Cucrema MHCTPYKLUUU
32 MUKponpouecopu lA-32



dopmaTt Ha UHCTpYKUMUTE

NHcTpykumnte 3a Intel 64 n IA-32 apxutekTtypu ce kogupar C
nogMHOXecTBO  (popmaTu, MoKasaHW Ha cnegsawuns  cnaung.
NHCTpPYKUMNTE Ce CbCTOAT OT:

« OnuwnoHaneH npedunKc Ha MHCTPYKUMATa /B NPOU3BOSIEH pea/,
* [lbpBUYEH onepaunoHeH koa /opcode/ (oo 3 6anTta),

 Cneundmkatop 3a dopmar Ha agpecauus (ako ce W3NCKBA),
cbeTosw, ce oT ModR/M BanT

« SIB (Scale-Index-Base) 6aur,
« OrtmecTBaHe /displacement/ (ako ce nsmckea),
 HenocpencseHo 4aHHOBO none (ako ce N3NCKBa).



dopmaT Ha MHCTPYKUUNTE

Inatruction - -
refiges Opcode ModR/M 5B Displacement Immediate
Uptofour  1- 2- or 3-byte 1 byte 1 byte Address Immediate
prefires of  opcode (if required)  (if required) displacement  data of
1 byte each of1,2 ord 1,2,0r4
(optional) / H“\ bytes ornone  bytes or none
7 B3 2 ! 65 32 0
Mod ﬂﬁ; : R/M scale | Index | Base




[TpedonKkecn Ha NHCTPYKUUUTE

[TlpedomnkcbT ce non3ea ga mogudumumpa M3NbLINHEHWETO Ha edHa
NHCTPYKUNS — OHa3N, KOATO crieaBa npedmkca.

[TpexdounkcuTe Ha NMHCTPYKUMUTE ce OendT Ha 4 rpynu.
* [pyna 1 — Lock un repeat npedukcu:

« LOCK (FOH) Bb3genctBsyBa Ha onepauuaTta, ocurypsisaila
N3KNKYNTENHO N3MOSi3BaHe Ha crnogerieHa namMeT B MynTUnpoLeCcopHO
OOKpBXKEHNE

« repeat npedukcn (REPNE/REPNZ or REP or REPE/REPZ).
Repeat npedukc ce npunara camoO Ha CTPUHIOBU U I/0 MHCTPYKUUW.
[Mpedumkcute Repeat (F2H, F3H) npegusBukBaT UMHCTPYKUMATA Oa ce
NOBTOPU 3a BCEKMN €IIEMEHT Ha CTPUHTa.

 [pyna 2 — CmsHa Ha cermeHTa /Segment override prefixes/. Tou ce
Nnon3ea 3a CMsHa Ha cermMeHTa no nogpasdupaHe lNpunara ce 3a BCeKkM
CEermMeHTeH perncrbp.



[IpedunKcn Ha MHCTPYKUNUTE

« [pyna 3 — llpedukc 3a cMAHa Ha Ob/mKMHaATa Ha onepadHaa
/Operand-size override prefix/. Kog 66H (66H e cblio 3agbrmkuTeneH
3a HAKOM MHCTpyKuun). To3n npedoukc nossonsBa edHa nporpama ga
npeBknoysa mexay 16- n 32-b abrmkmHa Ha onepaHga. NpedukcobT ce
nosi3ea 3a n3bop Ha ObIMKNMHA Ha onepaHaa, KosiTo HE € YCTaHOBEHA No
noapasbupaHe.

* [pyna 4 - 6/H—Il1pedukc 3a cMAHa Ha ObJPKMHATa Ha agpeca.
/Address-size override prefix/. To3an npedukc nossonssa nporpammTe
Oa npesknovsaT Mexay 16- n 32-b agpecupaHe. EgHata gbimkuHa ce
nogpasbupa. lNpedukcbT npeBknoyYBa KbM HeCTaHOapTHA ObIMKUHA.
3non3BaHeTo Ha TO3n npedunkc n/mnn gpyrn HegeuHnpaHu opcodes,
Korato onepaHauTe 3a WHCTPYKUMATA He ca pasnofioXeHu B
3anaseHata obnact OT nameTTa, MOXe [Ja npegusBuKa
Hernpeackasyemo ObKpbXeHue.

3a BCsSKa MHCTPYKLMA MOXe fa ce nosn3sa camo 1 npeduke OT BCAKa
rpyna B Npon3BOSEH pea.



OnepaunoHHN KogoBe

* [MbpBUYHUAT KOO Ha onepauusTa (KOIT) moxe ga 6bae
abnwr 1, 2, unm 3 B. lo-mMankn noneta morat ga ce
nedpuHmnpat sbTpe B nbpBunyHUS KOI1. TakmBa noneta
oedounHUpaT nocoka Ha onepaumaTta, OAbfmKMHA Ha
OTMECTBHETO, KoOAUpaHe Ha PermcTop, YCII0OBHU KOOOBE
nnun paswmpeHne Ha 3Haka. Kogmpawmte noneta B KOIT
Bapupart B 3aBUCUMOCT OT Knaca Ha onepauunsara.



ModR/M n SIB bant

MHOro MHCTPYKUUK, KOUTO coYaT onepaHd B namerTta, umart banmt
cneunduumnpaw, agpeceH dopmat ( ModR/M 6anT), cneapau, creg
nbpBMnYHUA KOI. ModR/M 6anTeT cbabpka 3 noneta nHdopmauus:

- mod rmonnemo ce koMmbuHupa ¢ r/m noneto, 3a ga ce popmupar 32
Bb3MOXHWN CTOMHOCTU: 8 pernctopa n 24 Metoaun Ha agpecauus.

 reg/opcode nofieto yKasBa HOMEP Ha pPerncrtop wnu
gonbfiHUTENHM 3 6uta wuHdopmauns ot KOIl. CmucbnbT Ha
reg/opcode noneto e ykasaH B nbpBuyHns KOIT..

* r/Mm NONEeTo yKasBa PErncTbp Karto onepaHa uin Moxe ga ga ce
KoMOMHMpa ¢ mod noneTto 3a AekoaupaHe Ha MeToda Ha agpecauus.
[Tpy HAKOM MHCTPYKUMM Ce M3NOon3Ba M3BECTHa KOMOMHaumst oT mod
rnosie n r/m rione, 3a ga ce u3pasm nHpopmaumaTa Ha opcode.



ModR/M n SIB 6ant

CurypHoTo gekogupaHe Ha ModR/M 6aunTa nsnckea BTOpu agpeceH
banTt ( SIB 6ainT). basoBo-uHOeKCEH N MaLLab-nHaeKceH doopmaTtu rnpu
32-b agpecupane nanckasat SIB 6aur.

SIB 6anTbT BKNOYBA crneaHuTe norneTa:
* scale noneto ykassa Mmauwiaba.
* Index NoneTo ykassa HOMEpP Ha MHOEKCEH PErnucTbP.
 base noneto ykassa HoMep Ha Da3oB PerncTsLP.



OTmecTBaHE N HEMOCPEACTBEHU
banToBe

* Hakon agpecHn opmMm  BKMWYBAT OTMECTBaHe,
He3abaBHO cneaBawo ModR/M bauta (unn SIB 6anT, ako
npucbCcTByBa). AKO OTMECTBaHETO M3UCKBA, TO MOXe Aa
oboe 1,2,4 GawuTa.

 AKO WHCTPyKUMATA YyKasBa HENOCPEACTBEH ornepaHa,
onepaHObT BMHaArKM cnegBa  HsikakBu  OanuToBe  3a
oTMecTBaHe. HenocpeacTtBeHUAT onepaHg Moxe aga obae
1,2, 4 banTa.



[Tpumep

03 C3  ADD AX,BX

0000 00 1 1 11 000 011
____________ | | - ———— - —————
ADD op | Word | AX  BX
Dest | | |
Reg-Reg | |
mode | |
destination source

66 B8 00 00 00 0O 0O 00 12 00 MOV EAX,12H

01100110 1011 1 000 0000 000D 0OOO OOOO OOOO 0DOOO DOO1 OO



[loneta npu Pentium MHCTPYKUUN

0 -3 bytes 1-2 bytes 0 -1 bytes 0- 1 bytes 0,1, 2 or 8 bytes

. Operand Displacement /

Prefix | Opeode DW | op Reg rRim| © ' B | immediate Data
| |+ ' *

r EAX ECX EDX EBX ESP ESI EDI
2EH CSEG oo Memaory [EAX]| 00 01 oz 03 04 05 08 0OF
3EH DSEG 01 | Memory+ds [ECX]| 08 02 oA OB oOC oD OE OF
3esH SSEG 10 | Memed3z2'd1E [EDX]| 10 11 12 13 14 156 16 17
26H ESEG 11 Register [EEX]| 18 12 1A 1B 1C 1D 1E 1F
64H FSEG 20 21 22 23 24 25 28 27
55H GSEG [EBP]| 28 20 2A 2B 2C 2D 2E 2F
g6H | 32bit mode [ESI]| a0 31 32 33 34 35 38 37
BaH | 16bit mods [EDI]| 38 32 3A 3B 3C 3D 3E 3F
FoOH Lock
FaH REP ! Y

| . W=0 [ W=1 R/M | MOD=00 | MOD=01 | MOD=10
- . ooo | AL | AX 000 | (BX+SI) |(BX+Sl-ds)|(BX+Sl=d18)
0 AEG s source 001 [ GL | CX 001 | (BX+DI) |(BX+Di-d8)|BX-Di+d16)
1 REG is destination 010 oL | ox A +LA= Ve L

010 (BP+5l) (BP+5Sl«da) [(BP+5Sl+d18)
o1 (BP=Dl} |[(BP+Dl+da)|(BP+Dl+dis)

011 BL | BX
o0 | AH | SP

i1 |lcH | Bp 100 (Sl) (Sl+ds) (Sl+d16)
110 | DH | =l 101 (D1} (D+ds) (Dl+d18)
111 BH | D 110 direct (BFP+d8]) (BP+d18)

111 (BX) (BX+da) (BX:d18)

dB - abyie of daia
dié- & 2 byteword

Pentium instruction code fields



MHCTpYKuMKM 3a obLa ynotpeba

NHCTpyKumnnTe 3a obwa ynotpeda nossonsisart onepaunmn 3a 6a3oBo
NPeXBbPNAHE Ha AdaHHW, apUTMETUYHW, NOrnYeckn onepauuu,
onepauun no npegaBaHe Ha YnNpaBNEHWETO, CTPUHIOBM ornepauuu,
KOUTO NporpamucTite nomnseaT obWoO 3a nucaHe Ha MPUMOXEH U
cuctemMmeH codtyep 3a Intel 64 and IA-32 npouecopwu.

Te onepupar Hag gaHHW PasnornoXeHn B NamMeTTa, B PEruMcTpurte c
obwo npeagHasHaveHue (EAX, EBX, ECX, EDX, EDI, ESI, EBP n ESP)
n B EFLAGS perucrop.

Te cbwWO Taka onepupar C agpecHa WHopmMauua B MNaMETTa,
pernctpute ¢ obwo npegHasHadeHne n cermeHTHuTe peructpm (CS,
DS, SS, ES, FS n GS).



MHCTpYKUMKM 3a obLa ynotpeba

Tasu rpyna UHCTPYKL MM BKMOYBA:

« 3a npexBbprisiHe Ha AaHHW. UHCTpyKuMMTE 3a NPEXBLPMSHE Ha
OaHHW MexXay namMetTTa U perucTpute ¢ obwo npeaHasHadeHne WU
CEerMeHTHUTEe pernctpu. Te cbLWO U3BLPLUBAT crneunduyHn onepaummn
KaTO YCIIOBHO TMPEXBbPMAHE Ha [OaHHW, OOCTbM A0 CTeka WU
npeobpasyBaHe Ha OaHHMW.

« 3a [OBoMYHA UenoYucrneHa aputMeTuka. Te3n  MHCTPYKUuUM
N3BbPLUBAT 0a3MCHU OBOWMYHU LIENTOMUCIIEHN NPEeCMSATaHUS Bbpxy OanrT,
aymMa Unu OBOWHa Ayma Lenuv Yucna, pasnonoXeHn B naMmeTTa u/unm B
perncTpute ¢ obLo npegHasHa4yeHue.

« 3a pJgeceTMdHa apuTMeTuka. Te3nm UHCTPYKUMM  U3BbpLuBaT
OeceTndyHa apuTMeTUKa BbpXy ABOWYHO KoaupaHu gecetndHn (BCD)
OaHHW.



MHCTpYKUMKM 3a obLa ynotpeba

« 3a nornyeckn onepauun. Team NMHCTPYKUUM n3BbpLuBaT 6asoBute
AND, OR, XOR, n NOT noruyecku onepaumn Ha 6ant, gyma 1 aBonHa

ayma.

« 3a namectBaHe 1 potaums. Tean NHCTPYKLUM U3MEeCTBAaT U poTupar
HansIBO U HaJsACHO OMTOBETE B onepaHan Ayma v ABOWHa ayma.

« 3a butoBn 1 bantoBu onepaunun. Tesm NHCTPYKLUNKM TECTBAT U
mMoauduumpart nHanesuayanHu outose B ornepaHam ¢ pasmep gyma u
OBOMHa gyma. bantoBmnTte MHCTPYKLKUM YyCTaHOBABAT CTOMHOCT Ha
banToB onepaHa, 3a Aa nHanumpar CbCTOSHUETO Ha donaroseTe B
EFLAGS peructbpa.

« 3a ynpaeneHune Ha nporpamara. Te3u MHCTPYKL MU N3BbpLLIBAT
npexon, yCNoBeH Npexoa, LNKbI 3a N3BUKBAHE U BpblUaHe OT
nogporpamMa 3a yrnpaeneHue Ha xoaa Ha nporpamarta.



MHCTpYKUMKM 3a obLa ynotpeba

« 3a cTpuHrosu onepauun. Te3m MHCTPYKLUUN onepupaTt Hag CTPUHIOBe
oT 6anToBe, No3BonsABankn Te Aa ObaaT NnpemMmecTBaHN B NamMeTTa..

« 3a /O uvHCTpyKuMn. Te3nm MHCTPYKUMN  MPEXBLPMAT OaHHU Mexay
npouecopHuTe I/O nNopToBE U PENNCTBLP UIMN NaMETTA.

« 3a ynpasrieHue Ha cdnaroseTe. Te3n MHCTPYKUMK BopaBAT Cc doriaroBeTe
oT EFLAGS peructbpa.

« 3a onepauum CbC CErMEeHTHUTE pPerncTpu. Te3nm UHCTPYKLMUM
no3BonsiBaT f[a Cce 3apexaaT B CEerMeHTHUTE peructpyu AaneyHu
yKasaTtenu.

« Enter n Leave WHCTpyKuMn. Te3n WHCTPYKUUM oOCbLUECTBABAT
nogapbXka 4pe3 MalWuHHUA €e3MK Ha WM3BMKBaHE Ha npouenypu ot
B510KOBO-CTPYKTYpHUTE e3uun. ToBa ca nHcTpykummnte ENTER — Bxoa Ha
npouegypa 3a e3nk oT BUCOKO HMBO U LEAVE — u3axon Ha npoueaypa ot
BVUCOKO HMBO.

 CMeCeHN WHCTPYKUuun. Te3n MHCTPYKUMW CbAObpXKaT WMHCTPYKUMKM 3a
3apexgaHe Ha edeKkTMBeH agpec, U3NbJfIHEHME Ha npasHa onepauud, u
N3BnNnYaHe Ha MHdopmaums 3a naeHTuuKkaumna Ha npotecopa.



X87 FPU uHCTpyKLnK

x87 FPU MHCTpyKUMUTE ce n3nbfiHABaAT OT npouecopHoTo x87 FPU.
Te onepupar c onepaHau C nnaeawa 3anetas, UenodYucrieHn wu
OBONYHO-OECETUYHM onepaHaun.

Te ce penaT Ha cnegHUTe NOArPYnu:

« 3a npexebprigsHe Ha OaHHU. Te npemecTBaT CTOMHOCTWU C Mnaealla
3anertaq, uenoumcrneHu, n BCD mexay nametta n x87 FPU peructpure.
Te CbWO Taka nNpaBAT YCNOBHW MpPeMecTBaHMA Ha onepaHan C
nnasalla 3aneTtas.

« 3a 6a3oBu apuTMETUYHU onepauun. basoBute apUTMETUYHU
MHCTPYKUMN  un3BbpluBaT 6a3oBM apuTMETUYHM  onepaumn Hapg
LilefTovYnCNEeHN 1 onepaHan ¢ niaeatlla 3aneTas.

*  WHCTpyKkuumn 3a cpaBHeHue. Te nscnegeat U NnpoBepsiBaT onepaHau
C Nnaealla ToYKa M LEenoYncreHmn Takmea.

« X87 FPU TpaHcueaoeHTHN WHCTpPYKuun. Te wusnbnHaBaT 0as3oBu
TPUTOHOMETPUYHK onepaunn Hag onepaHau ¢ nnaealla Todka.



X87 FPU MHCTpYyKUUK

 3a 3apexpgaHe Ha x87 FPU c koHcTtaHTa. Te 3apexgaT obwiu
KOHCTaHTW KaTo T, B X87 pernctpuTte ¢ nnasatia To4ka.

* 3a ynpasneHue Ha FPU. Te onepupat Bbpxy X87 FPU perncrposus
CTEeK 1 3anmcBaT 1 Bb3CcTaHOBABAT CbCTOAHMETO Ha X87 FPU.



X87 FPU n ynpaeneHue Ha SIMD
CbCTOSAHUETO

3a ynpaBneHne Ha cCbCTOAHMETO B 1A-32 apxuTekTyparta ca
BbBedeHN 2 UHCTPYKUUM npu pamunnus npouecopu Pentium II:

« FXSAVE 3a cbxpaHaBaHe x87 FPU n SIMD cbCTOSAHMETO
 FXRSTOR 3a Bb3ctaHoBsBaHe Ha Xx87 FPU un SIMD cbcTtosgHueTo

OTHa4yano Te3n MHCTPYKUMKN ca onepupanun camo Bbpxy x87 FPU (u
MMX) peructpute, 3a Aa CbXxpaHsiBaT U Bb3cTaHoBsABaT Obp3o x87 FPU
n MMX cbctosHneto. C BbBeXaaHeTo Ha SSE paswmnpeHuneTo B
npouecopHa damunua Pentium I, Te3an MHCTPYKUMM ca paslnpeHu
CbLLO Taka Oda CbXpaHsaBaT U Bb3CTaHOBABAT CbCTOAHMETO Ha XMM U
MXCSR peructpure.

Intel 64 apxuTekTypaTa CbLU0 NoaabpXKa Te3n UHCTPYKL UM,



MMX MHCTPYKLUNNK

e 4 paswunpeHunsa ca BbBeaeHu B |A-32 apxutektyparta 3a n3BbpLUBaHe
Ha single-instruction multiple-data (SIMD) onepauun. Tean paswmpeHus
BkntoduBat MMX  TexHonorudata, SSE  paswumpeHuarta, SSEZ2
paswmpeHmnaTa, n SSE3 paswmpeHuarTa.

MMX MHCTpYKUMUTE onepupaT Hag naketupaH bant, gyma, ABOWHA
ayma, YeTBOpHa OyMa 3a npeactaBsHE Ha LernoducrieHn onepaHan B
namettra, MMX peructpute w/wnn B perncTpute ¢ odLwo
npegHa3Ha4yeHue.

«  MMX MHCTpYKUMNTE Cce uU3NbiHABaT OT npouecopute Intel 64 n IA-
32 , kouto noaavpxat MMX TexHonoruata. llogoapbxkata Ha Tasu
TEXHONOrMS Moxe aa 6bae AuarHocTUUuMpaHa 4pe3 WHCTpyKuusTa
CPUID.



MMX MHCTPYKUNU

MMX MHCTPYKUUUTE Cce OEeNAT Ha cregHuTe rpynu:.

* 3a npexsbpnsHe Ha paHHW/data transfer/. Te npexBbpnAT ABOMHA W
4yeTBOpPHa Ayma onepaHan mexgy MMX peructpute un mexkay MMX
perncTpmTe n nameTra.

* 3a npeobpasysaHe /Conversion/. Te nakeTupaT 1 pasnaketTnpart balitose,
AYMU N ABOVNHU AYMM.

* 3a naKkeTHa aputmeTnKa /packed arithmetic/. Tesn uHCTPYKUMM
M3BLPLIBAT MaKeTUpaHa UENoYMCAEHA apPUTMETMKA BbPXYyUEenM 4YUCAa,
npeAcTaBeHn B NakeTupaHu 6banTose, AYMU, ABONHU AYMM.

* 3a cpaBHeHue /Comparison/. Te cpaBHABAT NnakeTupaHu balitose, AYMU U
ABOVHWU AYMMW.



MMX MHCTPYKUNU

 Jlornyeckn /Logical/. Te usebpwBat AND, AND NOT, OR, XOR
ornepaumn Hag YeTBOPHU OyMM.

« 3a wuamecTtBaHe n poTtaumsa /shift and rotate/. Te usmecTBaT W”
poTupar naketupaHu bamtose, AyMU UMM OBOVHU OYMU UMK YETBOPHU
aoymu B 64-b onepaHgw.

« 3a ynpaerneHue Ha CbCTOAHMETO /state management instructions/.
MHcTpykumata EMMS  wumstpusa MMX cbctosgHMeto o1 MMX
perncrTpure.



[Tpumep 3a MMX UHCTPYKUUA

PCMPEQB Compare packed bytes for equal
/CpaBHsABaHe Ha nakeTnpaHun bantoBe 3a eaHaKBOCT/

PCMPEQU mm mm/64

mm |0000000000000000 ‘0000000000000001 0000000000000111 011100011100011J|

mm/m640000000000000000 ‘OOOOOOOOOOOOOOOO 0111000111000111J0111000111000111

l true l false lfalse l true

mm 111111111111111IOOOOOOOOOOOOOOOO 0000000000000000 111111111111114




