOC, ND, OBSOLETE
PENT, LOCK

X64, LOCK

PENT

PENT, CYRIX

PENT, CYRIX

X64

8086

386

8086, NOLONG

8086, NOLONG

8086, NOLONG

386, NOLONG

8086, LOCK

8086, LOCK

386, LOCK

X64, LOCK

8086

8086

386

X64

P6,CYRIX



EMMS PENT, MMX

ENTER imm, imm 186

EQU imm 8086

EQU imm: imm 8086
F2XM1 8086, FPU
FABS 8086, FPU
FADD mem32 8086, FPU
FADD mem64 8086, FPU
FADD fpureg|to 8086, FPU
FADD fpureg 8086, FPU
FADD fpureg, fpul 8086, FPU
FADD fpu0, fpureg 8086, FPU
FADD 8086, FPU, ND
FADDP fpureg 8086, FPU
FADDP fpureg, fpul 8086, FPU
FADDP 8086, FPU, ND
FBLD mem80 8086, FPU
FBLD mem 8086, FPU
FBSTP mem80 8086, FPU
FBSTP mem 8086, FPU
FCHS 8086, FPU
FCLEX 8086, FPU
FCMOVB fpureg P6,FPU
FCMOVB fpu0, fpureg P6,FPU
FCMOVB P6,FPU,ND
FCMOVBE fpureg P6,FPU
FCMOVBE fpu0, fpureg P6,FPU
FCMOVBE P6,FPU,ND
FCMOVE fpureg P6,FPU
FCMOVE fpu0, fpureg P6,FPU
FCMOVE P6,FPU,ND
FCMOVNB fpureg P6,FPU
FCMOVNB fpu0, fpureg P6,FPU
FCMOVNB P6,FPU,ND
FCMOVNBE fpureg P6,FPU
FCMOVNBE fpu0, fpureg P6,FPU
FCMOVNBE P6,FPU,ND
FCMOVNE fpureg P6,FPU
FCMOVNE fpu0, fpureg P6,FPU
FCMOVNE P6,FPU,ND
FCMOVNU fpureg P6,FPU
FCMOVNU fpu0, fpureg P6,FPU
FCMOVNU P6,FPU,ND
FCMOVU fpureg P6,FPU
FCMOVU fpu0, fpureg P6,FPU
FCMOVU P6,FPU,ND
FCOM mem32 8086, FPU
FCOM memé64 8086, FPU
FCOM fpureg 8086, FPU
FCoM fpul, fpureg 8086, FPU
FCOM 8086, FPU, ND
FCOMI fpureg P6,FPU
FCOMI fpu0, fpureg P6,FPU
FCOMI P6,FPU,ND
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FCOMIP fpureg P6,FPU

FCOMIP fpu0, fpureg P6,FPU
FCOMIP P6,FPU,ND
FCOMP mem32 8086, FPU
FCOMP mem64 8086, FPU
FCOMP fpureg 8086, FPU
FCOMP fpul, fpureg 8086, FPU
FCOMP 8086, FPU,ND
FCOMPP 8086, FPU
FCOS 386,FPU
FDECSTP 8086, FPU
FDISI 8086, FPU
FDIV mem32 8086, FPU
FDIV mem64 8086, FPU
FDIV fpureg|to 8086, FPU
FDIV fpureg 8086, FPU
FDIV fpureg, fpul 8086, FPU
FDIV fpul, fpureg 8086, FPU
FDIV 8086, FPU,ND
FDIVP fpureg 8086, FPU
FDIVP fpureg, fpul 8086, FPU
FDIVP 8086, FPU,ND
FDIVR mem32 8086, FPU
FDIVR mem64 8086, FPU
FDIVR fpureg|to 8086, FPU
FDIVR fpureg, fpul 8086, FPU
FDIVR fpureg 8086, FPU
FDIVR fpu0, fpureg 8086, FPU
FDIVR 8086, FPU,ND
FDIVRP fpureg 8086, FPU
FDIVRP fpureg, fpul 8086, FPU
FDIVRP 8086, FPU,ND
FEMMS PENT, 3DNOW
FENI 8086, FPU
FFREE fpureg 8086, FPU
FFREE 8086, FPU
FFREEP fpureg 286, FPU, UNDOC
FFREEP 286, FPU, UNDOC
FIADD mem32 8086, FPU
FIADD meml6 8086, FPU
FICOM mem32 8086, FPU
FICOM meml6 8086, FPU
FICOMP mem32 8086, FPU
FICOMP meml6 8086, FPU
FIDIV mem32 8086, FPU
FIDIV meml6 8086, FPU
FIDIVR mem32 8086, FPU
FIDIVR meml6 8086, FPU
FILD mem32 8086, FPU
FILD meml6 8086, FPU
FILD mem64 8086, FPU
FIMUL mem32 8086, FPU
FIMUL meml6 8086, FPU
FINCSTP 8086, FPU
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FINIT
FIST
FIST
FISTP
FISTP
FISTP
FISTTP
FISTTP
FISTTP
FISUB
FISUB
FISUBR
FISUBR
FLD
FLD
FLD
FLD
FLD
FLD1
FLDCW
FLDENV
FLDL2E
FLDL2T
FLDLG2
FLDLN2
FLDPI
FLDZ
FMUL
FMUL
FMUL
FMUL
FMUL
FMUL
FMUL
FMULP
FMULP
FMULP
FNCLEX
FNDISI
FNENI
FNINIT
EFNOP
FNSAVE
FNSTCW
FNSTENV
FNSTSW
FNSTSW
FPATAN
FPREM
FPREM1
FPTAN
FRNDINT
FRSTOR
FSAVE

mem32
meml6
mem32
meml6
memé64
meml6
mem32
memé64
mem32
meml6
mem32
meml6
mem32
memé64
mem80
fpureg

mem
mem

mem32

mem64
fpureg|to
fpureg, fpul
fpureg
fpul, fpureg

fpureg
fpureg, fpul

mem
mem
mem
mem
reg_ax

mem
mem

8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
PRESCOTT, FPU
PRESCOTT, FPU
PRESCOTT, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU,ND
8086, FPU
8086, FPU, SW
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU,ND
8086, FPU
8086, FPU
8086, FPU,ND
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU, SW
8086, FPU
8086, FPU, SW
286,FPU
8086, FPU
8086, FPU
386, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
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FSCALE
FSETPM
FSIN
FSINCOS
FSQORT
FST
FST
FST
FST
FSTCW
FSTENV
FSTP
FSTP
FSTP
FSTP
FSTP
FSTSW
FSTSW
FSUB
FSUB
FSUB
FSUB
FSUB
FSUB
FSUB
FSUBP
FSUBP
FSUBP
FSUBR
FSUBR
FSUBR
FSUBR
FSUBR
FSUBR
FSUBR
FSUBRP
FSUBRP
FSUBRP
FTST
FUCOM
FUCOM
FUCOM
FUCOMI
FUCOMI
FUCOMI
FUCOMIP
FUCOMIP
FUCOMIP
FUCOMP
FUCOMP
FUCOMP
FUCOMPP
FXAM
FXCH

mem32
mem64
fpureg

mem
mem
mem32
memé64
mem80
fpureg

mem
reg_ax
mem32

mem64
fpureg|to
fpureg, fpul
fpureg
fpul, fpureg

fpureg
fpureg, fpul

mem32

mem64
fpureg|to
fpureg, fpul
fpureg
fpul, fpureg

fpureg
fpureg, fpul
fpureg

fpul, fpureg

fpureg
fpul, fpureg

fpureg
fpul, fpureg

fpureg
fpul, fpureg

fpureg

8086, FPU
286,FPU
386, FPU
386, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU,ND
8086, FPU, SW
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU,ND
8086, FPU, SW
286,FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU,ND
8086, FPU
8086, FPU
8086, FPU,ND
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU
8086, FPU,ND
8086, FPU
8086, FPU
8086, FPU,ND
8086, FPU
386, FPU
386, FPU
386, FPU,ND
P6,FPU
P6,FPU
P6,FPU,ND
P6,FPU
P6,FPU
P6,FPU,ND
386, FPU
386, FPU
386, FPU,ND
386, FPU
8086, FPU
8086, FPU



FXCH
FXCH
FXCH
FXTRACT
FYL2X
FYL2XP1
HLT
IBTS
IBTS
IBTS
IBTS
ICEBP
IDIV
IDIV
IDIV
IDIV
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL

fpureg, fpul
fpul, fpureg

mem, reglé
regl6, regl6
mem, reg32
reg32, reg32

rm8

rml6

rm32

rmé64

rm8

rml6

rm32

rmé64

regl6,mem

regl6, regl6
reg32,mem

reg32, reg32
reg64,mem

reg64, reg64
regl6, mem, imm8
regl6, mem, sbyteword
regl6, mem, imml6
regl6, mem, imm

regl6, regl6, imm8
regl6, regl6, sbyteword
regl6, regl6, imml6
regl6, regl6, imm
reg32,mem, imm8
reg32,mem, sbytedword
reg32,mem, imm32
reg32,mem, imm
reg32,reg32, imm8
reg32, reg32, sbytedword
reg32,reg32, imm32
reg32, reg32, imm
reg64, mem, imm8
reg64, mem, sbytedword
reg64,mem, imm32
reg64, mem, imm

reg64, reg64, imm8
reg64, reg64, sbytedword
reg64, reg64, imm32
reg64, reg64, imm
regl6, imm8

regl6, sbyteword
regl6,immlé6

regl6, imm

8086, FPU
8086, FPU
8086, FPU,ND
8086, FPU
8086, FPU
8086, FPU
8086, PRIV

386, SW, UNDOC, ND, OBSOLETE

386, UNDOC, ND, OBSOLETE

386, SD, UNDOC, ND, OBSOLETE

386, UNDOC, ND, OBSOLETE
386, ND
8086
8086
386
X64
8086
8086
386
X64
386
386
386
386
X64
X64
186
186, ND
186
186, ND
186
186, ND
186
186, ND
386
386, ND
386
386, ND
386
386, ND
386
386, ND
X64
X64,ND
X64
X64,ND
X64
X64,ND
X64
X64,ND
186
186, ND
186
186, ND
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IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL
IMUL

IN

IN

IN

IN

IN

IN

INC

INC

INC

INC

INC

INC
INCBIN
INSB
INSD
INSW
INT
INTO1
INT1
INTO3
INT3
INTO
INVD
INVPCID
INVPCID
INVLPG
INVLPGA
INVLPGA
INVLPGA
INVLPGA
IRET
IRETD
IRETQ
IRETW
JCXZ
JECXZ
JRCXZ
JMP

JMP

JMP

JMP

JMP

JMP

JMP

JMP

JMP

reg32, imm8
reg32, sbytedword
reg32, imm32
reg32, imm

reg64, imm8
reg64, sbytedword
reg64, imm32
reg64, imm
reg_al,imm
reg_ax, imm
reg_eax, imm
reg_al, reg_dx
reg_ax, reg_dx
reg_eax, reg_dx
reglé

reg32

rm8

rml6

rm32

rmé64

imm

reg32,meml28
reg64,meml28
mem

reg_ax, reg_ecx
reg_eax, reg_ecx
reg_rax, reg_ecx

imm

imm

imm
imm|short
imm

imm
imm|near
imm|far
immlé
imml6 | near
imm16 | far
imm32

386

386, ND

386

386, ND

X64

X64,ND

X64

X64,ND
8086

8086

386

8086

8086

386

8086, NOLONG
386, NOLONG
8086, LOCK
8086, LOCK
386, LOCK
X64, LOCK

186

386

186

8086

386, ND

386

8086, ND

8086

8086, NOLONG
486,PRIV
INVPCID, PRIV, NOLONG
INVPCID, PRIV, LONG
486,PRIV
X86_64,AMD, NOLONG
X86_64,AMD

X64, AMD
X86_64,AMD

8086

386

X64

8086

8086, NOLONG

386

X64

8086

8086, ND

8086, BND
8086, ND, BND
8086, ND, NOLONG
8086, NOLONG, BND
8086, ND, NOLONG, BND
8086, ND, NOLONG
386, NOLONG, BND



JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMPE
JMPE
JMPE
JMPE
JMPE
LAHF
LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR
LAR
LDS
LDS
LEA
LEA
LEA
LEAVE
LES
LES
LFENCE
LF'S
LF'S
LF'S
LGDT
LGS

imm32 |near
imm32 | far
immé64
immé64 | near
imm:imm
imml6:imm
imm:imml6
imm32:imm
imm:imm32
mem|far
mem|far
meml6 | far
mem32 | far
memé64 | far
mem|near
rml6|near
rm32 |near
rmé64 |near
mem

rml6

rm32

rm64

imm

immlé
imm32
rml6

rm32

regl6, mem
regl6, regl6
regl6, reg32
regl6, reg64
reg32,mem
reg32, regl6
reg32, reg32
reg32, reg64
reg64,mem
reg64, regl6
reg64, reg32
reg64, reg64
regl6,mem
reg32,mem
regl6,mem
reg32,mem
reg64,mem

regl6,mem
reg32,mem

regl6,mem
reg32,mem
reg64,mem
mem

regl6,mem

386, ND, NOLONG, BND
386, ND, NOLONG
X64, BND
X64,ND, BND
8086, NOLONG
8086, NOLONG
8086, NOLONG
386, NOLONG
386, NOLONG
8086, NOLONG
X64

8086

386

X64
8086, ND, BND
8086, NOLONG, ND, BND
386, NOLONG, ND, BND
X64,ND, BND
8086, BND
8086, NOLONG, BND
386, NOLONG, BND
X64, BND

IA64

IA64

IA64

IA64

IA64

8086
286,PROT, SW
286, PROT

386, PROT
X64,PROT, ND
386, PROT, SW
386, PROT

386, PROT
X64,PROT, ND
X64,PROT, SW
X64,PROT
X64,PROT
X64,PROT
8086, NOLONG
386, NOLONG
8086

386

X64

186

8086, NOLONG
386, NOLONG
X64, AMD

386

386

X64

286,PRIV

386



LGS reg32,mem 386

LGS reg64, mem X64

LIDT mem 286,PRIV

LLDT mem 286,PROT, PRIV
LLDT meml6 286,PROT, PRIV
LLDT reglé 286,PROT, PRIV
LMSW mem 286,PRIV

LMSW meml6 286,PRIV

LMSW reglé6 286,PRIV
LOADALL 386, UNDOC, ND, OBSOLETE
LOADALL286 286, UNDOC,ND, OBSOLETE
LODSB 8086

LODSD 386

LODSQ X64

LODSW 8086

LOOP imm 8086

LOOP imm, reg_cx 8086, NOLONG
LOOP imm, reg_ecx 386

LOOP imm, reg_rcx X64

LOOPE imm 8086

LOOPE imm, reg_cx 8086, NOLONG
LOOPE imm, reg_ecx 386

LOOPE imm, reg_rcx X64

LOOPNE imm 8086

LOOPNE imm, reg_cx 8086, NOLONG
LOOPNE imm, reg_ecx 386

LOOPNE imm, reg_rcx X64

LOOPNZ imm 8086

LOOPNZ imm, reg_cx 8086, NOLONG
LOOPNZ imm, reg_ecx 386

LOOPNZ imm, reg_rcx X64

LOOPZ imm 8086

LOOPZ imm, reg_cx 8086, NOLONG
LOOPZ imm, reg_ecx 386

LOOPZ imm, reg_rcx X64

LSL regl6, mem 286,PROT, SW
LSL regl6, reglé6 286, PROT

LSL regl6, reg32 386, PROT

LSL regl6, reg64 X64,PROT, ND
LSL reg32,mem 386, PROT, SW
LSL reg32, reglb6 386, PROT

LSL reg32, reg32 386, PROT

LSL reg32, reg64 X64,PROT, ND
LSL reg64, mem X64,PROT, SW
LSL reg64, reglé6 X64,PROT

LSL reg64, reg32 X64,PROT

LSL reg64, reg64 X64,PROT

LSS regl6, mem 386

LSS reg32,mem 386

LSS reg64, mem X64

LTR mem 286,PROT, PRIV
LTR meml6 286,PROT, PRIV
LTR reglé 286,PROT, PRIV
MFENCE X64, AMD
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MONITOR
MONITOR
MONITOR
MONITORX
MONITORX
MONITORX
MONITORX
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

reg_eax,reg_ecx,reg_edx
reg_rax, reg_ecx, reg_edx

reg_rax, reg_ecx, reg_edx
reg_eax, reg_ecx,reg_edx
reg_ax, reg_ecx,reg_edx
mem, reg_sreg
regl6, reg_sreg
reg32, reg_sreg
reg64, reg_sreg
rmé64, reg_sreg
reg_sreg,mem
reg_sreg,reglb
reg_sreg,reg32
reg_sreg,regb4
reg_sreg,reglb
reg_sreg,reg32
reg_sreg, rm64
reg_al,mem_offs
reg_ax,mem_offs
reg_eax,mem_offs
reg_rax,mem_offs
mem_offs, reg_al
mem_offs, reg_ax
mem_offs, reg_eax
mem_offs, reg_rax
reg32, reg_creg
reg64, reg_creg
reg_creg,reg32
reg_creg,regb4
reg32, reg_dreg
reg64, reg_dreg
reg_dreg, reg32
reg_dreg, reg64
reg32, reg_treg
reg_treg,reg32
mem, reg8

reg8, reg8

mem, reglé

regl6, regl6

mem, reg32

reg32, reg32

mem, reg64

reg64, reg64
reg8, mem

reg8, reg8
regl6,mem

regl6, regl6
reg32,mem

reg32, reg32
reg64,mem

reg64, reg64
reg8, imm

PRESCOTT

PRESCOTT, NOLONG, ND

X64,ND

AMD
X64,AMD, ND
AMD, ND

AMD, ND
8086, SW

8086

386
X64,0PT, ND
X64

8086, SW

8086, 0PT, ND
386,0PT, ND
X64,0PT, ND
8086

386

X64

8086

8086

386

X64

8086, NOHLE
8086, NOHLE
386, NOHLE
X64, NOHLE
386, PRIV, NOLONG
X64,PRIV

386, PRIV, NOLONG
X64,PRIV

386, PRIV, NOLONG
X64,PRIV

386, PRIV, NOLONG
X64,PRIV

386, NOLONG, ND
386, NOLONG, ND
8086

8086

8086

8086

386

386

X64

X64

8086

8086

8086

8086

386

386

X64

X64

8086
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MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOVD
MOVD
MOVD
MOVD
MOVQ
MOVQ
MOVQ
MOVQ
MOVSB
MOVSD
MOVSQ
MOVSW
MOVSX
MOVSX
MOVSX
MOVSX
MOVSX
MOVSX
MOVSXD
MOVSX
MOVZX
MOVZX
MOVZX
MOVZX
MOVZX
MOVZX
MUL
MUL
MUL
MUL
MWAIT
MWAIT
MWAITX
MWAITX
NEG
NEG
NEG
NEG
NOP
NOP
NOP

regl6, imm
reg32, imm
reg64,udword
reg64, sdword
reg64, imm
rm8, imm
rml6, imm
rm32, imm
rm64, imm
rmé64, imm32
mem, imm8
mem, imml6
mem, imm32
mmxreqg, rm32
rm32, mmxreg
mmxreg, rm64
rm64, mmxreg
mmxreg, mmxrm
mmxrm, mmxreg
mmxreg, rm64
rm64, mmxreg

regl6,mem

regl6, reg8
reg32, rm8

reg32,rml6
reg64, rm8

reg64, rml6
reg64, rm32
reg64, rm32
regl6,mem

regl6, reg8
reg32, rm8

reg32,rml6
reg64, rm8

reg64, rml6
rm8

rml6

rm32

rmé64

reg_eax, reg_ecx

reg_eax,reg_ecx
rm8

rml6

rm32

rmé64

rml6
rm32

8086

386
X64,0PT, ND
X64,0PT, ND
X64

8086

8086

386

X64

X64

8086

8086

386

PENT, MMX, SD
PENT, MMX, SD
X64,MMX, SX, ND
X64,MMX, SX, ND
PENT, MMX
PENT, MMX
X64, MMX
X64, MMX
8086

386

X64

8086

386

386

386

386

X64

X64

X64

X64, ND

386

386

386

386

X64

X64

8086

8086

386

X64
PRESCOTT
PRESCOTT, ND
AMD

AMD, ND
8086, LOCK
8086, LOCK
386, LOCK
X64, LOCK
8086

P6

P6



NOP
NOT
NOT
NOT
NOT
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OUT
OUT
OUT
OUT
OUT
OUT
OUTSB
OUTSD
OUTSW
PACKSSDW

rm64

rm8

rml6

rm32

rm64

mem, reg8

reg8, reg8

mem, regl6
regl6, regl6
mem, reg32
reg32, reg32
mem, reg64
reg64, reg64
reg8, mem

reg8, reg8
regl6,mem
regl6, regl6
reg32,mem
reg32, reg32
reg64,mem
reg64, reg64
rml6, imm8

rm32, imm8

rm64, imm8
reg_al, imm
reg_ax, sbyteword
reg_ax, imm
reg_eax, sbytedword
reg_eax, imm
reg_rax, sbytedword
reg_rax, imm
rm8, imm

rml6, sbyteword
rml6, imm

rm32, sbytedword
rm32, imm

rm64, sbytedword
rm64, imm

mem, imm8

mem, sbytewordl6
mem, imml6

mem, sbytedword32
mem, imm32

rm8, imm

imm, reg_al

imm, reg_ax

imm, reg_eax
reg_dx, reg_al
reg_dx, reg_ax
reg_dx, reg_eax

mmxreg, mmxrm

X64

8086, LOCK
8086, LOCK
386, LOCK
X64, LOCK
8086, LOCK
8086

8086, LOCK
8086

386, LOCK
386

X64, LOCK
X64

8086

8086

8086

8086

386

386

X64

X64

8086, LOCK
386, LOCK
X64, LOCK
8086
8086, ND
8086

386, ND

386

X64, ND

X64

8086, LOCK
8086, LOCK, ND
8086, LOCK
386, LOCK, ND
386, LOCK
X64, LOCK, ND
X64, LOCK
8086, LOCK
8086, LOCK, ND
8086, LOCK
386, LOCK, ND
386, LOCK
8086, LOCK, ND, NOLONG
8086

8086

386

8086

8086

386

186

386

186

PENT, MMX
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PACKSSWB mmxreg, mmxrm PENT, MMX
PACKUSWB mmxreg, mmxrm PENT, MMX

PADDB mmxreg, mmxrm PENT, MMX

PADDD mmxreg, mmxrm PENT, MMX
PADDSB mmxreg, mmxrm PENT, MMX
PADDSIW mmxreg, mmxrm PENT, MMX, CYRIX
PADDSW mmxreg, mmxrm PENT, MMX
PADDUSB mmxreg, mmxrm PENT, MMX
PADDUSW mmxreg, mmxrm PENT, MMX

PADDW mmxreg, mmxrm PENT, MMX

PAND mmxreg, mmxrm PENT, MMX

PANDN mmxreg, mmxrm PENT, MMX

PAUSE 8086

PAVEB mmxreg, mmxrm PENT, MMX, CYRIX
PAVGUSB mmxreg, mmxrm PENT, 3DNOW
PCMPEQB mmxreg, mmxrm PENT, MMX
PCMPEQD mmxreg, mmxrm PENT, MMX
PCMPEQW mmxreg, mmxrm PENT, MMX
PCMPGTB mmxreg, mmxrm PENT, MMX
PCMPGTD mmxreg, mmxrm PENT, MMX
PCMPGTW mmxreg, mmxrm PENT, MMX
PDISTIB mmxreg, mem PENT, MMX, CYRIX
PF2ID mmxreg, mmxrm PENT, 3DNOW
PFACC mmxreg, mmxrm PENT, 3DNOW
PFADD mmxreg, mmxrm PENT, 3DNOW
PFCMPEQ mmxreg, mmxrm PENT, 3DNOW
PFCMPGE mmxreg, mmxrm PENT, 3DNOW
PFCMPGT mmxreg, mmxrm PENT, 3DNOW
PFMAX mmxreg, mmxrm PENT, 3DNOW
PFMIN mmxreg, mmxrm PENT, 3DNOW
PFMUL mmxreg, mmxrm PENT, 3DNOW
PEFRCP mmxreg, mmxrm PENT, 3DNOW
PFRCPITI1 mmxreg, mmxrm PENT, 3DNOW
PFRCPIT2 mmxreg, mmxrm PENT, 3DNOW
PFRSQITI1 mmxreg, mmxrm PENT, 3DNOW
PFRSQRT mmxreg, mmxrm PENT, 3DNOW
PEFSUB mmxreg, mmxrm PENT, 3DNOW
PFSUBR mmxreg, mmxrm PENT, 3DNOW
PI2FD mmxreg, mmxrm PENT, 3DNOW
PMACHRIW mmxreg, mem PENT, MMX, CYRIX
PMADDWD mmxreg, mmxrm PENT, MMX

PMAGW mmxreg, mmxrm PENT, MMX, CYRIX
PMULHRIW mmxreg, mmxrm PENT, MMX, CYRIX
PMULHRWA mmxreg, mmxrm PENT, 3DNOW
PMULHRWC mmxreg, mmxrm PENT, MMX, CYRIX
PMULHW mmxreg, mmxrm PENT, MMX
PMULLW mmxreg, mmxrm PENT, MMX
PMVGEZB mmxreg, mem PENT, MMX, CYRIX
PMVLZB mmxreg, mem PENT, MMX, CYRIX
PMVNZB mmxreg, mem PENT, MMX, CYRIX
PMVZB mmxreg, mem PENT, MMX, CYRIX
POP reglé 8086

POP reg32 386, NOLONG

POP reg64 X64
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POP

POP

POP

POP

POP

POP

POP

POP

POP

POPA
POPAD
POPAW
POPF
POPFD
POPFQ
POPEW
POR
PREFETCH
PREFETCHW
PSLLD
PSLLD
PSLLQ
PSLLQ
PSLLW
PSLLW
PSRAD
PSRAD
PSRAW
PSRAW
PSRLD
PSRLD
PSRLQ
PSRLQ
PSRLW
PSRLW
PSUBB
PSUBD
PSUBSB
PSUBSIW
PSUBSW
PSUBUSB
PSUBUSW
PSUBW
PUNPCKHBW
PUNPCKHDQ
PUNPCKHWD
PUNPCKLBW
PUNPCKLDQ
PUNPCKLWD
PUSH

PUSH

PUSH

PUSH

PUSH

rml6
rm32
rmé64
reg_es
reg_cs
reg_ss
reg_ds
reg_fs
reg_gs

mmxreqg, mmxrm
mem

mem

mmxreqg, mmxrm
mmxreqg, imm
mmxreqg, mmxrm
mmxreqg, imm
mmxreqg, mmxrm
mmxreqg, imm
mmxreqg, mmxrm
mmxreqg, imm
mmxreqg, mmxrm
mmxreqg, imm
mmxreqg, mmxrm
mmxreqg, imm
mmxreqg, mmxrm
mmxreqg, imm
mmxreqg, mmxrm
mmxreqg, imm
mmxreqg, mmxrm
mmxreqg, mmxrm
mmxreqg, mmxrm
mmxreqg, mmxrm
mmxreqg, mmxrm
mmxreqg, mmxrm
mmxreqg, mmxrm
mmxreqg, mmxrm
mmxreqg, mmxrm
mmxreqg, mmxrm
mmxreqg, mmxrm
mmxreqg, mmxrm
mmxreqg, mmxrm
mmxreqg, mmxrm
reglé

reg32

reg64

rmlé

rm32

8086

386, NOLONG
X64

8086, NOLONG

8086, UNDOC, ND, OBSOLETE

8086, NOLONG
8086, NOLONG
386

386

186, NOLONG
386, NOLONG
186, NOLONG
8086

386, NOLONG
X64

8086

PENT, MMX
PENT, 3DNOW
PENT, 3DNOW
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX

PENT, MMX, CYRIX

PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
PENT, MMX
8086

386, NOLONG
X64

8086

386, NOLONG
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PUSH rm64 X64

PUSH reg_es 8086, NOLONG
PUSH reg_cs 8086, NOLONG
PUSH reg_ss 8086, NOLONG
PUSH reg_ds 8086, NOLONG
PUSH reg_fs 386

PUSH reg_gs 386

PUSH imm8 186

PUSH sbytewordl6 186,AR0, SIZE,ND
PUSH imml6 186,AR0, SIZE
PUSH sbytedword32 386, NOLONG, ARO, SIZE, ND
PUSH imm32 386, NOLONG, ARO, SIZE
PUSH sbytedword32 386, NOLONG, SD, ND
PUSH imm32 386, NOLONG, SD
PUSH sbytedword64 X64,AR0, SIZE,ND
PUSH immé64 X64,AR0, SIZE
PUSH sbytedword32 X64,AR0, SIZE,ND
PUSH imm32 X64,AR0, SIZE
PUSHA 186, NOLONG
PUSHAD 386, NOLONG
PUSHAW 186, NOLONG
PUSHF 8086

PUSHFD 386, NOLONG
PUSHFQ X64

PUSHFEFW 8086

PXOR mmxreg, mmxrm PENT, MMX

RCL rm8, unity 8086

RCL rm8, reg_cl 8086

RCL rm8, imm8 186

RCL rml6,unity 8086

RCL rml6, reg_cl 8086

RCL rml6, imm8 186

RCL rm32,unity 386

RCL rm32, reg_cl 386

RCL rm32, imm8 386

RCL rmé64,unity X64

RCL rmé64, reg_cl X64

RCL rm64, imm8 X64

RCR rm8, unity 8086

RCR rm8, reg_cl 8086

RCR rm8, imm8 186

RCR rml6,unity 8086

RCR rml6, reg_cl 8086

RCR rml6, imm8 186

RCR rm32,unity 386

RCR rm32, reg_cl 386

RCR rm32, imm8 386

RCR rmé64,unity X64

RCR rmé64, reg_cl X64

RCR rm64, imm8 X64

RDSHR rm32 P6,CYRIX, SMM
RDMSR PENT, PRIV
RDPMC P6

RDTSC PENT
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RDTSCP
RET
RET
RETF
RETF
RETN
RETN
ROL
ROL
ROL
ROL
ROL
ROL
ROL
ROL
ROL
ROL
ROL
ROL
ROR
ROR
ROR
ROR
ROR
ROR
ROR
ROR
ROR
ROR
ROR
ROR
RDM
RSDC
RSLDT
RSM
RSTS
SAHF
SAL
SAL
SAL
SAL
SAL
SAL
SAL
SAL
SAL
SAL
SAL
SAL
SALC
SAR
SAR
SAR
SAR

imm
imm

imm

rm8, unity
rm8, reg_cl
rm8, imm8
rml6,unity
rml6, reg_cl
rml6, imm8
rm32,unity
rm32, reg_cl
rm32, imm8
rm64,unity
rm64, reg_cl
rm64, imm8
rm8, unity
rm8, reg_cl
rm8, imm8
rml6,unity
rml6, reg_cl
rml6, imm8
rm32,unity
rm32, reg_cl
rm32, imm8
rm64,unity
rm64, reg_cl
rm64, imm8

reg_sreg,mem80

mem80
mem80

rm8, unity
rm8, reg_cl
rm8, imm8
rml6,unity
rml6, reg_cl
rml6, imm8
rm32,unity
rm32, reg_cl
rm32, imm8
rm64,unity
rm64, reg_cl
rm64, imm8

rm8, unity
rm8, reg_cl
rm8, imm8

rml6,unity

X86_64
8086, BND
8086, SW, BND
8086
8086, SW
8086, BND
8086, SW, BND
8086
8086

186

8086
8086

186

386

386

386

X64

X64

X64

8086
8086

186

8086
8086

186

386

386

386

X64

X64

X64
P6,CYRIX, ND

486,CYRIX, SMM
486,CYRIX, SMM

PENT, SMM

486,CYRIX, SMM

8086
8086, ND
8086, ND
186, ND
8086, ND
8086, ND
186, ND
386, ND
386, ND
386, ND
X64,ND
X64,ND
X64,ND
8086, UNDOC
8086
8086
186
8086
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SAR
SAR
SAR
SAR
SAR
SAR
SAR
SAR
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SCASB
SCASD
SCASQ
SCASW
SFENCE
SGDT
SHL

rml6, reg_cl
rml6, imm8
rm32,unity
rm32, reg_cl
rm32, imm8
rm64,unity
rm64, reg_cl
rm64, imm8

mem, reg8

reg8, reg8

mem, regl6
regl6, regl6
mem, reg32
reg32, reg32
mem, reg64
reg64, reg64
reg8, mem

reg8, reg8
regl6,mem
regl6, regl6
reg32,mem
reg32, reg32
reg64,mem
reg64, reg64
rml6, imm8

rm32, imm8

rm64, imm8
reg_al, imm
reg_ax, sbyteword
reg_ax, imm
reg_eax, sbytedword
reg_eax, imm
reg_rax, sbytedword
reg_rax, imm
rm8, imm

rml6, sbyteword
rml6, imm

rm32, sbytedword
rm32, imm

rm64, sbytedword
rm64, imm

mem, imm8

mem, sbytewordl6
mem, imml6

mem, sbytedword32
mem, imm32

rm8, imm

mem
rm8, unity

8086

186

386

386

386

X64

X64

X64

8086, LOCK
8086

8086, LOCK
8086

386, LOCK
386

X64, LOCK
X64

8086

8086

8086

8086

386

386

X64

X64

8086, LOCK
386, LOCK
X64, LOCK
8086
8086, ND
8086

386, ND

386

X64, ND

X64

8086, LOCK
8086, LOCK, ND
8086, LOCK
386, LOCK, ND
386, LOCK
X64, LOCK, ND
X64, LOCK
8086, LOCK
8086, LOCK, ND
8086, LOCK
386, LOCK, ND
386, LOCK
8086, LOCK, ND, NOLONG
8086

386

X64

8086

X64, AMD

286

8086



SHL
SHL
SHL
SHL
SHL
SHL
SHL
SHL
SHL
SHL
SHL
SHLD
SHLD
SHLD
SHLD
SHLD
SHLD
SHLD
SHLD
SHLD
SHLD
SHLD
SHLD
SHR
SHR
SHR
SHR
SHR
SHR
SHR
SHR
SHR
SHR
SHR
SHR
SHRD
SHRD
SHRD
SHRD
SHRD
SHRD
SHRD
SHRD
SHRD
SHRD
SHRD
SHRD
SIDT
SLDT
SLDT
SLDT
SLDT
SLDT
SLDT

rm8, reg_cl

rm8, imm8
rml6,unity

rml6, reg_cl

rml6, imm8
rm32,unity

rm32, reg_cl

rm32, imm8
rm64,unity

rmé64, reg_cl

rm64, imm8

mem, regl6, imm
regl6, regl6, imm
mem, reg32, imm
reg32, reg32, imm
mem, reg64, imm
reg64, reg64, imm
mem, regl6, reg_cl
regl6, regl6, reg_cl
mem, reg32, reg_cl
reg32,reg32,reg_cl
mem, reg64, reg_cl
reg64, reg64, reg_cl
rm8, unity

rm8, reg_cl

rm8, imm8
rml6,unity

rml6, reg_cl

rml6, imm8
rm32,unity

rm32, reg_cl

rm32, imm8
rm64,unity

rmé64, reg_cl

rm64, imm8

mem, regl6, imm
regl6, regl6, imm
mem, reg32, imm
reg32, reg32, imm
mem, reg64, imm
reg64, reg64, imm
mem, regl6, reg_cl
regl6, regl6, reg_cl
mem, reg32, reg_cl
reg32,reg32,reg_cl
mem, reg64, reg_cl
reg64, reg64, reg_cl
mem

mem

meml 6

reglé

reg32

reg64

reg64

8086
186
8086
8086
186
386
386
386
X64
X64
X64
386
386
386
386
X64
X64
386
386
386
386
X64
X64
8086
8086
186
8086
8086
186
386
386
386
X64
X64
X64
386
386
386
386
X64
X64
386
386
386
386
X64
X64
286
286
286
286
386
X64,ND
X64
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SKINIT
SMI
SMINT
SMINTOLD
SMSW
SMSW
SMSW
SMSW
SMSW
STC
STD
STI
STOSB
STOSD
STOSQ
STOSW
STR
STR
STR
STR
STR
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB

mem
memlé6
reglé
reg32
reg64

mem
meml 6

reglé

reg32

reg64

mem, reg8

reg8, reg8

mem, reglé

regl6, regl6

mem, reg32

reg32, reg32

mem, reg64

reg64, reg64
reg8, mem

reg8, reg8
regl6,mem

regl6, regl6
reg32,mem

reg32, reg32
reg64,mem

reg64, reg64
rml6, imm8

rm32, imm8

rm64, imm8
reg_al, imm
reg_ax, sbyteword
reg_ax, imm
reg_eax, sbytedword
reg_eax, imm
reg_rax, sbytedword
reg_rax, imm

rm8, imm

rml6, sbyteword
rml6, imm

rm32, sbytedword
rm32, imm

rm64, sbytedword
rm64, imm

X64
386, UNDOC
P6,CYRIX,ND

486, CYRIX,ND, OBSOLETE

286

286

286

386

X64

8086

8086

8086

8086

386

X64

8086

286, PROT
286, PROT
286, PROT
386, PROT
X64

8086, LOCK
8086
8086, LOCK
8086

386, LOCK
386

X64, LOCK
X64

8086

8086

8086

8086

386

386

X64

X64

8086, LOCK
386, LOCK
X64, LOCK
8086
8086, ND
8086

386, ND
386
X64,ND
X64

8086, LOCK
8086, LOCK, ND
8086, LOCK
386, LOCK, ND
386, LOCK
X64, LOCK, ND
X64, LOCK



SUB
SUB
SUB
SUB
SUB
SUB
SVDC
SVLDT
SVTS
SWAPGS
SYSCALL
SYSENTER
SYSEXIT
SYSRET
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
UDO
UD1
UD1
UD1
UD1
UD2B
UD2B
UD2B
UD2B
uD2
UD2A
UMOV
UMOV
UMOV
UMOV
UMOV
UMOV

mem, imm8

mem, sbytewordl6

mem, imml6

mem, sbytedword32

mem, imm32
rm8, imm

mem80, reg_sreg

mem80
mem80

mem, reg8
reg8, reg8
mem, regl6
regl6, regl6
mem, reg32
reg32, reg32
mem, reg64
reg64, reg64
reg8, mem
regl6,mem
reg32,mem
reg64,mem
reg_al, imm
reg_ax, imm
reg_eax, imm
reg_rax, imm
rm8, imm
rml6, imm
rm32, imm
rm64, imm
mem, imm8
mem, imml6
mem, imm32

reg, rmlé
reg, rm32
reg, rmé64

reg, rmlé
reg, rm32
reg, rmé64

mem, reg8
reg8, reg8
mem, regl6
regl6, regl6
mem, reg32
reg32, reg32

8086, LOCK
8086, LOCK, ND
8086, LOCK
386, LOCK, ND
386, LOCK

8086, LOCK, ND, NOLONG
486, CYRIX, SMM

486, CYRIX, SMM, ND
486, CYRIX, SMM

X64

P6, AMD

P6

P6, PRIV

P6, PRIV, AMD
8086

8086

8086

8086

386

386

X64

X64

8086

8086

386

X64

8086

8086

386

X64

8086

8086

386

X64

8086

8086

386

186

186

186

186

186, ND

186, ND

186, ND

186, ND

186, ND

186

186, ND

386, UNDOC, ND
386, UNDOC, ND
386, UNDOC, ND
386, UNDOC, ND
386, UNDOC, ND
386, UNDOC, ND
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UMOV
UMOV
UMOV
UMOV
UMOV
UMOV
VERR
VERR
VERR
VERW
VERW
VERW
FWAIT
WBINVD
WRSHR
WRMSR
XADD
XADD
XADD
XADD
XADD
XADD
XADD
XADD
XBTS
XBTS
XBTS
XBTS
XCHG
XCHG
XCHG
XCHG
XCHG
XCHG
XCHG
XCHG
XCHG
XCHG
XCHG
XCHG
XCHG
XCHG
XCHG
XCHG
XCHG
XCHG
XCHG
XCHG
XCHG
XCHG
XCHG
XLATB
XLAT
XOR

reg8, mem
reg8, reg8
regl6,mem
regl6, regl6
reg32,mem
reg32, reg32
mem

memlé6

reglé

mem

memlé6

reglé

rm32

mem, reg8
reg8, reg8
mem, reglé
regl6, regl6
mem, reg32
reg32, reg32
mem, reg64
reg64, reg64
regl6,mem
regl6, regl6
reg32,mem
reg32, reg32
reg_ax,reglé6
reg_eax,reg32na
reg_rax, reg64
regl6, reg_ax
reg32na, reg_eax
reg64, reg_rax
reg_eax, reg_eax
reg8, mem
reg8, reg8
regl6,mem
regl6, regl6
reg32,mem
reg32, reg32
reg64,mem
reg64, reg64
mem, reg8
reg8, reg8
mem, reglb
regl6, regl6
mem, reg32
reg32, reg32
mem, reg64
reg64, reg64

mem, reg8

386, UNDOC, ND
386, UNDOC, ND
386, UNDOC, ND
386, UNDOC, ND
386, UNDOC, ND
386, UNDOC, ND
286, PROT
286, PROT
286, PROT
286, PROT
286, PROT
286, PROT
8086

486, PRIV
P6,CYRIX, SMM
PENT, PRIV
486, LOCK

486

486, LOCK

486

486, LOCK

486

X64, LOCK

X64

386, SW, UNDOC, ND
386, UNDOC, ND
386, SD, UNDOC, ND
386, UNDOC, ND
8086

386

X64

8086

386

X64

386, NOLONG
8086, LOCK
8086

8086, LOCK
8086

386, LOCK

386

X64, LOCK

X64

8086, LOCK
8086

8086, LOCK
8086

386, LOCK

386

X64, LOCK

X64

8086

8086

8086, LOCK



XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR
CMOVcc
CMOVcc
CMOVcc
CMOVcc
CMOVcc
CMOVcc
Jcc
Jcc
Jcc
Jcc
Jcc
Jcc
Jcc
Jcc
Jcc

reg8, reg8

mem, regl6
regl6, regl6
mem, reg32
reg32, reg32
mem, reg64
reg64, reg64
reg8, mem

reg8, reg8
regl6,mem
regl6, regl6
reg32,mem
reg32, reg32
reg64,mem
reg64, reg64
rml6, imm8

rm32, imm8

rm64, imm8
reg_al, imm
reg_ax, sbyteword
reg_ax, imm
reg_eax, sbytedword
reg_eax, imm
reg_rax, sbytedword
reg_rax, imm
rm8, imm

rml6, sbyteword
rml6, imm

rm32, sbytedword
rm32, imm

rm64, sbytedword
rm64, imm

mem, imm8

mem, sbytewordl6
mem, imml6

mem, sbytedword32
mem, imm32

rm8, imm
regl6,mem
regl6, regl6
reg32,mem
reg32, reg32
reg64,mem
reg64, reg64
imm|near
imml6 | near
imm32 |near
immé64 | near
imm|short

imm

imm

imm

imm

8086

8086, LOCK
8086

386, LOCK
386

X64, LOCK
X64

8086

8086

8086

8086

386

386

X64

X64

8086, LOCK
386, LOCK
X64, LOCK
8086
8086, ND
8086

386, ND

386

X64,ND

X64

8086, LOCK
8086, LOCK, ND
8086, LOCK
386, LOCK, ND
386, LOCK
X64, LOCK, ND
X64, LOCK
8086, LOCK
8086, LOCK, ND
8086, LOCK
386, LOCK, ND
386, LOCK
8086, LOCK, ND, NOLONG
P6

P6

P6

P6

X64

X64

386, BND
386, NOLONG, BND
386, NOLONG, BND
X64, BND
8086, ND, BND
8086, ND, BND
386, ND, BND
8086, ND, BND
8086, BND
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SETcc
SETcc

Katmai Streaming SIMD instructions (SSE — a.k.a. KNI, XMM, MMX2)

ADDPS
ADDSS
ANDNPS
ANDPS
CMPEQPS
CMPEQSS
CMPLEPS
CMPLESS
CMPLTPS
CMPLTSS
CMPNEQPS
CMPNEQSS
CMPNLEPS
CMPNLESS
CMPNLTPS
CMPNLTSS
CMPORDPS
CMPORDSS
CMPUNORDPS
CMPUNORDSS
CMPPS
CMPPS
CMPSS
CMPSS
COMISS
CVTPIZ2PS
CVTPS2PI
CVTSI2SS
CVTSI2SS
CVTSI2SS
CVTSS2SI
CVTSS2SI
CVTSS2SI
CVTSS2SI
CVTTPS2PI
CVTTSS2SI
CVTTSS2SI
DIVPS
DIVSS
LDMXCSR
MAXPS
MAXSS
MINPS
MINSS
MOVAPS
MOVAPS
MOVHPS
MOVHPS
MOVLHPS

mem
reg8

xmmreg, xmmrml28
xmmreg, xmmrm32
xmmreg, xmmrml28
xmmreg, xmmrml28
xmmreg, xmmrml28
xmmreg, xmmrm32
xmmreg, xmmrml28
xmmreg, xmmrm32
xmmreg, xmmrml28
xmmreg, xmmrm32
xmmreg, xmmrml28
xmmreg, xmmrm32
xmmreg, xmmrml28
xmmreg, xmmrm32
xmmreg, xmmrml28
xmmreg, xmmrm32
xmmreg, xmmrml28
xmmreg, xmmrm32
xmmreg, xmmrml28
xmmreg, xmmrm32
xmmreg, mem, imm
xXmmreg, xmmreg, imm
xmmreg, mem, imm
xXmmreg, xmmreg, imm
xmmreg, xmmrm32
xmmreg, mmxrmé64
mmxreqg, xmmrmé64
xXmmreg, mem
xmmreg, rm32
xmmreg, rm64
reg32, xmmreg
reg32,mem
reg64, xmmreg
reg64,mem
mmxreqg, xmmrm
reg32, xmmrm
reg64, xmmrm
xmmreg, xmmrml28
xmmreg, xmmrm32
mem32

xmmreg, xmmrml28
xmmreg, xmmrm32
xmmreg, xmmrml28
xmmreg, xmmrm32
xmmreg, xmmrml28
xmmrml28, xmmreg
xmmreg, memé64
mem64, xmmreg
Xmmreg, xmmreg

386
386

KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAI, SSE, MMX
KATMAI, SSE, MMX

KATMAI, SSE, SD,AR1,ND

KATMAI, SSE, SD, AR1
X64,SSE, ARL
KATMAI, SSE, SD, AR1
KATMAI, SSE, SD, AR1
X64,SSE, SD, AR1
X64,SSE, SD, AR1
KATMAI, SSE, MMX
KATMAI, SSE, SD, AR1
X64,SSE, SD, AR1
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
KATMAT, SSE
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B.1.5

MOVLPS
MOVLPS
MOVHLPS
MOVMSKPS
MOVMSKPS
MOVNTPS
MOVSS
MOVSS
MOVSS
MOVUPS
MOVUPS
MULPS
MULSS
ORPS
RCPPS
RCPSS
RSQRTPS
RSQRTSS
SHUFPS
SQRTPS
SQRTSS
STMXCSR
SUBPS
SUBSS
UCOMISS
UNPCKHPS
UNPCKLPS
XORPS

Introduced in Deschutes but necessary for SSE support

FXRSTOR
FXRSTOR64
FXSAVE
FXSAVE64

XSAVE group (AVX and extended state)

XGETBV
XSETBV
XSAVE
XSAVE64
XSAVEC
XSAVEC64
XSAVEOPT
XSAVEOPT64
XSAVES
XSAVES64
XRSTOR
XRSTOR64
XRSTORS
XRSTORS64

xmmreg, memé64
mem64, xmmreg
Xmmreg, xmmreg
reg32, xmmreg
reg64, xmmreg
meml28, xmmreg
xmmreg, xmmrm32
mem32, xmmreg
Xmmreg, xmmreg
xmmreg, xmmrml28
xmmrml28, xmmreg
xmmreg, xmmrml28
xmmreg, xmmrm32
xmmreg, xmmrml28
xmmreg, xmmrml28
xmmreg, xmmrm32
xmmreg, xmmrml28
xmmreg, xmmrm32

xmmreqg, xmmrml28, imm8

xmmreg, xmmrml28
xmmreg, xmmrm32
mem32

xmmreg, xmmrml28
xmmreg, xmmrm32
xmmreg, xmmrm32
xmmreg, xmmrml28
xmmreg, xmmrml28
xmmreg, xmmrml28

mem
mem
mem
mem

mem
mem
mem
mem
mem
mem
mem
mem
mem
mem
mem
mem

KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
X64, SSE

KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
KATMATI, SSE
KATMATI, SSE

P6, SSE,FPU
X64,SSE,FPU
P6, SSE,FPU
X64,SSE,FPU

NEHALEM

NEHALEM, PRIV

NEHALEM

LONG, NEHALEM

LONG

LONG

LONG
NEHALEM

LONG, NEHALEM

LONG
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B.1.6 Generic memory operations

B.1.7

B.1.8

B.1.9

B.1.10
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PREFETCHNTA
PREFETCHTO
PREFETCHT1
PREFETCHT2
SFENCE

New MMX instructions introduced in Katmai

MASKMOVQ
MOVNTQ
PAVGB
PAVGW
PEXTRW
PINSRW
PINSRW
PINSRW
PMAXSW
PMAXUB
PMINSW
PMINUB
PMOVMSKB
PMULHUW
PSADBW
PSHUFW

mem8
mem8
mem8
mem8

mmxreg, mmxreqg
mem, mmxreqg
mmxreg, mmxrm
mmxreg, mmxrm
reg32, mmxreg, imm
mmxreg, mem, imm
mmxreg, rml6, imm
mmxreg, reg32, imm

KATMAT
KATMAT
KATMAT
KATMAT
KATMAT

KATMAT , MMX
KATMAT , MMX
KATMAT , MMX
KATMAT , MMX
KATMAT, MMX
KATMAT, MMX
KATMAT, MMX
KATMAT, MMX

mmxreg, mmxrm
mmxreg, mmxrm
mmxreg, mmxrm
mmxreg, mmxrm
reg32, mmxreg
mmxreg, mmxrm
mmxreg, mmxrm

mmxreg, mmxrm, imm

KATMAT, MMX
KATMAT, MMX
KATMAT, MMX
KATMAT, MMX
KATMAT, MMX
KATMAT, MMX
KATMAT, MMX
KATMAT, MMX

AMD Enhanced 3DNow! (Athlon) instructions

PF2IW
PFNACC
PFPNACC
PI2FW
PSWAPD

Willamette SSE2 Cacheability Instructions

MASKMOVDQU
CLFLUSH
MOVNTDQ
MOVNTI
MOVNTI
MOVNTPD
LFENCE
MFENCE

mmxreg, mmxrm
mmxreg, mmxrm
mmxreg, mmxrm
mmxreg, mmxrm
mmxreg, mmxrm

xmmreg, xmmreg
mem

mem, xmmreg
mem, reg32
mem, reg64
mem, xmmreg

PENT, 3DNOW
PENT, 3DNOW
PENT, 3DNOW
PENT, 3DNOW
PENT, 3DNOW

WILLAMETTE, SSE2
WILLAMETTE, SSE2
WILLAMETTE, SSE2, SO
WILLAMETTE, SD

X64
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2
WILLAMETTE, SSE2

Willamette MMX instructions (SSE2 SIMD Integer Instructions)

MOVD
MOVD
MOVD
MOVD
MOVDQA
MOVDQA
MOVDQA
MOVDQA
MOVDQU

mem, xmmreg
xXmmreg, mem
xmmreg, rm32
rm32, xmmreg
Xmmreg, xmmreg
mem, xmmreg
xXmmreg, mem
Xmmreg, xmmreg
Xmmreg, xmmreg

WILLAMETTE, SSE2, SD
WILLAMETTE, SSE2, SD
WILLAMETTE, SSE2
WILLAMETTE, SSE2
WILLAMETTE, SSE2
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2
WILLAMETTE, SSE2



MOVDQU
MOVDQU
MOVDQU
MOVDQ2Q
MOVQ
MOVQ
MOVQ
MOVQ
MOVQ
MOVQ
MOVQ2DQ
PACKSSWB
PACKSSDW
PACKUSWB
PADDB
PADDW
PADDD
PADDQ
PADDQ
PADDSB
PADDSW
PADDUSB
PADDUSW
PAND
PANDN
PAVGB
PAVGW
PCMPEQB
PCMPEQW
PCMPEQD
PCMPGTB
PCMPGTW
PCMPGTD
PEXTRW
PEXTRW
PINSRW
PINSRW
PINSRW
PINSRW
PINSRW
PMADDWD
PMAXSW
PMAXUB
PMINSW
PMINUB
PMOVMSKB
PMULHUW
PMULHW
PMULLW
PMULUDQ
PMULUDQ
POR
PSADBW
PSHUFD

mem, xmmreg
xXmmreg, mem
Xmmreg, xmmreg
mmxreg, xmmreg
Xmmreg, xmmreg
Xmmreg, xmmreg
mem, xmmreg
xXmmreg, mem
xmmreg, rm64
rm64, xmmreg
Xmmreg, mmxreg
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
mmxreqg, mmxrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
reg32, xmmreg, imm
reg64, xmmreg, imm
xmmreg, regl6, imm
xmmreg, reg32, imm
xmmreg, reg64, imm
xmmreg, mem, imm
xmmreqg, meml6, imm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
reg32, xmmreg
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
mmxreqg, mmxrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
xXmmreg, xmmreg, imm

WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2
WILLAMETTE, SSE2
WILLAMETTE, SSE2
WILLAMETTE, SSE2
WILLAMETTE, SSE2
WILLAMETTE, SSE2
X64,SSE2

X64,SSE2
WILLAMETTE, SSE2
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, MMX
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2
X64,SSE2,ND
WILLAMETTE, SSE2
WILLAMETTE, SSE2,ND
X64,SSE2,ND
WILLAMETTE, SSE2
WILLAMETTE, SSE2
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2
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PSHUFD
PSHUFHW
PSHUFHW
PSHUFLW
PSHUFLW
PSLLDQ
PSLLW
PSLLW
PSLLD
PSLLD
PSLLQ
PSLLQ
PSRAW
PSRAW
PSRAD
PSRAD
PSRLDQ
PSRLW
PSRLW
PSRLD
PSRLD
PSRLQ
PSRLQ
PSUBB
PSUBW
PSUBD
PSUBQ
PSUBQ
PSUBSB
PSUBSW
PSUBUSB
PSUBUSW
PUNPCKHBW
PUNPCKHWD
PUNPCKHDQ
PUNPCKHQDQ
PUNPCKLBW
PUNPCKLWD
PUNPCKLDQ
PUNPCKLQDQ
PXOR

xmmreg, mem, imm
xXmmreg, xmmreg, imm
xmmreg, mem, imm
xXmmreg, xmmreg, imm
xmmreg, mem, imm
xmmreg, imm
Xmmreg, xmmrm
xmmreg, imm
Xmmreg, xmmrm
xmmreg, imm
Xmmreg, xmmrm
xmmreg, imm
Xmmreg, xmmrm
xmmreg, imm
Xmmreg, xmmrm
xmmreg, imm
xmmreg, imm
Xmmreg, xmmrm
xmmreg, imm
Xmmreg, xmmrm
xmmreg, imm
Xmmreg, xmmrm
xmmreg, imm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
mmxreqg, mmxrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm

WILLAMETTE, SSE2

WILLAMETTE, SSE2

WILLAMETTE, SSE2

WILLAMETTE, SSE2

WILLAMETTE, SSE2

WILLAMETTE, SSE2,AR1
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2,AR1
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2,AR1
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2,AR1
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2,AR1
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2,AR1
WILLAMETTE, SSE2,AR1
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2,AR1
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2,AR1
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2,AR1
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO

B.1.11 Willamette Streaming SIMD instructions (SSE2)

ADDPD
ADDSD
ANDNPD
ANDPD
CMPEQPD
CMPEQSD
CMPLEPD
CMPLESD
CMPLTPD
CMPLTSD
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Xmmredg, Xxmmrm
Xmmreqg, Xxmmrm
Xmmreqg, Xxmmrm
Xmmreqg, Xxmmrm
Xmmreqg, Xxmmrm
Xmmreqg, Xxmmrm
Xmmreqg, Xxmmrm
Xmmreqg, Xxmmrm
Xmmreg, Xxmmrm
Xmmreqg, Xxmmrm

WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2



CMPNEQPD
CMPNEQSD
CMPNLEPD
CMPNLESD
CMPNLTPD
CMPNLTSD
CMPORDPD
CMPORDSD
CMPUNORDPD
CMPUNORDSD
CMPPD
CMPSD
COMISD
CVTDQ2PD
CVTDQ2PS
CVTPD2DQ
CVTPD2PI
CVTPD2PS
CVTPIZ2PD
CVTPS2DQ
CVTPS2PD
CVTSD2SI
CVTSD2SI
CVTSD2SI
CVTSD2SI
CVTSD2SS
CVTSI2SD
CVTSI2SD
CVTSI2SD
CVTSS2SD
CVTTPD2PI
CVTTPD2DQ
CVTTPS2DQ
CVTTSD2SI
CVTTSD2SI
CVTTSD2SI
CVTTSD2SI
DIVPD
DIVSD
MAXPD
MAXSD
MINPD
MINSD
MOVAPD
MOVAPD
MOVAPD
MOVAPD
MOVHPD
MOVHPD
MOVLPD
MOVLPD
MOVMSKPD
MOVMSKPD
MOVSD

Xmmreg, Xxmmrm
Xmmreg, Xxmmrm
Xmmreg, Xxmmrm
Xmmreg, Xxmmrm
Xmmreg, Xxmmrm
Xmmreg, Xxmmrm
Xmmreg, Xxmmrm
Xmmreqg, Xxmmrm
Xmmreqg, Xxmmrm
Xmmreqg, Xxmmrm

xmmreqg, xmmrml28, imm8
xmmreqg, xmmrml28, imm8

Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
mmxreqg, xmmrm
Xmmreg, xmmrm
Xmmreg, mmxrm
Xmmreg, xmmrm
Xmmreg, xmmrm
reg32, xmmreg
reg32,mem
reg64, xmmreg
reg64,mem
Xmmreg, xmmrm
Xmmreg, mem
xmmreg, rm32
xmmreg, rm64
Xmmreg, xmmrm
mmxreqg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
reg32, xmmreg
reg32,mem
reg64, xmmreg
reg64,mem
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmrm
Xmmreg, xmmreg
Xmmreg, xmmreg
mem, xmmreg
xXmmreg, mem
mem, xmmreg
xXmmreg, mem
mem64, xmmreg
xmmreg, memé64
reg32, xmmreg
reg64, xmmreg
Xmmreg, xmmreg

WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2
WILLAMETTE, SSE2
WILLAMETTE, SSE2
WILLAMETTE, SSE2
WILLAMETTE, SSE2
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2
WILLAMETTE, SSE2, AR1
WILLAMETTE, SSE2, AR1
X64,SSE2, AR1
X64,SSE2, AR1
WILLAMETTE, SSE2

WILLAMETTE, SSE2, SD, AR1, ND
WILLAMETTE, SSE2, SD, ARL

X64,SSE2, AR1
WILLAMETTE, SSE2, SD
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, AR1
WILLAMETTE, SSE2, AR1
X64,SSE2, AR1
X64,SSE2, AR1
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2
WILLAMETTE, SSE2
WILLAMETTE, SSE2
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2, SO
WILLAMETTE, SSE2
WILLAMETTE, SSE2
WILLAMETTE, SSE2
WILLAMETTE, SSE2
WILLAMETTE, SSE2
X64,SSE2
WILLAMETTE, SSE2



MOVSD xmmreg, xmmreg WILLAMETTE, SSE2
MOVSD mem64, xmmreg WILLAMETTE, SSE2
MOVSD xmmreg, memé4 WILLAMETTE, SSE2
MOVUPD xmmreg, xmmreg WILLAMETTE, SSE2
MOVUPD xmmreg, xmmreg WILLAMETTE, SSE2
MOVUPD mem, xmmreg WILLAMETTE, SSE2, SO
MOVUPD xmmreg, mem WILLAMETTE, SSE2, SO
MULPD xmmreg, xmmrm WILLAMETTE, SSE2, SO
MULSD xmmreg, xmmrm WILLAMETTE, SSE2
ORPD xmmreg, xmmrm WILLAMETTE, SSE2, SO
SHUFPD xmmreqg, xmmreqg, imm WILLAMETTE, SSE2
SHUFPD xmmreg, mem, imm WILLAMETTE, SSE2
SQRTPD xmmreg, xmmrm WILLAMETTE, SSE2, SO
SQRTSD xmmreg, xmmrm WILLAMETTE, SSE2
SUBPD xmmreg, xmmrm WILLAMETTE, SSE2, SO
SUBSD xmmreg, xmmrm WILLAMETTE, SSE2
UCOMISD xmmreg, xmmrm WILLAMETTE, SSE2
UNPCKHPD xmmreqg, xmmrml28 WILLAMETTE, SSE2
UNPCKLPD xmmreqg, xmmrml28 WILLAMETTE, SSE2
XORPD xmmreqg, xmmrml28 WILLAMETTE, SSE2

B.1.12 Prescott New Instructions (SSE3)

ADDSUBPD Xmmreqg, Xmmrm PRESCOTT, SSE3, SO
ADDSUBPS Xmmreqg, Xmmrm PRESCOTT, SSE3, SO
HADDPD Xmmreqg, Xmmrm PRESCOTT, SSE3, SO
HADDPS Xmmreqg, Xmmrm PRESCOTT, SSE3, SO
HSUBPD Xmmreqg, Xmmrm PRESCOTT, SSE3, SO
HSUBPS Xmmreqg, Xmmrm PRESCOTT, SSE3, SO
LDDQU xmmreg, mem PRESCOTT, SSE3, SO
MOVDDUP xmmreg, xmmrm PRESCOTT, SSE3

MOVSHDUP xmmreg, xmmrm PRESCOTT, SSE3

MOVSLDUP xmmreg, xmmrm PRESCOTT, SSE3

B.1.13 VMX/SVM Instructions

CLGI VMX, AMD

STGI VMX, AMD
VMCALL VMX

VMCLEAR mem VMX

VMFUNC VMX

VMLAUNCH VMX

VMLOAD VMX, AMD
VMMCALL VMX, AMD
VMPTRLD mem VMX

VMPTRST mem VMX

VMREAD rm32, reg32 VMX, NOLONG, SD
VMREAD rm64, reg64 X64,VMX

VMRE SUME VMX

VMRUN VMX, AMD
VMSAVE VMX, AMD
VMWRITE reg32, rm32 VMX, NOLONG, SD
VMWRITE reg64, rm64 X64,VMX
VMXOFF VMX

VMXON mem VMX
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B.1.14 Extended Page Tables VMX instructions

B.1.15

B.1.16

B.1.17

INVEPT
INVEPT
INVVPID
INVVPID

Tejas New Instructions (SSSE3)

PABSB
PABSB
PABSW
PABSW
PABSD
PABSD
PALIGNR
PALIGNR
PHADDW
PHADDW
PHADDD
PHADDD
PHADDSW
PHADDSW
PHSUBW
PHSUBW
PHSUBD
PHSUBD
PHSUBSW
PHSUBSW
PMADDUBSW
PMADDUBSW
PMULHRSW
PMULHRSW
PSHUFB
PSHUFB
PSIGNB
PSIGNB
PSIGNW
PSIGNW
PSIGND
PSIGND

AMD SSE4A

EXTRQ
EXTRQ
INSERTQ
INSERTQ
MOVNTSD
MOVNTSS

reg32,mem
reg64,mem
reg32,mem
reg64,mem

mmxreg, mmxrm
Xmmredg, Xxmmrm
mmxreg, mmxrm
Xmmredg, Xxmmrm
mmxreg, mmxrm
Xmmredg, Xxmmrm

mmxreg, mmxrm, imm
xmmreg, xmmrm, imm

mmxreg, mmxrm
Xmmredg, Xxmmrm
mmxreg, mmxrm
Xmmredg, Xxmmrm
mmxreg, mmxrm
Xmmredg, Xxmmrm
mmxreg, mmxrm
Xmmredg, Xxmmrm
mmxreg, mmxrm
Xmmredg, Xxmmrm
mmxreg, mmxrm
Xmmredg, Xxmmrm
mmxreg, mmxrm
Xmmredg, Xxmmrm
mmxreg, mmxrm
Xmmredg, Xxmmrm
mmxreg, mmxrm
Xmmredg, Xxmmrm
mmxreg, mmxrm
Xmmredg, Xxmmrm
mmxreg, mmxrm
Xmmredg, Xxmmrm
mmxreg, mmxrm
Xmmredg, Xxmmrm

xmmreqg, imm, imm

xmmreg, xmmreg

xmmreg, xmmreqg, imm, imm

xmmreg, xmmreg
mem, xmmreg
mem, xmmreg

New instructions in Barcelona

LZCNT
LZCNT
LZCNT

regl6, rml6
reg32, rm32
reg64, rm64

VMX, SO, NOLONG
VMX, SO, LONG
VMX, SO, NOLONG
VMX, SO, LONG

SSSE3, MMX
SSSE3
SSSE3, MMX
SSSE3
SSSE3, MMX
SSSE3
SSSE3, MMX
SSSE3
SSSE3, MMX
SSSE3
SSSE3, MMX
SSSE3
SSSE3, MMX
SSSE3
SSSE3, MMX
SSSE3
SSSE3, MMX
SSSE3
SSSE3, MMX
SSSE3
SSSE3, MMX
SSSE3
SSSE3, MMX
SSSE3
SSSE3, MMX
SSSE3
SSSE3, MMX
SSSE3
SSSE3, MMX
SSSE3
SSSE3, MMX
SSSE3

SSE4A, AMD
SSE4A, AMD
SSE4A, AMD
SSE4A, AMD
SSE4A, AMD
SSE4A, AMD, SD

P6, AMD
P6, AMD
X64, AMD



B.1.18 Penryn New Instructions (SSE4.1)
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BLENDPD
BLENDPS
BLENDVPD
BLENDVPD
BLENDVPS
BLENDVPS
DPPD
DPPS
EXTRACTPS
EXTRACTPS
INSERTPS
MOVNTDQA
MPSADBW
PACKUSDW
PBLENDVB
PBLENDVB
PBLENDW
PCMPEQQ
PEXTRB
PEXTRB
PEXTRB
PEXTRD
PEXTRQ
PEXTRW
PEXTRW
PEXTRW
PHMINPOSUW
PINSRB
PINSRB
PINSRB
PINSRD
PINSRD
PINSRQ
PINSRQ
PMAXSB
PMAXSD
PMAXUD
PMAXUW
PMINSB
PMINSD
PMINUD
PMINUW
PMOVSXBW
PMOVSXBD
PMOVSXBQ
PMOVSXWD
PMOVSXWQ
PMOVSXDQ
PMOVZXBW
PMOVZXBD
PMOVZXBQ
PMOVZXWD

xmmreqg, xmmrm, imm
xmmreqg, xmmrm, imm
xmmreqg, xmmrm, xmm0
Xmmreqg, Xmmrm
xmmreqg, xmmrm, xmm0
Xmmreqg, Xmmrm
xmmreqg, xmmrm, imm
xmmreqg, xmmrm, imm
rm32, xmmreg, imm
reg64, xmmreg, imm
xmmreqg, xmmrm, imm
xmmreg, meml28
xmmreqg, xmmrm, imm
Xmmreqg, Xmmrm
xmmreqg, xmmrm, xmm0
Xmmreqg, Xmmrm
xmmreqg, xmmrm, imm
Xmmreqg, Xmmrm
reg32, xmmreg, imm
mem8, xmmreg, imm
reg64, xmmreg, imm
rm32, xmmreg, imm
rm64, xmmreg, imm
reg32, xmmreg, imm
meml6, xmmreg, imm
reg64, xmmreg, imm
Xmmreqg, Xmmrm
xmmreg, mem, imm
xmmreqg, rm8, imm
xmmreg, reg32, imm
xmmreg, mem, imm
xmmreqg, rm32, imm
xmmreg, mem, imm
xmmreqg, rm64, imm
Xmmreqg, Xmmrm
Xmmreqg, Xmmrm
Xmmreqg, Xmmrm
xmmreqg, Xmmrm
xmmreqg, Xmmrm
xmmreqg, Xmmrm
Xmmreqg, Xmmrm
Xmmreqg, Xmmrm
Xmmreqg, Xmmrm
Xmmreqg, Xmmrm
Xmmreqg, Xmmrm
Xmmreqg, Xmmrm
Xmmreqg, Xmmrm
Xmmreqg, Xmmrm
Xmmreqg, Xmmrm
Xmmreqg, Xmmrm
Xmmreqg, Xmmrm
Xmmreqg, Xmmrm

SSE41
SSE41
SSE41
SSE41
SSE41
SSE41
SSE41
SSE41
SSE41
SSE41,X64
SSE41,SD
SSE41
SSE41
SSE41
SSE41
SSE41
SSE41
SSE41
SSE41
SSE41
SSE41,X64
SSE41
SSE41,X64
SSE41
SSE41
SSE41,X64
SSE41
SSE41
SSE41
SSE41
SSE41
SSE41
SSE41,X64
SSE41,X64
SSE41
SSE41
SSE41
SSE41
SSE41
SSE41
SSE41
SSE41
SSE41
SSE41,SD
SSE41, SW
SSE41
SSE41,SD
SSE41
SSE41
SSE41,SD
SSE41, SW
SSE41



PMOVZXWQ xmmreg, xmmrm SSE41, SD
PMOVZXDQ xmmreg, xmmrm SSE41
PMULDQ xmmreg, xmmrm SSE41
PMULLD xmmreg, xmmrm SSE41
PTEST xmmreg, xmmrm SSE41
ROUNDPD xmmreqg, xmmrm, imm SSE41
ROUNDPS xmmreqg, xmmrm, imm SSE41
ROUNDSD xmmreqg, xmmrm, imm SSE41
ROUNDSS xmmreqg, xmmrm, imm SSE41
B.1.19 Nehalem New Instructions (SSE4.2)
CRC32 reg32, rm8 SSE42
CRC32 reg32,rml6 SSE42
CRC32 reg32, rm32 SSE42
CRC32 reg64, rm8 SSE42,X64
CRC32 reg64, rm64 SSE42,X64
PCMPESTRI xmmreqg, xmmrm, imm SSE42
PCMPESTRM xmmreqg, xmmrm, imm SSE42
PCMPISTRI xmmreqg, xmmrm, imm SSE42
PCMPISTRM xmmreqg, xmmrm, imm SSE42
PCMPGTQ xmmreqg, Xmmrm SSE42
POPCNT regl6, rml6 NEHALEM, SW
POPCNT reg32, rm32 NEHALEM, SD
POPCNT reg64, rm64 NEHALEM, X64
B.1.20 Intel SMX
GETSEC KATMAT
B.1.21 Geode (Cyrix) 3DNow! additions

PFRCPV mmxreg, mmxrm PENT, 3DNOW, CYRIX
PFRSQRTV mmxreg, mmxrm PENT, 3DNOW, CYRIX
B.1.22 Intel new instructions in ???
MOVBE regl6, meml6 NEHALEM
MOVBE reg32, mem32 NEHALEM
MOVBE reg64, mem64 NEHALEM
MOVBE meml6, regl6 NEHALEM
MOVBE mem32, reg32 NEHALEM
MOVBE memé64, reg64 NEHALEM
B.1.23 Intel AES instructions
AESENC xmmreqg, xmmrml28 SSE, WESTMERE
AESENCLAST xmmreqg, xmmrml28 SSE, WESTMERE
AESDEC xmmreqg, xmmrml28 SSE, WESTMERE
AESDECLAST xmmreqg, xmmrml28 SSE, WESTMERE
AESIMC xmmreqg, xmmrml28 SSE, WESTMERE
AESKEYGENASSIST xmmreg,xmmrml28, imm8 SSE, WESTMERE
B.1.24 Intel AVX AES instructions
VAESENC xmmreqg, xmmreg*, xmmrml28 AVX, SANDYBRIDGE
VAESENCLAST xmmreqg, xmmreg*, xmmrml28 AVX, SANDYBRIDGE
VAESDEC xmmreqg, xmmreg*, xmmrml28 AVX, SANDYBRIDGE
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B.1.25

B.1.26
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VAESDECLAST
VAESIMC

xmmreg, xmmreg*, xmmrml28
xmmreg, xmmrml28

VAESKEYGENASSIST xmmreg,xmmrml28, imm8

Intel instruction extension based on pub number 319433-030 dated October 2017

VAESENC
VAESENCLAST
VAESDEC
VAESDECLAST
VAESENC
VAESENC
VAESENCLAST
VAESENCLAST
VAESDEC
VAESDEC
VAESDECLAST
VAESDECLAST
VAESENC
VAESENCLAST
VAESDEC
VAESDECLAST

ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
zmmreg, zmmreg*, zmmrm512

zmmreg, zmmreg*, zmmrm512

zmmreg, zmmreg*, zmmrm512
zmmreg, zmmreg*, zmmrm512

Intel AVX instructions

VADDPD
VADDPD
VADDPS
VADDPS
VADDSD
VADDSS
VADDSUBPD
VADDSUBPD
VADDSUBPS
VADDSUBPS
VANDPD
VANDPD
VANDPS
VANDPS
VANDNPD
VANDNPD
VANDNPS
VANDNPS
VBLENDPD
VBLENDPD
VBLENDPS
VBLENDPS
VBLENDVPD
VBLENDVPD
VBLENDVPS
VBLENDVPS
VBROADCASTSS
VBROADCASTSS
VBROADCASTSD
VBROADCASTF128

xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xXmmreg, xmmreg*, xmmrmé64

xXmmreg, xmmreg*, xmmrm32

xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

VAES

VAES

VAES

VAES
AVX512VL, VAES
AVX512VL, VAES
AVX512VL, VAES
AVX512VL, VAES
AVX512VL, VAES
AVX512VL, VAES
AVX512VL, VAES
AVX512VL, VAES
AVX512,VAES
AVX512,VAES
AVX512,VAES
AVX512,VAES

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

xmmreqg, xmmreg*, xmmrml28, imm8 AVX, SANDYBRIDGE
ymmreg, ymmreg*, ymmrm256, imm8 AVX, SANDYBRIDGE
xmmreqg, xmmreg*, xmmrml28, imm8 AVX, SANDYBRIDGE
ymmreg, ymmreg*, ymmrm256, imm8 AVX, SANDYBRIDGE
xmmreqg, xmmreg*, xmmrml28, xmmreg AVX, SANDYBRIDGE
ymmreg, ymmreg*, ymmrm256, ymmreg AVX, SANDYBRIDGE
xmmreqg, xmmreg*, xmmrml 28, xmmreg AVX, SANDYBRIDGE
ymmreg, ymmreg*, ymmrm256, ymmreg AVX, SANDYBRIDGE
xmmreqg, mem32 AVX, SANDYBRIDGE
ymmreg, mem32 AVX, SANDYBRIDGE
ymmreg, memé4 AVX, SANDYBRIDGE
ymmreg, meml28 AVX, SANDYBRIDGE



VCMPEQ_OSPD
VCMPEQ_OSPD
VCMPEQPD
VCMPEQPD
VCMPLT_OSPD
VCMPLT_OSPD
VCMPLTPD
VCMPLTPD
VCMPLE_OSPD
VCMPLE_OSPD
VCMPLEPD
VCMPLEPD
VCMPUNORD_QPD
VCMPUNORD_QPD
VCMPUNORDPD
VCMPUNORDPD
VCMPNEQ_UQPD
VCMPNEQ_UQPD
VCMPNEQPD
VCMPNEQPD
VCMPNLT_USPD
VCMPNLT_USPD
VCMPNLTPD
VCMPNLTPD
VCMPNLE_USPD
VCMPNLE_USPD
VCMPNLEPD
VCMPNLEPD
VCMPORD_QPD
VCMPORD_QPD
VCMPORDPD
VCMPORDPD
VCMPEQ_UQPD
VCMPEQ_UQPD
VCMPNGE_USPD
VCMPNGE_USPD
VCMPNGEPD
VCMPNGEPD
VCMPNGT_USPD
VCMPNGT_USPD
VCMPNGTPD
VCMPNGTPD
VCMPFALSE_OQPD
VCMPFALSE_OQPD
VCMPFALSEPD
VCMPFALSEPD
VCMPNEQ_OQPD
VCMPNEQ_OQPD
VCMPGE_OSPD
VCMPGE_OSPD
VCMPGEPD
VCMPGEPD
VCMPGT_OSPD
VCMPGT_OSPD

xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
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VCMPGTPD
VCMPGTPD
VCMPTRUE_UQPD
VCMPTRUE_UQPD
VCMPTRUEPD
VCMPTRUEPD
VCMPEQ_OSPD
VCMPEQ_OSPD
VCMPLT_OQPD
VCMPLT_OQPD
VCMPLE_OQPD
VCMPLE_OQPD
VCMPUNORD_SPD
VCMPUNORD_SPD
VCMPNEQ_USPD
VCMPNEQ_USPD
VCMPNLT_UQPD
VCMPNLT_UQPD
VCMPNLE_UQPD
VCMPNLE_UQPD
VCMPORD_SPD
VCMPORD_SPD
VCMPEQ_USPD
VCMPEQ_USPD
VCMPNGE_UQPD
VCMPNGE_UQPD
VCMPNGT_UQPD
VCMPNGT_UQPD
VCMPFALSE_OSPD
VCMPFALSE_OSPD
VCMPNEQ_OSPD
VCMPNEQ_OSPD
VCMPGE_OQPD
VCMPGE_OQPD
VCMPGT_OQPD
VCMPGT_OQPD
VCMPTRUE_USPD
VCMPTRUE_USPD
VCMPPD

VCMPPD
VCMPEQ_OSPS
VCMPEQ_OSPS
VCMPEQPS
VCMPEQPS
VCMPLT_OSPS
VCMPLT_OSPS
VCMPLTPS
VCMPLTPS
VCMPLE_OSPS
VCMPLE_OSPS
VCMPLEPS
VCMPLEPS
VCMPUNORD_QPS
VCMPUNORD_QPS

xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256

xmmreqg, xmmreg*, xmmrml28, imm8 AVX, SANDYBRIDGE
ymmreg, ymmreg*, ymmrm256, imm8 AVX, SANDYBRIDGE

xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE



VCMPUNORDPS
VCMPUNORDPS
VCMPNEQ_UQPS
VCMPNEQ_UQPS
VCMPNEQPS
VCMPNEQPS
VCMPNLT_USPS
VCMPNLT_USPS
VCMPNLTPS
VCMPNLTPS
VCMPNLE_USPS
VCMPNLE_USPS
VCMPNLEPS
VCMPNLEPS
VCMPORD_QPS
VCMPORD_QPS
VCMPORDPS
VCMPORDPS
VCMPEQ_UQPS
VCMPEQ_UQPS
VCMPNGE_USPS
VCMPNGE_USPS
VCMPNGEPS
VCMPNGEPS
VCMPNGT_USPS
VCMPNGT_USPS
VCMPNGTPS
VCMPNGTPS
VCMPFALSE_OQPS
VCMPFALSE_OQPS
VCMPFALSEPS
VCMPFALSEPS
VCMPNEQ_OQPS
VCMPNEQ_OQPS
VCMPGE_OSPS
VCMPGE_OSPS
VCMPGEPS
VCMPGEPS
VCMPGT_OSPS
VCMPGT_OSPS
VCMPGTPS
VCMPGTPS
VCMPTRUE_UQPS
VCMPTRUE_UQPS
VCMPTRUEPS
VCMPTRUEPS
VCMPEQ_OSPS
VCMPEQ_OSPS
VCMPLT_OQPS
VCMPLT_OQPS
VCMPLE_OQPS
VCMPLE_OQPS
VCMPUNORD_SPS
VCMPUNORD_SPS

xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
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VCMPNEQ_USPS
VCMPNEQ_USPS
VCMPNLT_UQPS
VCMPNLT_UQPS
VCMPNLE_UQPS
VCMPNLE_UQPS
VCMPORD_SPS
VCMPORD_SPS
VCMPEQ_USPS
VCMPEQ_USPS
VCMPNGE_UQPS
VCMPNGE_UQPS
VCMPNGT_UQPS
VCMPNGT_UQPS
VCMPFALSE_OSPS
VCMPFALSE_OSPS
VCMPNEQ_OSPS
VCMPNEQ_OSPS
VCMPGE_OQPS
VCMPGE_OQPS
VCMPGT_OQPS
VCMPGT_OQPS
VCMPTRUE_USPS
VCMPTRUE_USPS
VCMPPS

VCMPPS
VCMPEQ_0OSSD
VCMPEQSD
VCMPLT_OSSD
VCMPLTSD
VCMPLE_OSSD
VCMPLESD
VCMPUNORD_QSD
VCMPUNORDSD
VCMPNEQ_UQSD
VCMPNEQSD
VCMPNLT_USSD
VCMPNLTSD
VCMPNLE_USSD
VCMPNLESD
VCMPORD_QSD
VCMPORDSD
VCMPEQ_UQSD
VCMPNGE_USSD
VCMPNGESD
VCMPNGT_USSD
VCMPNGTSD
VCMPFALSE_0OQSD
VCMPFALSESD
VCMPNEQ_0QSD
VCMPGE_OSSD
VCMPGESD
VCMPGT_OSSD
VCMPGTSD

xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256

xmmreqg, xmmreg*, xmmrml28, imm8 AVX, SANDYBRIDGE
ymmreg, ymmreg*, ymmrm256, imm8 AVX, SANDYBRIDGE

Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE



VCMPTRUE_UQSD
VCMPTRUESD
VCMPEQ_0OSSD
VCMPLT_OQSD
VCMPLE_0OQSD
VCMPUNORD_SSD
VCMPNEQ_USSD
VCMPNLT_UQSD
VCMPNLE_UQSD
VCMPORD_SSD
VCMPEQ_USSD
VCMPNGE_UQSD
VCMPNGT_UQSD
VCMPFALSE_OSSD
VCMPNEQ_OSSD
VCMPGE_0OQSD
VCMPGT_OQSD
VCMPTRUE_USSD
VCMPSD
VCMPEQ_OSSS
VCMPEQSS
VCMPLT_OSSS
VCMPLTSS
VCMPLE_OSSS
VCMPLESS
VCMPUNORD_QSS
VCMPUNORDSS
VCMPNEQ_UQSS
VCMPNEQSS
VCMPNLT_USSS
VCMPNLTSS
VCMPNLE_USSS
VCMPNLESS
VCMPORD_QSS
VCMPORDSS
VCMPEQ_UQSS
VCMPNGE_USSS
VCMPNGESS
VCMPNGT_USSS
VCMPNGTSS
VCMPFALSE_0QSS
VCMPFALSESS
VCMPNEQ_0QSS
VCMPGE_OSSS
VCMPGESS
VCMPGT_OSSS
VCMPGTSS
VCMPTRUE_UQSS
VCMPTRUESS
VCMPEQ_OSSS
VCMPLT_OQSS
VCMPLE_0QSS
VCMPUNORD_SSS
VCMPNEQ_USSS

Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrmé64

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

,imm8 AVX, SANDYBRIDGE

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
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VCMPNLT_UQSS
VCMPNLE_UQSS
VCMPORD_SSS
VCMPEQ_USSS
VCMPNGE_UQSS
VCMPNGT_UQSS
VCMPFALSE_OSSS
VCMPNEQ_0OSSS
VCMPGE_0QSS
VCMPGT_0OQSS
VCMPTRUE_USSS
VCMPSS
VCOMISD
VCOMISS
VCVTDQ2PD
VCVTDQ2PD
VCVTDQ2PS
VCVTDQ2PS
VCVTPD2DQ
VCVTPD2DQ
VCVTPD2DQ
VCVTPD2DQ
VCVTPD2PS
VCVTPD2PS
VCVTPD2PS
VCVTPD2PS
VCVTPS2DQ
VCVTPS2DQ
VCVTPS2PD
VCVTPS2PD
VCVTSD2SI
VCVTSD2SI
VCVTSD2SS
VCVTSI2SD
VCVTSI2SD
VCVTSI2SD
VCVTSI2SS
VCVTSI2SS
VCVTSI2SS
VCVTSS2SD
VCVTSS2SI
VCVTSS2SI
VCVTTPD2DQ
VCVTTPD2DQ
VCVTTPD2DQ
VCVTTPD2DQ
VCVTTPS2DQ
VCVTTPS2DQ
VCVTTSD2SI
VCVTTSD2SI
VCVTTSS2SI
VCVTTSS2SI
VDIVPD
VDIVPD

Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64

xmmreqg, xmmreg*, xmmrm64, imm8 AVX, SANDYBRIDGE

xmmreg, xmmrmé4
xmmreg, xmmrm32
xmmreg, xmmrmé4
ymmreg, xmmrml28
xmmreg, xmmrml28
ymmreg, ymmrm256
Xmmreg, xmmreg
xmmreg, meml28
Xmmreg, ymmreg
xmmreg, mem256
Xmmreg, xmmreg
xmmreg, meml28
Xmmreg, ymmreg
xmmreg, mem256
xmmreg, xmmrml28
ymmreg, ymmrm256
xmmreg, xmmrmé4
ymmreg, xmmrml28
reg32, xmmrmé64

reg64, xmmrmé64
Xmmreg, xmmreg*, xmmrmé64
xmmreg, xmmreg*, rm32
xmmreg, xmmreg*, mem32
xmmreg, xmmreg*, rm64
xmmreg, xmmreg*, rm32
xmmreg, xmmreg*, mem32
xmmreg, xmmreg*, rm64
xXmmreg, xmmreg*, xmmrm32
reg32, xmmrm32

reg64, xmmrm32
Xmmreg, xmmreg
xmmreg, meml28
Xmmreg, ymmreg
xmmreg, mem256
xmmreg, xmmrml28
ymmreg, ymmrm256
reg32, xmmrmé64

reg64, xmmrmé64

reg32, xmmrm32

reg64, xmmrm32
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

AVX, SANDYBRIDGE, SO

AVX, SANDYBRIDGE

AVX, SANDYBRIDGE, SY

AVX, SANDYBRIDGE

AVX, SANDYBRIDGE, SO

AVX, SANDYBRIDGE

AVX, SANDYBRIDGE, SY

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

AVX, SANDYBRIDGE, LONG

AVX, SANDYBRIDGE

AVX, SANDYBRIDGE, SD
AVX, SANDYBRIDGE, ND, SD
AVX, SANDYBRIDGE, LONG
AVX, SANDYBRIDGE, SD
AVX, SANDYBRIDGE, ND, SD
AVX, SANDYBRIDGE, LONG

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

AVX, SANDYBRIDGE, LONG

AVX, SANDYBRIDGE

AVX, SANDYBRIDGE, SO

AVX, SANDYBRIDGE

AVX, SANDYBRIDGE, SY

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

AVX, SANDYBRIDGE, LONG

AVX, SANDYBRIDGE

AVX, SANDYBRIDGE, LONG

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE



VDIVPS
VDIVPS
VDIVSD
VDIVSS
VDPPD
VDPPS
VDPPS
VEXTRACTF128
VEXTRACTPS
VHADDPD
VHADDPD
VHADDPS
VHADDPS
VHSUBPD
VHSUBPD
VHSUBPS
VHSUBPS
VINSERTF128
VINSERTPS
VLDDQU
VLDQQU
VLDDQU
VLDMXCSR
VMASKMOVDQU
VMASKMOVPS
VMASKMOVPS
VMASKMOVPS
VMASKMOVPS
VMASKMOVPD
VMASKMOVPD
VMASKMOVPD
VMASKMOVPD
VMAXPD
VMAXPD
VMAXPS
VMAXPS
VMAXSD
VMAXSS
VMINPD
VMINPD
VMINPS
VMINPS
VMINSD
VMINSS
VMOVAPD
VMOVAPD
VMOVAPD
VMOVAPD
VMOVAPS
VMOVAPS
VMOVAPS
VMOVAPS
VMOVD
VMOVD

xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
Xmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrm32

xmmreqg, xmmreg*, xmmrml28, imm8 AVX, SANDYBRIDGE
xmmreqg, xmmreg*, xmmrml28, imm8 AVX, SANDYBRIDGE
ymmreg, ymmreg*, ymmrm256, imm8 AVX, SANDYBRIDGE

xmmrml28, ymmreg, imm8
rm32, xmmreg, imm8
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256

ymmreg, ymmreg*, xmmrml28, imm8 AVX, SANDYBRIDGE
xmmreqg, xmmreg*, xmmrm32, imm8 AVX, SANDYBRIDGE

xmmreg, meml28

ymmreg, mem256

ymmreg, mem256

mem32

Xmmreg, xmmreg

xmmreg, xmmreg, meml28
ymmreg, ymmreg, mem256
meml28, xmmreg, xmmreg
mem256, ymmreg, ymmreg
xmmreg, xmmreg, meml28
ymmreg, ymmreg, mem256
meml28, xmmreg, xmmreg
mem256, ymmreg, ymmreg
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrm32
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrm32
xmmreg, xmmrml28
xmmrml28, xmmreg

ymmreg, ymmrm256
ymmrm256, ymmreg

xmmreg, xmmrml28
xmmrml28, xmmreg

ymmreg, ymmrm256
ymmrm256, ymmreg

xmmreg, rm32

rm32, xmmreg

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

AVX, SANDYBRIDGE, SO
AVX, SANDYBRIDGE, SY

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
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VMOVQ xmmreqg, xmmrmé64 AVX, SANDYBRIDGE
VMOVQ xmmrmé64 , xmmreg AVX, SANDYBRIDGE
VMOVQ xmmreg, rm64 AVX, SANDYBRIDGE, LONG
VMOVQ rmé64, xmmreg AVX, SANDYBRIDGE, LONG
VMOVDDUP xmmreqg, xmmrmé64 AVX, SANDYBRIDGE
VMOVDDUP ymmreg, ymmrm256 AVX, SANDYBRIDGE
VMOVDQA xmmreqg, xmmrml28 AVX, SANDYBRIDGE
VMOVDQA xmmrml28, xmmreg AVX, SANDYBRIDGE
VMOVQQA ymmreg, ymmrm256 AVX, SANDYBRIDGE
VMOVQQA ymmrm256, ymmreg AVX, SANDYBRIDGE
VMOVDQA ymmreg, ymmrm256 AVX, SANDYBRIDGE
VMOVDQA ymmrm256, ymmreg AVX, SANDYBRIDGE
VMOVDQU xmmreqg, xmmrml28 AVX, SANDYBRIDGE
VMOVDQU xmmrml28, xmmreg AVX, SANDYBRIDGE
VMOVQQU ymmreg, ymmrm256 AVX, SANDYBRIDGE
VMOVQQU ymmrm256, ymmreg AVX, SANDYBRIDGE
VMOVDQU ymmreg, ymmrm256 AVX, SANDYBRIDGE
VMOVDQU ymmrm256, ymmreg AVX, SANDYBRIDGE
VMOVHLPS xmmreg, xmmreg*, xmmreg AVX, SANDYBRIDGE
VMOVHPD xmmreqg, xmmreg*, memé64 AVX, SANDYBRIDGE
VMOVHPD memé64, xmmreg AVX, SANDYBRIDGE
VMOVHPS xmmreqg, xmmreg*, memé64 AVX, SANDYBRIDGE
VMOVHP S memé64, xmmreg AVX, SANDYBRIDGE
VMOVLHPS xmmreg, xmmreg*, xmmreg AVX, SANDYBRIDGE
VMOVLPD xmmreqg, xmmreg*, memé64 AVX, SANDYBRIDGE
VMOVLPD memé64, xmmreg AVX, SANDYBRIDGE
VMOVLPS xmmreqg, xmmreg*, memé64 AVX, SANDYBRIDGE
VMOVLPS memé64, xmmreg AVX, SANDYBRIDGE
VMOVMSKPD reg64, xmmreg AVX, SANDYBRIDGE, LONG
VMOVMSKPD reg32, xmmreg AVX, SANDYBRIDGE
VMOVMSKPD reg64, ymmreg AVX, SANDYBRIDGE, LONG
VMOVMSKPD reg32, ymmreg AVX, SANDYBRIDGE
VMOVMSKP S reg64, xmmreg AVX, SANDYBRIDGE, LONG
VMOVMSKP S reg32, xmmreg AVX, SANDYBRIDGE
VMOVMSKP S reg64, ymmreg AVX, SANDYBRIDGE, LONG
VMOVMSKP S reg32, ymmreg AVX, SANDYBRIDGE
VMOVNTDQ meml28, xmmreg AVX, SANDYBRIDGE
VMOVNTQQ mem256, ymmreg AVX, SANDYBRIDGE
VMOVNTDQ mem256, ymmreg AVX, SANDYBRIDGE
VMOVNTDQA xmmreg, meml28 AVX, SANDYBRIDGE
VMOVNTPD meml28, xmmreg AVX, SANDYBRIDGE
VMOVNTPD mem256, ymmreg AVX, SANDYBRIDGE
VMOVNTPS meml28, xmmreg AVX, SANDYBRIDGE
VMOVNTPS mem256, ymmreg AVX, SANDYBRIDGE
VMOVSD xmmreg, xmmreg*, xmmreg AVX, SANDYBRIDGE
VMOVSD xmmreg, memé4 AVX, SANDYBRIDGE
VMOVSD xmmreg, xmmreg*, xmmreg AVX, SANDYBRIDGE
VMOVSD mem64, xmmreg AVX, SANDYBRIDGE
VMOVSHDUP xmmreg, xmmrml28 AVX, SANDYBRIDGE
VMOVSHDUP ymmreg, ymmrm256 AVX, SANDYBRIDGE
VMOVSLDUP xmmreg, xmmrml28 AVX, SANDYBRIDGE
VMOVSLDUP ymmreg, ymmrm256 AVX, SANDYBRIDGE
VMOVSS xmmreg, xmmreg*, xmmreg AVX, SANDYBRIDGE
VMOVSS xmmreg, mem32 AVX, SANDYBRIDGE



VMOVSS
VMOVSS
VMOVUPD
VMOVUPD
VMOVUPD
VMOVUPD
VMOVUPS
VMOVUPS
VMOVUPS
VMOVUPS
VMP SADBW
VMULPD
VMULPD
VMULPS
VMULPS
VMULSD
VMULSS
VORPD
VORPD
VORPS
VORPS
VPABSB
VPABSW
VPABSD
VPACKSSWB
VPACKSSDW
VPACKUSWB
VPACKUSDW
VPADDB
VPADDW
VPADDD
VPADDQ
VPADDSB
VPADDSW
VPADDUSB
VPADDUSW
VPALIGNR
VPAND
VPANDN
VPAVGB
VPAVGW
VPBLENDVB
VPBLENDW
VPCMPESTRI
VPCMPESTRM
VPCMPISTRI
VPCMPISTRM
VPCMPEQB
VPCMPEQW
VPCMPEQD
VPCMPEQQ
VPCMPGTB
VPCMPGTW
VPCMPGTD

Xmmreg, xmmreg*, xmmreg
mem32, xmmreg

xmmreg, xmmrml28
xmmrml28, xmmreg
ymmreg, ymmrm256
ymmrm256, ymmreg
xmmreg, xmmrml28
xmmrml28, xmmreg
ymmreg, ymmrm256
ymmrm256, ymmreg

xmmreqg, xmmreg*, xmmrml28, imm8 AVX, SANDYBRIDGE

xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrm32
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmrml28

xmmreg, xmmrml28

xmmreg, xmmrml28

xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28

xmmreqg, xmmreg*, xmmrml28, imm8 AVX, SANDYBRIDGE

xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28

xmmreqg, xmmreg*, xmmrml 28, xmmreg AVX, SANDYBRIDGE
xmmreqg, xmmreg*, xmmrml28, imm8 AVX, SANDYBRIDGE

xmmreqg, xmmrml28, imm8
xmmreqg, xmmrml28, imm8
xmmreqg, xmmrml28, imm8
xmmreqg, xmmrml28, imm8
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
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VPCMPGTQ
VPERMILPD
VPERMILPD
VPERMILPD
VPERMILPD
VPERMILPS
VPERMILPS
VPERMILPS
VPERMILPS
VPERM2F128
VPEXTRB
VPEXTRB
VPEXTRB
VPEXTRW
VPEXTRW
VPEXTRW
VPEXTRW
VPEXTRW
VPEXTRD
VPEXTRD
VPEXTRQ
VPHADDW
VPHADDD
VPHADDSW
VPHMINPOSUW
VPHSUBW
VPHSUBD
VPHSUBSW
VPINSRB
VPINSRB
VPINSRB
VPINSRW
VPINSRW
VPINSRW
VPINSRD
VPINSRD
VPINSRQ
VPINSRQ
VPMADDWD
VPMADDUBSW
VPMAXSB
VPMAXSW
VPMAXSD
VPMAXUB
VPMAXUW
VPMAXUD
VPMINSB
VPMINSW
VPMINSD
VPMINUB
VPMINUW
VPMINUD
VPMOVMSKB
VPMOVMSKB

xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreqg, xmmrml28, imm8
ymmreg, ymmrm256, imm8
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreqg, xmmrml28, imm8
ymmreg, ymmrm256, imm8

ymmreg, ymmreg*, ymmrm256, imm8 AVX, SANDYBRIDGE
AVX, SANDYBRIDGE, LONG

reg64, xmmreg, imm8
reg32, xmmreg, imm8

mem8, xmmreg, imm8

reg64, xmmreg, imm8
reg32, xmmreg, imm8
reg64, xmmreg, imm8
reg32, xmmreg, imm8
meml6, xmmreg, imm8
reg64, xmmreg, imm8

rm32, xmmreg, imm8

rm64, xmmreg, imm8
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmrml28

xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreqg, xmmreg*, mem8, imm8
xmmreg, xmmreg*, rm8, imm8

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

AVX, SANDYBRIDGE, LONG

AVX, SANDYBRIDGE

AVX, SANDYBRIDGE, LONG

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

AVX, SANDYBRIDGE, LONG

AVX, SANDYBRIDGE

AVX, SANDYBRIDGE, LONG

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

xmmreqg, xmmreg*, reg32, imm8 AVX, SANDYBRIDGE
xmmreqg, xmmreg*,meml 6, imm8 AVX, SANDYBRIDGE
xmmreqg, xmmreg*, rml16, imm8 AVX, SANDYBRIDGE
xmmreqg, xmmreg*, reg32, imm8 AVX, SANDYBRIDGE
xmmreqg, xmmreg*,mem32, imm8 AVX, SANDYBRIDGE
xmmreqg, xmmreg*, rm32, imm8 AVX, SANDYBRIDGE
xmmreqg, xmmreg*, memé64, imm8 AVX, SANDYBRIDGE, LONG
xmmreqg, xmmreg*, rm64, imm8 AVX, SANDYBRIDGE, LONG

xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
reg64, xmmreg

reg32, xmmreg

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

AVX, SANDYBRIDGE, LONG

AVX, SANDYBRIDGE



VPMOVSXBW
VPMOVSXBD
VPMOVSXBQ
VPMOVSXWD
VPMOVSXWQ
VPMOVSXDQ
VPMOVZXBW
VPMOVZXBD
VPMOVZXBQ
VPMOVZXWD
VPMOVZXWQ
VPMOVZXDQ
VPMULHUW
VPMULHRSW
VPMULHW
VPMULLW
VPMULLD
VPMULUDQ
VPMULDQ
VPOR
VPSADBW
VPSHUFB
VPSHUFD
VPSHUFHW
VPSHUFLW
VPSIGNB
VPSIGNW
VPSIGND
VPSLLDQ
VPSRLDQ
VPSLLW
VPSLLW
VPSLLD
VPSLLD
VPSLLQ
VPSLLQ
VPSRAW
VPSRAW
VPSRAD
VPSRAD
VPSRLW
VPSRLW
VPSRLD
VPSRLD
VPSRLQ
VPSRLQ
VPTEST
VPTEST
VPSUBB
VPSUBW
VPSUBD
VPSUBQ
VPSUBSB
VPSUBSW

xmmreg, xmmrmé4

xmmreg, xmmrm32

xmmreg, xmmrml6

xmmreg, xmmrmé4

xmmreg, xmmrm32

xmmreg, xmmrmé4

xmmreg, xmmrmé4

xmmreg, xmmrm32

xmmreg, xmmrml6

xmmreg, xmmrmé4

xmmreg, xmmrm32

xmmreg, xmmrmé4

xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreqg, xmmrml28, imm8
xmmreqg, xmmrml28, imm8
xmmreqg, xmmrml28, imm8
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xXmmreg, xmmreg*, imm8
xXmmreg, xmmreg*, imm8
xmmreg, xmmreg*, xmmrml28
xXmmreg, xmmreg*, imm8
xmmreg, xmmreg*, xmmrml28
xXmmreg, xmmreg*, imm8
xmmreg, xmmreg*, xmmrml28
xXmmreg, xmmreg*, imm8
xmmreg, xmmreg*, xmmrml28
xXmmreg, xmmreg*, imm8
xmmreg, xmmreg*, xmmrml28
xXmmreg, xmmreg*, imm8
xmmreg, xmmreg*, xmmrml28
xXmmreg, xmmreg*, imm8
xmmreg, xmmreg*, xmmrml28
xXmmreg, xmmreg*, imm8
xmmreg, xmmreg*, xmmrml28
xXmmreg, xmmreg*, imm8
xmmreg, xmmrml28

ymmreg, ymmrm256

xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
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VPSUBUSB
VPSUBUSW
VPUNPCKHBW
VPUNPCKHWD
VPUNPCKHDQ
VPUNPCKHQDQ
VPUNPCKLBW
VPUNPCKLWD
VPUNPCKLDQ
VPUNPCKLQDQ
VPXOR
VRCPPS
VRCPPS
VRCPSS
VRSQRTPS
VRSQRTPS
VRSQRTSS
VROUNDPD
VROUNDPD
VROUNDPS
VROUNDPS
VROUNDSD
VROUNDSS
VSHUFPD
VSHUFPD
VSHUFPS
VSHUFPS
VSQRTPD
VSQRTPD
VSQRTPS
VSQRTPS
VSQRTSD
VSQRTSS
VSTMXCSR
VSUBPD
VSUBPD
VSUBPS
VSUBPS
VSUBSD
VSUBSS
VTESTPS
VTESTPS
VTESTPD
VTESTPD
VUCOMISD
VUCOMISS
VUNPCKHPD
VUNPCKHPD
VUNPCKHPS
VUNPCKHPS
VUNPCKLPD
VUNPCKLPD
VUNPCKLPS
VUNPCKLPS

xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmrml28

ymmreg, ymmrm256

xXmmreg, xmmreg*, xmmrm32
xmmreg, xmmrml28

ymmreg, ymmrm256

xXmmreg, xmmreg*, xmmrm32
xmmreqg, xmmrml28, imm8
ymmreg, ymmrm256, imm8
xmmreqg, xmmrml28, imm8
ymmreg, ymmrm256, imm8

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

xmmreqg, xmmreg*, xmmrm64, imm8 AVX, SANDYBRIDGE
xmmreqg, xmmreg*, xmmrm32, imm8 AVX, SANDYBRIDGE
xmmreqg, xmmreg*, xmmrml28, imm8 AVX, SANDYBRIDGE
ymmreg, ymmreg*, ymmrm256, imm8 AVX, SANDYBRIDGE
xmmreqg, xmmreg*, xmmrml28, imm8 AVX, SANDYBRIDGE
ymmreg, ymmreg*, ymmrm256, imm8 AVX, SANDYBRIDGE

xmmreg, xmmrml28

ymmreg, ymmrm256

xmmreg, xmmrml28

ymmreg, ymmrm256

Xmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrm32
mem32

xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xXmmreg, xmmreg*, xmmrmé64
xXmmreg, xmmreg*, xmmrm32
xmmreg, xmmrml28

ymmreg, ymmrm256

xmmreg, xmmrml28

ymmreg, ymmrm256

xmmreg, xmmrmé4

xmmreg, xmmrm32

xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE



B.1.27

B.1.28

B.1.29

VXORPD
VXORPD
VXORPS
VXORPS
VZEROALL
VZEROUPPER

xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE

Intel Carry-Less Multiplication instructions (CLMUL)

PCLMULLQLQDQ
PCLMULHQLQDQ
PCLMULLQHQDQ
PCLMULHQHQDQ
PCLMULQDQ

xmmreg, xmmrml28
xmmreg, xmmrml28
xmmreg, xmmrml28
xmmreg, xmmrml28
xmmreqg, xmmrml28, imm8

SSE, WESTMERE
SSE, WESTMERE
SSE, WESTMERE
SSE, WESTMERE
SSE, WESTMERE

Intel AVX Carry-Less Multiplication instructions (CLMUL)

VPCLMULLQLQDQ
VPCLMULHQLQDQ
VPCLMULLQHQDQ
VPCLMULHQHQDQ
VPCLMULQDQ

VPCLMULLQLQDQ
VPCLMULHQLQDQ
VPCLMULLQHQDQ
VPCLMULHQHQDQ
VPCLMULQDQ

VPCLMULLQLQDQ
VPCLMULHQLQDQ
VPCLMULLQHQDQ
VPCLMULHQHQDQ
VPCLMULQDQ

VPCLMULLQLQDQ
VPCLMULHQLQDQ
VPCLMULLQHQDQ
VPCLMULHQHQDQ
VPCLMULQDQ

VPCLMULLQLQDQ
VPCLMULHQLQDQ
VPCLMULLQHQDQ
VPCLMULHQHQDQ
VPCLMULQDQ

xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28

xmmreg, xmmreg*, xmmrml28,

ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256

ymmreg, ymmreg*, ymmrm256,

xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28

xmmreqg, xmmreg*, xmmrml28, imm8 AVX512VL, VPCLMULQDQ

ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256

ymmreqg, ymmreg*, ymmrm256, imm8 AVX512VL, VPCLMULQDQ

zmmreg, zmmreg*, zmmrm512

zmmreg, zmmreg*, zmmrm512

zmmreg, zmmreg*, zmmrm512

zmmreg, zmmreg*, zmmrm512

zmmreqg, zmmreg*, zmmrm512, imm8 AVX512, VPCLMULQDQ

AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
AVX, SANDYBRIDGE
imm8 AVX, SANDYBRIDGE
VPCLMULQDQ
VPCLMULQDQ
VPCLMULQDQ
VPCLMULQDQ

imm8 VPCLMULQDQ
AVX512VL, VPCLMULQDQ
AVX512VL, VPCLMULQDQ
AVX512VL, VPCLMULQDQ
AVX512VL, VPCLMULQDQ

AVX512VL, VPCLMULQDQ
AVX512VL, VPCLMULQDQ
AVX512VL, VPCLMULQDQ
AVX512VL, VPCLMULQDQ

AVX512, VPCLMULQDQ
AVX512, VPCLMULQDQ
AVX512, VPCLMULQDQ
AVX512, VPCLMULQDQ

Intel Fused Multiply-Add instructions (FMA)

VFMADD132PS
VFMADD132PS
VFMADD132PD
VFMADD132PD
VFMADD312PS
VFMADD312PS
VFMADD312PD
VFMADD312PD
VFMADD213PS
VFMADD213PS
VFMADD213PD

xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28

FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA

183
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VFMADD213PD
VFMADD123PS
VFMADD123PS
VFMADD123PD
VFMADD123PD
VFMADD231PS
VFMADD231PS
VFMADD231PD
VFMADD231PD
VFMADD321PS
VFMADD321PS
VFMADD321PD
VFMADD321PD
VFMADDSUB132PS
VFMADDSUB132PS
VFMADDSUB132PD
VFMADDSUB132PD
VFMADDSUB312PS
VFMADDSUB312PS
VFMADDSUB312PD
VFMADDSUB312PD
VFMADDSUB213PS
VFMADDSUB213PS
VFMADDSUB213PD
VFMADDSUB213PD
VFMADDSUB123PS
VFMADDSUB123PS
VFMADDSUB123PD
VFMADDSUB123PD
VFMADDSUB231PS
VFMADDSUB231PS
VFMADDSUB231PD
VFMADDSUB231PD
VFMADDSUB321PS
VFMADDSUB321PS
VFMADDSUB321PD
VFMADDSUB321PD
VFMSUB132PS
VFMSUB132PS
VFMSUB132PD
VFMSUB132PD
VFMSUB312PS
VFMSUB312PS
VFMSUB312PD
VFMSUB312PD
VFMSUB213PS
VFMSUB213PS
VFMSUB213PD
VFMSUB213PD
VFMSUB123PS
VFMSUB123PS
VFMSUB123PD
VFMSUB123PD
VFMSUB231PS

ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28

FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA



VFMSUB231PS
VFMSUB231PD
VFMSUB231PD
VFMSUB321PS
VFMSUB321PS
VFMSUB321PD
VFMSUB321PD
VFMSUBADD132PS
VFMSUBADD132PS
VFMSUBADD132PD
VFMSUBADD132PD
VFMSUBADD312PS
VFMSUBADD312PS
VFMSUBADD312PD
VFMSUBADD312PD
VFMSUBADD213PS
VFMSUBADD213PS
VFMSUBADD213PD
VFMSUBADD213PD
VFMSUBADD123PS
VFMSUBADD123PS
VFMSUBADD123PD
VFMSUBADD123PD
VFMSUBADD231PS
VFMSUBADD231PS
VFMSUBADD231PD
VFMSUBADD231PD
VFMSUBADD321PS
VFMSUBADD321PS
VFMSUBADD321PD
VFMSUBADD321PD
VFNMADD132PS
VFNMADD132PS
VFNMADD132PD
VFNMADD132PD
VFNMADD312PS
VFNMADD312PS
VFNMADD312PD
VFNMADD312PD
VFNMADD213PS
VFNMADD213PS
VFNMADD213PD
VFNMADD213PD
VFNMADD123PS
VFNMADD123PS
VFNMADD123PD
VFNMADD123PD
VFNMADD231PS
VFNMADD231PS
VFNMADD231PD
VFNMADD231PD
VFNMADD321PS
VFNMADD321PS
VFNMADD321PD

ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28

FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA

185
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VFNMADD321PD
VENMSUB132PS
VENMSUB132PS
VFNMSUB132PD
VFNMSUB132PD
VENMSUB312PS
VENMSUB312PS
VFNMSUB312PD
VFNMSUB312PD
VENMSUB213PS
VENMSUB213PS
VFNMSUB213PD
VFNMSUB213PD
VENMSUB123PS
VENMSUB123PS
VFNMSUB123PD
VFNMSUB123PD
VENMSUB231PS
VENMSUB231PS
VFNMSUB231PD
VFNMSUB231PD
VENMSUB321PS
VENMSUB321PS
VFNMSUB321PD
VFNMSUB321PD
VFMADD132SS
VFMADD132SD
VFMADD312SS
VFMADD312SD
VFMADD213SS
VFMADD213SD
VFMADD123SS
VFMADD123SD
VFMADD231SS
VFMADD231SD
VFMADD321SS
VFMADD321SD
VFMSUB132SS
VFMSUB132SD
VFMSUB312SS
VFMSUB312SD
VFMSUB213SS
VFMSUB213SD
VFMSUB123SS
VFMSUB123SD
VFMSUB231SS
VFMSUB231SD
VFMSUB321SS
VFMSUB321SD
VFNMADD132SS
VFNMADD132SD
VFNMADD312SS
VFNMADD312SD
VFNMADD213SS

ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xmmreg, xmmreg, xmmrml28
ymmreg, ymmreg, ymmrm256
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32

FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA



B.1.30

B.1.31

VFNMADD213SD
VFNMADD123SS
VFNMADD123SD
VFNMADD231SS
VFNMADD231SD
VFNMADD321SS
VFNMADD321SD
VEFNMSUB132SS
VFNMSUB132SD
VEFNMSUB312SS
VFNMSUB312SD
VEFNMSUB213SS
VFNMSUB213SD
VEFNMSUB123SS
VFNMSUB123SD
VENMSUB231SS
VFNMSUB231SD
VEFNMSUB321SS
VFNMSUB321SD

Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
Xmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4
xXmmreg, xmmreg, xmmrm32
Xmmreg, xmmreg, xmmrmé4

Intel post-32 nm processor instructions

RDFSBASE
RDFSBASE
RDGSBASE
RDGSBASE
RDRAND
RDRAND
RDRAND
WRE'SBASE
WRE'SBASE
WRGSBASE
WRGSBASE
VCVTPH2PS
VCVTPH2PS
VCVTIPS2PH
VCVTIPS2PH
ADCX
ADCX
ADOX
ADOX
RDSEED
RDSEED
RDSEED
CLAC

STAC

reg32

reg64

reg32

reg64

reglé

reg32

reg64

reg32

reg64

reg32

reg64

ymmreg, xmmrml28
xmmreg, xmmrmé4
xmmrml28, ymmreg, imm8
xmmrmé64, xmmreg, imm8
reg32, rm32
reg64, rm64
reg32, rm32
reg64, rm64
reglé

reg32

reg64

VIA (Centaur) security instructions

XSTORE

XCRYPTECB
XCRYPTCBC
XCRYPTCTR
XCRYPTCFEFB
XCRYPTOFB

FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA
FMA

LONG
LONG
LONG
LONG

LONG
LONG
LONG
LONG
LONG
AVX
AVX
AVX
AVX

LONG

LONG

LONG
PRIV
PRIV

PENT, CYRIX
PENT, CYRIX
PENT, CYRIX
PENT, CYRIX
PENT, CYRIX
PENT, CYRIX

187



B.1.32

B.1.33

188

MONTMUL
XSHA1
XSHA256

PENT, CYRIX
PENT, CYRIX
PENT, CYRIX

AMD Lightweight Profiling (LWP) instructions

LLWPCB
LLWPCB
SLWPCB
SLWPCB
LWPVAL
LWPVAL
LWPINS
LWPINS

reg32 AMD, 386
reg64 AMD, X64
reg32 AMD, 386
reg64 AMD, X64
reg32, rm32, imm32 AMD, 386
reg64, rm32, imm32 AMD, X64
reg32, rm32, imm32 AMD, 386
reg64, rm32, imm32 AMD, X64

AMD XOP and FMA4 instructions (SSE5)

VEFMADDPD
VEFMADDPD
VEFMADDPD
VEFMADDPD
VEFMADDPS
VEFMADDPS
VEFMADDPS
VEFMADDPS
VEFMADDSD
VEFMADDSD
VEFMADDSS
VEFMADDSS
VEMADDSUBPD
VEMADDSUBPD
VEMADDSUBPD
VEMADDSUBPD
VEFMADDSUBPS
VEFMADDSUBPS
VEFMADDSUBPS
VEFMADDSUBPS
VEMSUBADDPD
VEMSUBADDPD
VEMSUBADDPD
VEMSUBADDPD
VEMSUBADDPS
VEMSUBADDPS
VEMSUBADDPS
VEMSUBADDPS
VEMSUBPD
VEMSUBPD
VEMSUBPD
VEMSUBPD
VEFMSUBPS
VEFMSUBPS
VEFMSUBPS
VEFMSUBPS
VEMSUBSD
VEMSUBSD

xmmreg, xmmreg*, xmmrml28, xmmreg
ymmreg, ymmreg*, ymmrm256, ymmreg
xmmreg, xmmreg*, xmmreg, xmmrml28
ymmreg, ymmreg*, ymmreg, ymmrm256
xmmreg, xmmreg*, xmmrml28, xmmreg
ymmreg, ymmreg*, ymmrm256, ymmreg
xmmreg, xmmreg*, xmmreg, xmmrml28
ymmreg, ymmreg*, ymmreg, ymmrm256

AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES

xmmreg, xmmreg*, xmmrm64, xmmreg AMD, SSE5

xmmreg, xmmreg*, xmmreg, xmmrm64 AMD, SSE5

xmmreg, xmmreg*, xmmrm32, xmmreg AMD, SSE5

xmmreg, xmmreg*, xmmreg, xmmrm32 AMD, SSE5

xmmreg, xmmreg*, xmmrml28, xmmreg
ymmreg, ymmreg*, ymmrm256, ymmreg
xmmreg, xmmreg*, xmmreg, xmmrml28
ymmreg, ymmreg*, ymmreg, ymmrm256
xmmreg, xmmreg*, xmmrml28, xmmreg
ymmreg, ymmreg*, ymmrm256, ymmreg
xmmreg, xmmreg*, xmmreg, xmmrml28
ymmreg, ymmreg*, ymmreg, ymmrm256
xmmreg, xmmreg*, xmmrml28, xmmreg
ymmreg, ymmreg*, ymmrm256, ymmreg
xmmreg, xmmreg*, xmmreg, xmmrml28
ymmreg, ymmreg*, ymmreg, ymmrm256
xmmreg, xmmreg*, xmmrml28, xmmreg
ymmreg, ymmreg*, ymmrm256, ymmreg
xmmreg, xmmreg*, xmmreg, xmmrml28
ymmreg, ymmreg*, ymmreg, ymmrm256
xmmreg, xmmreg*, xmmrml28, xmmreg
ymmreg, ymmreg*, ymmrm256, ymmreg
xmmreg, xmmreg*, xmmreg, xmmrml28
ymmreg, ymmreg*, ymmreg, ymmrm256
xmmreg, xmmreg*, xmmrml28, xmmreg
ymmreg, ymmreg*, ymmrm256, ymmreg
xmmreg, xmmreg*, xmmreg, xmmrml28
ymmreg, ymmreg*, ymmreg, ymmrm256

AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES
AMD, SSES

xmmreg, xmmreg*, xmmrm64, xmmreg AMD, SSE5

xmmreg, xmmreg*, xmmreg, xmmrm64 AMD, SSE5



VEFMSUBSS
VEFMSUBSS
VENMADDPD
VENMADDPD
VENMADDPD
VENMADDPD
VENMADDPS
VENMADDPS
VENMADDPS
VENMADDPS
VENMADDSD
VENMADDSD
VENMADDSS
VENMADDSS
VENMSUBPD
VENMSUBPD
VENMSUBPD
VENMSUBPD
VENMSUBPS
VENMSUBPS
VENMSUBPS
VENMSUBPS
VENMSUBSD
VENMSUBSD
VENMSUBSS
VENMSUBSS
VFRCZPD
VFRCZPD
VFRCZPS
VFRCZPS
VFRCZSD
VFRCZSS
VPCMOV
VPCMOV
VPCMOV
VPCMOV
VPCOMB
VPCOMD
VPCOMQ
VPCOMUB
VPCOMUD
VPCOMUQ
VPCOMUW
VPCOMW
VPHADDBD
VPHADDBQ
VPHADDBW
VPHADDDQ
VPHADDUBD
VPHADDUBQ
VPHADDUBW
VPHADDUDQ
VPHADDUWD
VPHADDUWQ

xmmreqg, xmmreg*, xmmrm32, xmmreg AMD, SSE5
xmmreg, xmmreg*, xmmreqg, xmmrm32 AMD, SSE5
xmmreqg, xmmreg*, xmmrml28, xmmreg AMD, SSE5
ymmreg, ymmreg*, ymmrm256, ymmreg AMD, SSE5
xmmreg, xmmreg*, xmmreqg, xmmrml28 AMD, SSE5
ymmreg, ymmreg*, ymmreg, ymmrm256 AMD, SSE5
xmmreqg, xmmreg*, xmmrml28, xmmreg AMD, SSE5
ymmreg, ymmreg*, ymmrm256, ymmreg AMD, SSE5
xmmreg, xmmreg*, xmmreqg, xmmrml28 AMD, SSE5
ymmreg, ymmreg*, ymmreg, ymmrm256 AMD, SSE5
xmmreqg, xmmreg*, xmmrm64, xmmreg AMD, SSE5
xmmreg, xmmreg*, xmmreqg, xmmrm64 AMD, SSE5
xmmreg, xmmreg*, xmmrm32, xmmreg AMD, SSE5
xmmreg, xmmreg*, xmmreqg, xmmrm32 AMD, SSE5
xmmreqg, xmmreg*, xmmrml28, xmmreg AMD, SSE5
ymmreg, ymmreg*, ymmrm256, ymmreg AMD, SSE5
xmmreg, xmmreg*, xmmreqg, xmmrml28 AMD, SSE5
ymmreg, ymmreg*, ymmreg, ymmrm256 AMD, SSE5
xmmreqg, xmmreg*, xmmrml28, xmmreg AMD, SSE5
ymmreg, ymmreg*, ymmrm256, ymmreg AMD, SSE5
xmmreg, xmmreg*, xmmreg, xmmrml28 AMD, SSE5
ymmreg, ymmreg*, ymmreg, ymmrm256 AMD, SSE5
xmmreqg, xmmreg*, xmmrm64, xmmreg AMD, SSE5
xmmreg, xmmreg*, xmmreqg, xmmrm64 AMD, SSE5
xmmreg, xmmreg*, xmmrm32, xmmreg AMD, SSE5
xmmreg, xmmreg*, xmmreqg, xmmrm32 AMD, SSE5

xmmreqg, xmmrml28* AMD, SSE5
ymmreg, ymmrm256%* AMD, SSES
xmmreqg, xmmrml28* AMD, SSE5
ymmreg, ymmrm256%* AMD, SSES
xmmreqg, xmmrmé64 * AMD, SSE5
xmmreqg, xmmrm32* AMD, SSE5

xmmreqg, xmmreg*, xmmrml28, xmmreg AMD, SSE5
ymmreg, ymmreg*, ymmrm256, ymmreg AMD, SSE5
xmmreg, xmmreg*, xmmreg, xmmrml28 AMD, SSE5
ymmreg, ymmreg*, ymmreg, ymmrm256 AMD, SSE5
xmmreg, xmmreg*, xmmrml28, imm8 AMD, SSE5
xmmreg, xmmreg*, xmmrml28, imm8 AMD, SSE5
xmmreg, xmmreg*, xmmrml28, imm8 AMD, SSE5
xmmreg, xmmreg*, xmmrml28, imm8 AMD, SSE5
xmmreg, xmmreg*, xmmrml28, imm8 AMD, SSE5
xmmreg, xmmreg*, xmmrml28, imm8 AMD, SSE5
xmmreg, xmmreg*, xmmrml28, imm8 AMD, SSE5
xmmreg, xmmreg*, xmmrml28, imm8 AMD, SSE5

xmmreqg, xmmrml28* AMD, SSE5
xmmreqg, xmmrml28* AMD, SSE5
xmmreqg, xmmrml28* AMD, SSE5
xmmreqg, xmmrml28* AMD, SSE5
xmmreqg, xmmrml28* AMD, SSE5
xmmreqg, xmmrml28* AMD, SSE5
xmmreqg, xmmrml28* AMD, SSE5
xmmreqg, xmmrml28* AMD, SSE5
xmmreqg, xmmrml28* AMD, SSE5
xmmreqg, xmmrml28* AMD, SSE5
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VPHADDWD xmmreqg, xmmrml28* AMD, SSE5

VPHADDWQ xmmreqg, xmmrml28* AMD, SSE5
VPHSUBBW xmmreqg, xmmrml28* AMD, SSE5
VPHSUBDQ xmmreqg, xmmrml28* AMD, SSE5
VPHSUBWD xmmreqg, xmmrml28* AMD, SSE5
VPMACSDD xmmreg, xmmreg*, xmmrml28, xmmreg AMD, SSE5
VPMACSDQH xmmreg, xmmreg*, xmmrml28, xmmreg AMD, SSE5
VPMACSDQL xmmreg, xmmreg*, xmmrml28, xmmreg AMD, SSE5
VPMACSSDD xmmreqg, xmmreg*, xmmrml28, xmmreg AMD, SSE5
VPMACSSDQH xmmreqg, xmmreg*, xmmrml28, xmmreg AMD, SSE5
VPMACSSDQL xmmreqg, xmmreg*, xmmrml28, xmmreg AMD, SSE5
VPMACSSWD xmmreqg, xmmreg*, xmmrml28, xmmreg AMD, SSE5
VPMACSSWW xmmreqg, xmmreg*, xmmrml28, xmmreg AMD, SSE5
VPMACSWD xmmreg, xmmreg*, xmmrml28, xmmreg AMD, SSE5
VPMACSWW xmmreg, xmmreg*, xmmrml28, xmmreg AMD, SSE5
VPMADCSSWD xmmreg, xmmreg*, xmmrml28, xmmreg AMD, SSE5
VPMADCSWD xmmreqg, xmmreg*, xmmrml28, xmmreg AMD, SSE5
VPPERM xmmreg, xmmreg*, xmmreqg, xmmrml28 AMD, SSE5
VPPERM xmmreg, xmmreg*, xmmrml28, xmmreg AMD, SSE5
VPROTB xmmreg, xmmrml28*, xmmreg AMD,SSE5
VPROTB xmmreg, xmmreg*, xmmrml28 AMD, SSE5
VPROTB xmmreg, xmmrml28*, imm8 AMD, SSES5
VPROTD xmmreg, xmmrml28*, xmmreg AMD,SSE5
VPROTD xmmreg, xmmreg*, xmmrml28 AMD, SSE5
VPROTD xmmreg, xmmrml28*, imm8 AMD, SSES5
VPROTQ xmmreqg, xmmrml28*, xmmreg AMD, SSES
VPROTQ xmmreqg, xmmreg*, xmmrml28 AMD, SSES
VPROTQ xmmreg, xmmrml28*, imm8 AMD, SSE5
VPROTW xmmreg, xmmrml28*, xmmreg AMD,SSE5
VPROTW xmmreg, xmmreg*, xmmrml28 AMD, SSE5
VPROTW xmmreg, xmmrml28*, imm8 AMD, SSES5
VPSHAB xmmreg, xmmrml28*, xmmreg AMD,SSE5
VPSHAB xmmreg, xmmreg*, xmmrml28 AMD, SSE5
VPSHAD xmmreg, xmmrml28*, xmmreg AMD,SSE5
VPSHAD xmmreg, xmmreg*, xmmrml28 AMD, SSE5
VPSHAQ xmmreqg, xmmrml28*, xmmreg AMD, SSES
VPSHAQ xmmreqg, xmmreg*, xmmrml28 AMD, SSES
VP SHAW xmmreg, xmmrml28*, xmmreg AMD,SSE5
VP SHAW xmmreg, xmmreg*, xmmrml28 AMD, SSE5
VPSHLB xmmreg, xmmrml28*, xmmreg AMD,SSE5
VPSHLB xmmreg, xmmreg*, xmmrml28 AMD, SSE5
VPSHLD xmmreg, xmmrml28*, xmmreg AMD,SSE5
VPSHLD xmmreg, xmmreg*, xmmrml28 AMD, SSE5
VPSHLQ xmmreqg, xmmrml28*, xmmreg AMD, SSES
VPSHLQ xmmreg, xmmreg*, xmmrml28 AMD, SSES
VPSHLW xmmreg, xmmrml28*, xmmreg AMD,SSE5
VPSHLW xmmreg, xmmreg*, xmmrml28 AMD, SSE5

Intel AVX2 instructions

VMP SADBW ymmreg, ymmreg*, ymmrm256, imm8 AVX2
VPABSB ymmreg, ymmrm256 AVX2
VPABSW ymmreg, ymmrm256 AVX2
VPABSD ymmreg, ymmrm256 AVX2



VPACKSSWB
VPACKSSDW
VPACKUSDW
VPACKUSWB
VPADDB
VPADDW
VPADDD
VPADDQ
VPADDSB
VPADDSW
VPADDUSB
VPADDUSW
VPALIGNR
VPAND
VPANDN
VPAVGB
VPAVGW
VPBLENDVB
VPBLENDW
VPCMPEQB
VPCMPEQW
VPCMPEQD
VPCMPEQQ
VPCMPGTB
VPCMPGTW
VPCMPGTD
VPCMPGTQ
VPHADDW
VPHADDD
VPHADDSW
VPHSUBW
VPHSUBD
VPHSUBSW
VPMADDUBSW
VPMADDWD
VPMAXSB
VPMAXSW
VPMAXSD
VPMAXUB
VPMAXUW
VPMAXUD
VPMINSB
VPMINSW
VPMINSD
VPMINUB
VPMINUW
VPMINUD
VPMOVMSKB
VPMOVMSKB
VPMOVSXBW
VPMOVSXBD
VPMOVSXBD
VPMOVSXBQ
VPMOVSXBQ

ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256

ymmreg, ymmreg*, ymmrm256, imm8 AVX2

ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256

ymmreg, ymmreg*, ymmrm256, ymmreg AVX2
ymmreg, ymmreg*, ymmrm256, imm8 AVX2

ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
reg32, ymmreg

reg64, ymmreg

ymmreg, xmmrml28

ymmreg, memé64

ymmreg, xmmreg

ymmreg, mem32

ymmreg, xmmreg

AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2

AVX2
AVX2
AVX2
AVX2

AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2

191



192

VPMOVSXWD
VPMOVSXWQ
VPMOVSXWQ
VPMOVSXDQ
VPMOVZXBW
VPMOVZXBD
VPMOVZXBD
VPMOVZXBQ
VPMOVZXBQ
VPMOVZXWD
VPMOVZXWQ
VPMOVZXWQ
VPMOVZXDQ
VPMULDQ
VPMULHRSW
VPMULHUW
VPMULHW
VPMULLW
VPMULLD
VPMULUDQ
VPOR
VPSADBW
VPSHUFB
VPSHUFD
VPSHUFHW
VPSHUFLW
VPSIGNB
VPSIGNW
VPSIGND
VPSLLDQ
VPSLLW
VPSLLW
VPSLLD
VPSLLD
VPSLLQ
VPSLLQ
VPSRAW
VPSRAW
VPSRAD
VPSRAD
VPSRLDQ
VPSRLW
VPSRLW
VPSRLD
VPSRLD
VPSRLQ
VPSRLQ
VPSUBB
VPSUBW
VPSUBD
VPSUBQ
VPSUBSB
VPSUBSW
VPSUBUSB

ymmreg, xmmrml28

ymmreg, memé64

ymmreg, xmmreg

ymmreg, xmmrml28

ymmreg, xmmrml28

ymmreg, memé64

ymmreg, xmmreg

ymmreg, mem32

ymmreg, xmmreg

ymmreg, xmmrml28

ymmreg, memé64

ymmreg, xmmreg

ymmreg, xmmrml28

ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmrm256, imm8
ymmreg, ymmrm256, imm8
ymmreg, ymmrm256, imm8
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, imm8
ymmreg, ymmreg*, xmmrml28
ymmreg, ymmreg*, imm8
ymmreg, ymmreg*, xmmrml28
ymmreg, ymmreg*, imm8
ymmreg, ymmreg*, xmmrml28
ymmreg, ymmreg*, imm8
ymmreg, ymmreg*, xmmrml28
ymmreg, ymmreg*, imm8
ymmreg, ymmreg*, xmmrml28
ymmreg, ymmreg*, imm8
ymmreg, ymmreg*, imm8
ymmreg, ymmreg*, xmmrml28
ymmreg, ymmreg*, imm8
ymmreg, ymmreg*, xmmrml28
ymmreg, ymmreg*, imm8
ymmreg, ymmreg*, xmmrml28
ymmreg, ymmreg*, imm8
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256

AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2



VPSUBUSW
VPUNPCKHBW
VPUNPCKHWD
VPUNPCKHDQ
VPUNPCKHQDQ
VPUNPCKLBW
VPUNPCKLWD
VPUNPCKLDQ
VPUNPCKLQDQ
VPXOR
VMOVNTDQA
VBROADCASTSS
VBROADCASTSS
VBROADCASTSD
VBROADCASTI128
VPBLENDD
VPBLENDD
VPBROADCASTB
VPBROADCASTB
VPBROADCASTB
VPBROADCASTB
VPBROADCASTW
VPBROADCASTW
VPBROADCASTW
VPBROADCASTW
VPBROADCASTD
VPBROADCASTD
VPBROADCASTD
VPBROADCASTD
VPBROADCASTQ
VPBROADCASTQ
VPBROADCASTQ
VPBROADCASTQ
VPERMD
VPERMPD
VPERMPS
VPERMQ
VPERM2I128
VEXTRACTI128
VINSERTI128
VPMASKMOVD
VPMASKMOVD
VPMASKMOVQ
VPMASKMOVQ
VPMASKMOVD
VPMASKMOVD
VPMASKMOVQ
VPMASKMOVQ
VPSLLVD
VPSLLVQ
VPSLLVD
VPSLLVQ
VPSRAVD
VPSRAVD

ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
ymmreg, mem256
Xmmreg, xmmreg
ymmreg, xmmreg
ymmreg, xmmreg
ymmreg, meml28

xmmreqg, xmmreg*, xmmrml28, imm8 AVX2
ymmreg, ymmreg*, ymmrm256, imm8 AVX2

xmmreg, mem8

Xmmreg, xmmreg

ymmreg, mem8

ymmreg, xmmreg

xmmreg, meml6

Xmmreg, xmmreg

ymmreg, meml6

ymmreg, xmmreg

xmmreg, mem32

Xmmreg, xmmreg

ymmreg, mem32

ymmreg, xmmreg

xmmreg, memé64

Xmmreg, xmmreg

ymmreg, memé64

ymmreg, xmmreg

ymmreg, ymmreg*, ymmrm256
ymmreg, ymmrm256, imm8
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmrm256, imm8

ymmreg, ymmreg*, ymmrm256, imm8 AVX2

xmmrml28, ymmreg, imm8

ymmreg, ymmreg*, xmmrml28, imm8 AVX2

xmmreg, xmmreg*, meml28
ymmreg, ymmreg*, mem256
xmmreg, xmmreg*, meml28
ymmreg, ymmreg*, mem256
meml28, xmmreg*, xmmreg
mem256, ymmreg*, ymmreg
meml28, xmmreg*, xmmreg
mem256, ymmreg*, ymmreg
xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256

AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2

AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2

AVX2

AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
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VPSRLVD

VPSRLVQ

VPSRLVD

VPSRLVQ

VGATHERDPD
VGATHERQPD
VGATHERDPD
VGATHERQPD
VGATHERDPS
VGATHERQPS
VGATHERDPS
VGATHERQPS
VPGATHERDD
VPGATHERQD
VPGATHERDD
VPGATHERQD
VPGATHERDQ
VPGATHERQQ
VPGATHERDQ
VPGATHERQQ

xmmreg, xmmreg*, xmmrml28
xmmreg, xmmreg*, xmmrml28
ymmreg, ymmreg*, ymmrm256
ymmreg, ymmreg*, ymmrm256
xmmreg, xmemé64, xmmreg
xmmreg, xmemé64, xmmreg
ymmreg, xmemé64, ymmreg
ymmreg, ymemé64, ymmreg
xmmreqg, xmem32, xmmreg
xmmreqg, xmem32, xmmreg
ymmreg, ymem32, ymmreg
xmmreg, ymem32, xmmreg
xmmreqg, xmem32, xmmreg
xmmreqg, xmem32, xmmreg
ymmreg, ymem32, ymmreg
xmmreg, ymem32, xmmreg
xmmreg, xmemé64, xmmreg
xmmreg, xmemé64, xmmreg
ymmreg, xmemé64, ymmreg
ymmreg, ymemé64, ymmreg

AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2
AVX2

Intel Transactional Synchronization Extensions (TSX)

XABORT
XABORT
XBEGIN
XBEGIN
XBEGIN
XBEGIN
XBEGIN
XBEGIN
XBEGIN
XBEGIN
XEND
XTEST

Intel BMI1 and BMI2 instructions, AMD TBM

ANDN
ANDN
BEXTR
BEXTR
BEXTR
BEXTR
BLCI
BLCI
BLCIC
BLCIC
BLSI
BLSI
BLSIC
BLSIC
BLCFILL
BLCFILL
BLSFILL

imm

imm8

imm
imm|near
immlé6
imml6 |near
imm32
imm32 |near
immé64
immé64 | near

reg32,reg32, rm32
reg64, reg64, rmé64
reg32,rm32, reg32
reg64, rmé64, reg64
reg32, rm32, imm32
reg64, rm64, imm32
reg32, rm32
reg64, rm64
reg32, rm32
reg64, rm64
reg32, rm32
reg64, rm64
reg32, rm32
reg64, rm64
reg32, rm32
reg64, rm64
reg32, rm32

RTM
RTM

RTM

RTM, ND
RTM, NOLONG

RTM, NOLONG, ND

RTM, NOLONG

RTM, NOLONG, ND

RTM, LONG
RTM, LONG, ND
RTM

HLE, RTM

instructions

BMI1
LONG, BMI1
BMI1
LONG, BMI1
TBM
LONG, TBM
TBM
LONG, TBM
TBM
LONG, TBM
BMI1
LONG, BMI1
TBM
LONG, TBM
TBM
LONG, TBM
TBM
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BLSFILL
BLCMSK
BLCMSK
BLSMSK
BLSMSK
BLSR
BLSR
BLCS
BLCS
BZHI
BZHI
MULX
MULX
PDEP
PDEP
PEXT
PEXT
RORX
RORX
SARX
SARX
SHLX
SHLX
SHRX
SHRX
TZCNT
TZCNT
TZCNT
TZMSK
TZMSK
T1MSKC
T1MSKC
PREFETCHWT1

Intel Memory Protection Extensions (MPX)

BNDMK
BNDCL
BNDCL
BNDCL
BNDCU
BNDCU
BNDCU
BNDCN
BNDCN
BNDCN
BNDMOV
BNDMOV
BNDMOV
BNDMOV
BNDLDX
BNDLDX
BNDLDX
BNDSTX

reg64, rm64
reg32, rm32
reg64, rm64
reg32, rm32
reg64, rm64
reg32, rm32
reg64, rm64
reg32, rm32
reg64, rm64
reg32,rm32, reg32
reg64, rmé64, reg64
reg32,reg32, rm32
reg64, reg64, rmé64
reg32,reg32, rm32
reg64, reg64, rmé64
reg32,reg32, rm32
reg64, reg64, rm64
reg32, rm32, imm8
reg64, rm64, imm8
reg32,rm32, reg32
reg64, rmé64, reg64
reg32,rm32, reg32
reg64, rmé64, reg64
reg32,rm32, reg32
reg64, rmé64, reg64
regl6, rml6
reg32, rm32
reg64, rm64
reg32, rm32
reg64, rm64
reg32, rm32
reg64, rm64

mem8

bndreg, mem
bndreg, mem
bndreg, reg32
bndreg, reg64
bndreg, mem
bndreg, reg32
bndreg, reg64
bndreg, mem
bndreg, reg32
bndreg, reg64
bndreg, bndreg
bndreg, mem
bndreg, bndreg
mem, bndreg
bndreg, mem
bndreg, mem, reg32
bndreg, mem, reg64
mem, bndreg

LONG, TBM
TBM

LONG, TBM
BMI1
LONG, BMI1
BMI1
LONG, BMI1
TBM

LONG, TBM
BMI2
LONG, BMI2
BMI2
LONG, BMI2
BMI2
LONG, BMI2
BMI2
LONG, BMI2
BMI2
LONG, BMI2
BMI2
LONG, BMI2
BMI2
LONG, BMI2
BMI2
LONG, BMI2
BMI1

BMI1
LONG, BMI1
TBM

LONG, TBM
TBM

LONG, TBM
PREFETCHWT1

MPX, MIB
MPX

MPX, NOLONG
MPX, LONG
MPX

MPX, NOLONG
MPX, LONG
MPX

MPX, NOLONG
MPX, LONG
MPX

MPX

MPX

MPX

MPX, MIB

MPX, MIB, NOLONG

MPX, MIB, LONG
MPX, MIB
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BNDSTX
BNDSTX
BNDSTX
BNDSTX

mem, reg32,bndreg
mem, reg64,bndreg
mem, bndreg, reg32
mem, bndreg, reg64

Intel SHA acceleration instructions

SHAIMSG1
SHA1IMSG2
SHAINEXTE
SHA1RNDS4
SHA256MSG1
SHA256MSG2
SHA256RNDS2
SHA256RNDS2

xmmreg, xmmrml28
xmmreg, xmmrml28
xmmreg, xmmrml28
xmmreqg, xmmrml28, imm8
xmmreg, xmmrml28
xmmreg, xmmrml28
xmmreqg, xmmrml28, xmm0
xmmreg, xmmrml28

B.1.39 AVX-512 mask register instructions
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KADDB
KADDD
KADDQ
KADDW
KANDB
KANDD
KANDNB
KANDND
KANDNQ
KANDNW
KANDQ
KANDW
KMOVB
KMOVB
KMOVB
KMOVB
KMOVD
KMOVD
KMOVD
KMOVD
KMOVQ
KMOVQ
KMOVQ
KMOVQ
KMOVW
KMOVW
KMOVW
KMOVW
KNOTB
KNOTD
KNOTQ
KNOTW
KORB
KORD
KORQ
KORTESTB
KORTESTD

kreg, kreg, kreg
kreg, kreg, kreg
kreg, kreg, kreg
kreg, kreg, kreg
kreg, kreg, kreg
kreg, kreg, kreg
kreg, kreg, kreg
kreg, kreg, kreg
kreg, kreg, kreg
kreg, kreg, kreg
kreg, kreg, kreg
kreg, kreg, kreg
kreg, krm8
mem8, kreg
kreg, reg32
reg32, kreg
kreg, krm32
mem32, kreg
kreg, reg32
reg32, kreg
kreg, krm64
mem64, kreg
kreg, reg64
reg64, kreg
kreg,krmlé6
meml6, kreg
kreg, reg32
reg32, kreg
kreg, kreg
kreg, kreg
kreg, kreg
kreg, kreg
kreg, kreg, kreg
kreg, kreg, kreg
kreg, kreg, kreg
kreg, kreg
kreg, kreg

MPX, MIB, NOLONG
MPX,MIB, LONG
MPX, MIB, NOLONG
MPX,MIB, LONG

SHA
SHA
SHA
SHA
SHA
SHA
SHA
SHA
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KORTESTQ
KORTESTW
KORW
KSHIFTLB
KSHIFTLD
KSHIFTLQ
KSHIFTLW
KSHIFTRB
KSHIFTRD
KSHIFTRQ
KSHIFTRW
KTESTB
KTESTD
KTESTQ
KTESTW
KUNPCKBW
KUNPCKDQ
KUNPCKWD
KXNORB
KXNORD
KXNORQ
KXNORW
KXORB
KXORD
KXORQ
KXORW

kreg, kreg

kreg, kreg

kreg, kreg, kreg
kreg, kreg, imm8
kreg, kreg, imm8
kreg, kreg, imm8
kreg, kreg, imm8
kreg, kreg, imm8
kreg, kreg, imm8
kreg, kreg, imm8
kreg, kreg, imm8
kreg, kreg

kreg, kreg

kreg, kreg

kreg, kreg

kreg, kreg, kreg
kreg, kreg, kreg
kreg, kreg, kreg
kreg, kreg, kreg
kreg, kreg, kreg
kreg, kreg, kreg
kreg, kreg, kreg
kreg, kreg, kreg
kreg, kreg, kreg
kreg, kreg, kreg
kreg, kreg, kreg

AVX-512 instructions

VADDPD
VADDPD
VADDPD
VADDPS
VADDPS
VADDPS
VADDSD
VADDSS
VALIGND
VALIGND
VALIGND
VALIGNQ
VALIGNQ
VALIGNQ
VANDNPD
VANDNPD
VANDNPD
VANDNPS
VANDNPS
VANDNPS
VANDPD
VANDPD
VANDPD
VANDPS
VANDPS

xmmreg |mask |z, xmmreg*, xmmrm128 |b64
ymmreg|mask|z,ymmreg*,ymmrm256|b64

AVX512VL
AVX512VL

zmmreg |mask |z, zmmreg*, zmmrm512 |b64 |er AVX512

xmmreg |mask |z, xmmreg*, xmmrm128 |b32
ymmreg|mask|z,ymmreg*,ymmrm256|b32

AVX512VL
AVX512VL

zmmreg |mask |z, zmmreg*, zmmrm512 |b32 |er AVX512
xmmreg |mask |z, xmmreg*, xmmrmé64 |er AVX512
xmmreg |mask |z, xmmreg*, xmmrm32 |er AVX512

xmmreg |mask |z, xmmreg*, xmmrm128 |b32,
ymmreg|mask|z,ymmreg*,ymmrm256|b32,
zmmreg |mask |z, zmmreg*, zmmrm512 |b32,
xmmreg |mask |z, xmmreg*, xmmrm128 |b64,
ymmreg|mask|z,ymmreg*,ymmrm256|b64,
zmmreg |mask |z, zmmreg*, zmmrm512 |b64,

xmmreg |mask |z, xmmreg*, xmmrm128 |b64
ymmreg|mask|z,ymmreg*,ymmrm256|b64
zmmreg|mask|z,zmmreg*,zmmrm512|b64
xmmreg |mask |z, xmmreg*, xmmrm128 |b32
ymmreg|mask|z,ymmreg*,ymmrm256|b32
zmmreg|mask|z,zmmreg*,zmmrm512|b32
xmmreg |mask |z, xmmreg*, xmmrm128 |b64
ymmreg|mask|z,ymmreg*,ymmrm256|b64
zmmreg|mask|z,zmmreg*,zmmrm512|b64
xmmreg |mask |z, xmmreg*, xmmrm128 |b32
ymmreg|mask|z,ymmreg*,ymmrm256|b32

imm8 AVX512VL
imm8 AVX512VL
imm8 AVX512
imm8 AVX512VL
imm8 AVX512VL
imm8 AVX512
AVX512VL/DQ
AVX512VL/DQ
AVX512DQ
AVX512VL/DQ
AVX512VL/DQ
AVX512DQ
AVX512VL/DQ
AVX512VL/DQ
AVX512DQ
AVX512VL/DQ
AVX512VL/DQ

197



198

VANDPS
VBLENDMPD
VBLENDMPD
VBLENDMPD
VBLENDMPS
VBLENDMPS
VBLENDMPS
VBROADCASTF32X2
VBROADCASTF32X2
VBROADCASTF32X4
VBROADCASTF32X4
VBROADCASTFE 32X8
VBROADCASTF64X2
VBROADCASTF64X2
VBROADCASTF64X4
VBROADCASTI32X2
VBROADCASTI32X2
VBROADCASTI32X2
VBROADCASTI32X4
VBROADCASTI32X4
VBROADCASTI32X8
VBROADCASTI64X2
VBROADCASTI64X2
VBROADCASTI64X4
VBROADCASTSD
VBROADCASTSD
VBROADCASTSD
VBROADCASTSD
VBROADCASTSS
VBROADCASTSS
VBROADCASTSS
VBROADCASTSS
VBROADCASTSS
VBROADCASTSS
VCMPPD

VCMPPD

VCMPPD

VCMPPS

VCMPPS

VCMPPS

VCMPSD

VCMPSS

VCOMISD

VCOMISS
VCOMPRESSPD
VCOMPRESSPD
VCOMPRESSPD
VCOMPRESSPD
VCOMPRESSPD
VCOMPRESSPD
VCOMPRESSPS
VCOMPRESSPS
VCOMPRESSPS
VCOMPRESSPS

zmmreg |mask |z, zmmreg*, zmmrm512 |b32 AVX512DQ

xmmreg |mask |z, xmmreg, xmmrm128 |b64
ymmreg|mask|z,ymmreg,ymmrm256|b64
zmmreg |mask |z, zmmreg, zmmrm512 |b64
xmmreg |mask |z, xmmreg, xmmrm128 |b32
ymmreg|mask|z,ymmreg,ymmrm256|b32
zmmreg |mask |z, zmmreg, zmmrm512 |b32

ymmreg|mask|z,xmmrm64
zmmreg|mask|z,xmmrm64
ymmreg|mask|z,mem128
zmmreg |mask |z, mem128
zmmreg|mask|z,mem256
ymmreg|mask|z,mem128
zmmreg |mask |z, mem128
zmmreg|mask|z,mem256
xmmreg|mask|z,xmmrm64
ymmreg|mask|z,xmmrm64
zmmreg|mask|z,xmmrm64
ymmreg|mask|z,mem128
zmmreg |mask |z, mem128
zmmreg|mask|z,mem256
ymmreg|mask|z,mem128
zmmreg |mask |z, mem128
zmmreg|mask|z,mem256
ymmreg |mask | z, mem64

zmmreg |mask |z, memé64

ymmreg |mask |z, xmmreg
zmmreg |mask | z, xmmreg
xmmreg |mask | z, mem32

ymmreg |mask | z, mem32

zmmreg | mask | z, mem32

xmmreg |mask |z, xmmreg
ymmreg |mask |z, xmmreg
zmmreg |mask | z, xmmreg

AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL/DQ
AVX512DQ

AVX512VL

AVX512

AVX512DQ
AVX512VL/DQ
AVX512DQ

AVX512
AVX512VL/DQ
AVX512VL/DQ
AVX512DQ

AVX512VL

AVX512

AVX512DQ
AVX512VL/DQ
AVX512DQ

AVX512

AVX512VL

AVX512

AVX512VL

AVX512

AVX512VL

AVX512VL

AVX512

AVX512VL

AVX512VL

AVX512

kreg|mask,xmmreg,xmmrm128|b64,imm8 AVX512VL
kreg|mask,ymmreg,ymmrm256|b64,imm8 AVX512VL
kreg|mask,zmmreg,zmmrm512|b64|sae,imm8 AVX512
kreg|mask,xmmreg,xmmrm128|b32,imm8 AVX512VL
kreg|mask,ymmreg,ymmrm256|b32,imm8 AVX512VL
kreg|mask,zmmreg,zmmrm512|b32|sae,imm8 AVX512
kreg|mask,xmmreg,xmmrm64|sae,imm8 AVX512

kreg|mask,xmmreg,xmmrm32|sae,imm8 AVX512

xmmreg, xmmrmé64 | sae
xmmreg, xmmrm32 | sae
mem128|mask,xmmreg
mem256|mask,ymmreg
mem512 |mask, zmmreg
xmmreg|mask|z,xmmreg
ymmreg|mask|z,ymmreg
zmmreg|mask|z,zmmreg
mem128|mask,xmmreg
mem256|mask,ymmreg
mem512 |mask, zmmreg
xmmreg|mask|z,xmmreg

AVX512
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL



VCOMPRESSPS
VCOMPRESSPS

VCVTDQ2PD
VCVTDQ2PD
VCVTDQ2PD
VCVTDQ2PS
VCVTDQ2PS
VCVTDQ2PS
VCVTPD2DQ
VCVTPD2DQ
VCVTPD2DQ
VCVTPD2PS
VCVTPD2PS
VCVTPD2PS
VCVTPD2QQ
VCVTPD2QQ
VCVTPD2QQ
VCVTPD2UDQ
VCVTPD2UDQ
VCVTPD2UDQ
VCVTPD2UQQ
VCVTPD2UQQ
VCVTPD2UQQ
VCVTPH2PS
VCVTPH2PS
VCVTPH2PS
VCVTPS2DQ
VCVTPS2DQ
VCVTPS2DQ
VCVTPS2PD
VCVTPS2PD
VCVTPS2PD
VCVTIPS2PH
VCVTIPS2PH
VCVTIPS2PH
VCVTIPS2PH
VCVTIPS2PH
VCVTIPS2PH
VCVTPS2QQ
VCVTPS2QQ
VCVTPS2QQ
VCVTPS2UDQ
VCVTPS2UDQ
VCVTPS2UDQ
VCVTPS2UQQ
VCVTPS2UQQ
VCVTPS2UQQ
VCVTQQ2PD
VCVTQQ2PD
VCVTQQ2PD
VCVTQQ2PS
VCVTQQ2PS
VCVTQQ2PS
VCVTSD2SI

ymmreg|mask|z,ymmreg AVX512VL
zmmreg|mask|z,zmmreg AVX512

xmmreg |mask |z, xmmrmé64 |b32 AVX512VL
ymmreg |mask |z, xmmrm128|b32 AVX512VL
zmmreg |mask |z, ymmrm256 |b32|er AVX512
xmmreg |mask |z, xmmrm128|b32 AVX512VL
ymmreg |mask |z, ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmrm512 |b32|er AVX512
xmmreg |mask |z, xmmrm128|b64 AVX512VL
xmmreg |mask |z, ymmrm256 |b64 AVX512VL
ymmreg |mask |z, zmmrm512|b64 |er AVX512
xmmreg |mask |z, xmmrm128|b64 AVX512VL
xmmreg |mask |z, ymmrm256 |b64 AVX512VL
ymmreg |mask |z, zmmrm512|b64 |er AVX512
xmmreg |mask |z, xmmrm128|b64 AVX512VL/DQ
ymmreg|mask|z,ymmrm256|b64 AVX512VL/DQ
zmmreg |mask |z, zmmrm512 |b64 |er AVX512DQ
xmmreg |mask |z, xmmrm128|b64 AVX512VL
xmmreg |mask |z, ymmrm256 |b64 AVX512VL
ymmreg |mask |z, zmmrm512|b64 |er AVX512
xmmreg |mask |z, xmmrm128|b64 AVX512VL/DQ
ymmreg|mask|z,ymmrm256|b64 AVX512VL/DQ
zmmreg |mask |z, zmmrm512 |b64 |er AVX512DQ
xmmreg |mask | z, xmmrmé64 AVX512VL
ymmreg |mask |z, xmmrm128 AVX512VL
zmmreg |mask |z, ymmrm256 | sae AVX512
xmmreg |mask |z, xmmrm128|b32 AVX512VL
ymmreg |mask |z, ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmrm512 |b32|er AVX512
xmmreg |mask |z, xmmrmé64 |b32 AVX512VL
ymmreg |mask |z, xmmrm128|b32 AVX512VL
zmmreg |mask |z, ymmrm256 |b32|sae AVX512
xmmreg |mask |z, xmmreg, imm8 AVX512VL
xmmreg|mask|z,ymmreg,imm8 AVX512VL
ymmreg|mask|z,zmmreg|sae,imm8 AVX512
mem64|mask,xmmreg,imm8 AVX512VL
mem128|mask,ymmreg,imm8 AVX512VL
mem256|mask,zmmreg|sae,imm8 AVX512
xmmreg |mask |z, xmmrmé64 |b32 AVX512VL/DQ
ymmreg |mask |z, xmmrm128|b32 AVX512VL/DQ
zmmreg |mask |z, ymmrm256 |b32|er AVX512DQ
xmmreg |mask |z, xmmrm128|b32 AVX512VL
ymmreg |mask |z, ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmrm512 |b32|er AVX512
xmmreg |mask |z, xmmrmé64 |b32 AVX512VL/DQ
ymmreg |mask |z, xmmrm128|b32 AVX512VL/DQ
zmmreg |mask |z, ymmrm256 |b32|er AVX512DQ
xmmreg |mask |z, xmmrm128|b64 AVX512VL/DQ
ymmreg|mask|z,ymmrm256|b64 AVX512VL/DQ
zmmreg |mask |z, zmmrm512 |b64 |er AVX512DQ
xmmreg |mask |z, xmmrm128|b64 AVX512VL/DQ
xmmreg |mask |z, ymmrm256 |b64 AVX512VL/DQ
ymmreg |mask |z, zmmrm512|b64 |er AVX512DQ
reg32,xmmrm64|er AVX512
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VCVTSD2SI
VCVTSD2SS
VCVTSD2USI
VCVTSD2USI
VCVTSI2SD
VCVTSI2SD
VCVTSI2SS
VCVTSI2SS
VCVTSS2SD
VCVTSS2SI
VCVTSS2SI
VCVTSS2USI
VCVTSS2USI
VCVTTPD2DQ
VCVTTPD2DQ
VCVTTPD2DQ
VCVTTPD2QQ
VCVTTPD2QQ
VCVTTPD2QQ
VCVTITPD2UDQ
VCVTITPD2UDQ
VCVTITPD2UDQ
VCVTITPD2UQQ
VCVTITPD2UQQ
VCVTITPD2UQQ
VCVTTPS2DQ
VCVTTPS2DQ
VCVTTPS2DQ
VCVTTPS2QQ
VCVTTPS2QQ
VCVTTPS2QQ
VCVTITPS2UDQ
VCVTITPS2UDQ
VCVTITPS2UDQ
VCVTITPS2UQQ
VCVTITPS2UQQ
VCVTITPS2UQQ
VCVTTSD2SI
VCVTTSD2SI
VCVTTSD2USI
VCVTTSD2USI
VCVTTSS2SI
VCVTTSS2SI
VCVTTSS2USI
VCVTTSS2USI
VCVTUDQ2PD
VCVTUDQ2PD
VCVTUDQ2PD
VCVTUDQ2PS
VCVTUDQ2PS
VCVTUDQ2PS
VCVTUQQ2PD
VCVTUQQ2PD
VCVTUQQ2PD

reg64,xmmrm64|er AVX512
xmmreg|mask|z,xmmreg,xmmrm64|er AVX512

reg32,xmmrm64|er AVX512
reg64,xmmrm64|er AVX512
xmmreg,xmmreg|er,rm32 AVX512
xmmreg,xmmreg|er,rm64 AVX512
xmmreg,xmmreg|er,rm32 AVX512
xmmreg,xmmreg|er,rm64 AVX512

xmmreg |mask |z, xmmreg, xmmrm32 | sae AVX512

reg32,xmmrm32|er AVX512
reg64,xmmrm32|er AVX512
reg32,xmmrm32|er AVX512
reg64,xmmrm32|er AVX512

xmmreg |mask |z, xmmrm128|b64 AVX512VL
xmmreg |mask |z, ymmrm256 |b64 AVX512VL
ymmreg |mask |z, zmmrm512|b64 | sae AVX512
xmmreg |mask |z, xmmrm128|b64 AVX512VL/DQ
ymmreg|mask|z,ymmrm256|b64 AVX512VL/DQ
zmmreg |mask |z, zmmrm512 |b64 | sae AVX512DQ
xmmreg |mask |z, xmmrm128|b64 AVX512VL
xmmreg |mask |z, ymmrm256 |b64 AVX512VL
ymmreg |mask |z, zmmrm512|b64 | sae AVX512
xmmreg |mask |z, xmmrm128|b64 AVX512VL/DQ
ymmreg|mask|z,ymmrm256|b64 AVX512VL/DQ
zmmreg |mask |z, zmmrm512 |b64 | sae AVX512DQ
xmmreg |mask |z, xmmrm128|b32 AVX512VL
ymmreg |mask |z, ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmrm512 |b32|sae AVX512
xmmreg |mask |z, xmmrmé64 |b32 AVX512VL/DQ
ymmreg |mask |z, xmmrm128|b32 AVX512VL/DQ
zmmreg |mask |z, ymmrm256 |b32|sae AVX512DQ
xmmreg |mask |z, xmmrm128|b32 AVX512VL
ymmreg |mask |z, ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmrm512 |b32|sae AVX512
xmmreg |mask |z, xmmrmé64 |b32 AVX512VL/DQ
ymmreg |mask |z, xmmrm128|b32 AVX512VL/DQ
zmmreg |mask |z, ymmrm256 |b32|sae AVX512DQ

reg32,xmmrm64|sae AVX512
reg64,xmmrm64|sae AVX512
reg32,xmmrm64|sae AVX512
reg64,xmmrm64|sae AVX512
reg32,xmmrm32|sae AVX512
reg64,xmmrm32|sae AVX512
reg32,xmmrm32|sae AVX512
reg64,xmmrm32|sae AVX512

xmmreg |mask |z, xmmrmé64 |b32 AVX512VL
ymmreg |mask |z, xmmrm128|b32 AVX512VL
zmmreg |mask |z, ymmrm256 |b32|er AVX512
xmmreg |mask |z, xmmrm128|b32 AVX512VL
ymmreg |mask |z, ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmrm512 |b32|er AVX512
xmmreg |mask |z, xmmrm128|b64 AVX512VL/DQ
ymmreg|mask|z,ymmrm256|b64 AVX512VL/DQ
zmmreg |mask |z, zmmrm512 |b64 |er AVX512DQ



VCVTUQQ2PS
VCVTUQQ2PS
VCVTUQQ2PS
VCVTUSI2SD
VCVTUSI2SD
VCVTUSI2SS
VCVTUSI2SS
VDBPSADBW
VDBPSADBW
VDBPSADBW
VDIVPD

VDIVPD

VDIVPD

VDIVPS

VDIVPS

VDIVPS

VDIVSD

VDIVSS
VEXP2PD
VEXP2PS
VEXPANDPD
VEXPANDPD
VEXPANDPD
VEXPANDPD
VEXPANDPD
VEXPANDPD
VEXPANDPS
VEXPANDPS
VEXPANDPS
VEXPANDPS
VEXPANDPS
VEXPANDPS
VEXTRACTF32X4
VEXTRACTF32X4
VEXTRACTF32X4
VEXTRACTF32X4
VEXTRACTF32X8
VEXTRACTF32X8
VEXTRACTF64X2
VEXTRACTF64X2
VEXTRACTF64X2
VEXTRACTF64X2
VEXTRACTF64X4
VEXTRACTF64X4
VEXTRACTI32X4
VEXTRACTI32X4
VEXTRACTI32X4
VEXTRACTI32X4
VEXTRACTI32X8
VEXTRACTI32X8
VEXTRACTI64X2
VEXTRACTI64X2
VEXTRACTI64X2
VEXTRACTI64X2

xmmreg |mask |z, xmmrm128|b64 AVX512VL/DQ
xmmreg |mask |z, ymmrm256 |b64 AVX512VL/DQ
ymmreg |mask |z, zmmrm512|b64 |er AVX512DQ

xmmreg,xmmreg|er,rm32 AVX512
xmmreg,xmmreg|er,rm64 AVX512
xmmreg,xmmreg|er,rm32 AVX512
xmmreg,xmmreg|er,rm64 AVX512

xmmreg|mask|z,xmmreg*,xmmrm128,imm8 AVX512VL/BW
ymmreg|mask|z,ymmreg*,ymmrm256,imm8 AVX512VL/BW

zmmreg|mask|z,zmmreg*,zmmrm512,imm8 AVX512BW
xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b64 |er AVX512
xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b32 |er AVX512
xmmreg |mask |z, xmmreg*, xmmrmé64 |er AVX512
xmmreg |mask |z, xmmreg*, xmmrm32 |er AVX512
zmmreg |mask |z, zmmrm512 |b64 | sae AVX512ER
zmmreg |mask |z, zmmrm512 |b32|sae AVX512ER
xmmreg |mask |z, mem128 AVX512VL

ymmreg |mask |z, mem256 AVX512VL

zmmreg |mask |z, mem512 AVX512
xmmreg|mask|z,xmmreg AVX512VL
ymmreg|mask|z,ymmreg AVX512VL
zmmreg|mask|z,zmmreg AVX512

xmmreg |mask |z, mem128 AVX512VL

ymmreg |mask |z, mem256 AVX512VL

zmmreg |mask |z, mem512 AVX512
xmmreg|mask|z,xmmreg AVX512VL
ymmreg|mask|z,ymmreg AVX512VL
zmmreg|mask|z,zmmreg AVX512
xmmreg|mask|z,ymmreg,imm8 AVX512VL

xmmreg |mask |z, zmmreg, imm8 AVX512
mem128|mask,ymmreg,imm8 AVX512VL
mem128|mask,zmmreg,imm8 AVX512
ymmreg|mask|z,zmmreg,imm8 AVX512DQ
mem256|mask,zmmreg,imm8 AVX512DQ
xmmreg|mask|z,ymmreg,imm8 AVX512VL/DQ
xmmreg |mask |z, zmmreg, imm8 AVX512DQ
mem128 |mask, ymmreg, imm8 AVX512VL/DQ
mem128|mask,zmmreg,imm8 AVX512DQ
ymmreg|mask|z,zmmreg,imm8 AVX512
mem256|mask,zmmreg,imm8 AVX512
xmmreg|mask|z,ymmreg,imm8 AVX512VL

xmmreg |mask |z, zmmreg, imm8 AVX512
mem128|mask,ymmreg,imm8 AVX512VL
mem128|mask,zmmreg,imm8 AVX512
ymmreg|mask|z,zmmreg,imm8 AVX512DQ
mem256|mask,zmmreg,imm8 AVX512DQ
xmmreg|mask|z,ymmreg,imm8 AVX512VL/DQ
xmmreg |mask |z, zmmreg, imm8 AVX512DQ
mem128 |mask, ymmreg, imm8 AVX512VL/DQ
mem128|mask,zmmreg,imm8 AVX512DQ
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VEXTRACTI64X4
VEXTRACTI64X4
VEXTRACTPS
VEXTRACTPS
VEXTRACTPS
VFIXUPIMMPD
VFIXUPIMMPD
VFIXUPIMMPD
VEFIXUPIMMPS
VEFIXUPIMMPS
VEFIXUPIMMPS
VFIXUPIMMSD
VEFIXUPIMMSS
VFMADD132PD
VFMADD132PD
VFMADD132PD
VFMADD132PS
VFMADD132PS
VFMADD132PS
VFMADD132SD
VFMADD132SS
VFMADD213PD
VFMADD213PD
VFMADD213PD
VFMADD213PS
VFMADD213PS
VFMADD213PS
VFMADD213SD
VFMADD213SS
VFMADD231PD
VFMADD231PD
VFMADD231PD
VFMADD231PS
VFMADD231PS
VFMADD231PS
VFMADD231SD
VFMADD231SS
VFMADDSUB132PD
VFMADDSUB132PD
VFMADDSUB132PD
VFMADDSUB132PS
VFMADDSUB132PS
VFMADDSUB132PS
VFMADDSUB213PD
VFMADDSUB213PD
VFMADDSUB213PD
VFMADDSUB213PS
VFMADDSUB213PS
VFMADDSUB213PS
VFMADDSUB231PD
VFMADDSUB231PD
VFMADDSUB231PD
VFMADDSUB231PS
VFMADDSUB231PS

ymmreg|mask|z,zmmreg,imm8 AVX512

mem256|mask,zmmreg,imm8 AVX512
reg32, xmmreg, imm8 AVX512
reg64, xmmreg, imm8 AVX512
mem32, xmmreg, imm8 AVX512

xmmreg |mask |z, xmmreg*, xmmrm128 |b64, imm8 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b64,imm8 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b64 | sae, imm8 AVX512
xmmreg |mask |z, xmmreg*, xmmrm128 |b32, imm8 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b32,imm8 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b32 | sae, imm8 AVX512
xmmreg |mask |z, xmmreg*, xmmrmé64 | sae, imm8 AVX512
xmmreg |mask |z, xmmreg*, xmmrm32 | sae, imm8 AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrmé64 |er AVX512

xmmreg |mask |z, xmmreg, xmmrm32 |er AVX512

xmmreg |mask |z, xmmreg, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrmé64 |er AVX512

xmmreg |mask |z, xmmreg, xmmrm32 |er AVX512

xmmreg |mask |z, xmmreg, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrmé64 |er AVX512

xmmreg |mask |z, xmmreg, xmmrm32 |er AVX512

xmmreg |mask |z, xmmreg, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b32 AVX512VL



VFMADDSUB231PS
VFMSUB132PD
VFMSUB132PD
VFMSUB132PD
VFMSUB132PS
VFMSUB132PS
VFMSUB132PS
VFMSUB132SD
VFMSUB132SS
VFMSUB213PD
VFMSUB213PD
VFMSUB213PD
VFMSUB213PS
VFMSUB213PS
VFMSUB213PS
VFMSUB213SD
VFMSUB213SS
VFMSUB231PD
VFMSUB231PD
VFMSUB231PD
VFMSUB231PS
VFMSUB231PS
VFMSUB231PS
VFMSUB231SD
VFMSUB231SS
VFMSUBADD132PD
VFMSUBADD132PD
VFMSUBADD132PD
VFMSUBADD132PS
VFMSUBADD132PS
VFMSUBADD132PS
VFMSUBADD213PD
VFMSUBADD213PD
VFMSUBADD213PD
VFMSUBADD213PS
VFMSUBADD213PS
VFMSUBADD213PS
VFMSUBADD231PD
VFMSUBADD231PD
VFMSUBADD231PD
VFMSUBADD231PS
VFMSUBADD231PS
VFMSUBADD231PS
VFNMADD132PD
VFNMADD132PD
VFNMADD132PD
VFNMADD132PS
VFNMADD132PS
VFNMADD132PS
VFNMADD132SD
VFNMADD132SS
VFNMADD213PD
VFNMADD213PD
VFNMADD213PD

zmmreg |mask |z, zmmreg, zmmrm512 |b32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrmé64 |er AVX512

xmmreg |mask |z, xmmreg, xmmrm32 |er AVX512

xmmreg |mask |z, xmmreg, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrmé64 |er AVX512

xmmreg |mask |z, xmmreg, xmmrm32 |er AVX512

xmmreg |mask |z, xmmreg, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrmé64 |er AVX512

xmmreg |mask |z, xmmreg, xmmrm32 |er AVX512

xmmreg |mask |z, xmmreg, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrmé64 |er AVX512

xmmreg |mask |z, xmmreg, xmmrm32 |er AVX512

xmmreg |mask |z, xmmreg, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b64 |er AVX512
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VFNMADD213PS
VFNMADD213PS
VFNMADD213PS
VFNMADD213SD
VFNMADD213SS
VFNMADD231PD
VFNMADD231PD
VFNMADD231PD
VFNMADD231PS
VFNMADD231PS
VFNMADD231PS
VFNMADD231SD
VFNMADD231SS
VFNMSUB132PD
VFNMSUB132PD
VFNMSUB132PD
VENMSUB132PS
VENMSUB132PS
VENMSUB132PS
VFNMSUB132SD
VEFNMSUB132SS
VFNMSUB213PD
VFNMSUB213PD
VFNMSUB213PD
VENMSUB213PS
VENMSUB213PS
VENMSUB213PS
VFNMSUB213SD
VEFNMSUB213SS
VFNMSUB231PD
VFNMSUB231PD
VFNMSUB231PD
VENMSUB231PS
VENMSUB231PS
VENMSUB231PS
VFNMSUB231SD
VENMSUB231SS
VEPCLASSPD

VEPCLASSPD

VEPCLASSPD

VEPCLASSPS

VEPCLASSPS

VEPCLASSPS

VEPCLASSSD

VEFPCLASSSS

VGATHERDPD

VGATHERDPD

VGATHERDPD

VGATHERDPS

VGATHERDPS

VGATHERDPS

VGATHERPFODPD
VGATHERPFODPS
VGATHERPFOQPD

xmmreg |mask |z, xmmreg, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrmé64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrmé64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrmé64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrmé64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b32 |er AVX512
xmmreg |mask |z, xmmreg, xmmrmé64 |er AVX512
xmmreg |mask |z, xmmreg, xmmrm32 |er AVX512
kreg|mask, xmmrm128|b64, imm8 AVX512VL/DQ
kreg|mask, ymmrm256 |b64, imm8 AVX512VL/DQ
kreg|mask,zmmrm512|b64,imm8 AVX512DQ
kreg|mask, xmmrm128|b32, imm8 AVX512VL/DQ
kreg|mask, ymmrm256|b32, imm8 AVX512VL/DQ
kreg|mask,zmmrm512|b32,imm8 AVX512DQ

kreg|mask,xmmrm64,imm8 AVX512DQ
kreg|mask,xmmrm32,imm8 AVX512DQ
xmmreg |mask, xmemé64 AVX512VL
ymmreg|mask,xmem64 AVX512VL
zmmreg|mask,ymem64 AVX512

xmmreg |mask, xmem32 AVX512VL
ymmreg|mask,ymem32 AVX512VL
zmmreg|mask,zmem32 AVX512

ymem64|mask AVX512PF
zmem32|mask AVX512PF
zmem64|mask AVX512PF



VGATHERPFOQPS
VGATHERPF1DPD
VGATHERPF1DPS
VGATHERPF1QPD
VGATHERPF1QPS

VGATHERQPD
VGATHERQPD
VGATHERQPD
VGATHERQPS
VGATHERQPS
VGATHERQPS
VGETEXPPD
VGETEXPPD
VGETEXPPD
VGETEXPPS
VGETEXPPS
VGETEXPPS
VGETEXPSD
VGETEXPSS
VGETMANTPD
VGETMANTPD
VGETMANTPD
VGETMANTPS
VGETMANTPS
VGETMANTPS
VGETMANTSD
VGETMANTSS

zmem32|mask AVX512PF
ymem64|mask AVX512PF
zmem32|mask AVX512PF
zmem64|mask AVX512PF
zmem32|mask AVX512PF
xmmreg |mask, xmemé64 AVX512VL
ymmreg|mask,ymem64 AVX512VL
zmmreg|mask,zmem64 AVX512

xmmreg |mask, xmem32 AVX512VL
xmmreg|mask,ymem32 AVX512VL
ymmreg|mask,zmem32 AVX512

xmmreg |mask |z, xmmrm128|b64 AVX512VL

ymmreg |mask |z, ymmrm256 |b64 AVX512VL

zmmreg |mask |z, zmmrm512 |b64 | sae AVX512

xmmreg |mask |z, xmmrm128|b32 AVX512VL

ymmreg |mask |z, ymmrm256|b32 AVX512VL

zmmreg |mask |z, zmmrm512 |b32|sae AVX512

xmmreg |mask |z, xmmreg, xmmrmé64 | sae AVX512
xmmreg |mask |z, xmmreg, xmmrm32 | sae AVX512
xmmreg |mask |z, xmmrm128|b64, imm8 AVX512VL
ymmreg |mask |z, ymmrm256 |b64, imm8 AVX512VL
zmmreg |mask |z, zmmrm512 |b64 | sae, imm8 AVX512
xmmreg |mask |z, xmmrm128|b32, imm8 AVX512VL
ymmreg |mask |z, ymmrm256|b32, imm8 AVX512VL
zmmreg |mask |z, zmmrm512 |b32|sae, imm8 AVX512
xmmreg |mask |z, xmmreg, xmmrmé64 | sae, imm8 AVX512
xmmreg |mask |z, xmmreg, xmmrm32 | sae, imm8 AVX512

VINSERTF32X4
VINSERTF32X4
VINSERTF32X8
VINSERTF64X2
VINSERTF64X2
VINSERTF64X4
VINSERTI32X4
VINSERTI32X4
VINSERTI32X8
VINSERTI64X2
VINSERTI64X2
VINSERTI64X4

ymmreg|mask|z,ymmreg*,xmmrm128,imm8
zmmreg|mask|z,zmmreg*,xmmrm128,imm8
zmmreg|mask|z,zmmreg*,ymmrm256,imm8
ymmreg|mask|z,ymmreg*,xmmrm128,imm8
zmmreg|mask|z,zmmreg*,xmmrm128,imm8
zmmreg|mask|z,zmmreg*,ymmrm256,imm8
ymmreg|mask|z,ymmreg*,xmmrm128,imm8
zmmreg|mask|z,zmmreg*,xmmrm128,imm8
zmmreg|mask|z,zmmreg*,ymmrm256,imm8
ymmreg|mask|z,ymmreg*,xmmrm128,imm8
zmmreg|mask|z,zmmreg*,xmmrm128,imm8
zmmreg|mask|z,zmmreg*,ymmrm256,imm8

AVX512VL
AVX512
AVX512DQ
AVX512VL/DQ
AVX512DQ
AVX512
AVX512VL
AVX512
AVX512DQ
AVX512VL/DQ
AVX512DQ
AVX512

VINSERTPS
VMAXPD
VMAXPD
VMAXPD
VMAXPS
VMAXPS
VMAXPS
VMAXSD
VMAXSS
VMINPD
VMINPD
VMINPD
VMINPS
VMINPS
VMINPS

xmmreqg, xmmreg*, xmmrm32, imm8 AVX512

xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b64 | sae AVX512
xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b32 | sae AVX512
xmmreg |mask |z, xmmreg*, xmmrmé64 | sae AVX512
xmmreg |mask |z, xmmreg*, xmmrm32 | sae AVX512
xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b64 | sae AVX512
xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b32 | sae AVX512
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VMINSD xmmreg |mask |z, xmmreg*, xmmrmé64 | sae AVX512
VMINSS xmmreg |mask |z, xmmreg*, xmmrm32 | sae AVX512
VMOVAPD xmmreg |mask |z, xmmrm128 AVX512VL
VMOVAPD ymmreg|mask|z,ymmrm256 AVX512VL
VMOVAPD zmmreg |mask |z, zmmrm512 AVX512
VMOVAPD xmmreg|mask|z,xmmreg AVX512VL
VMOVAPD ymmreg|mask|z,ymmreg AVX512VL
VMOVAPD zmmreg|mask|z,zmmreg AVX512
VMOVAPD meml128 |mask, xmmreg AVX512VL
VMOVAPD mem256 | mask, ymmreg AVX512VL
VMOVAPD mem512 |mask, zmmreg AVX512
VMOVAPS xmmreg |mask |z, xmmrm128 AVX512VL
VMOVAPS ymmreg|mask|z,ymmrm256 AVX512VL
VMOVAPS zmmreg |mask |z, zmmrm512 AVX512
VMOVAPS xmmreg|mask|z,xmmreg AVX512VL
VMOVAPS ymmreg|mask|z,ymmreg AVX512VL
VMOVAPS zmmreg|mask|z,zmmreg AVX512
VMOVAPS meml128 |mask, xmmreg AVX512VL
VMOVAPS mem256 | mask, ymmreg AVX512VL
VMOVAPS mem512 |mask, zmmreg AVX512
VMOVD xmmreg, rm32 AVX512
VMOVD rm32, xmmreg AVX512
VMOVDDUP xmmreg |mask | z, xmmrmé64 AVX512VL
VMOVDDUP ymmreg|mask|z,ymmrm256 AVX512VL
VMOVDDUP zmmreg |mask |z, zmmrm512 AVX512
VMOVDQA32 xmmreg |mask |z, xmmrm128 AVX512VL
VMOVDQA32 ymmreg |mask |z, ymmrm256 AVX512VL
VMOVDQA32 zmmreg |mask |z, zmmrm512 AVX512
VMOVDQA32 xmmrml128 |mask |z, xmmreg AVX512VL
VMOVDQA32 ymmrm256 | mask | z, ymmreg AVX512VL
VMOVDQA32 zmmrm512 |mask |z, zmmreg AVX512
VMOVDQA64 xmmreg |mask |z, xmmrm128 AVX512VL
VMOVDQA64 ymmreg |mask |z, ymmrm256 AVX512VL
VMOVDQA64 zmmreg |mask |z, zmmrm512 AVX512
VMOVDQA64 xmmrml128 |mask |z, xmmreg AVX512VL
VMOVDQA64 ymmrm256 | mask | z, ymmreg AVX512VL
VMOVDQA64 zmmrm512 |mask |z, zmmreg AVX512
VMOVDQU1 6 xmmreg |mask |z, xmmrm128  AVX512VL/BW
VMOVDQU1 6 ymmreg |mask |z, ymmrm256  AVX512VL/BW
VMOVDQU16 zmmreg |mask |z, zmmrm512 AVX512BW
VMOVDQU1 6 xmmrml128 |mask |z, xmmreg  AVX512VL/BW
VMOVDQU1 6 ymmrm256 |mask |z, ymmreg ~ AVX512VL/BW
VMOVDQU16 zmmrm512 |mask |z, zmmreg AVX512BW
VMOVDQU 32 xmmreg |mask |z, xmmrm128 AVX512VL
VMOVDQU 32 ymmreg |mask |z, ymmrm256 AVX512VL
VMOVDQU 32 zmmreg |mask |z, zmmrm512 AVX512
VMOVDQU 32 xmmrml128 |mask |z, xmmreg AVX512VL
VMOVDQU 32 ymmrm256 | mask | z, ymmreg AVX512VL
VMOVDQU 32 zmmrm512 |mask |z, zmmreg AVX512
VMOVDQU 64 xmmreg |mask |z, xmmrm128 AVX512VL
VMOVDQU 64 ymmreg |mask |z, ymmrm256 AVX512VL
VMOVDQU 64 zmmreg |mask |z, zmmrm512 AVX512
VMOVDQU 64 xmmrml128 |mask |z, xmmreg AVX512VL
VMOVDQU 64 ymmrm256 | mask | z, ymmreg AVX512VL



VMOVDQU64
VMOVDQU8
VMOVDQU8
VMOVDQU8
VMOVDQU8
VMOVDQU8
VMOVDQU8
VMOVHLPS
VMOVHPD
VMOVHPD
VMOVHPS
VMOVHPS
VMOVLHPS
VMOVLPD
VMOVLPD
VMOVLPS
VMOVLPS
VMOVNTDQ
VMOVNTDQ
VMOVNTDQ
VMOVNTDQA
VMOVNTDQA
VMOVNTDQA
VMOVNTPD
VMOVNTPD
VMOVNTPD
VMOVNTPS
VMOVNTPS
VMOVNTPS
VMOVQ
VMOVQ
VMOVQ
VMOVQ
VMOVSD
VMOVSD
VMOVSD
VMOVSD
VMOVSHDUP
VMOVSHDUP
VMOVSHDUP
VMOVSLDUP
VMOVSLDUP
VMOVSLDUP
VMOVSS
VMOVSS
VMOVSS
VMOVSS
VMOVUPD
VMOVUPD
VMOVUPD
VMOVUPD
VMOVUPD
VMOVUPD
VMOVUPD

zmmrm512|mask|z,zmmreg
xmmreg |mask |z, xmmrm128
ymmreg|mask|z,ymmrm256
zmmreg|mask|z,zmmrm512
xmmrml128 |mask |z, xmmreg
ymmrm256|mask|z,ymmreg
zmmrm512|mask|z,zmmreg
xXmmreg, xmmreg*, xmmreg
xmmreqg, xmmreg*, memé64
mem64, xmmreg

xmmreqg, xmmreg*, memé64
mem64, xmmreg

xXmmreg, xmmreg*, xmmreg
xmmreqg, xmmreg*, memé64
mem64, xmmreg

xmmreqg, xmmreg*, memé64
mem64, xmmreg

meml28, xmmreg

mem256, ymmreg

mem512, zmmreg

xmmreg, meml28

ymmreg, mem256

zmmreg, mem512

meml28, xmmreg

mem256, ymmreg

mem512, zmmreg

meml28, xmmreg

mem256, ymmreg

mem512, zmmreg

xmmreg, rm64

rm64, xmmreg

xmmreg, xmmrmé4
xmmrmé64 , xmmreg
xmmreg |mask | z, mem64
mem64|mask,xmmreg

AVX512
AVX512VL/BW
AVX512VL/BW
AVX512BW
AVX512VL/BW
AVX512VL/BW
AVX512BW
AVX512
AVX512
AVX512
AVX512
AVX512
AVX512
AVX512
AVX512
AVX512
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512
AVX512
AVX512
AVX512
AVX512
AVX512

xmmreg|mask|z,xmmreg*,xmmreg AVX512
xmmreg|mask|z,xmmreg*,xmmreg AVX512

xmmreg |mask |z, xmmrm128
ymmreg|mask|z,ymmrm256
zmmreg|mask|z,zmmrm512
xmmreg |mask |z, xmmrm128
ymmreg|mask|z,ymmrm256
zmmreg|mask|z,zmmrm512
xmmreg |mask | z, mem32
mem32|mask,xmmreg

AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512
AVX512

xmmreg|mask|z,xmmreg*,xmmreg AVX512
xmmreg|mask|z,xmmreg*,xmmreg AVX512

xmmreg |mask |z, xmmrm128
ymmreg|mask|z,ymmrm256
zmmreg|mask|z,zmmrm512
xmmreg |mask |z, xmmreg
ymmreg |mask |z, ymmreg
zmmreg |mask |z, zmmreg
mem128|mask,xmmreg

AVX512VL
AVX512VL
AVX512

AVX512VL
AVX512VL
AVX512

AVX512VL
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VMOVUPD mem256|mask,ymmreg AVX512VL

VMOVUPD mem512 |mask, zmmreg AVX512

VMOVUPS xmmreg |mask |z, xmmrm128 AVX512VL

VMOVUPS ymmreg |mask |z, ymmrm256 AVX512VL

VMOVUPS zmmreg |mask |z, zmmrm512 AVX512

VMOVUPS xmmreg|mask|z,xmmreg AVX512VL

VMOVUPS ymmreg|mask|z,ymmreg AVX512VL

VMOVUPS zmmreg|mask|z,zmmreg AVX512

VMOVUPS meml128 |mask, xmmreg AVX512VL

VMOVUPS mem256|mask,ymmreg AVX512VL

VMOVUPS mem512 |mask, zmmreg AVX512

VMULPD xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL
VMULPD ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL
VMULPD zmmreg |mask |z, zmmreg*, zmmrm512 |b64 |er AVX512
VMULPS xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL
VMULPS ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL
VMULPS zmmreg |mask |z, zmmreg*, zmmrm512 |b32 |er AVX512
VMULSD xmmreg |mask |z, xmmreg*, xmmrmé64 |er AVX512

VMULSS xmmreg |mask |z, xmmreg*, xmmrm32 |er AVX512

VORPD xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL/DQ
VORPD ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL/DQ
VORPD zmmreg |mask |z, zmmreg*, zmmrm512 |b64 AVX512DQ
VORPS xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL/DQ
VORPS ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL/DQ
VORPS zmmreg |mask |z, zmmreg*, zmmrm512 |b32 AVX512DQ
VPABSB xmmreg |mask |z, xmmrm128 AVX512VL/BW

VPABSB ymmreg|mask|z,ymmrm256 AVX512VL/BW

VPABSB zmmreg |mask |z, zmmrm512 AVX512BW

VPABSD xmmreg |mask |z, xmmrm128|b32 AVX512VL

VPABSD ymmreg |mask |z, ymmrm256|b32 AVX512VL

VPABSD zmmreg |mask |z, zmmrm512 |b32 AVX512

VPABSQ xmmreg |mask |z, xmmrm128|b64 AVX512VL

VPABSQ ymmreg |mask |z, ymmrm256 |b64 AVX512VL

VPABSQ zmmreg |mask |z, zmmrm512 |b64 AVX512

VPABSW xmmreg |mask |z, xmmrm128 AVX512VL/BW

VPABSW ymmreg|mask|z,ymmrm256 AVX512VL/BW

VPABSW zmmreg |mask |z, zmmrm512 AVX512BW

VPACKSSDW xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL/BW
VPACKSSDW ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL/BW
VPACKSSDW zmmreg |mask | z, zmmreg*, zmmrm512 |b32 AVX512BW
VPACKSSWB xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
VPACKSSWB ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/BW
VPACKSSWB zmmreg |mask |z, zmmreg*, zmmrm512 AVX512BW
VPACKUSDW xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL/BW
VPACKUSDW ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL/BW
VPACKUSDW zmmreg |mask | z, zmmreg*, zmmrm512 |b32 AVX512BW
VPACKUSWB xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
VPACKUSWB ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/BW
VPACKUSWB zmmreg |mask |z, zmmreg*, zmmrm512 AVX512BW

VPADDB xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
VPADDB ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/BW
VPADDB zmmreg |mask |z, zmmreg*, zmmrm512 AVX512BW

VPADDD xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL
VPADDD ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL
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VPADDD
VPADDQ
VPADDQ
VPADDQ
VPADDSB
VPADDSB
VPADDSB
VPADDSW
VPADDSW
VPADDSW
VPADDUSB
VPADDUSB
VPADDUSB
VPADDUSW
VPADDUSW
VPADDUSW
VPADDW
VPADDW
VPADDW
VPALIGNR
VPALIGNR
VPALIGNR
VPANDD
VPANDD
VPANDD
VPANDND
VPANDND
VPANDND
VPANDNQ
VPANDNQ
VPANDNQ
VPANDQ
VPANDQ
VPANDQ
VPAVGB
VPAVGB
VPAVGB
VPAVGW
VPAVGW
VPAVGW
VPBLENDMB
VPBLENDMB
VPBLENDMB
VPBLENDMD
VPBLENDMD
VPBLENDMD
VPBLENDMOQ
VPBLENDMOQ
VPBLENDMOQ
VPBLENDMW
VPBLENDMW
VPBLENDMW
VPBROADCASTB
VPBROADCASTB

zmmreg |mask |z, zmmreg*, zmmrm512 |b32 AVX512
xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b64 AVX512

xmmreg|mask|z,xmmreg*,xmmrm128
ymmreg|mask|z,ymmreg*,ymmrm256
zmmreg|mask|z,zmmreg*,zmmrm512
xmmreg|mask|z,xmmreg*,xmmrm128
ymmreg|mask|z,ymmreg*,ymmrm256
zmmreg|mask|z,zmmreg*,zmmrm512
xmmreg|mask|z,xmmreg*,xmmrm128
ymmreg|mask|z,ymmreg*,ymmrm256
zmmreg|mask|z,zmmreg*,zmmrm512
xmmreg|mask|z,xmmreg*,xmmrm128
ymmreg|mask|z,ymmreg*,ymmrm256
zmmreg|mask|z,zmmreg*,zmmrm512
xmmreg|mask|z,xmmreg*,xmmrm128
ymmreg|mask|z,ymmreg*,ymmrm256
zmmreg|mask|z,zmmreg*,zmmrm512

xmmreg|mask|z,xmmreg*,xmmrm128,imm8 AVX512VL/BW
ymmreg|mask|z,ymmreg*,ymmrm256,imm8 AVX512VL/BW
zmmreg|mask|z,zmmreg*,zmmrm512,imm8 AVX512BW

AVX512VL/BW
AVX512VL/BW
AVX512BW
AVX512VL/BW
AVX512VL/BW
AVX512BW
AVX512VL/BW
AVX512VL/BW
AVX512BW
AVX512VL/BW
AVX512VL/BW
AVX512BW
AVX512VL/BW
AVX512VL/BW
AVX512BW

xmmreg |mask |z, xmmreg*, xmmrm128 |b32
ymmreg|mask|z,ymmreg*,ymmrm256|b32
zmmreg|mask|z,zmmreg*,zmmrm512|b32
xmmreg |mask |z, xmmreg*, xmmrm128 |b32
ymmreg|mask|z,ymmreg*,ymmrm256|b32
zmmreg|mask|z,zmmreg*,zmmrm512|b32
xmmreg |mask |z, xmmreg*, xmmrm128 |b64
ymmreg|mask|z,ymmreg*,ymmrm256|b64
zmmreg|mask|z,zmmreg*,zmmrm512|b64
xmmreg |mask |z, xmmreg*, xmmrm128 |b64
ymmreg|mask|z,ymmreg*,ymmrm256|b64
zmmreg|mask|z,zmmreg*,zmmrm512|b64

AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512

xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/BW
zmmreg |mask |z, zmmreg*, zmmrm512 AVX512BW
xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/BW
zmmreg |mask |z, zmmreg*, zmmrm512 AVX512BW
xmmreg |mask |z, xmmreg, xmmrm128 AVX512VL/BW
ymmreg|mask|z,ymmreg,ymmrm256 AVX512VL/BW
zmmreg |mask |z, zmmreg, zmmrm512 AVX512BW

xmmreg |mask |z, xmmreg, xmmrm128 | b32
ymmreg|mask|z,ymmreg,ymmrm256|b32
zmmreg |mask |z, zmmreg, zmmrm512 |b32
xmmreg |mask |z, xmmreg, xmmrm128 |b64
ymmreg|mask|z,ymmreg,ymmrm256|b64
zmmreg |mask |z, zmmreg, zmmrm512 |b64

AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512

xmmreg |mask |z, xmmreg, xmmrm128 AVX512VL/BW
ymmreg|mask|z,ymmreg,ymmrm256 AVX512VL/BW
zmmreg |mask |z, zmmreg, zmmrm512 AVX512BW

xmmreg |mask | z, xmmrm8
ymmreg |mask | z, xmmrm8

AVX512VL/BW
AVX512VL/BW
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VPBROADCASTB zmmreg |mask | z, xmmrm8 AVX512BW
VPBROADCASTB xmmreg |mask |z, reg8 AVX512VL/BW
VPBROADCASTB xmmreg |mask|z, reglé AVX512VL/BW
VPBROADCASTB xmmreg |mask |z, reg32 AVX512VL/BW
VPBROADCASTB xmmreg |mask |z, reg64 AVX512VL/BW
VPBROADCASTB ymmreg|mask|z,reg8 AVX512VL/BW
VPBROADCASTB ymmreg |mask|z, reglé AVX512VL/BW
VPBROADCASTB ymmreg |mask |z, reg32 AVX512VL/BW
VPBROADCASTB ymmreg |mask |z, reg64 AVX512VL/BW
VPBROADCASTB zmmreg |mask |z, reg8 AVX512BW
VPBROADCASTB zmmreg |mask |z, reglé AVX512BW
VPBROADCASTB zmmreg |mask |z, reg32 AVX512BW
VPBROADCASTB zmmreg |mask |z, reg64 AVX512BW
VPBROADCASTD xmmreg |mask | z, mem32 AVX512VL
VPBROADCASTD ymmreg |mask | z, mem32 AVX512VL
VPBROADCASTD zmmreg |mask | z, mem32 AVX512
VPBROADCASTD xmmreg |mask |z, xmmreg AVX512VL
VPBROADCASTD ymmreg |mask |z, xmmreg AVX512VL
VPBROADCASTD zmmreg |mask | z, xmmreg AVX512
VPBROADCASTD xmmreg |mask |z, reg32 AVX512VL
VPBROADCASTD ymmreg |mask |z, reg32 AVX512VL
VPBROADCASTD zmmreg |mask |z, reg32 AVX512
VPBROADCASTMB2Q xmmreg, kreg AVX512VL/CD
VPBROADCASTMB2Q ymmreg, kreg AVX512VL/CD
VPBROADCASTMB2Q zmmreg,kreg AVX512CD
VPBROADCASTMW2D xmmreg,kreg AVX512VL/CD
VPBROADCASTMW2D ymmreg,kreg AVX512VL/CD
VPBROADCASTMW2D zmmreg,kreg AVX512CD
VPBROADCASTQ xmmreg |mask | z, mem64 AVX512VL
VPBROADCASTQ ymmreg |mask | z, mem64 AVX512VL
VPBROADCASTQ zmmreg | mask |z, memé64 AVX512
VPBROADCASTQ xmmreg |mask |z, xmmreg AVX512VL
VPBROADCASTQ ymmreg |mask |z, xmmreg AVX512VL
VPBROADCASTQ zmmreg |mask | z, xmmreg AVX512
VPBROADCASTQ xmmreg |mask |z, reg64 AVX512VL
VPBROADCASTQ ymmreg |mask |z, reg64 AVX512VL
VPBROADCASTQ zmmreg |mask |z, reg64 AVX512
VPBROADCASTW xmmreg |mask |z, xmmrml6 AVX512VL/BW
VPBROADCASTW ymmreg |mask |z, xmmrml6 AVX512VL/BW
VPBROADCASTW zmmreg |mask | z, xmmrml6 AVX512BW
VPBROADCASTW xmmreg |mask|z, reglé AVX512VL/BW
VPBROADCASTW xmmreg |mask |z, reg32 AVX512VL/BW
VPBROADCASTW xmmreg |mask |z, reg64 AVX512VL/BW
VPBROADCASTW ymmreg |mask|z, regl6 AVX512VL/BW
VPBROADCASTW ymmreg |mask |z, reg32 AVX512VL/BW
VPBROADCASTW ymmreg |mask |z, reg64 AVX512VL/BW
VPBROADCASTW zmmreg |mask |z, reglé AVX512BW
VPBROADCASTW zmmreg |mask |z, reg32 AVX512BW
VPBROADCASTW zmmreg |mask |z, reg64 AVX512BW
VPCMPB kreg|mask,xmmreg,xmmrm128,imm8 AVX512VL/BW
VPCMPB kreg|mask,ymmreg,ymmrm256,imm8 AVX512VL/BW
VPCMPB kreg|mask,zmmreg,zmmrm512,imm8 AVX512BW
VPCMPD kreg|mask,xmmreg,xmmrm128|b32,imm8 AVX512VL
VPCMPD kreg|mask,ymmreg,ymmrm256|b32,imm8 AVX512VL
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VPCMPD
VPCMPEQB
VPCMPEQB
VPCMPEQB
VPCMPEQD
VPCMPEQD
VPCMPEQD
VPCMPEQQ
VPCMPEQQ
VPCMPEQQ
VPCMPEQW
VPCMPEQW
VPCMPEQW
VPCMPGTB
VPCMPGTB
VPCMPGTB
VPCMPGTD
VPCMPGTD
VPCMPGTD
VPCMPGTQ
VPCMPGTQ
VPCMPGTQ
VPCMPGTW
VPCMPGTW
VPCMPGTW
VPCMPQ
VPCMPQ
VPCMPQ
VPCMPUB
VPCMPUB
VPCMPUB
VPCMPUD
VPCMPUD
VPCMPUD
VPCMPUQ
VPCMPUQ
VPCMPUQ
VPCMPUW
VPCMPUW
VPCMPUW
VPCMPW
VPCMPW
VPCMPW
VPCOMPRESSD
VPCOMPRESSD
VPCOMPRESSD
VPCOMPRESSD
VPCOMPRESSD
VPCOMPRESSD
VPCOMPRESSQ
VPCOMPRESSQ
VPCOMPRESSQ
VPCOMPRESSQ
VPCOMPRESSQ

kreg|mask,zmmreg,zmmrm512|b32,
kreg|mask,xmmreg,xmmrm128 AVX5
kreg|mask,ymmreg,ymmrm256 AVX5
kreg|mask,zmmreg,zmmrm512 AVX5
kreg|mask, xmmreg, xmmrm128 |b32
kreg|mask,ymmreg,ymmrm256|b32
kreg|mask, zmmreg, zmmrm512 | b32
kreg|mask, xmmreg, xmmrm128 |b64
kreg|mask,ymmreg,ymmrm256|b64
kreg|mask, zmmreg, zmmrm512 |b64

imm8 AVX512
12VL/BW
12VL/BW
12BW
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512

kreg|mask,xmmreg,xmmrm128
kreg|mask,ymmreg,ymmrm256
kreg|mask,zmmreg,zmmrm512
kreg|mask,xmmreg,xmmrm128
kreg|mask,ymmreg,ymmrm256
kreg|mask,zmmreg,zmmrm512

AVX512VL/BW
AVX512VL/BW
AVX512BW
AVX512VL/BW
AVX512VL/BW
AVX512BW

kreg|mask, xmmreg, xmmrm128 |b32
kreg|mask,ymmreg,ymmrm256|b32
kreg|mask, zmmreg, zmmrm512 | b32
kreg|mask, xmmreg, xmmrm128 |b64
kreg|mask,ymmreg,ymmrm256|b64
kreg|mask, zmmreg, zmmrm512 |b64
kreg|mask,xmmreg,xmmrm128 AVX5
kreg|mask,ymmreg,ymmrm256 AVX5
kreg|mask,zmmreg,zmmrm512 AVX5

kreg|mask,xmmreg,xmmrm128|b64,imm8 AVX512VL
kreg|mask,ymmreg,ymmrm256|b64,imm8 AVX512VL

kreg|mask,zmmreg,zmmrm512|b64,
kreg|mask,xmmreg,xmmrm128,imm8
kreg|mask,ymmreg,ymmrm256,imm8
kreg|mask,zmmreg,zmmrm512,imm8
kreg|mask,xmmreg,xmmrm128|b32,
kreg|mask,ymmreg,ymmrm256|b32,
kreg|mask,zmmreg,zmmrm512|b32,
kreg|mask,xmmreg,xmmrm128|b64,
kreg|mask,ymmreg,ymmrm256|b64,
kreg|mask,zmmreg,zmmrm512|b64,

AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
12VL/BW
12VL/BW
12BW

imm8 AVX512
AVX512VL/BW
AVX512VL/BW
AVX512BW

imm8 AVX512VL
imm8 AVX512VL

imm8 AVX512

imm8 AVX512VL
imm8 AVX512VL

imm8 AVX512

kreg|mask,xmmreg,xmmrm128,imm8 AVX512VL/BW
kreg|mask,ymmreg,ymmrm256,imm8 AVX512VL/BW
kreg|mask,zmmreg,zmmrm512,imm8 AVX512BW
kreg|mask,xmmreg,xmmrm128,imm8 AVX512VL/BW
kreg|mask,ymmreg,ymmrm256,imm8 AVX512VL/BW
kreg|mask,zmmreg,zmmrm512,imm8 AVX512BW
mem128|mask,xmmreg AVX512VL
mem256|mask,ymmreg AVX512VL
mem512|mask,zmmreg AVX512
xmmreg|mask|z,xmmreg AVX512VL
ymmreg|mask|z,ymmreg AVX512VL
zmmreg|mask|z,zmmreg AVX512
mem128|mask,xmmreg AVX512VL
mem256|mask,ymmreg AVX512VL
mem512|mask,zmmreg AVX512
xmmreg|mask|z,xmmreg AVX512VL
ymmreg|mask|z,ymmreg AVX512VL
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VPCOMPRESSQ
VPCONFLICTD
VPCONFLICTD
VPCONFLICTD
VPCONFLICTQ
VPCONFLICTQ
VPCONFLICTQ

zmmreg|mask|z,zmmreg AVX512

xmmreg |mask |z, xmmrm128|b32
ymmreg |mask |z, ymmrm256 | b32
zmmreg |mask |z, zmmrm512 |b32
xmmreg |mask |z, xmmrm128|b64
ymmreg |mask |z, ymmrm256 | b64
zmmreg |mask |z, zmmrm512 |b64

AVX512VL/CD
AVX512VL/CD
AVX512CD
AVX512VL/CD
AVX512VL/CD
AVX512CD

VPERMB
VPERMB
VPERMB
VPERMD
VPERMD
VPERMI2B
VPERMI2B
VPERMI2B
VPERMI2D
VPERMI2D
VPERMI2D
VPERMI2PD
VPERMI2PD
VPERMI2PD
VPERMI2PS
VPERMI2PS
VPERMI2PS
VPERMIZ2Q
VPERMIZ2Q
VPERMIZ2Q
VPERMI2W
VPERMI2W
VPERMI2W
VPERMILPD
VPERMILPD
VPERMILPD
VPERMILPD
VPERMILPD
VPERMILPD
VPERMILPS
VPERMILPS
VPERMILPS
VPERMILPS
VPERMILPS
VPERMILPS
VPERMPD
VPERMPD
VPERMPD
VPERMPD
VPERMPS
VPERMPS
VPERMQ
VPERMQ
VPERMQ
VPERMQ
VPERMT2B
VPERMT2B

212

xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/VBMI
ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/VBMI
zmmreg |mask |z, zmmreg*, zmmrm512 AVX512VBMI
ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b32 AVX512
xmmreg |mask |z, xmmreg, xmmrm128 AVX512VL/VBMI
ymmreg|mask|z,ymmreg,ymmrm256 AVX512VL/VBMI
zmmreg |mask |z, zmmreg, zmmrm512 AVX512VBMI
xmmreg |mask |z, xmmreg, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b32 AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b64 AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b32 AVX512
xmmreg |mask |z, xmmreg, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg, zmmrm512 |b64 AVX512
xmmreg |mask |z, xmmreg, xmmrm128 AVX512VL/BW
ymmreg|mask|z,ymmreg,ymmrm256 AVX512VL/BW
zmmreg |mask |z, zmmreg, zmmrm512 AVX512BW
xmmreg |mask |z, xmmrm128|b64, imm8 AVX512VL
ymmreg |mask |z, ymmrm256|b64, imm8 AVX512VL
zmmreg|mask|z,zmmrm512|b64,imm8 AVX512
xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b64 AVX512
xmmreg |mask |z, xmmrm128|b32, imm8 AVX512VL
ymmreg |mask |z, ymmrm256|b32, imm8 AVX512VL
zmmreg|mask|z,zmmrm512|b32,imm8 AVX512
xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b32 AVX512
ymmreg |mask |z, ymmrm256|b64, imm8 AVX512VL
zmmreg|mask|z,zmmrm512|b64,imm8 AVX512
ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b64 AVX512
ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b32 AVX512
ymmreg |mask |z, ymmrm256 |b64, imm8 AVX512VL
zmmreg|mask|z,zmmrm512|b64,imm8 AVX512
ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b64 AVX512
xmmreg |mask |z, xmmreg, xmmrm128 AVX512VL/VBMI
ymmreg|mask|z,ymmreg,ymmrm256 AVX512VL/VBMI



VPERMT2B
VPERMT2D
VPERMT2D
VPERMT2D
VPERMT2PD
VPERMT2PD
VPERMT2PD
VPERMT2PS
VPERMT2PS
VPERMT2PS
VPERMT2Q
VPERMT2Q
VPERMT2Q
VPERMT2W
VPERMT2W
VPERMT2W
VPERMW
VPERMW
VPERMW
VPEXPANDD
VPEXPANDD
VPEXPANDD
VPEXPANDD
VPEXPANDD
VPEXPANDD
VPEXPANDQ
VPEXPANDQ
VPEXPANDQ
VPEXPANDQ
VPEXPANDQ
VPEXPANDQ
VPEXTRB
VPEXTRB
VPEXTRB
VPEXTRB
VPEXTRB
VPEXTRD
VPEXTRQ
VPEXTRW
VPEXTRW
VPEXTRW
VPEXTRW
VPEXTRW
VPEXTRW
VPEXTRW
VPGATHERDD
VPGATHERDD
VPGATHERDD
VPGATHERDQ
VPGATHERDQ
VPGATHERDQ
VPGATHERQD
VPGATHERQD
VPGATHERQD

zmmreg |mask |z, zmmreg, zmmrm512 AVX512VBMI

xmmreg |mask |z, xmmreg, xmmrm128 |b32
ymmreg|mask|z,ymmreg,ymmrm256|b32
zmmreg |mask |z, zmmreg, zmmrm512 |b32
xmmreg |mask |z, xmmreg, xmmrm128 |b64
ymmreg|mask|z,ymmreg,ymmrm256|b64
zmmreg |mask |z, zmmreg, zmmrm512 |b64
xmmreg |mask |z, xmmreg, xmmrm128 |b32
ymmreg|mask|z,ymmreg,ymmrm256|b32
zmmreg |mask |z, zmmreg, zmmrm512 |b32
xmmreg |mask |z, xmmreg, xmmrm128 |b64
ymmreg|mask|z,ymmreg,ymmrm256|b64
zmmreg |mask |z, zmmreg, zmmrm512 |b64

AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512

xmmreg |mask |z, xmmreg, xmmrm128 AVX512VL/BW
ymmreg|mask|z,ymmreg,ymmrm256 AVX512VL/BW
zmmreg |mask |z, zmmreg, zmmrm512 AVX512BW
xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/BW
zmmreg |mask |z, zmmreg*, zmmrm512 AVX512BW

xmmreg |mask |z, mem128 AVX512VL
ymmreg |mask |z, mem256 AVX512VL
zmmreg |mask |z, mem512 AVX512
xmmreg|mask|z,xmmreg AVX512VL
ymmreg|mask|z,ymmreg AVX512VL
zmmreg|mask|z,zmmreg AVX512
xmmreg |mask |z, mem128 AVX512VL
ymmreg |mask |z, mem256 AVX512VL
zmmreg |mask |z, mem512 AVX512
xmmreg|mask|z,xmmreg AVX512VL
ymmreg|mask|z,ymmreg AVX512VL
zmmreg|mask|z,zmmreg AVX512

reg8, xmmreg, imm8 AVX512BW
regl6, xmmreg, imm8 AVX512BW
reg32, xmmreg, imm8 AVX512BW
reg64, xmmreg, imm8 AVX512BW
mem8, xmmreg, imm8 AVX512BW
rm32, xmmreg, imm8 AVX512DQ
rm64, xmmreg, imm8 AVX512DQ
regl6, xmmreg, imm8 AVX512BW
reg32, xmmreg, imm8 AVX512BW
reg64, xmmreg, imm8 AVX512BW
meml6, xmmreg, imm8 AVX512BW
regl6, xmmreg, imm8 AVX512BW
reg32, xmmreg, imm8 AVX512BW
reg64, xmmreg, imm8 AVX512BW
xmmreg|mask,xmem32 AVX512VL
ymmreg|mask,ymem32 AVX512VL

zmmreg|mask,zmem32 AVX512
xmmreg |mask, xmemé64 AVX512VL
ymmreg|mask,xmem64 AVX512VL
zmmreg|mask,ymem64 AVX512

xmmreg |mask, xmem32 AVX512VL
xmmreg|mask,ymem32 AVX512VL
ymmreg|mask,zmem32 AVX512
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VPGATHERQQ
VPGATHERQQ
VPGATHERQQ
VPINSRB
VPINSRB
VPINSRD
VPINSRQ
VPINSRW
VPINSRW
VPLZCNTD
VPLZCNTD
VPLZCNTD
VPLZCNTQ
VPLZCNTQ
VPLZCNTQ
VPMADDS52HUQ
VPMADDS52HUQ
VPMADDS52HUQ
VPMADDS52LUQ
VPMADDS52LUQ
VPMADDS52LUQ
VPMADDUBSW
VPMADDUBSW
VPMADDUBSW
VPMADDWD
VPMADDWD
VPMADDWD
VPMAXSB
VPMAXSB
VPMAXSB
VPMAXSD
VPMAXSD
VPMAXSD
VPMAXSQ
VPMAXSQ
VPMAXSQ
VPMAXSW
VPMAXSW
VPMAXSW
VPMAXUB
VPMAXUB
VPMAXUB
VPMAXUD
VPMAXUD
VPMAXUD
VPMAXUQ
VPMAXUQ
VPMAXUQ
VPMAXUW
VPMAXUW
VPMAXUW
VPMINSB
VPMINSB
VPMINSB

xmmreg |mask, xmemé64 AVX512VL
ymmreg|mask,ymem64 AVX512VL
zmmreg|mask,zmem64 AVX512
xmmreg, xmmreg*, reg32, imm8 AVX512BW
xmmreqg, xmmreg*, mem8, imm8 AVX512BW
xmmreqg, xmmreg*, rm32, imm8 AVX512DQ
xmmreqg, xmmreg*, rm64, imm8 AVX512DQ
xmmreg, xmmreg*, reg32, imm8 AVX512BW
xmmreqg, xmmreg*,meml 6, imm8 AVX512BW

xmmreg |mask |z, xmmrm128|b32
ymmreg |mask |z, ymmrm256 | b32
zmmreg |mask |z, zmmrm512 |b32
xmmreg |mask |z, xmmrm128|b64
ymmreg |mask |z, ymmrm256 | b64

AVX512VL/CD
AVX512VL/CD
AVX512CD

AVX512VL/CD
AVX512VL/CD

zmmreg |mask |z, zmmrm512 |b64 AVX5

xmmreg |mask |z, xmmreg, xmmrm128 |b64
ymmreg|mask|z,ymmreg,ymmrm256|b64
zmmreg |mask |z, zmmreg, zmmrm512 |b64
xmmreg |mask |z, xmmreg, xmmrm128 |b64
ymmreg|mask|z,ymmreg,ymmrm256|b64
zmmreg |mask |z, zmmreg, zmmrm512 |b64

xmmreg|mask|z,xmmreg*,xmmrm128
ymmreg|mask|z,ymmreg*,ymmrm256
zmmreg|mask|z,zmmreg*,zmmrm512
xmmreg|mask|z,xmmreg*,xmmrm128
ymmreg|mask|z,ymmreg*,ymmrm256
zmmreg|mask|z,zmmreg*,zmmrm512
xmmreg|mask|z,xmmreg*,xmmrm128
ymmreg|mask|z,ymmreg*,ymmrm256
zmmreg|mask|z,zmmreg*,zmmrm512

12CD
AVX512VL/IFMA
AVX512VL/IFMA
AVX512IFMA
AVX512VL/IFMA
AVX512VL/IFMA
AVX512IFMA
AVX512VL/BW
AVX512VL/BW
AVX512BW
AVX512VL/BW
AVX512VL/BW
AVX512BW
AVX512VL/BW
AVX512VL/BW
AVX512BW
AVX512VL

xmmreg |mask |z, xmmreg*, xmmrm128 |b32
ymmreg|mask|z,ymmreg*,ymmrm256|b32
zmmreg|mask|z,zmmreg*,zmmrm512|b32
xmmreg |mask |z, xmmreg*, xmmrm128 |b64
ymmreg|mask|z,ymmreg*,ymmrm256|b64
zmmreg|mask|z,zmmreg*,zmmrm512|b64

AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512

xmmreg|mask|z,xmmreg*,xmmrm128
ymmreg|mask|z,ymmreg*,ymmrm256
zmmreg|mask|z,zmmreg*,zmmrm512
xmmreg|mask|z,xmmreg*,xmmrm128
ymmreg|mask|z,ymmreg*,ymmrm256

AVX512VL/BW
AVX512VL/BW
AVX512BW

AVX512VL/BW
AVX512VL/BW

zmmreg|mask|z,zmmreg*,zmmrm512 AVX
xmmreg |mask |z, xmmreg*, xmmrm128 |b32
ymmreg|mask|z,ymmreg*,ymmrm256|b32
zmmreg|mask|z,zmmreg*,zmmrm512|b32
xmmreg |mask |z, xmmreg*, xmmrm128 |b64
ymmreg|mask|z,ymmreg*,ymmrm256|b64
zmmreg|mask|z,zmmreg*,zmmrm512|b64
xmmreg |mask |z, xmmreg*, xmmrm128 AVX
ymmreg|mask|z,ymmreg*,ymmrm256 AVX
zmmreg|mask|z,zmmreg*,zmmrm512 AVX

512BW
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
512VL/BW
512VL/BW
512BW

xmmreg|mask|z,xmmreg*,xmmrm128
ymmreg|mask|z,ymmreg*,ymmrm256
zmmreg|mask|z,zmmreg*,zmmrm512

AVX512VL/BW
AVX512VL/BW
AVX512BW



VPMINSD
VPMINSD
VPMINSD
VPMINSQ
VPMINSQ
VPMINSQ
VPMINSW
VPMINSW
VPMINSW
VPMINUB
VPMINUB
VPMINUB
VPMINUD
VPMINUD
VPMINUD
VPMINUQ
VPMINUQ
VPMINUQ
VPMINUW
VPMINUW
VPMINUW
VPMOVB2M
VPMOVB2M
VPMOVB2M
VPMOVD2M
VPMOVD2M
VPMOVD2M
VPMOVDB
VPMOVDB
VPMOVDB
VPMOVDB
VPMOVDB
VPMOVDB
VPMOVDW
VPMOVDW
VPMOVDW
VPMOVDW
VPMOVDW
VPMOVDW
VPMOVM2B
VPMOVM2B
VPMOVM2B
VPMOVM2D
VPMOVM2D
VPMOVM2D
VPMOVM2Q
VPMOVM2Q
VPMOVM2Q
VPMOVM2W
VPMOVM2W
VPMOVM2W
VPMOVQ2M
VPMOVQ2M
VPMOVQ2M

xmmreg |mask |z, xmmreg*, xmmrm128 |b32
ymmreg|mask|z,ymmreg*,ymmrm256|b32
zmmreg|mask|z,zmmreg*,zmmrm512|b32
xmmreg |mask |z, xmmreg*, xmmrm128 |b64
ymmreg|mask|z,ymmreg*,ymmrm256|b64
zmmreg|mask|z,zmmreg*,zmmrm512|b64

AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512

xmmreg|mask|z,xmmreg*,xmmrm128
ymmreg|mask|z,ymmreg*,ymmrm256
zmmreg|mask|z,zmmreg*,zmmrm512
xmmreg|mask|z,xmmreg*,xmmrm128
ymmreg|mask|z,ymmreg*,ymmrm256
zmmreg|mask|z,zmmreg*,zmmrm512

AVX512VL/BW
AVX512VL/BW
AVX512BW
AVX512VL/BW
AVX512VL/BW
AVX512BW

xmmreg |mask |z, xmmreg*, xmmrm128 |b32
ymmreg|mask|z,ymmreg*,ymmrm256|b32
zmmreg|mask|z,zmmreg*,zmmrm512|b32
xmmreg |mask |z, xmmreg*, xmmrm128 |b64
ymmreg|mask|z,ymmreg*,ymmrm256|b64
zmmreg|mask|z,zmmreg*,zmmrm512|b64

AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512

xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/BW
zmmreg |mask |z, zmmreg*, zmmrm512 AVX512BW

kreg, xmmreg AVX512VL/BW
kreg, ymmreg AVX512VL/BW
kreg, zmmreg AVX512BW
kreg, xmmreg AVX512VL/DQ
kreg, ymmreg AVX512VL/DQ
kreg, zmmreg AVX512DQ
xmmreg|mask|z,xmmreg AVX512VL
xmmreg|mask|z,ymmreg AVX512VL
xmmreg|mask|z,zmmreg AVX512
mem32|mask,xmmreg AVX512VL
mem64|mask,ymmreg AVX512VL
mem128|mask,zmmreg AVX512
xmmreg|mask|z,xmmreg AVX512VL
xmmreg|mask|z,ymmreg AVX512VL
ymmreg|mask|z,zmmreg AVX512
mem64|mask,xmmreg AVX512VL
mem128|mask,ymmreg AVX512VL
mem256|mask,zmmreg AVX512
xmmreg, kreg AVX512VL/BW
ymmreg, kreg AVX512VL/BW
zmmreg, kreg AVX512BW
xmmreg, kreg AVX512VL/DQ
ymmreg, kreg AVX512VL/DQ
zmmreg, kreg AVX512DQ
xmmreg, kreg AVX512VL/DQ
ymmreg, kreg AVX512VL/DQ
zmmreg, kreg AVX512DQ
xmmreg, kreg AVX512VL/BW
ymmreg, kreg AVX512VL/BW
zmmreg, kreg AVX512BW
kreg, xmmreg AVX512VL/DQ
kreg, ymmreg AVX512VL/DQ
kreg, zmmreg AVX512DQ
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VPMOVQB
VPMOVQB
VPMOVQB
VPMOVQB
VPMOVQB
VPMOVQB
VPMOVQD
VPMOVQD
VPMOVQD
VPMOVQD
VPMOVQD
VPMOVQD
VPMOVQW
VPMOVQW
VPMOVQW
VPMOVQW
VPMOVQW
VPMOVQW
VPMOVSDB
VPMOVSDB
VPMOVSDB
VPMOVSDB
VPMOVSDB
VPMOVSDB
VPMOVSDW
VPMOVSDW
VPMOVSDW
VPMOVSDW
VPMOVSDW
VPMOVSDW
VPMOVSQB
VPMOVSQB
VPMOVSQB
VPMOVSQB
VPMOVSQB
VPMOVSQB
VPMOVSQD
VPMOVSQD
VPMOVSQD
VPMOVSQD
VPMOVSQD
VPMOVSQD
VPMOVSQW
VPMOVSQW
VPMOVSQW
VPMOVSQW
VPMOVSQW
VPMOVSQW
VPMOVSWB
VPMOVSWB
VPMOVSWB
VPMOVSWB
VPMOVSWB
VPMOVSWB

xmmreg|mask|z,xmmreg
xmmreg|mask|z,ymmreg
xmmreg|mask|z,zmmreg
mem16|mask,xmmreg
mem32|mask,ymmreg
mem64|mask,zmmreg
xmmreg|mask|z,xmmreg
xmmreg|mask|z,ymmreg
ymmreg|mask|z,zmmreg
mem64|mask,xmmreg
mem128|mask,ymmreg
mem256|mask,zmmreg
xmmreg|mask|z,xmmreg
xmmreg|mask|z,ymmreg
xmmreg|mask|z,zmmreg
mem32|mask,xmmreg
mem64|mask,ymmreg
mem128|mask,zmmreg
xmmreg|mask|z,xmmreg
xmmreg|mask|z,ymmreg
xmmreg|mask|z,zmmreg
mem32|mask,xmmreg
mem64|mask,ymmreg
mem128|mask,zmmreg
xmmreg|mask|z,xmmreg
xmmreg|mask|z,ymmreg
ymmreg|mask|z,zmmreg
mem64|mask,xmmreg
mem128|mask,ymmreg
mem256|mask,zmmreg
xmmreg|mask|z,xmmreg
xmmreg|mask|z,ymmreg
xmmreg|mask|z,zmmreg
mem16|mask,xmmreg
mem32|mask,ymmreg
mem64|mask,zmmreg
xmmreg|mask|z,xmmreg
xmmreg|mask|z,ymmreg
ymmreg|mask|z,zmmreg
mem64|mask,xmmreg
mem128|mask,ymmreg
mem256|mask,zmmreg
xmmreg|mask|z,xmmreg
xmmreg|mask|z,ymmreg
xmmreg|mask|z,zmmreg
mem32|mask,xmmreg
mem64|mask,ymmreg
mem128|mask,zmmreg
xmmreg|mask|z,xmmreg
xmmreg|mask|z,ymmreg
ymmreg|mask|z,zmmreg
mem64|mask,xmmreg
mem128|mask,ymmreg
mem256|mask,zmmreg

AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL/BW
AVX512VL/BW
AVX512BW
AVX512VL/BW
AVX512VL/BW
AVX512BW



VPMOVSXBD
VPMOVSXBD
VPMOVSXBD
VPMOVSXBQ
VPMOVSXBQ
VPMOVSXBQ
VPMOVSXBW
VPMOVSXBW
VPMOVSXBW
VPMOVSXDQ
VPMOVSXDQ
VPMOVSXDQ
VPMOVSXWD
VPMOVSXWD
VPMOVSXWD
VPMOVSXWQ
VPMOVSXWQ
VPMOVSXWQ
VPMOVUSDB
VPMOVUSDB
VPMOVUSDB
VPMOVUSDB
VPMOVUSDB
VPMOVUSDB
VPMOVUSDW
VPMOVUSDW
VPMOVUSDW
VPMOVUSDW
VPMOVUSDW
VPMOVUSDW
VPMOVUSQB
VPMOVUSQB
VPMOVUSQB
VPMOVUSQB
VPMOVUSQB
VPMOVUSQB
VPMOVUSQD
VPMOVUSQD
VPMOVUSQD
VPMOVUSQD
VPMOVUSQD
VPMOVUSQD
VPMOVUSQW
VPMOVUSQW
VPMOVUSQW
VPMOVUSQW
VPMOVUSQW
VPMOVUSQW
VPMOVUSWB
VPMOVUSWB
VPMOVUSWB
VPMOVUSWB
VPMOVUSWB
VPMOVUSWB

xmmreg |mask | z, xmmrm32
ymmreg|mask|z,xmmrm64
zmmreg |mask |z, xmmrm128
xmmreg|mask|z,xmmrm16
ymmreg |mask | z, xmmrm32
zmmreg|mask|z,xmmrm64
xmmreg|mask|z,xmmrm64
ymmreg |mask |z, xmmrm128
zmmreg |mask |z, ymmrm256
xmmreg|mask|z,xmmrm64
ymmreg |mask |z, xmmrm128
zmmreg |mask |z, ymmrm256
xmmreg|mask|z,xmmrm64
ymmreg |mask |z, xmmrm128
zmmreg |mask |z, ymmrm256
xmmreg |mask | z, xmmrm32
ymmreg|mask|z,xmmrm64
zmmreg |mask |z, xmmrm128
xmmreg |mask |z, xmmreg
xmmreg |mask |z, ymmreg
xmmreg |mask |z, zmmreg
mem32 |[mask, xmmreg
mem64 |[mask, ymmreg
meml128 |mask, zmmreg
xmmreg |mask |z, xmmreg
xmmreg |mask |z, ymmreg
ymmreg |mask |z, zmmreg
mem64 |[mask, xmmreg
mem128|mask,ymmreg
mem256 | mask, zmmreg
xmmreg |mask |z, xmmreg
xmmreg |mask |z, ymmreg
xmmreg |mask |z, zmmreg
meml6 |mask, xmmreg
mem32 |[mask, ymmreg
mem64 |mask, zmmreg
xmmreg |mask |z, xmmreg
xmmreg |mask |z, ymmreg
ymmreg |mask |z, zmmreg
mem64 |[mask, xmmreg
mem128|mask,ymmreg
mem256 | mask, zmmreg
xmmreg |mask |z, xmmreg
xmmreg |mask |z, ymmreg
xmmreg |mask |z, zmmreg
mem32 |[mask, xmmreg
mem64 |[mask, ymmreg
meml128 |mask, zmmreg
xmmreg |mask |z, xmmreg
xmmreg |mask |z, ymmreg
ymmreg |mask |z, zmmreg
mem64 |[mask, xmmreg
mem128|mask,ymmreg
mem256 | mask, zmmreg

AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL/BW
AVX512VL/BW
AVX512BW
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL/BW
AVX512VL/BW
AVX512BW
AVX512VL/BW
AVX512VL/BW
AVX512BW
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VPMOVW2M kreg, xmmreg AVX512VL/BW
VPMOVW2M kreg, ymmreg AVX512VL/BW
VPMOVW2M kreg, zmmreg AVX512BW

VPMOVWB xmmreg|mask|z,xmmreg AVX512VL/BW
VPMOVWB xmmreg|mask|z,ymmreg AVX512VL/BW
VPMOVWB ymmreg|mask|z,zmmreg AVX512BW

VPMOVWB mem64 |[mask, xmmreg AVX512VL/BW
VPMOVWB mem128|mask,ymmreg AVX512VL/BW
VPMOVWB mem256 | mask, zmmreg AVX512BW

VPMOVZXBD xmmreg |mask | z, xmmrm32 AVX512VL

VPMOVZXBD ymmreg |mask | z, xmmrmé64 AVX512VL

VPMOVZXBD zmmreg |mask |z, xmmrm128 AVX512

VPMOVZXBQ xmmreg |mask |z, xmmrml6 AVX512VL

VPMOVZXBQ ymmreg |mask | z, xmmrm32 AVX512VL

VPMOVZXBQ zmmreg |mask | z, xmmrm64 AVX512

VPMOVZXBW xmmreg |mask | z, xmmrmé64 AVX512VL/BW
VPMOVZXBW ymmreg |mask |z, xmmrm128  AVX512VL/BW
VPMOVZXBW zmmreg |mask |z, ymmrm256  AVX512BW
VPMOVZXDQ xmmreg |mask | z, xmmrmé64 AVX512VL

VPMOVZXDQ ymmreg |mask |z, xmmrm128  AVX512VL

VPMOVZXDQ zmmreg |mask |z, ymmrm256 AVX512

VPMOVZXWD xmmreg |mask | z, xmmrmé64 AVX512VL

VPMOVZXWD ymmreg |mask |z, xmmrm128  AVX512VL

VPMOVZXWD zmmreg |mask |z, ymmrm256 AVX512

VPMOVZXWQ xmmreg |mask | z, xmmrm32 AVX512VL

VPMOVZXWQ ymmreg |mask | z, xmmrmé64 AVX512VL

VPMOVZXWQ zmmreg |mask |z, xmmrm128 AVX512

VPMULDQ xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL
VPMULDQ ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL
VPMULDQ zmmreg |mask |z, zmmreg*, zmmrm512 |b64 AVX512
VPMULHRSW xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
VPMULHRSW ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/BW
VPMULHRSW zmmreg |mask |z, zmmreg*, zmmrm512 AVX512BW
VPMULHUW xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
VPMULHUW ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/BW
VPMULHUW zmmreg |mask |z, zmmreg*, zmmrm512 AVX512BW
VPMULHW xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
VPMULHW ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/BW
VPMULHW zmmreg |mask |z, zmmreg*, zmmrm512 AVX512BW
VPMULLD xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL
VPMULLD ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL
VPMULLD zmmreg |mask |z, zmmreg*, zmmrm512 |b32 AVX512
VPMULLQ xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL/DQ
VPMULLQ ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL/DQ
VPMULLQ zmmreg |mask |z, zmmreg*, zmmrm512 |b64 AVX512DQ
VPMULLW xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
VPMULLW ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/BW
VPMULLW zmmreg |mask |z, zmmreg*, zmmrm512 AVX512BW
VPMULTISHIFTQB  xmmreg|mask |z, xmmreg*, xmmrm128|b64 AVX512VL/VBMI
VPMULTISHIFTQB  ymmreg|mask|z, ymmreg*, ymmrm256 |b64 AVX512VL/VBMI
VPMULTISHIFTQB  zmmreg|mask|z, zmmreg*, zmmrm512|b64 AVX512VBMI
VPMULUDQ xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL
VPMULUDQ ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL
VPMULUDQ zmmreg |mask |z, zmmreg*, zmmrm512 |b64 AVX512
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VPORD

VPORD

VPORD

VPORQ

VPORQ

VPORQ
VPROLD
VPROLD
VPROLD
VPROLQ
VPROLQ
VPROLQ
VPROLVD
VPROLVD
VPROLVD
VPROLVQ
VPROLVQ
VPROLVQ
VPRORD
VPRORD
VPRORD
VPRORQ
VPRORQ
VPRORQ
VPRORVD
VPRORVD
VPRORVD
VPRORVQ
VPRORVQ
VPRORVQ
VPSADBW
VPSADBW
VPSADBW
VPSCATTERDD
VPSCATTERDD
VPSCATTERDD
VPSCATTERDQ
VPSCATTERDQ
VPSCATTERDQ
VPSCATTERQD
VPSCATTERQD
VPSCATTERQD
VPSCATTERQQ
VPSCATTERQQ
VPSCATTERQQ
VPSHUFB
VPSHUFB
VPSHUFB
VPSHUFD
VPSHUFD
VPSHUFD
VPSHUFHW
VPSHUFHW
VPSHUFHW

xmmreg |mask |z, xmmreg*, xmmrm128 |b32
ymmreg|mask|z,ymmreg*,ymmrm256|b32
zmmreg|mask|z,zmmreg*,zmmrm512|b32
xmmreg |mask |z, xmmreg*, xmmrm128 |b64
ymmreg|mask|z,ymmreg*,ymmrm256|b64
zmmreg|mask|z,zmmreg*,zmmrm512|b64

AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512

xmmreg |mask |z, xmmrm128|b32*, imm8 AVX512VL
ymmreg |mask |z, ymmrm256|b32*, imm8 AVX512VL
zmmreg |mask |z, zmmrm512 |b32%, imm8 AVX512
xmmreg |mask |z, xmmrm128|b64*, imm8 AVX512VL
ymmreg |mask |z, ymmrm256 |b64*, imm8 AVX512VL
zmmreg |mask |z, zmmrm512 |b64*, imm8 AVX512

xmmreg |mask |z, xmmreg*, xmmrm128 |b32
ymmreg|mask|z,ymmreg*,ymmrm256|b32
zmmreg|mask|z,zmmreg*,zmmrm512|b32
xmmreg |mask |z, xmmreg*, xmmrm128 |b64
ymmreg|mask|z,ymmreg*,ymmrm256|b64
zmmreg|mask|z,zmmreg*,zmmrm512|b64

AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512

xmmreg |mask |z, xmmrm128|b32*, imm8 AVX512VL
ymmreg |mask |z, ymmrm256|b32*, imm8 AVX512VL
zmmreg |mask |z, zmmrm512 |b32%, imm8 AVX512
xmmreg |mask |z, xmmrm128|b64*, imm8 AVX512VL
ymmreg |mask |z, ymmrm256 |b64*, imm8 AVX512VL
zmmreg |mask |z, zmmrm512 |b64*, imm8 AVX512

xmmreg |mask |z, xmmreg*, xmmrm128 |b32
ymmreg|mask|z,ymmreg*,ymmrm256|b32
zmmreg|mask|z,zmmreg*,zmmrm512|b32
xmmreg |mask |z, xmmreg*, xmmrm128 |b64
ymmreg|mask|z,ymmreg*,ymmrm256|b64
zmmreg|mask|z,zmmreg*,zmmrm512|b64

AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512

xmmreg, xmmreg*, xmmrml28 AVX512VL/BW
ymmreg, ymmreg*, ymmrm256 AVX512VL/BW

zmmreg, zmmreg*, zmmrm512 AVX512BW

xmem32|mask,xmmreg AVX512VL
ymem32|mask,ymmreg AVX512VL
zmem32|mask,zmmreg AVX512
xmem64|mask,xmmreg AVX512VL
xmem64|mask,ymmreg AVX512VL
ymem64|mask,zmmreg AVX512
xmem32|mask,xmmreg AVX512VL
ymem32|mask,xmmreg AVX512VL
zmem32|mask,ymmreg AVX512
xmem64|mask,xmmreg AVX512VL
ymem64|mask,ymmreg AVX512VL
zmem64|mask,zmmreg AVX512

xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/BW
zmmreg |mask |z, zmmreg*, zmmrm512 AVX512BW
xmmreg |mask |z, xmmrm128|b32, imm8 AVX512VL
ymmreg |mask |z, ymmrm256|b32, imm8 AVX512VL
zmmreg|mask|z,zmmrm512|b32,imm8 AVX512
xmmreg |mask |z, xmmrm128, imm8 AVX512VL/BW
ymmreg|mask|z,ymmrm256,imm8 AVX512VL/BW
zmmreg |mask |z, zmmrm512, imm8 AVX512BW
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VPSHUFLW
VPSHUFLW
VPSHUFLW
VPSLLD
VPSLLD
VPSLLD
VPSLLD
VPSLLD
VPSLLD
VPSLLDQ
VPSLLDQ
VPSLLDQ
VPSLLQ
VPSLLQ
VPSLLQ
VPSLLQ
VPSLLQ
VPSLLQ
VPSLLVD
VPSLLVD
VPSLLVD
VPSLLVQ
VPSLLVQ
VPSLLVQ
VPSLLVW
VPSLLVW
VPSLLVW
VPSLLW
VPSLLW
VPSLLW
VPSLLW
VPSLLW
VPSLLW
VPSRAD
VPSRAD
VPSRAD
VPSRAD
VPSRAD
VPSRAD
VPSRAQ
VPSRAQ
VPSRAQ
VPSRAQ
VPSRAQ
VPSRAQ
VPSRAVD
VPSRAVD
VPSRAVD
VPSRAVQ
VPSRAVQ
VPSRAVQ
VPSRAVW
VPSRAVW
VPSRAVW

xmmreg |mask |z, xmmrm128, imm8 AVX512VL/BW
ymmreg|mask|z,ymmrm256,imm8 AVX512VL/BW
zmmreg |mask |z, zmmrm512, imm8 AVX512BW
xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL
ymmreg|mask|z,ymmreg*,xmmrm128 AVX512VL
zmmreg |mask |z, zmmreg*, xmmrm128 AVX512
xmmreg |mask |z, xmmrm128|b32*, imm8 AVX512VL
ymmreg |mask |z, ymmrm256|b32*, imm8 AVX512VL
zmmreg |mask |z, zmmrm512 |b32%, imm8 AVX512

xmmreg, xmmrml28*, imm8 AVX512VL/BW
ymmreg, ymmrm256*, imm8 AVX512VL/BW
zmmreg, zmmrm512*, imm8 AVX512BW

xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL
ymmreg|mask|z,ymmreg*,xmmrm128 AVX512VL
zmmreg |mask |z, zmmreg*, xmmrm128 AVX512
xmmreg |mask |z, xmmrm128|b64*, imm8 AVX512VL
ymmreg |mask |z, ymmrm256|b64*, imm8 AVX512VL
zmmreg |mask |z, zmmrm512 |b64*, imm8 AVX512
xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b32 AVX512
xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b64 AVX512
xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/BW
zmmreg |mask |z, zmmreg*, zmmrm512 AVX512BW
xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
ymmreg|mask|z,ymmreg*,xmmrm128 AVX512VL/BW
zmmreg |mask |z, zmmreg*, xmmrm128 AVX512BW
xmmreg |mask |z, xmmrm128*, imm8 AVX512VL/BW
ymmreg|mask|z,ymmrm256*,imm8 AVX512VL/BW
zmmreg |mask |z, zmmrm512*%, imm8 AVX512BW
xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL
ymmreg|mask|z,ymmreg*,xmmrm128 AVX512VL
zmmreg |mask |z, zmmreg*, xmmrm128 AVX512
xmmreg |mask |z, xmmrm128|b32*, imm8 AVX512VL
ymmreg |mask |z, ymmrm256|b32*, imm8 AVX512VL
zmmreg |mask |z, zmmrm512 |b32%, imm8 AVX512
xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL
ymmreg|mask|z,ymmreg*,xmmrm128 AVX512VL
zmmreg |mask |z, zmmreg*, xmmrm128 AVX512
xmmreg |mask |z, xmmrm128|b64*, imm8 AVX512VL
ymmreg |mask |z, ymmrm256 |b64*, imm8 AVX512VL
zmmreg |mask |z, zmmrm512 |b64*, imm8 AVX512
xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b32 AVX512
xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b64 AVX512
xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/BW
zmmreg |mask |z, zmmreg*, zmmrm512 AVX512BW



VPSRAW
VPSRAW
VPSRAW
VPSRAW
VPSRAW
VPSRAW
VPSRLD
VPSRLD
VPSRLD
VPSRLD
VPSRLD
VPSRLD
VPSRLDQ
VPSRLDQ
VPSRLDQ
VPSRLQ
VPSRLQ
VPSRLQ
VPSRLQ
VPSRLQ
VPSRLQ
VPSRLVD
VPSRLVD
VPSRLVD
VPSRLVQ
VPSRLVQ
VPSRLVQ
VPSRLVW
VPSRLVW
VPSRLVW
VPSRLW
VPSRLW
VPSRLW
VPSRLW
VPSRLW
VPSRLW
VPSUBB
VPSUBB
VPSUBB
VPSUBD
VPSUBD
VPSUBD
VPSUBQ
VPSUBQ
VPSUBQ
VPSUBSB
VPSUBSB
VPSUBSB
VPSUBSW
VPSUBSW
VPSUBSW
VPSUBUSB
VPSUBUSB
VPSUBUSB

xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
ymmreg|mask|z,ymmreg*,xmmrm128 AVX512VL/BW
zmmreg |mask |z, zmmreg*, xmmrm128 AVX512BW
xmmreg |mask |z, xmmrm128*, imm8 AVX512VL/BW
ymmreg|mask|z,ymmrm256*,imm8 AVX512VL/BW
zmmreg |mask |z, zmmrm512*%, imm8 AVX512BW
xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL
ymmreg|mask|z,ymmreg*,xmmrm128 AVX512VL
zmmreg |mask |z, zmmreg*, xmmrm128 AVX512
xmmreg |mask |z, xmmrm128|b32*, imm8 AVX512VL
ymmreg |mask |z, ymmrm256|b32*, imm8 AVX512VL
zmmreg |mask |z, zmmrm512 |b32%, imm8 AVX512
xmmreqg, xmmrml28*, imm8 AVX512VL/BW
ymmreg, ymmrm256*, imm8 AVX512VL/BW
zmmreg, zmmrm512*, imm8 AVX512BW

xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL
ymmreg|mask|z,ymmreg*,xmmrm128 AVX512VL
zmmreg |mask |z, zmmreg*, xmmrm128 AVX512
xmmreg |mask |z, xmmrm128|b64*, imm8 AVX512VL
ymmreg |mask |z, ymmrm256 |b64*, imm8 AVX512VL
zmmreg |mask |z, zmmrm512 |b64*, imm8 AVX512
xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b32 AVX512
xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b64 AVX512

xmmreg|mask|z,xmmreg*,xmmrm128
ymmreg|mask|z,ymmreg*,ymmrm256
zmmreg|mask|z,zmmreg*,zmmrm512
xmmreg|mask|z,xmmreg*,xmmrm128
ymmreg|mask|z,ymmreg*,xmmrm128

AVX512VL/BW
AVX512VL/BW
AVX512BW

AVX512VL/BW
AVX512VL/BW

zmmreg |mask |z, zmmreg*, xmmrm128 AVX512BW
xmmreg |mask |z, xmmrm128*, imm8 AVX512VL/BW
ymmreg|mask|z,ymmrm256*,imm8 AVX512VL/BW
zmmreg |mask |z, zmmrm512*%, imm8 AVX512BW
xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/BW
zmmreg |mask |z, zmmreg*, zmmrm512 AVX512BW
xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b32 AVX512
xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b64 AVX512

xmmreg|mask|z,xmmreg*,xmmrm128
ymmreg|mask|z,ymmreg*,ymmrm256
zmmreg|mask|z,zmmreg*,zmmrm512
xmmreg|mask|z,xmmreg*,xmmrm128
ymmreg|mask|z,ymmreg*,ymmrm256
zmmreg|mask|z,zmmreg*,zmmrm512
xmmreg|mask|z,xmmreg*,xmmrm128
ymmreg|mask|z,ymmreg*,ymmrm256
zmmreg|mask|z,zmmreg*,zmmrm512

AVX512VL/BW
AVX512VL/BW
AVX512BW
AVX512VL/BW
AVX512VL/BW
AVX512BW
AVX512VL/BW
AVX512VL/BW
AVX512BW
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VPSUBUSW xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW

VPSUBUSW ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/BW
VPSUBUSW zmmreg |mask |z, zmmreg*, zmmrm512 AVX512BW
VPSUBW xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
VPSUBW ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/BW
VPSUBW zmmreg |mask |z, zmmreg*, zmmrm512 AVX512BW
VPTERNLOGD xmmreg |mask |z, xmmreg, xmmrm128 |b32, imm8 AVX512VL
VPTERNLOGD ymmreg|mask|z,ymmreg,ymmrm256|b32,imm8 AVX512VL
VPTERNLOGD zmmreg |mask |z, zmmreg, zmmrm512|b32, imm8 AVX512
VPTERNLOGQ xmmreg |mask |z, xmmreg, xmmrm128 |b64, imm8 AVX512VL
VPTERNLOGQ ymmreg|mask|z,ymmreg,ymmrm256|b64,imm8 AVX512VL
VPTERNLOGQ zmmreg |mask |z, zmmreg, zmmrm512 |b64, imm8 AVX512
VPTESTMB kreg|mask,xmmreg,xmmrm128 AVX512VL/BW
VPTESTMB kreg|mask,ymmreg,ymmrm256 AVX512VL/BW
VPTESTMB kreg|mask,zmmreg,zmmrm512 AVX512BW

VPTESTMD kreg|mask, xmmreg, xmmrm128 |b32 AVX512VL
VPTESTMD kreg|mask,ymmreg,ymmrm256|b32 AVX512VL
VPTESTMD kreg|mask, zmmreg, zmmrm512 |b32 AVX512

VPTESTMQ kreg|mask, xmmreg, xmmrm128 |b64 AVX512VL
VPTESTMQ kreg|mask,ymmreg,ymmrm256|b64 AVX512VL
VPTESTMQ kreg|mask,zmmreg,zmmrm512|b64 AVX512

VPTESTMW kreg|mask,xmmreg,xmmrm128 AVX512VL/BW
VPTESTMW kreg|mask,ymmreg,ymmrm256 AVX512VL/BW
VPTESTMW kreg|mask,zmmreg,zmmrm512 AVX512BW

VPTESTNMB kreg|mask,xmmreg,xmmrm128 AVX512VL/BW
VPTESTNMB kreg|mask,ymmreg,ymmrm256 AVX512VL/BW
VPTESTNMB kreg|mask,zmmreg,zmmrm512 AVX512BW

VPTESTNMD kreg|mask, xmmreg, xmmrm128 |b32 AVX512VL
VPTESTNMD kreg|mask,ymmreg,ymmrm256|b32 AVX512VL
VPTESTNMD kreg|mask, zmmreg, zmmrm512 |b32 AVX512
VPTESTNMQ kreg|mask, xmmreg, xmmrm128 |b64 AVX512VL
VPTESTNMQ kreg|mask,ymmreg,ymmrm256|b64 AVX512VL
VPTESTNMQ kreg|mask, zmmreg, zmmrm512 |b64 AVX512
VPTESTNMW kreg|mask,xmmreg,xmmrm128 AVX512VL/BW
VPTESTNMW kreg|mask,ymmreg,ymmrm256 AVX512VL/BW
VPTESTNMW kreg|mask,zmmreg,zmmrm512 AVX512BW
VPUNPCKHBW xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
VPUNPCKHBW ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/BW
VPUNPCKHBW zmmreg |mask |z, zmmreg*, zmmrm512 AVX512BW
VPUNPCKHDQ xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL
VPUNPCKHDQ ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL
VPUNPCKHDQ zmmreg |mask |z, zmmreg*, zmmrm512 |b32 AVX512
VPUNPCKHQDOQ xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL
VPUNPCKHQDOQ ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL
VPUNPCKHQDOQ zmmreg |mask |z, zmmreg*, zmmrm512 |b64 AVX512
VPUNPCKHWD xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
VPUNPCKHWD ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/BW
VPUNPCKHWD zmmreg |mask |z, zmmreg*, zmmrm512 AVX512BW
VPUNPCKLBW xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
VPUNPCKLBW ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/BW
VPUNPCKLBW zmmreg |mask |z, zmmreg*, zmmrm512 AVX512BW
VPUNPCKLDQ xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL
VPUNPCKLDQ ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL
VPUNPCKLDQ zmmreg |mask |z, zmmreg*, zmmrm512 |b32 AVX512
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VPUNPCKLQDQ
VPUNPCKLQDQ
VPUNPCKLQDQ
VPUNPCKLWD
VPUNPCKLWD
VPUNPCKLWD
VPXORD
VPXORD
VPXORD
VPXORQ
VPXORQ
VPXORQ
VRANGEPD
VRANGEPD
VRANGEPD
VRANGEPS
VRANGEPS
VRANGEPS
VRANGESD
VRANGESS
VRCP14PD
VRCP14PD
VRCP14PD
VRCP14PS
VRCP14PS
VRCP14PS
VRCP14SD
VRCP14SS
VRCP28PD
VRCP28PS
VRCP28SD
VRCP28SS
VREDUCEPD
VREDUCEPD
VREDUCEPD
VREDUCEPS
VREDUCEPS
VREDUCEPS
VREDUCESD
VREDUCESS
VRNDSCALEPD
VRNDSCALEPD
VRNDSCALEPD
VRNDSCALEPS
VRNDSCALEPS
VRNDSCALEPS
VRNDSCALESD
VRNDSCALESS
VRSQRT14PD
VRSQRT14PD
VRSQRT14PD
VRSQRT14PS
VRSQRT14PS
VRSQRT14PS

xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b64 AVX512
xmmreg |mask |z, xmmreg*, xmmrm128 AVX512VL/BW
ymmreg|mask|z,ymmreg*,ymmrm256 AVX512VL/BW
zmmreg |mask |z, zmmreg*, zmmrm512 AVX512BW
xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b32 AVX512
xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b64 AVX512

xmmreg |mask |z, xmmreg*, xmmrm128 |b64, imm8 AVX512VL/DQ
ymmreg|mask|z,ymmreg*,ymmrm256|b64,imm8 AVX512VL/DQ
zmmreg |mask |z, zmmreg*, zmmrm512 |b64 | sae, imm8 AVX512DQ
xmmreg |mask |z, xmmreg*, xmmrm128 |b32, imm8 AVX512VL/DQ
ymmreg|mask|z,ymmreg*,ymmrm256|b32,imm8 AVX512VL/DQ
zmmreg |mask |z, zmmreg*, zmmrm512 |b32 | sae, imm8 AVX512DQ

xmmreg |mask |z, xmmreg*, xmmrmé64 | sae, imm8 AVX512DQ
xmmreg |mask |z, xmmreg*, xmmrm32 | sae, imm8 AVX512DQ
xmmreg |mask |z, xmmrm128|b64 AVX512VL

ymmreg |mask |z, ymmrm256 |b64 AVX512VL

zmmreg |mask |z, zmmrm512 |b64 AVX512

xmmreg |mask |z, xmmrm128|b32 AVX512VL

ymmreg |mask |z, ymmrm256|b32 AVX512VL

zmmreg |mask |z, zmmrm512 |b32 AVX512

xmmreg |mask |z, xmmreg*, xmmrm64 AVX512

xmmreg |mask |z, xmmreg*, xmmrm32 AVX512

zmmreg |mask |z, zmmrm512 |b64 | sae AVX512ER

zmmreg |mask |z, zmmrm512 |b32|sae AVX512ER

xmmreg |mask |z, xmmreg*, xmmrmé64 | sae AVX512ER
xmmreg |mask |z, xmmreg*, xmmrm32 | sae AVX512ER
xmmreg |mask |z, xmmrm128|b64, imm8 AVX512VL/DQ
ymmreg|mask|z,ymmrm256|b64,imm8 AVX512VL/DQ
zmmreg |mask |z, zmmrm512 |b64 | sae, imm8 AVX512DQ
xmmreg |mask |z, xmmrm128|b32, imm8 AVX512VL/DQ
ymmreg|mask|z,ymmrm256|b32,imm8 AVX512VL/DQ
zmmreg |mask |z, zmmrm512 |b32|sae, imm8 AVX512DQ
xmmreg |mask |z, xmmreg*, xmmrmé64 | sae, imm8 AVX512DQ
xmmreg |mask |z, xmmreg*, xmmrm32 | sae, imm8 AVX512DQ
xmmreg |mask |z, xmmrm128|b64, imm8 AVX512VL

ymmreg |mask |z, ymmrm256 |b64, imm8 AVX512VL

zmmreg |mask |z, zmmrm512 |b64 | sae, imm8 AVX512
xmmreg |mask |z, xmmrm128|b32, imm8 AVX512VL

ymmreg |mask |z, ymmrm256|b32, imm8 AVX512VL

zmmreg |mask |z, zmmrm512 |b32|sae, imm8 AVX512
xmmreg |mask |z, xmmreg*, xmmrmé64 | sae, imm8 AVX512
xmmreg |mask |z, xmmreg*, xmmrm32 | sae, imm8 AVX512
xmmreg |mask |z, xmmrm128|b64 AVX512VL

ymmreg |mask |z, ymmrm256 |b64 AVX512VL

zmmreg |mask |z, zmmrm512 |b64 AVX512

xmmreg |mask |z, xmmrm128|b32 AVX512VL

ymmreg |mask |z, ymmrm256|b32 AVX512VL

zmmreg |mask |z, zmmrm512 |b32 AVX512
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VRSQRT14SD
VRSQRT14SS
VRSQRT28PD
VRSQRT28PS
VRSQRT28SD
VRSQRT28SS
VSCALEFPD
VSCALEFPD
VSCALEFPD
VSCALEFPS
VSCALEFPS
VSCALEFPS
VSCALEFSD
VSCALEF'SS
VSCATTERDPD
VSCATTERDPD
VSCATTERDPD
VSCATTERDPS
VSCATTERDPS
VSCATTERDPS

xmmreg |mask |z, xmmreg*, xmmrm64 AVX512

xmmreg |mask |z, xmmreg*, xmmrm32 AVX512

zmmreg |mask |z, zmmrm512 |b64 | sae AVX512ER
zmmreg |mask |z, zmmrm512 |b32|sae AVX512ER
xmmreg |mask |z, xmmreg*, xmmrmé64 | sae AVX512ER
xmmreg |mask |z, xmmreg*, xmmrm32 | sae AVX512ER
xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b64 |er AVX512
xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL
ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL
zmmreg |mask |z, zmmreg*, zmmrm512 |b32 |er AVX512
xmmreg |mask |z, xmmreg*, xmmrmé64 |er AVX512
xmmreg |mask |z, xmmreg*, xmmrm32 |er AVX512

VSCATTERPFODPD
VSCATTERPFODPS
VSCATTERPFOQPD
VSCATTERPFOQPS
VSCATTERPF1DPD
VSCATTERPF1DPS
VSCATTERPF1QPD
VSCATTERPF1QPS

VSCATTERQPD
VSCATTERQPD
VSCATTERQPD
VSCATTERQPS
VSCATTERQPS
VSCATTERQPS
VSHUFF32X4
VSHUFF32X4
VSHUFF64X2
VSHUFF64X2
VSHUFI32X4
VSHUFI32X4
VSHUFI64X2
VSHUFI64X2
VSHUFPD
VSHUFPD
VSHUFPD
VSHUFPS
VSHUFPS
VSHUFPS
VSQRTPD
VSQRTPD
VSQRTPD
VSQRTPS
VSQRTPS
VSQRTPS

xmem64|mask,xmmreg AVX512VL
xmem64|mask,ymmreg AVX512VL
ymem64|mask,zmmreg AVX512

xmem32|mask,xmmreg AVX512VL
ymem32|mask,ymmreg AVX512VL
zmem32|mask,zmmreg AVX512

ymem64|mask AVX512PF
zmem32|mask AVX512PF
zmem64|mask AVX512PF
zmem32|mask AVX512PF
ymem64|mask AVX512PF
zmem32|mask AVX512PF
zmem64|mask AVX512PF
zmem32|mask AVX512PF
xmem64|mask,xmmreg AVX512VL
ymem64|mask,ymmreg AVX512VL
zmem64|mask,zmmreg AVX512

xmem32|mask,xmmreg AVX512VL
ymem32|mask,xmmreg AVX512VL
zmem32|mask,ymmreg AVX512

ymmreg|mask|z,ymmreg*,ymmrm256|b32,imm8
zmmreg|mask|z,zmmreg*,zmmrm512|b32,imm8
ymmreg|mask|z,ymmreg*,ymmrm256|b64,imm8
zmmreg|mask|z,zmmreg*,zmmrm512|b64,imm8
ymmreg|mask|z,ymmreg*,ymmrm256|b32,imm8
zmmreg|mask|z,zmmreg*,zmmrm512|b32,imm8
ymmreg|mask|z,ymmreg*,ymmrm256|b64,imm8
zmmreg|mask|z,zmmreg*,zmmrm512|b64,imm8
xmmreg|mask|z,xmmreg*,xmmrm128|b64,imm8
ymmreg|mask|z,ymmreg*,ymmrm256|b64,imm8
zmmreg|mask|z,zmmreg*,zmmrm512|b64,imm8
xmmreg|mask|z,xmmreg*,xmmrm128|b32,imm8
ymmreg|mask|z,ymmreg*,ymmrm256|b32,imm8
zmmreg|mask|z,zmmreg*,zmmrm512|b32,imm8
xmmreg|mask|z,xmmrm128|b64 AVX512VL

ymmreg|mask|z,ymmrm256|b64 AVX512VL

zmmreg |mask |z, zmmrm512 |b64 |er AVX512

xmmreg|mask|z,xmmrm128|b32 AVX512VL

ymmreg|mask|z,ymmrm256|b32 AVX512VL

zmmreg |mask |z, zmmrm512 |b32|er AVX512

AVX512VL
AVX512
AVX512VL
AVX512
AVX512VL
AVX512
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512
AVX512VL
AVX512VL
AVX512



B.1.41

B.1.42

B.1.43

B.1.44

VSQRTSD xmmreg |mask |z, xmmreg*, xmmrmé64 |er AVX512
VSQRTSS xmmreg |mask |z, xmmreg*, xmmrm32 |er AVX512

VSUBPD xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL
VSUBPD ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL
VSUBPD zmmreg |mask |z, zmmreg*, zmmrm512 |b64 |er AVX512
VSUBPS xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL
VSUBPS ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL
VSUBPS zmmreg |mask |z, zmmreg*, zmmrm512 |b32 |er AVX512
VSUBSD xmmreg |mask |z, xmmreg*, xmmrmé64 |er AVX512

VSUBSS xmmreg |mask |z, xmmreg*, xmmrm32 |er AVX512
VUCOMISD xmmreg, xmmrmé64 | sae AVX512

VUCOMISS xmmreg, xmmrm32 | sae AVX512

VUNPCKHPD xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL
VUNPCKHPD ymmreg |mask |z, ymmreg*, ymmrm256 |b64 AVX512VL
VUNPCKHPD zmmreg |mask |z, zmmreg*, zmmrm512 |b64 AVX512
VUNPCKHPS xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL
VUNPCKHPS ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL
VUNPCKHPS zmmreg |mask |z, zmmreg*, zmmrm512 |b32 AVX512
VUNPCKLPD xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL
VUNPCKLPD ymmreg |mask |z, ymmreg*, ymmrm256 |b64 AVX512VL
VUNPCKLPD zmmreg |mask |z, zmmreg*, zmmrm512 |b64 AVX512
VUNPCKLPS xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL
VUNPCKLPS ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL
VUNPCKLPS zmmreg |mask |z, zmmreg*, zmmrm512 |b32 AVX512
VXORPD xmmreg |mask |z, xmmreg*, xmmrm128 |b64 AVX512VL/DQ
VXORPD ymmreg|mask|z,ymmreg*,ymmrm256|b64 AVX512VL/DQ
VXORPD zmmreg |mask |z, zmmreg*, zmmrm512 |b64 AVX512DQ
VXORPS xmmreg |mask |z, xmmreg*, xmmrm128 |b32 AVX512VL/DQ
VXORPS ymmreg|mask|z,ymmreg*,ymmrm256|b32 AVX512VL/DQ
VXORPS zmmreg |mask |z, zmmreg*, zmmrm512 |b32 AVX512DQ
Intel memory protection keys for userspace (PKU aka PKEYs)
RDPKRU X64

WRPKRU X64

Read Processor ID

RDPID reg32 NOLONG

RDPID reg64 X64

RDPID reg32 X64,UNDOC

New memory instructions

CLFLUSHOPT
CLWB
PCOMMIT
CLZERO

mem
mem

UNDOC, OBSOLETE
AMD

Systematic names for the hinting nop instructions

HINT_NOPO
HINT_NOPO
HINT_NOPO
HINT_NOP1
HINT_NOP1
HINT_NOP1

rmlé P6, UNDOC
rm32 P6, UNDOC
rmé64 X64, UNDOC
rmlé P6, UNDOC
rm32 P6, UNDOC
rmé64 X64, UNDOC
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Appendix C: NASM Version History

C.1 NASM 2 Series

The NASM 2 series supports x86-64, and is the production version of NASM since 2007.

C.1.1 Version 2.13.03
¢ Added AVX and AVX512 VAES* and VPCLMULQDQ instructions.

e Fixed missing dwarf record in x32 ELF output format.

C.1.2 Version 2.13.02

e Fix false positive in testing of numeric overflows.
e Fix generation of PEXTRW instruction.

e Fismartaligmpackagehickrouldriggermerroduringptimizatiod fhelignmentode
expanded too much due to optimization of the previous code.

e Fix a case where negative value in TIMES directive causes panic instead of an erro
e Always finalize .debug_abbrev section with a null in dwarf output format.

e Support debug flag in section attributes for macho output format. See section 7.8.
e Support up to 16 characters in section names for macho output format.

e FimissingpdateflobaBITSetting SECTIONlirectivepecifieditsizetsingutput
format-specific extensions (e.g. USE32 for the obj output format.)

e FithencorrecgeneratiodfEX-encodethstructiowhestatimodéecoratorargpecified
on scalar instructions, losing the decorators as they require EVEX encoding.

¢ OptiomMiE quotaelependencyputput@ccordingdatcoMakeonventiondnsteadPOSIX
Make conventions. See section 2.1.11.

¢ Thebjutpuformahowontainembeddedependencyilenformationunlesdisabledith
$pragma obj nodepend. See section 7.4.9.

e Fix generation of dependency lists.
e Fix a number of null pointer reference and memory allocation errors.

e Alwaygeneratsymbol-relativeelocationfotttreacho6dutpuformatgteassomeersions
of the XCode/LLVM linker fails for section-relative relocations.

C.1.3 Version 2.13.01

e FixdncorrecbutputfosomeypeoFARSEGeferencedthebputputformat angpossibly
other 16-bit output formats.

e Fix the address in the list file for an instruction containing a TIMES directive.
e Fix error with TIMES used together with an instruction which can vary in size, e.g

e Fix breakage on some uses of the DZ pseudo-op.

C.1.4 Version 2.13

e Support the official forms of the UDO and UD1l instructions.

231



e Alloself-segment-relatiwxpressionkmmediatesndlisplacement sgverherombined
with an external or otherwise out-of-segment special symbol, e.g.:

extern foo
mov eax, [foo - $ + ebx] ; Now legal

e Handle a 64-bit origin in NDISASM.

¢ NASManowgeneratsparseutpufileforelevanbutpuformatsjifhanderlyingperating
system supports them.

¢ The macho object format now supports the subsections_via_symbols and
no_dead_strip directives, see section 7.8.4.

¢ The macho object format now supports the no_dead_strip, live_support and
strip_static_syms section flags, see section 7.8.1.

¢ Themachoobjectformatnowsupportsthedwarfdebuggingformat,asrequiredbynewer
toolchains.

¢ Alwarningsamobsuppressedflesiredwarningsaobtherwisparbfinwarninglassare
nowconsidereditsownwarningclasscalledother (e.g.-w-other) .Furthermore,
warning—-as—-errorcannowbecontrolledonaperwarningclassbasis,usingthesyntax
-w+error=warning—clasasndt equivalentfornlbthewarningontrobptions Sesection
2.1.2¥orrtheommand-lineptionsandvarninglassesandectiorb.lforrhe[WARNING]
directive.

e Fix a number of bugs related to AVX-512 decorators.

e SignificantmprovementtouildinNASMitMicrosof¥isualdtudiviMkfiles/msvc.mak.
ItropossiblebuildhéulWindowsnstallebinargdongsheecessarprerequisiteare
installed; see Mkfiles/README

e Thull®ASMitlkcustomodificationgtablehangesprfromhgitremowequire®erb.8
athgerpinimumguitpossiblhigheversiorfPerb.24.tested. Therénmequiremento
have Perl on your system at all if all you want to do is build unmodified NASM fro

e Fix the {z} decorator on AVX-512 VMOVDQ* instructions.

¢ Addewarningsforertaimlangerousonstructswhichmevewmughttdqavéeermllowed In
particular, the RESB family of instructions should have been taking a critical exp

e Fix the EVEX (AVX-512) versions of the VPBROADCAST, VPEXTR, and VPINSR instruction

e SupportontractedormsfdditionalinstructionsAsenerakuleifiinstructiohas
non-destructiveourcémmediatelgftedestinationegisterhatsn’ tsedannputNASM
supportaemittinthasourceegistemsintghdestinationegisteatshavalueThimmongther
things makes it easier to convert SSE code to the equivalent AVX code:

addps xmml, xmmO ; SSE instruction
vaddps ymml, ymml, ymmO ; AVX official long form
vaddps ymml, ymmO ; AVX contracted form

e Fix Codeview malformed compiler version record.

¢ Addh&€LWBRNn&COMMITAnstructions Notehatth&€COMMITEnstructiohmhadbeermeprecated
and will never be included in a shipping product; it is included for completeness

e Add the %pragma preprocessor directive for soft-error directives.

¢ Add the RDPID instruction.
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C.1.5 Version 2.12.02

Fix preprocessor errors, especially %$error and %warning, inside %if statements.
Fix relative relocations in 32-bit Mach-O.
More Codeview debug format fixes.

IftheMASMWTReywordissncountered,issueawarning.Thisi snuchmorelikelytadndicate
MASM-ismencounteredirNASMhanitisavalidlabel .Thiswarningcanbesuppressedwith
-w-ptr, the [warning] directive (seesection2.1.25) orbythemacrodefinition
$idefine ptr $%? (see section 4.1.5).

Whemrerroomarningomesfromhexpansiomfmulti-linmacrodisplayxhdilandine
numbers for the expanded macros. Macros defined with .nolist do not get displayed.

Add macros ilog2fw() and ilog2cw () to the ifunc macro package. See section 5.4.1.

C.1.6 Version 2.12.01

Portability fixes for some platforms.
Fix error when not specifying a list file.
Correct the handling of macro-local labels in the Codeview debugging format.

Add CLZERO, MONITORX and MWAITX instructions.

C.1.7 Version 2.12

Majofixesthmachbackendsectiofi.8) earlieversionwoulgroducénvalidymboland
relocations on a regular basis.

Support for thread-local storage in Mach-O.
Support for arbitrary sections in Mach-O.
Fix wrong negative size treated as a big positive value passed into backend causin

Fikandlingfero-extendingnsignedelocationswhavbeeprintingrongmessagand
forgot to assign segment with predefined value before passing it into output forma

Fix potential write of oversized (with size greater than allowed in output format)
Portability fixes for building NASM with the LLVM compiler.

AddsupportofCodeviewersionmd(cv8)debugformatforwin32andvin64format sintheCOFF
backend, see section 7.5.3.

Allo@d-bicutputsh6/32-bitnllyackendslUnsignef4-bitelocationareero—extended
frof2-bitwitRarningsuppressibleiaw-zext-reloc) gigned4-birelocationaren
error.

LinemumberddistfilesoworresponddchdinedithesourcdilesinsteadSimplpeing
sequential.

There is now an official 64-bit (x64 a.k.a. x86-64) build for Windows.

C.1.8 Version 2.11.09

Fix potential stack overwrite in macho32 backend.
Fix relocation records in macho64 backend.
Fix symbol lookup computation in macho64 backend.

Adjust .symtab and .rela.text sections alignments to 8 bytes in elf64 backed.
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C.1.9

C.1.10

C.1.11

C.1.12

C.1.13

C.1.14

C.1.15

234

e Fix section length computation in bin backend which leaded in incorrect relocation

Version 2.11.08

e Fix section length computation in bin backend which leaded in incorrect relocation

¢ Addwarnindomumerigreprocessodefinitionpassedriacommand inevhicmighthave
unexpected results otherwise.

e Add ability to specify a module name record in rdoff linker with -mn option.

e Increasédabelengtlvapacityp@5bytedmwdofbackendoFreePascakakewhichendso
generate very long labels for procedures.

e Fix segmentation failure when rip addressing is used in macho64 backend.

e Fixaccessomoutofmemorywherhandlingstringsvithasinglegrave Wehavesixedsimilar
problem in previous release but not all cases were covered.

e Fix NULL dereference in disassembled on BND instruction.

Version 2.11.07

e Fix 256 bit VMOVNTPS instruction.

e Fix -MD option handling, which was rather broken in previous release changing comm
e Fix access to unitialized space when handling strings with a single grave.

e Fix nil dereference in handling memory reference parsing.

Version 2.11.06
e Update AVX512 instructions based on the Extension Reference (319433-021 Sept 2014)
e Fix the behavior of -MF and -MD options (Bugzilla 3392280)

e Updated Win32 Makefile to fix issue with build

Version 2.11.05

¢ Add —--v as an alias for -v (see section 2.1.26), for command-line compatibility wi

e Fikugntroduced.ll.0BherebgertainnstructionsouldontaimultiplBERrefixes,
and thus be corrupt.

Version 2.11.04

¢ Removedrnnvali@rrocheckingode Sometimesmemrebnlwitlmisplacementtamlsset
an evex flag. For example:

vmovdqu32 [Oxabcd]{kl}, zmmO

e FixedbugirdisassemblerthatEVEX.L’ IvectorlengtlwasnotmatchedvherEVEX.lwasset
becausd twasimplyonsideredEVEC.RC Separated®VEX.L' IcasefromVEX .RGhichis
ignored in matching.

Version 2.11.03

e Fix a bug there REX prefixes were missing on instructions inside a TIMES statement
Version 2.11.02

e Add the XSAVEC, XSAVES and XRSTORS family instructions.

¢ Add the CLFLUSHOPT instruction.



C.1.16 Version 2.11.01

e AllowinstructionswhichimplicitlyusesXMMO(VBLENDVPD,VBLENDVPS,PBLENDVBand
SHA256RNDS2 tbespecifiedrithoubrexplicitkmm®rthassemblyine Imthewords,the
following two lines produce the same output:

vblendvpd xmm2, xmml, xmmO ; Last operand is fixed xmmO
vblendvpd xmm2, xmml ; Implicit xmmO omitted

e In the ELF backends, don’t crash the assembler if section align is specified witho

C.1.17 Version 2.11
e Add support for the Intel AVX-512 instruction set:
e 16 new, 512-bit SIMD registers. Total 32 (ZMMO ~ ZMM31)

e 8newopmaskregisters (K0O~K7) .Oneof7registers (K1~K7)canbeusedasanopmaskfor
conditional execution.

¢ MewEVEXencodingrefix .EVEXi dhasedrVEXandrovideasnorecapabilities:opmasks,
broadcasting, embedded rounding and compressed displacements.

- opmask
VDIVPD zmmO{kl}{z}, zmml, zmm3 ; conditional vector operation
; using opmask kl.
; {z} is for zero-masking
— broadcasting

VDIVPS zmm4, zmm5, [rbx]{ltolé6} ; load single-precision float and
; replicate it 16 times. 32 * 16 = 512
— embedded rounding
VCVTSI2SD xmm6, xmm7, {rz-sae}, rax ; round toward zero. note that it
; 1s used as if a separate operand.
; it comes after the last SIMD operand

¢ Add support for ZWORD (512 bits), DZ and RESZ.
e Add support for the MPX and SHA instruction sets.
e Better handling of section redefinition.
¢ Generate manpages when running ’'make dist’.
e Handle all token chains in mmacro params range.
e Support split [base,index] effective address:
mov eax, [eax+8,ecx*4] ; eax=base, ecx=index, 4=scale, 8=disp
This is expected to be most useful for the MPX instructions.
e Support BND prefix for branch instructions (for MPX).

¢ TheDEFAULTdirectivecamowtakeBNDandNOBNDoptionstoindicatevhetherallrelevant
branches should be getting BND prefixes. This is expected to be the normal for use

e Addevex},{vex3land vex2l}linstructiomprefixeshavadlASMncodeheorresponding
instruction, if possible, with an EVEX, 3-byte VEX, or 2-byte VEX prefix, respecti

e Support for section names longer than 8 bytes in Win32/Win64 COFF.

e ThNOSPLI@directivbytselfitongeforceaingleegisterbecomenndexegisterunless
it has an explicit multiplier.
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C.1.18

C.1.19

C.1.20

C.1.21

C.1.22

C.1.23
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mov eax, [nosplit eax] ; eax as base register
mov eax, [nosplit eax*1] ; eax as index register

Version 2.10.09

* Pregenerate man pages.

Version 2.10.08

e Fix VMOVNTDQA, MOVNTDQA and MOVLPD instructions.

e Fix collision for VGATHERQPS, VPGATHERQD instructions.
e Fix VPMOVSXBQ, VGATHERQPD, VSPLLW instructions.

e Add a bunch of AMD TBM instructions.

e Fix potential stack overwrite in numbers conversion.

e Allow byte size in PREFETCHTx instructions.

e Make manual pages up to date.

e Make F3 and F2 SSE prefixes to override 66.

e Support of AMD SVM instructions in 32 bit mode.

e Fix near offsets code generation for JMP, CALL instrictions in long mode.

e Fix preprocessor parse regression when id is expanding to a whitespace.

Version 2.10.07

e Fix line continuation parsing being broken in previous version.

Version 2.10.06

e Alwaysyuotehelependencyourcemnamesshenisingheautomatiadependencyeneration
options.

¢ Ifmalependencytargetmamel sspecifiedridhe-Mbr-MPptions,quotehadefaultoutput
name.

e Fix assembly of shift operations in CPU 8086 mode.
e Fix incorrect generation of explicit immediate byte for shift by 1 under certain c
e Fix assembly of the VPCMPGTQ instruction.

e Fix RIP-relative relocations in the macho64 backend.

Version 2.10.05

¢ Add the CLAC and STAC instructions.

Version 2.10.04

e Add back the inadvertently deleted 256-bit version of the VORPD instruction.
e Correct disassembly of instructions starting with byte 82 hex.

e Fix corner cases in token pasting, for example:

%$define N le%++%+ 5
dd N, le+5



C.1.24 Version 2.10.03
e Correct the assembly of the instruction:
XRELEASE MOV [absolute],AL

PreviousersionwouliincorrectlgeneratBBPorhisnstructioandlssu@arninggorrect
behavior is to emit F3 88 05.

C.1.25 Version 2.10.02

o Adth&#funmacrpackageithntegefunctionsgurrentlgnlintegerogarithmsSesection
5.4.

e Add the RDSEED, ADCX and ADOX instructions.

C.1.26 Version 2.10.01

¢ Add missing VPMOVMSKB instruction with reg32, ymmreg operands.
C.1.27 Version 2.10

¢ When optimization is enabled, mov r64,imm now optimizes to the shortest form possi

mov r32,imm32 ; 5 bytes
mov r64,imm32 ; 7 bytes
mov r64,immo64 ; 10 bytes

To force a specific form, use the STRICT keyword, see section 3.7.
e Add support for the Intel AVX2 instruction set.
e Add support for Bit Manipulation Instructions 1 and 2.
¢ Add support for Intel Transactional Synchronization Extensions (TSX).
e Add support for x32 ELF (32-bit ELF with the CPU in 64-bit mode.) See section 7.9.

e Add support for bigendian UTF-16 and UTF-32. See section 3.4.5.
C.1.28 Version 2.09.10

e FirNSIScriptprotectninstalleagainstegistrkeyabsencerorruptionIbringsfew
additionaguestiommsedurimpinstallatigrocedudmdt iliteettarthampredictable
file removal.

C.1.29 Version 2.09.09

e Fix initialization of section attributes of bin output format.

e Fix mach64 output format bug that crashes NASM due to NULL symbols.

C.1.30 Version 2.09.08

e Fix OUTPUT_FORMAT__ assignmentwhenoutputdriveraliasisused.Forexamplewhen

—-f elf is used _ OUTPUT_FORMAT__ must be set to elf, if -f elf32 is used
__ OUTPUT_FORMAT_ musbassignedccordinglyji.etelf32Theulappliesalbutput
driver aliases. See section 4.11.6.

C.1.31 Version 2.09.07

e Fix attempts to close same file several times when —-a option is used.

e Fixes for VEXTRACTF128, VMASKMOVPS encoding.
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C.1.32 Version 2.09.06

e Fix missed section attribute initialization in bin output target.

C.1.33 Version 2.09.05

e Fix arguments encoding for VPEXTRW instruction.
e Remove invalid form of VPEXTRW instruction.

e Add VLDDQU as alias for VLDQQU to match specification.

C.1.34 Version 2.09.04

e Fix incorrect labels offset for VEX intructions.
e Eliminate bogus warning on implicit operand size override.
e %if term could not handle 64 bit numbers.

¢ The&COFBackendvaslimitingrelocationsumberrd itsevern firrealtheraveraewaymore
relocations.

C.1.35 Version 2.09.03

e Print %$macro name inside %rep blocks on error.

e Fipreprocessorxpansiodehaviour Ithappenedometimeomarlyndometimesimply
wrong. Move behaviour back to the origins (down to NASM 2.05.01).

e Fix unitialized data dereference on OMF output format.
e Issue warning on unterminated %{ construct.

e Fix for documentation typo.

C.1.36 Version 2.09.02

e Fix reversed tokens when %deftok produces more than one output token.
e Fix segmentation fault on disassembling some VEX instructions.

¢ Missing %endif did not always cause error.

e Fix typo in documentation.

e Compoundontextocapreprocessozingléinmacrbdentifierwereoéxpandedarlgnough
and as result lead to unresolved symbols.

C.1.37 Version 2.09.01

e Fix NULL dereference on missed %deftok second parameter.

e Fix NULL dereference on invalid %substr parameters.

C.1.38 Version 2.09

e Fixed assignment the magnitude of $rep counter. It is limited to 62 bits now.

e FixeNULBHereferencéeédrgumenbfstrlemesolveswhitespaceFoexamplaefionexistent
macro parameter is used.

e $ifenv, %elifenv, %ifnenv, and %elifnenv directives introduced. See section 4.4.9.
e Fixed NULL dereference if environment variable is missed.

e Updates of new AVX v7 Intel instructions.
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¢ PUSH imm32 is now officially documented.

e Fix for encoding the LFS, LGS and LSS in 64-bit mode.

e Fixes for compatibility with OpenWatcom compiler and DOS 8.3 file format limitatio
e Macros parameters range expansion introduced. See section 4.3.4.

e Backward compatibility on expanging of local sigle macros restored.

e 8 bit relocations for elf and bin output formats are introduced.

e Short intersegment Jjumps are permitted now.

¢ An alignment more than 64 bytes are allowed for win32, winé64 output formats.

e SECTALIGN directive introduced. See section 4.11.13.

e nojmp option introduced in smartalign package. See section 5.2.

e Shortaliaseswin,elfandnachcdfomutputformatsareintroduced .Eachstandsfomwin32,
elf32 and macho32 accordingly.

e Faster handling of missing directives implemented.

e Various small improvements in documentation.

e No hang anymore if unable to open malloc.log file.

¢ The environments without vsnprintf function are able to build nasm again.
e AMD LWP instructions updated.

¢ Tighten EA checks. We warn a user if there overflow in EA addressing.

¢ MakeOxhéefaulsptimizatiohevelEottheegadyehaviorspecifyOdxplicitlySesection
2.1.23.

e Environmentvariablesreadwith® lortestedvith¥ifenwamowontaimon-identifier
characters if surrounded by quotes. See section 4.10.2.

¢ Addnewtandardiacrpackag&usddorfloating-pointtonveniencenacros Sesection
5.3.

C.1.39 Version 2.08.02

e Fix crash under certain circumstances when using the %+ operator.

C.1.40 Version 2.08.01

e Fix the %use statement, which was broken in 2.08.

C.1.41 Version 2.08

¢ A number of enhancements/fixes in macros area.

e Support for converting strings to tokens. See section 4.1.9.
e Fuzzy operand size logic introduced.

e Fix COFF stack overrun on too long export identifiers.

e Fix Macho-O alignment bug.

e Fix crashes with -fwin32 on file with many exports.

e Fix stack overrun for too long [DEBUG id].

e Fix incorrect sbyte usage in IMUL (hit only if optimization flag passed).
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C.1.42

C.1.43

240

Append ending token for .stabs records in the ELF output format.

New NSIS script which uses ModernUI and MultiUser approach.

Visual Studio 2008 NASM integration (rules file).

Warn a user if a constant is too long (and as result will be stripped).

The obsoleted pre-XOP AMD SSE5 instruction set which was never actualized was remo
Fix stack overrun on too long error file name passed from the command line.

Bindymbolsdhe textsectiobylefault(idrasd SECTIONirectivevasmittedith&LF
output format.

Fix sync points array index wrapping.

A few fixes for FMA4 and XOP instruction templates.

Add AMD Lightweight Profiling (LWP) instructions.

Fix the offset for %arg in 64-bit mode.

An undefined local macro (%$) no longer matches a global macro with the same name.

Fix NULL dereference on too long local labels.

Version 2.07

NASM is now under the 2-clause BSD license. See section 1.1.1.
Fix the section type for the .strtab section in the elf64 output format.
Fix the handling of COMMON directives in the obj output format.

Newtlandremutputformats;thesarerariantofthdimutputformatwhiclhhutputintel
hex and Motorola S-records, respectively. See section 7.2 and section 7.3.

rdf2ihxreplacedwithanenhancedrdf2bin,whichcanoutputbinary,COM, Intelhexor
Motorola S-records.

The Windows installer now puts the NASM directory first in the PATH of the "NASM S
Revert the early expansion behavior of %+ to pre-2.06 behavior: %+ is only expande
Yet another Mach-O alignment fix.

Don’t delete the list file on errors. Also, include error and warning information
Support for 64-bit Mach-O output, see section 7.8.

Fix assert failure on certain operations that involve strings with high-bit bytes.

Version 2.06

Thigxeleasd sledicatedchaenemorpwffharled Crayne,lond imé&lASMlevelopemrmwells
moderatorofcomp.lang.asm.x86andauthorofthebookSeriouAssembler.Wemissyou,
Chuck.

Support for indirect macro expansion (%$[...]). See section 4.1.3.
$pop can now take an argument, see section 4.7.1.
The argument to %use is no longer macro-expanded. Use %[...] if macro expansion is

Support for thread-local storage in ELF32 and ELF64. See section 7.9.4.

Fix crash on %$ifmacro without an argument.



C.1.44

C.1.45

C.1.46

Correct the arguments to the POPCNT instruction.

Fix section alignment in the Mach-O format.

Update AVX support to version 5 of the Intel specification.

Fix the handling of accesses to context-local macros from higher levels in the con

TreatWAlBprefixathethamannstructiontherebwllowingonstructiik@®lESAVEO
work correctly.

Support for structures with a non-zero base offset. See section 4.11.10.

Correctpndbxeprocessdaokemncatenatiomsesctidn 3. 3nvolvifdoating—point
numbers.

The PINSR series of instructions have been corrected and rationalized.
Removed AMD SSE5, replaced with the new XOP/FMA4/CVT16 (rev 3.03) spec.
The ELF backends no longer automatically generate a .comment section.

Add additional "well-known" ELF sections with default attributes. See section 7.9.

Version 2.05.01

Fix the -w/-W option parsing, which was broken in NASM 2.05.

Version 2.05

Fix redundant REX.W prefix on JMP reg64.

Make the behaviour of -00 match NASM 0.98 legacy behavior. See section 2.1.23.
-w-user can be used to suppress the output of %$warning directives. See section 2.1
Fix bug where ALIGN would issue a full alignment datum instead of zero bytes.

Fix offsets in list files.

Fix %include inside multi-line macros or loops.

Fierromherd&lASMiouldyeneratespuriousvarninegmwalidptimizationsofimmediate
values.

Fix arguments to a number of the CVT SSE instructions.

Fix RIP-relative offsets when the instruction carries an immediate.
Massive overhaul of the ELF64 backend for spec compliance.

Fix the Geode PFRCPV and PFRSQRTV instruction.

Fix the SSE 4.2 CRC32 instruction.

Version 2.04

Sanitize macro handing in the %error directive.

New $warning directive to issue user—-controlled warnings.
$error directives are now deferred to the final assembly phase.
New $fatal directive to immediately terminate assembly.

New %$strcat directive to join quoted strings together.

New %use macro directive to support standard macro directives. See section 4.6.4.
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e Excess default parameters to %macro now issues a warning by default. See section 4
e Fix %ifn and %elifn.

e Fix nested %else clauses.

e Correct the handling of nested %reps.

e New %unmacro directive to undeclare a multi-line macro. See section 4.3.12.

e Builtin macro __ _PASS__ which expands to the current assembly pass. See section 4.1
e utfl6e_ and __ _utf32__ operators to generate UTF-16 and UTF-32 strings. See secti

e Fibudmrase-insensitivaeatchingtherompiledmplatformshatdon’ tuseheonfigure
script. Of the official release binaries, that only affected the 0S/2 binary.

e Support for x87 packed BCD constants. See section 3.4.7.

e Correct the LTR and SLDT instructions in 64-bit mode.

e Fix unnecessary REX.W prefix on indirect Jjumps in 64-bit mode.
¢ Add AVX versions of the AES instructions (VAES...).

e Fix the 256-bit FMA instructions.

e Add 256-bit AVX stores per the latest AVX spec.

¢ VIXCRYPOnstructionxamoweiritterithewitlwithoutREP apparentlydifferent
versions of the VIA spec wrote them differently.

¢ Add missing 64-bit MOVNTI instruction.
e Fix the operand size of VMREAD and VMWRITE.
e Numerous bug fixes, especially to the AES, AVX and VTIX instructions.

¢ Theptimizemowlwaysunsintilitconverges Imlsaunsvemwhermisabledbutdoesn’t
optimize. This allows most forward references to be resolved properly.

¢ 3pushbdongemeedaontextdentifierpmittingheontextdentifieresultsaanonymous
context.

C.1.47 Version 2.03.01

e Fix buffer overflow in the listing module.
e Fix the handling of hexadecimal escape codes in ‘...‘ strings.
¢ The Postscript/PDF documentation has been reformatted.
¢ The -F option now implies -g.
C.1.48 Version 2.03
e Add support for Intel AVX, CLMUL and FMA instructions, including YMM registers.
e dy, resy and yword for 32-byte operands.
e Fix some SSE5 instructions.
e Intel INVEPT, INVVPID and MOVBE instructions.
e Fix checking for critical expressions when the optimizer is enabled.
e Support the DWARF debugging format for ELF targets.

e Fix optimizations of signed bytes.
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C.1.49

C.1.50

Fix operation on bigendian machines.

Fix buffer overflow in the preprocessor.

SAFESEH support for Win32, IMAGEREL for Win64 (SEH).

$?2ands??torefertothenameofamacroitself.Imparticular,$idefinekeywords$s%?carbe

used to make a keyword "disappear".

New options for dependency generation: -MD, -MF, -MP, -MT, -MQ.

New preprocessor directives %pathsearch and %$depend; INCBIN reimplemented as a mac

%$include now resolves macros in a sane manner.

$substr can now be used to get other than one-character substrings.

Newypefharacter/stringonstantsysinbackquotes$’. .. )yhichuppor&-stylescape

sequences.

$defstr and %$idefstr to stringize macro definitions before creation.

Fix forward references used in EQU statements.

Version 2.02

Additiona¥ixedoMM¥perandwitkexplicigwordawelhghopefullySSBperandwith

oword.

Fix handling of truncated strings with DO.

Fix segfaults due to memory overwrites when floating-point constants were used.

Fix segfaults due to missing include files.

Fix OpenWatcom Makefiles for DOS and 0S/2.

Add autogenerated instruction list back into the documentation.

ELF: Fix segfault when generating stabs, and no symbols have been defined.

ELF: Experimental support for DWARF debugging information.

New compile date and time standard macros.

$ifnum now returns true for negative numbers.

New %$iftoken test for a single token.

New %$ifempty test for empty expansion.

Add support for the XSAVE instruction group.

Makefile for Netware/gcc.

Fix issue with some warnings getting emitted way too many times.

Autogenerated instruction list added to the documentation.

Version 2.01

FisthédandlingfMMXegisterwitlkexplicigwordagssmemory(brokenm®.0@uebi-bit

changes.)
Fix the PREFETCH instructions.
Fix the documentation.

Fix debugging info when using -f elf

(backwards compatibility alias for -f elf32).
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e Man pages for rdoff tools (from the Debian project.)
e ELF: handle large numbers of sections.

e Fix corrupt output when the optimizer runs out of passes.

C.1.51 Version 2.00

e Added c99 data-type compliance.

e Added general x86-64 support.

¢ Added win64 (x86-64 COFF) output format.

¢ Added _ BITS__ standard macro.

e Renamed the elf output format to elf32 for clarity.
e Added elf64 and macho (MacOS X) output formats.

¢ Added Numeric constants in dg directive.

e Added oword, do and reso pseudo operands.

e Allow underscores in numbers.

e Added 8-, 16- and 128-bit floating-point formats.

¢ Added binary, octal and hexadecimal floating-point.
e Correct the generation of floating-point constants.
e Added floating-point option control.

¢ Added Infinity and NaN floating point support.

¢ Added ELF Symbol Visibility support.

¢ Added setting OSABI value in ELF header directive.
¢ Added Generate Makefile Dependencies option.

¢ Added Unlimited Optimization Passes option.

e Added %IFN and %ELIFN support.

¢ Added Logical Negation Operator.

e Enhanced Stack Relative Preprocessor Directives.

e Enhanced ELF Debug Formats.

e Enhanced Send Errors to a File option.

e Added SSSE3, SSE4.1, SSE4.2, SSE5 support.

¢ Added a large number of additional instructions.

e Significant performance improvements.

¢ —wt+twarning and -w-warning can now be written as -Wwarning and -Wno-warning,
respectively. See section 2.1.25.

¢ Add -wterror to treat warnings as errors. See section 2.1.25.

¢ Add -wt+tall and -w-all to enable or disable all suppressible warnings. See section

C.2 NASM 0.98 Series

The 0.98 series was the production versions of NASM from 1999 to 2007.
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C.2.1 Version 0.98.39

o fix buffer overflow

e fix outas86’s .bss handling

e "make spotless" no longer deletes config.h.in.

e $(el)if(n)idn insensitivity to string quotes difference (#809300).

e (nasm.c)__ OUTPUT_FORMAT__ changed to string value instead of symbol.

C.2.2 Version 0.98.38

o AddMakefileforl6-bitDOSinariesunderOpenWatcom,andnodifymkdep.pltdoeableto
generateompletelpathlesdependenciesasequired9penWatcommakdisupportpath
searches, but not explicit paths.)

e Fix the STR instruction.

e Fisth&LPutputformat whiclwadbrokemnderertairircumstancesluetchadditiomt
stabs support.

e Quick-fix Borland format debug-info for -f obj

e Fix for %$rep with no arguments (#560568)

e Fix concatenation of preprocessor function call (#794686)
e Fix long label causes coredump (#677841)

e Usautoheadermwellhautoconfi&eeponfigurdromeneratingidiculouslyongommand
lines.

e Maksuréhatldfhdormatwhickupportebuggingutputctuallwilsuppressdebugging
output when -g not specified.

C.2.3 Version 0.98.37

e Paths given in -I switch searched for incbin-ed as well as %include-ed files.
e Added stabs debugging for the ELF output format, patch from Martin Wawro.

e Fix output/outbin.c to allow origin > 80000000h.

e Make -U switch work.

e Fix the use of relative offsets with explicit prefixes, e.g. a32 loop foo.

e Remove backslash().

e Fix the SMSW and SLDT instructions.

e —-02 and -03 are no longer aliases for -010 and -015. If you mean the latter, pleas

C.2.4 Version 0.98.36

e Update rdoff - librarian/archiver - common rec - docs!

e Fix signed/unsigned problems.

e Fix JMP FAR label and CALL FAR label.

¢ Add new multisection support - map files - fix align bug
e Fix sysexit, movhps/movlps reg,reg bugs in insns.dat

e Q or O suffixes indicate octal
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Support Prescott new instructions (PNI).

Cyrix XSTORE instruction.

C.2.5 Version 0.98.35

Fix build failure on 16-bit DOS (Makefile.bc3 workaround for compiler bug.)

Fix dependencies and compiler warnings.

Add "const" in a number of places.

Add -X option to specify error reporting format (use —-Xvc to integrate with Micros
Minor changes for code legibility.

Drop use of tmpnam() in rdoff (security fix.)

C.2.6 Version 0.98.34

Correct additional address-size vs. operand-size confusions.
Generate dependencies for all Makefiles automatically.

AdslupporfounimplementedbutheoreticallgvailableyegistersucasrlndrbSegment
registers 6 and 7 are called segr6 and segr7 for the operations which they can be

Correctomeisassemblebugselatedaoedundantddress—-sizerefixes Somaorlkstill
remains in this area.

Correctly generate an error for things like "SEG eax".
Add the JMPE instruction, enabled by "CPU IA64".
Correct compilation on newer gcc/glibc platforms.

Issue an error on things like "Jjmp far eax".

C.2.7 Version 0.98.33

New__ NASM PATCHLEVEL__and NASM VERSION_ID__ standardmacrostoroundoutthe
version—quermpacrosversion.phownderstandX¥.YYplWWX.YY.ZZplWegersionumber,
equivalent to X.YY.ZZ.WW (or X.YY.0.WW, as appropriate).

New keyword "strict" to disable the optimization of specific operands.

Fix the handing of size overrides with JMP instructions (instructions such as "jmp
Fix the handling of "ABSOLUTE label", where "label" points into a relocatable segm
Fix OBJ output format with lots of externs.

More documentation updates.

Add -Ov option to get verbose information about optimizations.

Undo a braindead change which broke %elif directives.

Makefile updates.

C.2.8 Version 0.98.32
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Fix NASM crashing when %macro directives were left unterminated.
Lots of documentation updates.
Complete rewrite of the PostScript/PDF documentation generator.

The MS Visual C++ Makefile was updated and corrected.



e Recognize .rodata as a standard section name in ELF.
e Fix some obsolete Perld-isms in Perl scripts.

e Fix configure.in to work with autoconf 2.5x.

e Fix a couple of "make cleaner" misses.

e Make the normal "./configure && make" work with Cygwin.

C.2.9 Version 0.98.31

e Correctly build in a separate object directory again.

e Derive all references to the version number from the version file.
e New standard macros __ NASM SUBMINOR__ and __ NASM VER__ macros.

e Lots of Makefile updates and bug fixes.

e New %$ifmacro directive to test for multiline macros.

e Documentation updates.

e Fixes for 16-bit OBJ format output.

¢ Changed the NASM environment variable to NASMENV.

C.2.10 Version 0.98.30

¢ Changedodiledotcompletelyemovedl®EADMExrn@ishlisttilesincorporatingll
information in CHANGES and TODO.

e T waited a long time to rename zoutieee.c to (original) outieee.c
e moved all output modules to output/ subdirectory.

¢ Added ’'make strip’ target to strip debug info from nasm & ndisasm.
e Added INSTALL file with installation instructions.

¢ Added -v option description to nasm man.

e Added dist makefile target to produce source distributions.

e 16-bit support for ELF output format (GNU extension, but useful.)

C.2.11 Version 0.98.28

e Fastcookedhifobebian’ HoodyeleaseFrankppliedh&NCBIBupatchd.98.25aland
called it 0.98.28 to not confuse poor little apt-get.

C.2.12 Version 0.98.26

¢ Reorganised files even better from 0.98.25alt

C.2.13 Version 0.98.25alt

e Prettified the source tree. Moved files to more reasonable places.
e Added findleak.pl script to misc/ directory.

e Attempted to fix doc.

C.2.14 Version 0.98.25

e Line continuation character \.

e Docs inadvertantly reverted - "dos packaging”.
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C.2.15 Version 0.98.24p1

e FIXME: Someone, document this please.

C.2.16 Version 0.98.24

e Documentation - Ndisasm doc added to Nasm.doc.

C.2.17 Version 0.98.23

e Attempted to remove rdoff versionl
¢ Lino Mastrodomenico’s patches to preproc.c (%$$$ bug?).
C.2.18 Version 0.98.22
e Update rdoff2 - attempt to remove vl.
C.2.19 Version 0.98.21
e Optimization fixes.
C.2.20 Version 0.98.20
e Optimization fixes.
C.2.21 Version 0.98.19
e H. J. Lu’s patch back out.
C.2.22 Version 0.98.18
e Added ".rdata" to "-f win32".
C.2.23 Version 0.98.17
e H. J. Lu’s "bogus elf" patch. (Red Hat problem?)
C.2.24 Version 0.98.16
e Fix whitespace before "[section ..." bug.
C.2.25 Version 0.98.15
e Rdoff changes (?).
e Fix fixes to memory leaks.
C.2.26 Version 0.98.14
e Fix memory leaks.
C.2.27 Version 0.98.13
¢ There was no 0.98.13
C.2.28 Version 0.98.12
e Update optimization (new function of "-01")
e Changes to test/bintest.asm (?).
C.2.29 Version 0.98.11
e Optimization changes.

¢ Ndisasm fixed.
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C.2.30 Version 0.98.10

C.2.31

C.2.32

C.2.33

There was no 0.98.10

Version 0.98.09

Add multiple sections support to "-f bin".

Changed GLOBAL_TEMP_BASE in outelf.c from 6 to 15.

Add "-v" as an alias to the "-r" switch.

Remove "#ifdef" from Tasm compatibility options.

Remove redundant size-overrides on "mov ds,
Fixes to SSE2, other insns.dat (?).

Enable uppercase "I" and "P" switches.

Case insinsitive "seg" and "wrt".

Update install.sh (?).

Allocate tokens in blocks.

Improve "invalid effective address" messages

Version 0.98.08

Version 0.98.09b with John Coffman patches released 28-Oct-2001

Changes from 0.98.07 release to 98.09 as of 28-0Oct-2001

Add "%strlen" and "%substr" macro operators
Fixed broken clé6.mac.
Unterminated string error reported.

Fixed bugs as per 0.98bf

ex",

etc.

Moreloselygompatibleith.9%henOQdimpliedspecifiedNostrictlydenticalgince
backwarbBranchesmangefhorbpffsetareecognizedandignebytwaluewithexplicit

size specification will be assembled as a single byte.

MoréorgivingithhBUSHnstruction0.98equireaizebepecifiedlways0.98.09%mill

imply the size from the current BITS setting (16 or 32).
Changed definition of the optimization flag:
-00 strict two-pass assembly, JMP and Jcc are

handled more like 0.98, except that back-

ward JMPs are short, if possible.

-01 strict two-pass assembly, but forwa

branches are assembled with code guaranteed

to reach; may produce larger code t

rd

han

-00, but will produce successful assembly
more often if branch offset sizes are not

specified.

-02 multi-pass optimization, minimize branch

offsets; also will minimize signed immed-
iate bytes, overriding size specification.
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-03 like -02, but more passes taken, if needed

C.2.34 Version 0.98.07 released 01/28/01

Adde&tepan®enisSSEAnstructionsdworkingversiomfheodesomearlierversions
were based on broken code - sorry ’"bout that. version "0.98.07"

Cosmetic modifications to nasm.c, nasm.h, AUTHORS, MODIFIED

C.2.35 Version 0.98.06f released 01/18/01

Add "metalbrain"s jecxz bug fix in insns.dat

Alter nasmdoc.src to match - version "0.98.06f"

C.2.36 Version 0.98.06e released 01/09/01

Removedhdoutforms.hileitappearsdesomeone’ ®ldackuwfoutform.h" version
"0.98.06e"

fbkfinallyddedhefixforrthd'multiplesincludesug" knowrnsincel//27/9%reported
originally(?)andgenttaidipustimunnenhereportshatiohrFinchadfixwithirtheday.
Here it is...

NelsorRuslresignsrontheyroup BidhanksNelsornfothideadershimndnthusiasmn
getting these changes incorporated into Nasm!

fbk - [list +], [list -] directives - ineptly implemented, should be re-written or
Brian Raiter / fbk - "elfso bug" fix - applied to aoutb format as well - testing m
James Seter - -postfix, -prefix command line switches.

Yuri Zaporozhets - rdoff utility changes.

C.2.37 Version 0.98p1

GAS-like palign (Panos Minos)

FIXME: Someone, fill this in with details

C.2.38 Version 0.98bf (bug-fixed)

Fixedelfandoutlbugsharedibrariesmultipld'$includebudd' -Hbj"jcxz,jecxdug
unrecognized option bug in ndisasm

C.2.39 Version 0.98.03 with John Coffman’s changes released 27-Jul-2000
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Addedignettyteptimizationforh®&x81/0x88lassfinstructions ADCADDANDLMP PR,
SBBSUBXORwhemse@d ADFegl6, immo¥ ADFreg32, imm. AlsoptimizatiomEignedbyte
form of "PUSH imm’ and ’IMUL reg, imm’/’ IMUL reg,reg,imm.’ No size specification is

Addenilti-pasBEntof fsedptimizatiomMffsetaffiorwandeferencasiljdreferentially
useheshortformwithouttheneed acodaespecifisize(shortomear)fortthdranch Added
instructionf§otJctabeltaseéh€orhInotcéd+3/IMRPabel’ jnasewherahorbffsetisut
of bounds. If compiling for a 386 or higher CPU, then the 386 form of Jcc will be

Thifeaturesontrollebwmewommand-linswitch?O" (upperaséette®d) '-O0%everts
theassemblertonoextraoptimizationpasses,"-0l"allowsuptoSextrapasses,and
"-02" (default), allows up to 10 extra optimization passes.



C.2.40

Addednewirective? cpEXX’ wher&XXX sanywyf 8086,186,286,386,486,586,pentium,686,
PPropP2pPB8KatmaiAlareasaensensitiveAlinstructionwilbselectednlyfhegpplyo
the selected cpu or lower. Corrected a couple of bugs in cpu-dependence in ’insns.

Addedbstandard.mac’ th&8usel6dnuse32formsth&bit$6/328irectiveThissothing
new, just conforms to a lot of other assemblers. (minor)

Changedabeallocatiofiro®20/3210000abel@800K+£32/37100Qabels) makesunning
undebOfiuckasierSincadditionalabespaceallocatedynamicallythishoulavao
effectriargerogramwitlotoflabels Th&8 A sporime believedddetterfohashing.
(minor)

Version 0.98.03

"IntegratedtchfiDe 98-0.98.CRthiersidn98.Ehtstoricakasond: 98.W&xzxashed."
—-—John Coffman <johninsd@san.rr.com>, 27-Jul-2000

Kendall Bennett’s SciTech MGL changes

Notethatyoumustdefine"TASM_COMPAT"atcompile-timetogettheTasmIdealMode
compatibility.

AllchangescanbecompiledinandoutusingtheTASM_COMPATmacros,andwhencompiled
without TASM_COMPAT defined we get the exact same binary as the unmodified 0.98 so

standard.mac, macros.c: Added macros to ignore TASM directives before first includ
nasm.h: Added extern declaration for tasm_compatible_mode

nasm.c: Added global variable tasm_compatible_mode

Added command line switch for TASM compatible mode (-t)

Changed version command line to reflect when compiled with TASM additions

Addedespons€ilprocessingallowlargumentssingléindresponséilefrespather
than -@resp for NASM format) .

labels.c: Changes islocal () macro to support TASM style @Q@local labels.
Added islocalchar () macro to support TASM style @Q@local labels.

parser.cAddedupportfofASMtylaemoryeferenceqdiemoyDWORRax], l&@athethanhe
NASM style mov DWORD [eax],10).

preproc.c: Added new directives, %arg, %local, %stacksize to directives table
Added support for TASM style directives without a leading % symbol.
Integrated a block of changes from Andrew Zabolotny <bit@eltech.ru>:

Ahekeywordxdefinandtesase-insensitiveounterpartixdefine Theworklmostthe
samewayas%$defineand%idefinebutexpandthedefinitionimmediately, notonthe
invocation.Somethinglikecrossetweertdefinean®assign.The"x"suffixstandsfor

"eXpand", so "xdefine" can be deciphered as "expand-and-define". Thus you can do t
%$assign ofs 0
¥macro arg 1

$xdefine %1 dword [esptofs]
%$assign ofs ofs+4
%endmacro
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¢ Changedheplacavhere&heexpansiomBZSnamanacrosareexpanded Nowheywyreconverted
inta .@ctxnum.nam€ormhemletokenizingsaheraraguirkadveforavhemsing$name
arguments to macros, in macros etc. For example:

%$macro abc 1
%$define %1 hello

$endm

abc %$Shere

%$Shere

Nowastlineril bexpandedntdhellobexpectedThislsallowforot®foodies good
example are extended "proc" macros included in this archive.

¢ Added a check for "cstk" in smacro_defined() before calling get_ctx() - this allow

$ifdef %$S$Sabc
%$endif

to work without warnings even in no context.

¢ Addedrheckor'cstk'igif*ctandelif*ctxdirectivesthisllowdsas&ifctwithout
excessive warnings. If there is no active context, %ifctx goes through "false" bra

e RemoveduseerrorpPprefiwitherrodirectiveifjustlobbersheutpuanaabsolutely
nbunctionalityBesidesthisllowswritmacroshadoesodiffefromuilt-ifiunctionsn
any way.

¢ Added expansion of string that is output by %$error directive. Now you can do thing
$define hello(x) Hello, x!
$define %S$name andy
$error "hello (%S$name)"
Same happened with %include directive.

e Nowmldlirectiveshatxpecandentifiewiltrygexpandndoncatenateverythingithout
whitespaces in between before usage. For example, with "unfixed" nasm the commands

$define %$S$Sabc hello
$define __%$S$Sabc goodbye
__%Sabc

would produce "incorrect" output: last line will expand to
hello goodbyehello

Noguitehatyoexpectedeh? -Thanswenrshafpreprocessotreatsh&defineonstruct
as if it would be

$define ___ %$$abc goodbye
(note the white space between ___ and %$$abc). After my "fix" it will "correctly" ex
goodbye

asxpectedNotéhafisgquotearoundorddcorrect"incorrect®tbecauseéhidsgathen
featurenotbughoweverurrentbehavioud snordogical(an@dllowsioreadvancedhacro
usage :—).

Same change was applied to:
%push, $macro, $imacro, $define, $idefine, $xdefine, $ixdefine,
%$assign, $iassign, $undef
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o he@irectivdWARNING+|—}warning—idhav@eeaddedIWOrksnljfhassemblphasés
enabled (i.e. it doesn’t work with nasm -e).

¢ hewarningypemacro-selfrefByefaulthiwarningslisabledwhernabledlASMarns
when a macro self-references itself; for example the following source:

[WARNING macro-selfref]

%¥macro push 1-*
$rep %0
push %1
$rotate 1
%endrep
%endmacro

push eax, ebx,ecx

willproducewarningbutd fweremovehefirstlinavavon’ tseeltanymore(whichi sSThekight
Thing To Do {tm} IMHO since C preprocessor eats such constructs without warnings a

e Adde8errorfoutinepreprocessowhichlwaywilieERR_PASSbitteeverity_codeThis
removes annoying repeated errors on first and second passes from preprocessor.

¢ Added the %+ operator in single—line macros for concatenating two identifiers. Usa

$define _myfunc _otherfunc
$define cextern(x) _ %+ x
cextern (myfunc)

Aftefirséxpansionthirdlinei lbecom® myfunc"Afterhisxpansiohnserformedgaiadt
becomes "_otherunc".

e Now if preprocessor is in a non-emitting state, no warning or error will be emitte

$if 1
mov eax, ebx

%else
put anything you want between these two brackets,
even macro—parameter references %1 or local
labels %$zz or macro-local labels %%zz - no
warning will be emitted.

$endif

e Context-locaVYariablesexpansiondastesortréookedponuterontextsFoexample,
the following piece:

%push outer
$define %S$Sa [esp]

%push inner
$Sa
Spop

Spop

wiléxpandorrectlyhéourthinedesp]ide’ ldefinenothe¥sansideh®innerdontextit
wiltakprecedenceveoutedefinitionHoweverthimodificatiohabeenppliednlyo
expand_smacrandotsmacro_defineasonsequencexpansiohookdénuterontextshut
$ifdef won’t look in outer contexts.
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C.2.41

C.2.42

C.2.43
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Thidehaviourd smeededecausaraon’ twantnestedontexts@ctoralreadylefinedocal
macros. Example:

$define %$$argl [esp+4]

test eax,eax
if nz

mov eax, $Sargl
endif

Ithiexamplehdifhmacrenterdntahd'if®ontext s&S$arglisnotwvali@nymordnside
"if". Of course it could be worked around by using explicitely %$$argl but this is

Fixed memory leak in %undef. The origline wasn’t freed before exiting on success.

FixedrappreprocessowhedinexpandedemptgeofokensThikappens foexamplein
the following case:

#define SOMETHING
SOMETHING

Version 0.98

All changes since NASM 0.98p3 have been produced by H. Peter Anvin <hpa@zytor.com>.

The documentation comment delimiter is
Allow EQU definitions to refer to external labels; reported by Pedro Gimeno.
Re—-enable support for RDOFF vl; reported by Pedro Gimeno.

Updated License file per OK from Simon and Julian.

Version 0.98p9

Updatdocumentatiorfalthoughhénstructiorsereferencwilhavewait@on’ wanthold
up the 0.98 release for it.)

Verifiedhathd&ASMmplementatiowmfh®EXTREN®MOVMSKEnstructiondsorrect The
encodingifferdfromhatthdntemhanualslocument puth®entium Ibehavioumatches
NASM, not the Intel manuals.

Fix handling of implicit sizes in PSHUFW and PINSRW, reported by Stefan Hoffmeiste

Resurrect the -s option, which was removed when changing the diagnostic output to

Version 0.98p8

Fix for "DB" when NASM is running on a bigendian machine.
Invoke insns.pl once for each output script, making Makefile.in legal for "make -
Improve the Unix configure-based makefiles to make package creation easier.

Include@mRPM spedildobuildinRPMRedHatPackagdlanager packageorLhinuo®inix
systems.

Fix Makefile dependency problems.
Change src/rdsrc.pl to include sectioning information in info output; required for

Updatedh&kDOFRlistributiortwersiofroules minomassaging makdtcompildamy
environment.

Split doc files that can be built by anyone with a Perl interpreter off into a sep

"Dress rehearsal" release!



C.2.44 Version 0.98p7

¢ Fixedpcodewiththirdyte-sizedmmediatargumentmotcomplain iver'byte®ithe
immediate.

e Allowundefa@emoveingle-linmacrowithrgumentsThimatcheshb&ehaviouofundef
in the C preprocessor.

e Allowd,~u, iandrtdepecifiecasD,~U,~=andPforompatibilitwithmost®ompilers
and preprocessors. This allows Makefile options to be shared between cc and nasm,

e Minor cleanups.
e Went through the list of Katmai instructions and hopefully fixed the (rather few)

e (Hopefullyfixemimbeadisassembldrugselatedmbiguoulsnstructionkdisambiguated
by -p) and SSE instructions with REP.

e FixforbugreportedoyMarkJunger:"calldworddx12345678"shouldworkandnayaddanOSP
(affected CALL, JMP, Jcc).

e Fix for environments when "stderr" isn’t a compile-time constant.

C.2.45 Version 0.98p6

e Tookfficiallpveroordinationfhé.9%8eleasesdrophe3.rotationSkippegéngbo
avoid confusion with John Fine’s J4 and J5 releases.

e Updatéhdocumentationhoweveristildoesn’ttncluddocumentatiofiothsariousew
instructions.Isomehowonder fitmakessensecchaveaninstructiorsetreferenceirthe
assembler manual when Intel et al have PDF versions of their manuals online.

e Recognize "idt" or "centaur" for the -p option to ndisasm.

¢ Changedrromessagedackstdermhereheypelong,butadanptiortaxedirectthem
elsewhere (the DOS shell cannot redirect stderr.)

e -M option to generate Makefile dependencies (based on code from Alex Verstak.)

e 3undef preprocessor directive, and -u option, that undefines a single-line macro.
e 0S/2 Makefile (Mkfiles/Makefile.os2) for Borland under 0S/2; from Chuck Crayne.

e Various minor bugfixes (reported by): - Dangling %s in preproc.c (Martin Junker)

¢ THEREAREKNOWNBUGSINSSEANDTHEOTHERKATMAIINSTRUCTIONS.Iamonatripanddidn’t
bring the Katmai instruction reference, so I can’t work on them right now.

e Updated the License file per agreement with Simon and Jules to include a GPL distr
C.2.46 Version 0.98p3.7

¢ (Hopefully) fixed the canned Makefiles to include the outrdf2 and zoutieee modules

* Renamed changes.asm to changed.asm.

C.2.47 Version 0.98p3.6

e FixedbunclhofinstructionshatweraeaddedirD.98p3.5hichadnemoryperands,andhe
address—-size prefix was missing from the instruction pattern.

C.2.48 Version 0.98p3.5

¢ MergedirchangesfromJohrS .Fine’ 0.98-Jrelease.John’ ased.98-J5%my0.98p3.3
release; this merges the changes.
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C.2.49

C.2.50

C.2.51
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Expandedheinstructionsflagfield @longavecanfitmoreflags markSSE(KNI )andMDbr
Katmai-specific instructions as such.

FixhdPRIV¥flagbduncbhbfinstructionsandreataee®#PROT¥ladoprotected-mode-only
instructiongorthogonatdafhénstructionprivileged! pndewSMMtladoBSMM-only
instructions.

Added AMD-only SYSCALL and SYSRET instructions.
Make SSE actually work, and add new Katmai MMX instructions.

Adde@pdpreferredendorpptiotadisasmsachatittarddistinguisk.gCyrixpcodeslso
used in SSE. For example:

ndisasm -p cyrix aliased.bin

00000000 670F514310 paddsiw mmO, [ebx+0x10]
00000005 670F514320 paddsiw mmO, [ebx+0x20]
ndisasm -p intel aliased.bin

00000000 670F514310 sgrtps xmmO, [ebx+0x10]
00000005 670F514320 sgrtps xmm0, [ebx+0x20]

Added a bunch of Cyrix-specific instructions.

Version 0.98p3.4

MadeteasaattemptmodifglthedditionaMakefilegihhMkfiledirectory) &an’test
it, but this was the best I could do.

DOS DJGPP+"Opus Make" Makefile from John S. Fine.

changes.asm changes from John S. Fine.

Version 0.98p3.3

Patch from Conan Brink to allow nesting of %rep directives.

Ifve’ regoingt@llowINTOlasaraliasforINT1/ICEBP(oneofJuled . 98pXhanges) ,themwe
should allow INTO03 as an alias for INT3 as well.

Updated changes.asm to include the latest changes.

Triedtocleanupthe<CR>sthathadsnuckinfromaDOS/WindowsenvironmentintomyUnix

environment, and try to make sure than DOS/Windows users get them back.

Weouldilentlgeneratkrokenoolsfnsns.dakasn’ sortedroperlyChangensns.pibhat
the order doesn’t matter.

Fikudgnnsns.plintroducebmeWwhiclwouldauseonditionainstructionshavaeextra
"cc" in disassembly, e.g. "jnz" disassembled as "Jjccnz".

Version 0.98p3.2

Merged in John S. Fine’s changes from his 0.98-J4 prerelease; see http

ChangedeviolWspotles¥bkefitarggappropriatfei stributiotldistclean'yadided
"cleanertargewhichsamabcleandxcepdeletefilegeneratelferdcriptstspotlessds
union.

://www.csoft

Removed BASIC programs from distribution. Get a Perl interpreter instead (see belo

Calling this "pre-release 3.2" rather than "p3-hpa2" because of John’s

Actuallyinkhh&EEButpuformatzoutieee.c) fiBunchfompilewarningshhafileNote

contributio

I don’t know what IEEE output is supposed to look like, so these changes were made



C.2.52 Version 0.98p3-hpa

¢ Mergedasm098p3.ziwithasm-0.97.tar.gkoreatfulllpuildableersiofiofnigystems
(Makefile.in updates, etc.)

¢ Changednsns.ploreatéhenstructiotablednasm.hndames.csthatmewnstruction
can be added by adding it *only* to insns.dat.

¢ Addetlh€éollowingewnstructionsSYSENTERSYSEXITFXSAVEFXRSTORYD1YDZtheéatter
twarewopcodeshatIntelguaranteavil Ineveraised;oneofthem sdocumentedaUD2in
Intedocumentationthetheongjustad'Undefinedpcode™—<callingtiDlseemedmake
sense.)

e MAX_ SYMBOIwasdefinedtde9,butLOADALL286andLOADALL386@rell0characterslong.Now
MAX_ SYMBOL is derived from insns.dat.

e hMotenrhd&ASIProgramdncludedforgetheminsns.badsalreadpubflate Getyourself
Perl interpreter for your platform of choice at http://www.cpan.org/ports/index.ht

C.2.53 Version 0.98 pre-release 3
¢ added response file support, improved command line handling, new layout help scree

o fixedimitheckinbug; OUBytanregbugandouplefdoffelatebugsupdatedishlist;
0.98 Prerelease 3.

C.2.54 Version 0.98 pre-release 2

e fixebudputcoff.tdwithruncatingectionamedongetha®haractersyreferencing
beyond end of string; 0.98 pre-release 2

C.2.55 Version 0.98 pre-release 1
e Fixed a bug whereby STRUC didn’t work at all in RDF.
e Fixed a problem with group specification in PUBDEFs in OBJ.
¢ Improved ease of adding new output formats. Contribution due to Fox Cutter.

o Fixedudmwelocationdmhebinformat washowingwhemelocatableeferencerossed
an 8192-byte boundary in any output section.

e Fixedudidocalabelsilocal-labelookupserénconsistenbetweepassesnandwadin
EQWccurredetweerthalefinitiomfglobalabebhndhesubsequentus@focalabelocal
to that global.

e Fixedeg-faultimthereprocessoragainwhichappeneatheryomsadlankinashed€irst
line of a multi-line macro definition and then defined a label on the same line as

e Fixedstale-pointebudgrrthédandlinepfhd&lASMnvironmentrariable Thankstdhomas
McWilliams.

e ELF had a hard limit on the number of sections which caused segfaults when transgr
¢ Added ability for ndisasm to read from stdin by using ‘-’ as the filename.
e ndisasm wasn’t outputting the TO keyword. Fixed.

e Fixedrrorascademoguexpressionrkifarrrodrevaluatiowasausinghentir&if
to be discarded, thus creating trouble later when the %else or %$endif was encounte

e Forwardeferencerackinwasnstruction—-granulamotperandgranularyhichasausing
286-specificodeébgeneratedeedlesslypnodefthéormshwordforwardref], 1’ Thanks
to Jim Hague for sending a patch.
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C.3.1
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Alhessagesowppeawrstdout asendindghemstderservesiaisefuburposethertrhan
to make redirection difficult.

Fixed the problem with EQUs pointing to an external symbol - this now generates an
Allowed multiple size prefixes to an operand, of which only the first is taken int

Incorporatedohffine’ ghangesincludindixesflargaumbeopreprocessobugssome
smallproblemsirOBJ,andreworkingflabelhandlingalefinelabeldeforeheirineas
assembled, rather than after.

Reformattedobfhsourceodebamoracadable Includedcoding.txtasuidelindor
how to format code for contributors.

Stoppedchestedrepsausingpanictheynowauseslightlynorefriendlyerromessage
instead.

Fixed floating point constant problems (patch by Pedro Gimeno)

Fixed the return value of insn_size () not being checked for -1, indicating an erro
Incorporated 3Dnow! instructions.

Fixed the ’'mov eax, eax + ebx’ bug.

Fixed the GLOBAL EQU bug in ELF. Released developers release 3.

Incorporated John Fine’s command line parsing changes

Incorporated David Lindauer’s OMF debug support

MadehangefokC@. 8upport_NASM CDecl__yemovedegistegizspecificatiowarning
when sizes agree).

NASM 0.9 Series

Revisions before 0.98.

Version 0.97 released December 1997

This was entirely a bug-fix release to 0.96, which seems to have got cursed. Silly

Fixedtupidistakd®B#hiclktausedMOEAX, <constant>*tdail Causedwrrrorrthe
MOV EAX, <segment>’ support.

ndisasmun@tEOFvherrompiledvith comlinukbecausd corlinusomehowreakseof () .
ndisasm now does not rely on feof ().

A heading in the documentation was missing due to a markup error in the indexing.

Fixedailure¢apdatalbointersmealloc (Withiextendedeperandodeparser.cWas
causing wrong behaviour and seg faults on lines such as ‘dd 0.0,0.0,0.0,0.0,..."

Fixedsubtlereprocessobugitherebynvokingnemulti-lineacreorthedirstlinefhe
expansiomfanother,wherthesecondadeennvokedvittalabeldefinedefordat,didn’t
expand the inner macro.

Added internal.doc back in to the distribution archives - it was missing in 0.96 *

Fixebugausing.9tbanabltassemblétswhesfilesgpecificallpgbijtest.asm*blush
again*

Fixedkdeg-faultsmandogusrromessagesausedynismatchinggremnd®dendrepvithin
multi-line macro definitions.



C.3.2

FixedproblemitlhuffemwverrunmwBJI whiclwasausingorruptiomtendflond®UBDEF
records.

Separated DOS archives into main-program and documentation to reduce download size

Version 0.96 released November 1997

Fixedugherebyjifnasmourcefilefwouldausdilenameollisiowmarningngubutput
intdnasm.out’thennasmourcefileoutputfilestildavehwarningvehhoughhé-owas
honouredFixedameollutiomndePigitalNIXpnefitheaderfileslefine® SPwhich
broke the enum in nasm.h.

Fixedninornnstructiortableroblems FUCOMNEUCOMRIidn’ thaveewo—-operandorms;
NDISASMlidn’ trecognisethelongerregisterformsoPUSEANPOP(edF FF X orPUSEBX) ;TEST
mem, imm32wasflaggedasundocumented;the32-bitformsofCMOVhadl 6-bitoperandsize
prefixes;*AADimm’and*AAMimm’arenoclongerflaggedasundocumentedecausethelntel
Architecture reference documents them.

Fixedgoroblemwiththelocal-labelmechanism,wherebystrangetypesofsymbol(EQUs,
auto-define®Bdegmenbaseymbols)interfereditlhhépreviouglobalabelfaluand
screwed up local labels.

Fixedugherebyhstulpreprocessodidn’ tommunicateithhéistindilgeneratorso
that the —-a and -1 options in conjunction would produce a useless listing file.

Mergedos2bbjectiléormabackntdobj’ aftediscoveringhatobij’alsoshouldn’have
linbasseparatorimoduleontainingon-triviaMODENDFlatsegmentaraoweclared
using the FLAT attribute. ‘os2’ is no longer a valid object format name: use ‘obj’

Removetlhéixed-sizeéemporargtoragehhevaluatorVeryerjyongxpressionglikeémov
ax,1+1+1+1+...’ for two hundred 1ls or so) should now no longer crash NASM.

FixedudnvolvingegfaultsdisassemblpFMMinstructionspghanginghmeaningbne
ofheperand-typdlagdimasm.hThimagausethernpparentlyunrelate®dM®roblemsit
needs to be tested thoroughly.

Fixedomduffeoverruproblemsvitharg®©Bbdutputfiles Thanks®Deloridorhdug
report and fix.

Madereprocess-onlmodactuallyisterdch&linemarkeradtprintshem,schatitcan
report errors more sanely.

Re-designetdhevaluatotkeaporsensiblieraaddxpressionksnvolvinforwardeferences:
can now cope with previously-nightmare situations such as:

mov ax, foo | bar
foo equ 1
bar equ 2

Added the ALIGN and ALIGNB standard macros.
Added PIC support in ELF: use of WRT to obtain the four extra relocation types nee

Addedhabilitfoputputfildormatsdefinehei pwextensions¢h&LOBALLCOMMOMNA
EXTERN directives.

Implemented common-variable alignment, and global-symbol type and size declaration

ImplementedNEARandFARkeywordsforcommonvariables,plusfar-commonelementsize
specification, in OBJ.

AddedsfeaturevherebyEXTERNsandCOMMONsirOBXkarbegiveraedefaultiWRTspecification
(either a segment or a group).
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¢ Transformed the Unix NASM archive into an auto-configuring package.

¢ Addedsanity-checkompeoplapplyingEGdhingwhiclarealreadywegmentrasesthis
previously went unnoticed by the SEG processing and caused OBJ-driver panics later

¢ Addedhaebilityi®Bformat fdeaWwitiIMOEBAX, <segment>typaeeferencesOBdloesn’t
directlpupportdword-sizesegmentbasdixupspbuttdongathdonwwbytewfheonstant
term are zero, a word-size fixup can be generated instead and it will work.

e Addetthebilitygspecifgectionsdlignmentequirementsiiin3dbjectileandurkinary
files.

e Addepreprocess—-timexpressiorvaluationth&assigrian&iassignfirectivandhe
bar&iflangelifyponditional Addedelationabperatorsthevaluatorfonsenly&if
constructs:thestandardrelationals=<><=>=<>(andC-likesynonyms==and!=)plus
low-precedence logical operators &&, ~* and ||.

e Added a preprocessor repeat construct: $rep / %$exitrep / %endrep.
e Added the _ FILE__ and __ _LINE__ standard macros.

¢ AddedsanityxheckfomumberonstantdeingreatertharDxFFFFFFFF .Thavarningarbe
disabled.

¢ Addedhe&(tokemwherebyaariadiamulti-linenacraartelhowmanyarametersit’ oeen
given in a specific invocation.

¢ Added %rotate, allowing multi-line macro parameters to be cycled.

¢ Addedhe *optioforhmaximuparametecounomulti-linmacrosallowinghemdake
arbitrarily many parameters.

¢ Addedheaabilityforthaiser-levelformsofEXTERN,GLOBAIandCOMMON: ccakeanoretharone
argument.

e Added the IMPORT and EXPORT directives in OBJ format, to deal with Windows DLLs.

¢ Addedom@mor@reprocessofifonstructs&ifidbifidni(exactextualidentity) and
$ifid / %ifnum / %$ifstr (token type testing).

e AddedtheabilitytodistinguishSHLAX, 1 (the8086version) fromSHLAX,BYTEL (the
286-—and-upwards version whose constant happens to be 1).

¢ AddedetBSD/FreeBSD/OpenBSD’ warianbf.outformat completait®IGharedibrary
features.

¢ ChangedASM’ adiosyncratibandlingFCLEXFDISIFENIFINITFSAVEFSTCWESTENVand
FSTSWbringtintdinwithhetherwisacceptedtandardTheprevioubehaviourthought
wadeliberatéeaturewadeliberatéeaturbasedmisunderstandingApologieforhe
inconvenience.

e ImprovethélexibilitgABSOLUTEyouanowiveaaxpressiomatherhaheingestricted
to a constant, and it can take relocatable arguments as well.

¢ AddedhabilityformvariabledeaeleclaredEXTERNnultiplecimes,andthesubsequent
definitions are just ignored.

e WaowllownstructioprefixegCSPSLOCKREPZtckxbaloned ingdwithouollowing
instruction) .

e Improvedsanitychecksonwhethertheargument st cEXTERN,GLOBALandCOMMONarevalid
identifiers.
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C.3.3

Addedisc/exebin.mac@llowirecigeneratiowmfEXEilebhackingpiEXheademnsing
DERndW;alsaddedest/binexe.asmalemonstratehaiseofthis Thankt&ansuidorfor
contributing the EXE header code.

ndisasm forgot to check whether the input file had been successfully opened. Now i
Added the Cyrix extensions to the MMX instruction set.

AddedintingechanismalloW EAX+EBXBndEBX+EAXI bassembledifferently Thids
important since [ESI+EBP] and [EBP+ESI] have different default base segment regist

Added support for the PharlLap OMF extension for 4096-byte segment alignment.

Version 0.95 released July 1997

FixedretanotherELlug.Thisonaenanifestedifthaisereliedrthedefaultsegment,and
attempted to define global symbols without first explicitly declaring the target s

Addednakefiles(foMNASMandtheRDFtools)tduildiin3ZonsolappsinderSymanted++.
Donated by Mark Junker.

Addednacros.basntinsns.bas’QBasiversiorgfierdcriptishatonvertstandard.mac’
to ‘macros.c’ and convert ‘insns.dat’ to ‘insnsa.c’ and ‘insnsd.c’. Also thanks to

ChangedheiassembledormefheonditionalinstructionsahatBsowemitteaddCand
other similar changes. Suggested list by Ulrich Doewich.

Added ‘@' to the list of valid characters to begin an identifier with.
Documentary changes, notably the addition of the ‘Common Problems’ section in nasm
Fixed a bug relating to 32-bit PC-relative fixups in OBJ.

Fixedudmperm copy (idabels.whiclwasausingxceptiondmleanup_labels (pmome
systems.

Positivityganityheck TIME&rgumentthangedromarningamrrrorfollowingfurther
complaint.

Changed the acceptable limits on byte and word operands to allow things like ‘~101

Fixerajoproblemhhpreprocessowhichausedeg-faultsfiacrdefinitionsontained
blank lines or comment-only lines.

Fixed inadequate error checking on the commas separating the arguments to ‘db’, ‘d
Fixed a crippling bug in the handling of macros with operand counts defined with a

Fixedougtherebybjectfildormatsthiclstoredhdnputfilemamdritheutputfile(suchs
OB&ANCOFF weren’ tdoingaorrectlwhertheoutputfilenamevaspecifiedrtheommand
line.

Removed [INC] and [INCLUDE] support for good, since they were obsolete anyway.

FixedudOB#hickausedl¥ixupsbeutputidb6-bifold-format FIXUPRecordsxrather
than putting the 32-bit ones in FIXUPP32 (new—format) records.

Added, tentatively, 0S/2 object file support (as a minor variant on OBJ).
Updates to Fox Cutter’s Borland C makefile, Makefile.bc2.
Removed a spurious second fclose() on the output file.

Addedhe -scommandineptioftaoedirectalinessagesshicwoulddastderderrorshelp
text) to stdout instead.
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¢ Addedhe -w/command ineptiortselectivelpuppressomelasseofassemblwarning
messages.

¢ Added the ‘-p’ pre-include and ‘-d’ pre-define command-line options.
e Added an include file search path: the ‘-i’ command line option.

e Fixedillyittlereprocessobugherebgtartindgine#itl%!&nvironment-variable
reference caused an ‘unknown directive’ error.

¢ Added the long-awaited listing file support: the ‘-1’ command line option.

o FixedproblemitlOBIFormatwhereby,irtheabsenceofanyexplicitsegmentdefinition,
non—-globadymboldeclaretihhemplicidefaulsegmengeneratespuriouBXTDEFecordsn
the output.

¢ Added the NASM environment variable.

e FromhisersiofiorwardWin32onsole-modbinariewilbéncludedhhBOf8istributionn
addition to the 16-bit binaries. Added Makefile.vc for this purpose.

e Added ‘return 0;’ to test/objlink.c to prevent compiler warnings.
e Added the _ NASM MAJOR__ and __ NASM MINOR__ standard defines.

¢ Addedalternativmemory-referenceyntakwhichrefixingnperandith&isquivalent
to enclosing it in square brackets, at the request of Fox Cutter.

e Errors in pass two now cause the program to return a non-zero error code, which th

¢ Fixedheingle-linmacreoycledetectionwhickhidn’ worktlbmacrowithparameters
(causednnfinitéoop)Alschangetihbehaviounfingle-linmacroycldetectiohwork
like cpp, so that macros like ‘extrn’ as given in the documentation can be impleme

e Fixedhemplementation®RTwhiclwasomestrictivemnhatyoeouldn’ idmowx, [di+tabc
wrt dgroup]’ because (di+abc) wasn’t a relocatable reference.

C.3.4 Version 0.94 released April 1997

e Major item: added the macro processor.

¢ Addedndocumentednstruction$§MI IBTSXBTAnd.OADALL286Alsa@eorganise@MPXCHG
instruction into early-486 and Pentium forms. Thanks to Thobias Jones for the info

e FixedwanorestupidugsirELF,whichwerecausing‘ld’tccontinuetcseg-faultimlotof
non-trivial cases.

e Fixed a seg—-fault in the label manager.

e StoppedBLDAndEBSTPfrom requiring thelWORkeyword,whichistheonlyoptionforBCD
loads/stores in any case.

¢ EnsuredLDCW,FSTCWand'STSWarncopaeniththdiORkeyword,ifanyoneébotherstgprovide
it. Previously they complained unless no keyword at all was present.

e SomdgormoFDIV/FDIVRN&SUB/FSUBRerestillinvertedaestigefudhatthoughthad
been fixed in 0.92. This was fixed, hopefully for good this time...

e AnotheminophaserrorXinsofamghaserroraneverbainorfixedthisneccurrindn
code of the form

rol ax, forward_reference
forward_reference equ 1
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¢ Thewumbesupplied JIMES siowanity-checkedopositivityanadlsmapgreatertrhan
64K (which previously didn’t work on 16-bit systems).

¢ Added Watcom C makefiles, and misc/pmw.bat, donated by Dominik Behr.
¢ Added the INCBIN pseudo-opcode.

e Dué¢tshadvenofhereprocessorithd INCLUDE Afnd INCHirectivehavdecomebsolete.
They are still supported in this version, with a warning, but won’t be in the next

¢ Fixedud®WBIormat whiclrausedncorrecbbjectrecordsbeutputwhembsolutdabels
were made global.

e Updates to RDOFF subdirectory, and changes to outrdf.c.

C.3.5 Version 0.93 released January 1997
This release went out in a great hurry after semi-crippling bugs were found in 0.92.
e Really did fix the stack overflows this time. *blush*

e HadroblemswitlEA nstructiomsizeshangindetweerpasses wheramffsetcontainea
forwardeferencanddbyteswerallocatedotrtheffsetipasonebpastwdhesymbol
hadeerefinedndappeneddaesmal bbsoluteralue,sonlybytegomllocated,causing
instruction size mismatch between passes and hence incorrect address calculations.

e Stupilbutnheevisedlfectiogeneratiohixefassociatesitring-tableectiohorsymtab
washard-codeds/,everwherthisglidn’ tfitwitltheealsectiortable) Wasausing'ld’to
seg-fault under Linux.

¢ Included a new Borland C makefile, Makefile.bc2, donated by Fox Cutter <lmb@comtch

C.3.6 Version 0.92 released January 1997

e Th&DIVP/FDIVREnNESUBP/FSUBRPairhalleennvertedthiwafixedThialsaffectedhe
LCC driver.

e Fixed a bug regarding 32-bit effective addresses of the form [other_register+ESP].

e DocumentarvghangespotabldocumentationfhéacthaBorlan@iin32ompilersseobj’
rather than ‘win32’ object format.

e Fixed the COMENT record in OBJ files, which was formatted incorrectly.
e Fixed a bug causing segfaults in large RDF files.

¢ OBFXormatnowtripsinitialperiodsfromsegmentandyrouplefinitions,imrdertr@avoid
complications with the local label syntax.

e Fixed a bug in disassembling far calls and Jjumps in NDISASM.
¢ Added support for user—-defined sections in COFF and ELF files.

e CompiledhéOFinarieswithesensibleamountofstack,tpreventstackverflowsomany
arithmetic expression containing parentheses.

e Fixed a bug in handling of files that do not terminate in a newline.
C.3.7 Version 0.91 released November 1996

e Loads of bug fixes.

e Support for RDF added.

e Support for DBG debugging format added.
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e Support for 32-bit extensions to Microsoft OBJ format added.

¢ Revised for Borland C: some variable names changed, makefile added.
e LCC support revised to actually work.

e JMP/CALL NEAR/FAR notation added.

e ‘alé’, ‘olé6’, Ya32’ and ‘032’ prefixes added.

e Range checking on short jumps implemented.

e MMX instruction support added.

e Negative floating point constant support added.

e Memory handling improved to bypass 64K barrier under DOS.

e $ prefix to force treatment of reserved words as identifiers added.
e Default-size mechanism for object formats added.

e Compile-time configurability added.

e #, @, ~ and c{?} are now valid characters in labels.

e —e and -k options in NDISASM added.

C.3.8 Version 0.90 released October 1996

Firsteleaseersiorkirstupporfoabjecti leutputQthedhangefrogpreviowsersiofl. 3x)oo
numerous to document.

264



D.1

D.2

Appendix D: Building NASM from Source

The source code for NASM is available from our website, http://wwww.nasm.us/,

Building from a Source Archive

ThesourcarchiveavailablemherelsitshouldbeapablebuildingmumbenpPlatforms.
ThidsheecommendedethodobuildinfASMcsupporplatformfowhickxecutablesraot
available.

On a system which has Unix shell (sh), run:

sh configure
make everything

A number of options can be passed to configure; see sh configure --help.

AsetofMakefilesforsomeotherenvironmentsarealsoavailable;pleaseseethefile
Mkfiles/README.

Tdouildheinstallerforthdiindowsplatform,yowil IneedheNullsoB8criptablstaller NS1S,
installed.

TbuildhdocumentationyowilheedgebfidditionatoolsTheocumentationaotlikelyo
be able to build on non-Unix systems.

Building from the git Repository

ThalASMlevelopmentt reea keptimsourcecoderepositorywsingheyitdistributedsource
controkystemThdinksvailabletheebsite Thid secommendednlyparticipatdmhe
development of NASM or to assist with testing the development code.

TdouildNASMEromthegitrepositoryyouwillneedsPerland,ifbuildingonalnixsystem,GNU
autoconf.

To build on a Unix system, run:
sh autogen.sh

to create the configure script and then build as listed above.
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Appendix E: Contact Information

E.1 Website

NASM has a website at http://www.nasm.us/.

NeweleasesreleaseandidatesandaildevelopmentsnapshoteNASMravailabléromhe
official web site in source form as well as binaries for a number of common platform

E.1.1 User Forums

UseroNASMayfindhd&orumsorthevebsitaiseful Thesare however notfrequentednuclby
the developers of NASM, so they are not suitable for reporting bugs.

E.1.2 Development Community

ThdevelopmenoRNASMsoordinategprimarilyhougtheasm-develhailingist Ifowisko
participatatevelopmend¥ASMpleasgoitthimailinygi stSubscriptiohi nkanairchivegfast
posts are available on the website.

E.2 Reporting Bugs

ToreportbugsinNASM,pleaseusethebugtrackerathttp://www.nasm.us/ (clickon"Bug
Tracker"), or if that fails then through one of the contacts in section E.L1.

Pleaseeadectiofl.firstandon’ reporthbugft’ &istedhheradeliberatéeature (Ifou
thinkhdeaturd dadlyrhoughtout feefreesendixeasonsshyotrhinktshouldehanged,
butdon’ tfjustsendisnailsaying' Thid sbug’ifhelocumentatiommaywalid torpurpose. )JThen
read section 12.1, and don’t bother reporting the bug if it’s listed there.

If you do report a bug, please make sure your bug report includes the following infor:

e Whatoperatingystenyou’ reunnindVASMinder Linux,FreeBSD NetBSD MacOX,Winlé6,
Win32, Win64, MS-DOS, 0S/2, VMS, whatever.

e Iffowompiledoumwrexecutabledromsourcarchive,compiledoumwrexecutablerom
git,usedhestandardistributiorbinariesfronthevebsite,orgotarexecutablefrom
somewherelsde.gdinudistribution. IFowerasingocallpuiltexecutabletryo
reproducechegroblemisingpneofthestandardinaries,asthiswillmakeiteasierfomso
reproduce your problem prior to fixing it.

e WhiclrersiomMNASMou’ raising,anédxactlthowounvokedt Givaeithereciseommand
line, and the contents of the NASMENV environment variable if any.

e Whiclversionsofanyupplementaryprogramsyou’ raising,anchowounvokedhem.Ifthe
problemnlpecomesisiblatinkimefeliiwhattinkeyou’ rasingwhatversionfiyou’ ve
gotanthexactinkeecommandinelffhproblemnvolvesinkinggainstbjecfilegenerated
bycompiler tellisvshattompiler whatversion anadthattommand ine@optionyomsed. (If
you’ reompilindmiDEpleaseryaeproducéheroblemititheommand-lineersiowf
the compiler.)

e THhtmlbossiblesendidNASMourcdilaethickxhibitdsheroblemIfhigausesopyright
problemge.gyouannlyeproducehbugnestricted-distributionodethebheatmindhe
followindwgointsfirstlyweguaranteehatanyourceodsenttaifotrheurposesf
debuggindiASMvilbaisednlforthepurposesdebuggindNASM,andhatwavilldeleteanll
ourcopiesofitassoomaswehavefoundandfixedthebugprugsinguestion;andsecondly,we
wouldrefemot denailedlargechunksofcodeanyway.Thesmallerthefile,thebetter.A
three-linsampldiléhadoesnothingsefukxceptemonstratéeheroblemsmuckasieto
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workwitlhhadull¥ledgeden—thousand-lin@rogram.Ofourse somerrorglonlygromp
in large files, so this may not be possible.)

¢ HMescriptionfhatheroblemctuallys.Itdoesn’ workifidielpfullescriptionPlease
describexactlyhatkappeninghashouldn’bepwhatsn’ happeninghashouldExamples
mightbe :'\NASMjeneratesarrromessagsayind.inefomrerrotrhat’ ssctuallywlineg’ ;
‘NASMenerategsrrromessagdehatbelievdtshouldn’ bgeneratingtll’ ;"\NASMailfo
generatarrromessageéhabelieveshouldgenerating’ }thebjecfilproducedromhis
sourcecodecrashesnylinker’ ;‘thenintlbyteoffheoutputfila ss@ndithinkitshoulder7
instead’ .

e IfyowelievecheoutputfilefromMASM dbefaulty,sendittais.Thatallowsustadetermine
whetherourowncopyofNASMgeneratesthesamefile,orwhethertheproblemisrelatedto
portabilityssuebetweenudevelopmenplatformangoursWeahandlkinarfgilemailed
taadIMBttachmentsuuencodedan@dveBinHex Alternatively wamapable@rovide
an FTP site you can upload the suspect files to; but mailing them is easier for us

e AnpthetfnformationdatdileshamighbhelpfullffoexamplefhproblemnvolveNASM
failinggenerataenbjecfilghil&ASMageneratarquivalenfile@ithoutroublefhen
send us both object files, so we can see what TASM is doing differently from us.
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ABS 32, 74
ABSOLUTE 75, 82
addition 37
addressing, mixed-size 119
address-size prefixes 29
algebra 32
ALIGN 69, 71, 79, 82
smart 71
ALIGNB 69
alignment
in bin sections 79
in elf sections 93
in obj sections 82
in win32 sections 86
of elf common variables 95
ALIGNMODE 71
__ ALIGNMODE_ 71
ALINK 99
alink.sourceforge.net 99
all 25
alloc 93
alternate register names 71
altreg 71
ambiguity 27
a.out
BSD version 95
Linux version 95
aout 95
aoutb 95, 114
%arg 62
arg 106, 113
as86 96
assembler directives 73
assembly-time options 23
%$assign 44
ASSUME 27
AT 69
Autoconf
auto-sync 130
-b 129
bad-pragma 25
bin 20, 79
multisection 80
binary 33
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binary files 30

bit shift 37
BITS 73, 79
__BITS___ 66
bitwise AND 37
bitwise OR 36
bitwise XOR 37
block IFs 61
BND 74
bnd 25
boot loader 79
boot sector 127
Borland
Pascal 107
Win32 compilers 81
braces
after % sign 52
around macro parameters 46
BSD 114
.bss 93, 95, 96
bug tracker 267
bugs 267
BYTE 127
C calling convention 104, 111
C symbol names 102
cl6.mac 106, 109
c32.mac 113
CALL FAR 38
case senlbfi¢ity42, 44, 46, 55, 83
changing sections 74
character constant 30, 34
character strings 33
circular references 41
CLASS 82
%clear 65
CodeView debugging format
coff 91
colon 29
.COM 79, 101
comma 49
command-line 19, 79
commas in macro parameters 48
.comment 93
COMMON 77, 81
elf extensions to 95
obj extensions to 84
Common Object File Format 91
common variables 77
alignment in elf 95
element size 84
comp.os.msdos.programmer 102

concatenating macro parameters 51
concatenating strings 45
condition codes as macro parameté®s

conditional assembly 53
conditional jumps 127
conditional-return macro 52
constants 33
context fall-through lookup 60
context stack 58, o6l
context-local labels 59
context-local single-line macros59
counting macro parameters 50
CPU 77
CPUID 34
creating contexts 59
critical expression 30, 38, 44, 75
cv8 87
-D option 23
-d option 23
daily development snapshots 267
.data 93, 95, 96
_DATA 103
data 94, 97
data structure 106, 113
__DATE___ 67
__ DATE_NUM___ 67
DB 30, 34, 35
dbg 97
DD 30, 34, 35
debug information 21
debug information format 21
decimal 33
declaring structures 68
DEFAULT 74
default 94
default macro parameters 49
default name 79
default-WRT mechanism 84
%$define 23, 41
defining sections 74
%defstr 45
%$deftok 45
$depend 58
design goals 26
DevPac 30, 39
disabling listing expansion 52
division 37
DJGPP 91, 111
djlink 99
DLL symbols

exporting 83

importing 83
DO 30, 34, 35
DOS 22
DOS archive
DOS source archive
DQ 30, 34, 35



.drectve 85
DT 30, 34, 35
DUP 28, 31
DW 30, 34, 35
DWORD 30
DY 30, 34
DZ 30
-E option 23
—e option 23, 130
effective addresses 29, 31
element size, in common variable84
ELF 92

shared libraries

16-bit code and 95
elf, debug formats and 95
elf32 92
elfo4 92
elfx32 92
$elif 53, 54, 55
$elifctx 54
$elifdef 54
$elifempty 56
$elifenv 56
$elifid 56
$elifidn 55
%$elifidni 55
%$elifmacro 54
%$elifn 53, 55
$elifnctx 54
$elifndef 54
%$elifnempty 56
$elifnenv 56
$elifnid 56
%$elifnidn 55
%$elifnidni 55
$elifnmacro 54
%$elifnnum 56
$elifnstr 56
$elifntoken 56
$elifnum 56
$elifstr 56
$eliftoken 56
%else 53
endproc 106, 113
%$endrep 56
ENDSTRUC 68, 75
environment 26
EQU 30, 31
%error 64
error messages 22
error reporting format 21
escape sequences 33
EVEN 69
exact matches 53

.EXE
EXE2BIN
EXE_begin
exebin.mac
exec
Executable and Linkable Format
EXE_end
EXE_stack
Sexitrep
EXPORT
export
exporting symbols
expressions
extension
EXTERN
obj extensions to
rdf extensions to
extracting substrings
-F option
—-f option
far call
far common variables
far pointer
FARCODE
$fatal

81,

23,
19,

20,

107,

__FILE___

FLAT
flat memory model
flat—-form binary
FLOAT

_ FLOAT_

_ floatl1l28h_
_ floatl1281_
_ floatle_

_ float32_

_ floated_

_ _float8___

_ float80e_
_ float80m___
_ FLOAT_DAZ_

float—-denorm
floating-point

constants

packed BCD constants
floating-point 27,
float-overflow

35,

29, 30,

_ FLOAT_ROUND___

float-toolong
float-underflow

follows=

format-specific directives
fp

frame pointer
FreeBSD

104, 108,

95,

99
101
100
100

93

92
100
100

57

83

%96

76

36

79

76

84
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46

21
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109

64
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82
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78
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35

35

35

35

35

35

35

78
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FreeLink 99 %$ifnidn 55

ftp.simtel.net 99 $ifnidni 55
function 94, 96 %$ifnmacro 54
functions $ifnnum 56

C calling convention 104, 111 $ifnstr 56

Pascal calling convention 108 $ifntoken 56
—g option 21 $ifnum 55
git 265 $ifstr 55
GLOBAL 76 $iftoken 56

aoutb extensions to 94 ifunc 72

elf extensions to 94 ilog2 () 72

rdf extensions to 96 ilog2c () 72
global offset table 114 ilog2cw () 72
_GLOBAL_OFFSET_TABLE__ 93 ilog2e () 72
gnu-elf-extensions 24 ilog2f () 72
..got 93 ilog2fw () 72
GOT relocations 115 ilog2w () 72
GOT 93, 114 %$imacro 46
..gotoff 93 IMPORT 83
GOTOFF relocations 115 import library 83
. .gotpc 93 importing symbols 76
GOTPC relocations 115 INCBIN 30, 34
..gottpoff 94 %$include 22, 57
graphics 30 include search path 22
greedy macro parameters 48 including other files 57
GROUP 82 inefficient code 127
groups 37 infinite loop 36
-h 129 _ Infinity_ 36
hexadecimal 33 infinity 36
hidden 94 informational section 85
hle 25 instances of structures 69
hybrid syntaxes 27 instruction list 133
-I option 22 integer functions 37, 72
-1 option 22, 130 integer logarithms 72
%$iassign 44 intel hex 80
$idefine 41 Intel number formats 36
$idefstr 45 internal 94
$ideftok 45 ISTRUC 69
IEND 69 iterating over macro parameters 50
$if 53, 54 ith 80
$ifctx 54, 61 $ixdefine 42
$ifdef 53 Jcc NEAR 127
$ifempty 56 JMP DWORD 119
$ifenv 56 Jjumps, mixed-size 119
$ifid 55 -k 131
$ifidn 55 -1 option 20
$ifidni 55 label preceeding macro 50
$ifmacro 54 label prefix 39
$ifn 53, 55 last 49
$ifnctx 54 .1lbss 93
$ifndef 54 1d86 96
$ifnempty 56 .ldata 93
$ifnenv 56 LIBRARY 96
$ifnid 56 license 17
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%$line
__ _LINE_
linker,
Linux
a.out
as86
ELF
listing file
little—endian
%$local
local labels
lock
logical AND
logical negation
logical OR
logical XOR
.lrodata
-M option
Mach, object file format
Mach-0, object file format
macho32
macho64
MacOS X
%¥macro
macro indirection
macro library
macro parameters range
macro processor
macro—defaults
macro—local labels
macro—params
macros
macro—selfref
makefile dependencies
map files
MASM
-MD option
memory models
memory operand
memory references
-MF option
-MG option
Microsoft OMF
minifloat
Minix
misc subdirectory 100,
mixed-language program
mixed-size addressing
mixed-size instruction
MMX registers
ModR/M byte
MODULE
modulo operators
motorola s—-records

free

26, 31,
27,

26,

106,
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66
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95
96
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34
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39
25
54
37
54
54
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20
91
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91
91
46
43
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48
41
24
47
24
31
24
20
80
81
20
103
30
31
20
20
81
35
96
113
102
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119

96
37
80

-MP option 21
-MQ option 21
MS-DOS 79
MS-DOS device drivers 102
-MT option 21
multi-line macros 24, 46
multipass optimization 23
multiple section names 79
multiplication 37
multipush macro 51
multisection 80
-MW option 21
_ NaN___ 36
NaN 36
NASM version 65
nasm version history 231
nasm version id 66
nasm version string 66
__ NASMDEFSEG 81
nasm—devel 267
NASMENV 26
nasm —-hf 20
__NASM _MAJOR___ 65
__NASM_MINOR___ 65
nasm.out 19
____NASM PATCHLEVEL_ 65
__NASM_SNAPSHOT_ _ 65
___NASM_SUBMINOR_ _ 65
__NASM_VER___ 66
__NASM_VERSION_TID_ 66
ndisasm 129
near call 27
near common variables 84
NetBSD 95, 114
new releases 267
noalloc 93
nobits 80, 93
NOBND 74
no_dead_strip 92
noexec 93
.nolist 52
not-my-pragma 25
‘nowait’ 27
nowrite 93
NSIS 265
Nullsoft Scriptable Installer 265
number-overflow 24
numeric constants 30, 33
-0 option 23
-0 option 19, 129
Ole 29
olé 120
032 29
032 121
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064

.OBJ

obj

object

octal

OF_DEFAULT

OFFSET

OMF

omitted parameters

one’s complement

OpenBSD

operands

operand-size prefixes

operating system
writing

operators

ORG

orphan-labels

0S/2

osabi

other

other preprocessor directives

out of range, jumps

output file format

output formats

__ OUTPUT_FORMAT_ _

overlapping segments

OVERLAY

overloading
multi-line macros
single—line macros

-P option

-p option

paradox

PASCAL

Pascal calling convention

__PASS___

passes, assembly

%pathsearch

period

Perl

perverse

PharLap

PIC

..plt

PLT relocations

plt relocations

Fpop

position-independent codg,

——postfix

precedence

pre-defining macros

preferred

——prefix

94,

95,

79, 101, 102,

24,
81,

22,

22,

93, 95,

94, 116,
95,

23,
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37
82

47
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22
58
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58
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82
114
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117
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59
114
26
36
42
37
26

pre—including files 22

preprocess—-only mode 23
preprocessor 23, 31, 37, 41
preprocessor expressions 23
preprocessor loops 56
preprocessor variables 44
primitive directives 73
PRIVATE 81
proc 96, 106, 113
procedure linkage tablé&4, 116, 117
processor mode 73
progbits 80, 93
program entry point 84, 99
program origin 79
protected 94
pseudo-instructions 30
ptr 25
PUBLIC 76, 81
pure binary 79
$push 58, 59
__ONaN___ 36
quick start 26
QWORD 30
-r 129
rdf 96
rdoff subdirectory 96
redirecting errors 22
REL 32, 74
relational operators 54

release candidates 267

Relocatable Dynamic Object File Bérmat

relocations, PIC-specific 93
removing contexts 59
renaming contexts 60
srep 31, 56
repeating 31, 56
$repl 60
reporting bugs 267
RESB 28, 30
RESD 30
RESO 30
RESQ 30
REST 30
RESW 30
RESY 30
RESZ 30
.rodata 93
$rotate 50
rotating macro parameters 50
-s option 22, 130
searching for include files 57
__ SECT___ 74, 75
SECTALIGN 70



SECTION 74 string length 45
elf extensions to 93 string manipulation in macros 45
macho extensions to 91 strings 33
win32 extensions to 85 $strlen 45

section alignment STRUC 68, 75, 106, 113
in bin 79 stub preprocessor 23
in elf 93 subsections_via_symbols 92
in obj 82 $substr 46
in win32 86 subtraction 37

section, bin extensions to 79 suppressing preprocessing 23

SEG 37, 81 switching between sections 74

SEGMENT 74 ..sym 93
elf extensions to 81 symbol sizes, specifying 94

segment address 37 symbol types, specifying 94

segment alignment symbols
in bin 79 exporting from DLLs 83
in obj 82 importing from DLLs 83

segment names, Borland Pascal 109 synchronisation 130

segment override 27, 29 .3YS 79, 102

segments 37 -t 24
groups of 82 TASM 24

separator character 26 tasm 26, 81

shared libraries 95, 114 .tbss 93

shared library 94 TBYTE 27

shift command 50 .tdata 93

SIB byte test subdirectory 99

signed division 37 testing

signed modulo 37 arbitrary numeric expression$4

single—line macros 41 context stack 54

size, of symbols 94 exact text identity 55

smartalign 71 multi-line macro existence 54

__SNaN___ 36 single-line macro existence 53

snapshots, daily development 267 token types 55

Solaris x86 92 .text 93, 95, 96

—soname 117 _TEXT 103

sound 30 thread local storage in elf 94

source—listing file 20 thread local storage in mach-o 92

square brackets 26, 31 _ TIME_ 67

srec 80 __ TIME_NUM___ 67

STACK 81 TIMES 30, 31, 38, 127, 128

stack relative preprocessor direéRivesTLINK 101

$stacksize 63 tls 92, 93, 94

standard macro packages 71 ..tlsie 94

standard macros 65 trailing colon 29

standardized sectiofidnaf@ésg 93, 95, TWORD 27, 30

96 type, of symbols 94

..start 84, 99 -U option 23

start= 80 —-u option 23, 129
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Unix
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source archive
System V
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UPPERCASE
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user
user-defined errors
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user—level assembler directives
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-V
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VAL
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version

version number of NASM
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Visual C++
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$warning
[WARNING]
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winé4

Winé4
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