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PacwupeHua TpaguumMOHHON
apxutekTtypbl Intel

Aea tTuna MMX-pacwupeHus

Mogaenb uenouncneHHoro MMX-pacwmpeHus
Cuctema komaHpg, uenovmncineHHoro MMX-pacwmpeHus
Moaens XMM-pacLwumnpeHus

Cuctema komang XMM-pacwimpeHua
MopaenbHO-3aBUCUMBbIE PETUCTPDI

C mnosiBjieHrEM TIPOIIECCOPOB TsATOTo ToKosienus (Pentium, Pentium MMX...) B ipo-
rpaMMHOII Mogesu 1ipotieccopa Intel ciepyer pasiaryarh 1Ba 1051 apXUTEKTYPbL: 6a30-
BB ¥ MOZICTTbHO-3aBUCUMBIT.

Ciioii 6a3060t apxumexmypuvt BKIIOYAET B ce0OsT 9JIEMEHTBI aDXUTEKTYPBI, TIOAIEPK-
Ky ¥ HEU3MEHHOCTh KOTOPBIX npoussoautesb (Intel) rapantupyer. 3to Habop M CTPyK-
Typa OCHOBHBIX YCTPOMCTB IIPOLECCOPA, CUCTEMHBIX PETUCTPOB U PErUCTPOB 00IEro
Ha3HAYCHUS, aDXUTEKTYPa MaMATU U T. 1.

Modenvno-sasucumolii CJION aPXUTEKTYPbI BKIIOYaeT B cebs CPeACTBa, MOIAEPiKKa
KOTOPBIX 3aBUCUT OT KOHKPETHOW MOeu Tpotieccopa (Kak MPaBUJIO, CHU3Y BBEPX).
Il Toro 40Ol IIpOrpaMma, UCHOMHAeMasd Ha KOHKPETHOM IIPOLIECCOPE, MOTJIA MOy -
YUTH CBEJICHUS O €T0 BO3MOXKHOCTSIX, B CUCTEMY KOMaH/I TIPOIIECCOPOB, TIO/IEP>KUBATO-
mux IA-32 (Intel, AMD u . 11.), BKiodena komana CPUID. /larHas KOMaH/Ia 03B0JIs-
eT nporpaMme B JII0O0H MOMEHT BPEMEHHU IOJYYUTh CBEJEHUSI O Kjacce, MOJENN 1
APXUTEKTYPHBIX OCOOEHHOCTIX TeKyIero mpoieccopa. [loapobdHoe onucanue gaHHON
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KOMaH/IbI TPUBEAEHO B IMIPUTOKEHN A, a IIPUMED €€ NCITOJIb30BaAHWA BbI Haﬁ[[eTe B Ma-
Tepuaye JaHHOU TJIaBBbI.

Ha a70ii rmaBe paccMOTpUM cJieyiolme pacimpennst 6a3oBON apXUTEKTYPHI TTPO-
neccopa Intel:

nenounciennoe MMX-pacimupenue;

XMM-pacummpenne — motokosoe MMX-paciiupenue a5t paboThl ¢ JaHHBIMU Be-
MIECTBEHHOTO THTIA,;

HOAZEPKKA MOZIEIbHO-3aBUCUMBIX 0coOeHHOCTel Tporieccopos 1A-32.

MMX-texHonorua npoueccopos Intel

B 1997 r. pupma Intel npencrasuiia coii HoBbIi porieccop — Pentium MMX. ITo cpaB-
HEHUIO C MPEABIYIIUMU MOJIEJISIMU TIpoiieccopoB 3Toil dupmbl (1486 u Pentium)
B €T0 apXUTEKTypy ObLIN J06aBIEHBI HOBbIE HAGOPHI PETUCTPOB U KOMaH . Pentium
MMX cTaj cBoeoOpasHOi BeXOH B IJIMHHOM DSy MOZEJIEN MPOLEecCOPOB ceMeiicTBa
i80x86. C ero mossieHreM IIPOLECCOPBI TOTO CEMENCTBA €CTECTBEHHO PasOMBAIOTCS HA
TPH TPYIIIBI, OTPAKAIOIINE TPH HTAIIA B UICTOPUU PA3BUTHUSI IIPOIIECCOPOB:

16-pazpsiaabie mporteccopst i8086 1 180286 3am0:KMIM OCHOBY TOMYJISPHOCTH TIPO-
1eccopos ¢pupmsbl Intel. VIx cucrema komamz cogepsxkana okoo 170 ManmHHbIX UH-
CTPYKIIWH, BKJIIOUYAst HHCTPYKITUHU COTIPOTIECCOPA.

[Tporpammuast Mozesib 32-pa3psiiHbiX 1poiieccopoB 1386, i486, Pentium, Pentium
Pro npakTudecku olMHAKOBA U TIO/IEP;KUBAET TTopsizika 220 KoMaH/I.

32-paspsubie npoieccopbl Pentium MMX, Pentium II, Pentium III, Pentium IV
MOJIJIEP;KUBAIOT HOBBIE TEXHOJIOTHY 0OPA0OTKH JaHHBIX, KOTOPbhIE 06ECTIEUMBAIOTCS
BBEJICHUEM B UX aDXUTEKTYPY AOIOJHUTEJIbHBIX PETUCTPOB U KOMaH/I. 3TI/I HOBBIC
ApPXUTEKTYPHBIE 2JIEMEHTBI COCTABJISAIOT Tak HazbiBaeMoe MMX-pacuupenue. Cuc-
TeMa KoMmaH[ mpoiteccopoB Pentium MMX u Pentium II nHacunTteiBaet okosno 300
koMamJ, a npoueccopa Pentium ITI(IV) — eme Ha 144 komanbl G0JIbIIE.

B aroii ritaBe M 06¢yium MM X-paciiupeHue CHCTEMbI KOMaH[ IIPOIeccopoB Pen-
tium MMX, Pentium IT u Pentium ITI(IV).

MM X-pacimupenne mpoiieccopa Pentium mpemnasnadyeHo A1 TOAACPKKT TTPUIIO-
JKEeHU, OPUEHTHPOBAHHBIX HA PA0OTY ¢ GOJBITUMY MACCBAMU JJAHHBIX I[€JIOTO U BETIle-
CTBEHHOTO TUIIOB, Ha/J KOTOPBIMH BBITIOJIHAIOTCA OJMHAKOBBIE OIl€PaAIlUM. C JTaHHbBIMU
TAKOTO TUTA 0OBIYHO PAGOTAIOT MYIbTUMEIUIHBIE, TPahUUECKIe, KOMMYHUKAI[MOHHBIE
mporpaMMbl. VIMEHHO 110 3TOW TPUYNHE JaHHOE PACHIMPEHNE aPXUTEKTYPBI TIPOTIECCO-
pos Intel 1 nazsano MMX (MultiMedia eXtensions — MyJIbTUMEIUIHBIE PACIIAPE-
HUSA).

C nosinennem mporieccopa Pentium I11 caenyet paznmaats MM X-pacimmpenue 1ByxX
TUIIOB — IEJIOUNCJIEHHOE U ¢ TiaBaoteil Toukoil. Kaxmgoe n3 atux MM X-paciupe-
HUI UMEET CBOIO MPOTPAMMHYIO MOJIEJb M HE 3aBUCHUT OT APYroro. YToObl pasimdyarh
STH THUITBI PACITUPEHUH, BBEIEM CJICAYIONIIE YCIOBHBIE 0003HAUEHMUSI: TIEJIOUNCICHHOE
MMX-pacmupenve 6ynem HazbiBath MMX-pacwupenuem, a MM X-paciupenue ¢ ia-
Batorrelt Toukoit — XMM-pacwupenuem.
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MMX-pacwmpeHue apXuTeKTypbl
npoueccopa Pentium

Hemouncaennoe MM X-pacmmpenne apxuTeKTypsl mpoiieccopa Pentium mpencrasiis-
eT coboii MporpaMMHO-aTIapaTHOE PEIIeHNE, TOTIOMHSIOIIEE ApXUTEKTYPY JAHHOTO TIPO-
1ieccopa HOBBIMU CBOIcTBaMU. BriepBbie aT0 paciiuperue ObLI0 BBEIEHO B TIPOIECCOPE
Pentium MMX. B HenameHHOM BH/ie OHO TOZIEP;KUBACTCS B TTOCTETYIOIINX MOJIETISIX
nporieccopoB Pentium. B mpotieccope Pentium III menouncrerroe MM X-pacmmpe-
HIe OBLITO IOTIOJTHEHO HOBBIMU KOMaHIaM¥. S3HAKOMCTBO C apXUTEKTY PO 11eT0UHCIIeH-
Horo MM X-pacipeHust yI0O0HO BECTH B PaMKaxX MOJIEJIH, OCHOBY KOTOPOU COCTaBJIsI-
10T IBa KOMITOHEHTA — NPOZPAMMHBLU I ANNAPAMHDLLL.

Mopenb uenouncneHHoro MMX-pacwmvpeHus

OcHoBa npozpammiozo KOMIIOHeHTa — cucreMa KoMaug MMX-pacmmpenust (57 Ko-
MaH/T) ¥ YeThIpe HOBBIX THTA JaHHBIX (puc. 18.1). MM X-koMaH bl SIBJISIIOTCS €CTECTBEH-
HBIM JIONIOJTHEHUEM OCHOBHOI CHCTEMBI KOMaH/I IIpotieccopa. [TaBHBIM PUHITMITOM UX
paboTHI ABJISIETCST OHOBPEMeHHast 06paboTKa HECKONIBKUX ¢IMHUIL OJHOTHITHBIX JIaH-
HBIX 0HOI KoManoi (Single Instruction Multiple Data, SIMD).

BoceMb ynakoBaHHbIX 6anT
63 55 47 39 31 23 15 7 0

YeTbipe ynakoBaHHbIX crioBa
63 47 31 15 0

BoceMb ynakoBaHHbIX 6aniT
63 31 0

YyeTBEepeHHoe CroBo
63 0

Puc. 18.1. Tunbl gaHHbIX, NogAep>XBaemMble KomaHgamm MMX-paclumpeHns

W3 pucyHka BUIHO, 4TO pa3Mep IOJIsl, 3aHUMAEMOT0 TAHHBIMHU JIIOO0TO U3 9TUX TH-
TIOB, O/IMHAKOB U COCTaBJsAeT 64 6uTa. B HUX yIaKOBBIBAIOTCS U 3aT€M UCIOIB3YIOTCS
KaK OT/IeTbHBIE 0GBEKTHI JAHHbBIEC pazMepoM OGaliT, CIOBO ¥ ABOWHOE CJIOBO (X MBI Y-
JIeM Ha3bIBATh AIeMEeHmMamu onepannos). IMenHo ¢ Takumu o6bektamMu pabotaror MMX-
KoMaH bl TaKoH TTOIX0/] IPUBOJINT K CYIIECTBEHHOMY YCKOPEHHU0 00pabOTKHU IaHHBIX,
IpeK/e BCEro, 32 CYeT IKOHOMHUH TAKTOB IIPOIIECCOPA Ha MTePeiavy AaHHBIX 1 BBITOJIHE-
HYe caMoii KoMaHbl. KetaTu, 31ech MO3UTHBHO CKa3bIBaeTCst GOJIBINAS Pa3MEPHOCTD
IIMHBI JaHHBIX IIpolieccopa Pentium, kotopas pasHa 64 6ura.

OcHoBa annapammozo KOMIIOHEHTa — BOCEMb HOBBIX PeTUCTPOB. CJI0OBO «HOBBIE» He
coBceM koppekTHo. Ha camom mee B8 MM X-pacmmpeHny nCHoab3yIOTCS PETHCTPBI
comporieccopa. Kak n3BecTHO, perncTphl COpoIieccopa cTeka MMeIoT pazMeprocTs 80 Gur,
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410 Kacaercs peructpoB MM X-pacuupenust, To ux pasmMepHocTb — 64 6ura. [Toatomy,
KOT/Ia PETUCTPBI COMPOIIeCCOpa UrpaioT pojib MM X-peructpos, TO IOCTYHBIMU SIBJISI-
I0TCS JINIIb UX Myaanme 64 6ura. K Tomy e npu pabore cTeka COIpoIeccopa B PeKU-
Me MM X-paciiupenus OH pacCMaTPUBAETCS He KaK CTEK, a KaK 0ObIYHBIN PErMCTPOBbIN
MacCCHB C TPOU3BOJIBHBIM A0CTYTIOM. OQIHAKO PETUCTPOBBIN CTEK COMPOIlECCOPa HE MO-
JKET OJTHOBPEMEHHO UCTIOJIb30BATHCS U IT0 CBOEMY TIPSIMOMY Ha3HAueHUIo, 1 Kak MM X-
paciupenue, mosToMy 3a60Ta 0 €ro pasjeieHul U KOPPEKTHOH paboTe ¢ HUM JIOKUTCS
Ha rporpaMmucra. OTobpaxere MM X-perucTpoB Ha PETUCTPhI CTEKa COIIPOoIieccopa
wimoctpupyet puc. 18.2.

79 63 0
RO| Mopsigok | . MaHTtucca
R1 )
R2
R3
R4
R5
R6
R7 . .
63 0.

' ' rmmx0
rmmx1
rmmx2
rmmx3
rmmx4
rmmx5
rmmx6
rmmx7

Puc. 18.2. Oto6paxeHne MMX-pernctpoB Ha perncTpbl cTeka conpoleccopa

[Tpu BeimosHern MM X-KoMaH I COPOIlecCcOp MEPEBOAUTCS B COCTOSTHHAE, KOTOPOE
XapaKTePU3yeTCs CAeYIOMUMHI TTPU3HAKaAMU:

PETUCTP TETOB COTPOIIEccOpa OOHYIISIETCST;

BCE PETUCTPHI cTeKa compoiieccopa B MM X-pesxume azipecyioTcst (GU3UIeCKH BHE
3aBucuMocTH OT 3HaueHnit mosst TOS peructpa coctosiamsa SWR (mose TOS, keratw,
TOXKe OOHYJISIETCS);

MMX-peructpy RMMX0 cooTBeTcTBYeT husnueckuii peructp cormpoieccopa RO,
MMX-peructpy RMMX1 — R1 u T. /1., IpU 9TOM JIOTUUYECKAST HYMEpAIus PETUCTPOB
colpolieccopa He UMeeT HUKaKOIo 3HaYeHUs;

COJIEP’KUMOE JIPYTUX PETUCTPOB CoIIpolieccopa He u3MeHseTcs (3a UCKIIoYeHHeM
caryyas npuMeHeHust KoMan il EMMS);

mpu 3amucu B MM X-perucTp gaHHbIX B Mitajiive 64 61ta 3aHOCSITCS CaM¥ 3aTTACHI-
BaeMbl€ IaHHbIE, 8 B OUTHI 64—79 — eIMHUIIBI, UTOOBI TIPH TTOMBITKE CIYIAWRHOTO UJTH
npeHaMepeHHOro UCIoIb30BaHus KoMaH/101 conporieccopa MM X-1aHHBIX He BO3-
HUKJTO KAKOTO-JTHO0 UCKITIOYEHHST COTIPOTIECCOPA;

TpY YTeHn” AaHHBIX 13 MM X-perucTpoB ux conep:kumMoe He U3MEHSIeTCsl.



524 Thaga 18. Paclupenns TpaanuUMOHHO apxmTekTypsl Intel

Oco6eHHOoCcTN KOMaHa, MMX-pacwmpeHus

Baxnoe ornmune MMX-koMaH/[ 0T O6BIYHBIX KOMAH/[ IPOIECCOpa — B TOM, KaK OHU
pearupyioT Ha CUTyalluy NepenoJHeHus 1 3aeMa. B pasnerne «Apudmerndeckue ornepa-
I[IW HaJl [eJIBIMU IBOMYHBIMU YUCIAMIT» TJIABbI 8 HAMU PasOUpaINCh CUTYAIIH, KOT/a
pe3yabTaT apupMeTHUECKOHN Onepaliiy BEIXOIU 32 PA3PSIAHYIO CETKY MCXOIHBIX OTe-
paHI0B. B 3TOM cirydae TpOM3BOAUTCS yCeUeHNeE CTapIIX OUTOB PE3yIbTaTa U BO3BPa-
IAIOTCS TOJBKO Te GUTDI, KOTOPBIE YMEIIAIOTCS B ITPeeJiax KCXOAHOTO OTlepaH/ia. ITOT
OPUHIUT (DOPMUPOBAHUS PE3YJIbTATA HA3BIBAETCS APUPMEMUKOU C UUKIUYECKUM nepe-
nocom (wraparound arithmetic). Hexoropsie MM X-KoMaH/IbI B TIOMOOHOU CUTyaIun
NecTBYIOT nHaue. B cryJae BpIX0O/1a 3HAUEHUS PE3YJIbTaTa 3 MPe/IesIbl OTlepaH/ia B HeM
(bukcupyeTcst MakcuMaTbHOE UM MUHUMAJbHOE 3HaUeHWe. Takoli mpuHiun ¢GopMu-
POBaHUs Pe3yJIbTaTa HasbIBACTCS apudmemuxotl ¢ nacviuernuem (Saturation arithmetic).
MM X-KoMaH/Ibl BBITIOMHAIOT apuMeTHYECKUE OMEPaIly ¢ MCIONb30BaHIEM 060UX
npuHIUTIOB. [Ipy aTOM cpeiv HIIX eCTh KOMaH Ibl, YU THIBAIONIIE 3HAKU (3HAYEHUST CTAP-
mux GUTOB) 3JIEMEHTOB OTepaH/IoB. [IpuHIUT GOPMUPOBAHUS PE3YIbTATOB apudme-
TUYECKUX OTEPANUI € MUKIMIYECKUM TIEPEHOCOM BbI MOKETE BCIIOMHUTDH C TTOMOIIBIO
MaTepHaJia TJaBbl 8, 3/1eCh JKe PACCMOTPHUM Ha MMPUMEPAX, Kak (DOPMUPYIOTCS PE3YJIbTaThl
B MM X-KOMaH/IaX CTOKEHUS U BBIYUTAHNSA, PABOTAIONIHX MO TIPUHITUITY HACHIIIECHUS.

Cinoxenue yncel (6e33HaAKOBOE HACBIIIEHUE):

254 = 11111110

+

) = 00000101

259 <> 11111111,

Pesynbrar MMX-cioxkeHuns ¢ 6e33HaKOBBIM HachlleHreM paset 255. Ilpu ciioxe-
HuM KoMaHzamu niporieccopa ADD u ADC, ucmomb3yonuMu MPpUHITUTT TUKINYECKOTO
nepenoca, peayabraT paBen 00000011 = 3, a durar CF ycranasauBaetcst B 1. ITo cBuje-
TeJIBCTBYET O (paKTe MepernoTHeHns.

Croxenne urces (3HAKOBOE HACHITIIEHUE):

+126 = 11111110 nm  —126 = 10000010

+ +
+5 = 00000101 -5 = 11111011
131 <> 01111111 —131<>10000000.

Pesynbrar MMX-cioxeHns co 3HaKOBBIM HaChIIIEHUEM ABYX II0JIOKUTEIbHBIX Y-
cen paseH 127. Ilpu croxkennn komangamu mporieccopa ADD u ADC, ncrob3yonmmu
MPWHITAT ITUKJINYECKOTO IepeHoca, pe3yabraT paser 00000011 = 3, a aar CF ycranos-
JieH B 1. DTO CBUAIETENBCTBYET O (DaKTe MEPEMOTHEHNUS.

Borunranue yncesn (6e33HaKOBOE HACHIILEHKE):

05 = 00000101

10 = 00001010

-5 <> 00000000.
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Pegyaprar MMX-Boruntanus ¢ 6€33HaAKOBBIM HACBIEHNEM ABYX rces paser 00h.
[Tpn BeramTanum koMasamu mmpoiieccopa SUB u SBB, ncromb3ytonmmy TpuHIATT 1THK-
JINYECKOTO TIepeHoca, peayabrar pasen 11111011 = —5 B romosHuTeIbHOM KOZIE, @ (hyrar
CF ycranaBimBaetcst B 1. DTO CBUIETENBCTBYET O (haKTe BOOOPAKAEMOTO 3aeMa eINHU-
IIbI U3 CTAPIIero pa3psja.

Boeruntanue yncesn (3HaKOBOE HACHIIIEHNE):

+05 = 00000101 wim -5 =11111011
—-126 = 100000010 +126 =01111110
-131<> 01111111 —131 <> 10000000.

Pegyaprar MMX-BbIUnTaHusT O 3HAKOBBIM HACHITIEHNEM IBYX dnces paBeH 80h.
ITO MUHUMAJIBHO BO3MOKHOE OTPHUIIATEFHOE YHUCIIO pasMepoM B Gaiit. [Tpu BerunTa-
HUHM KoMaHaMu tiporieccopa SUB n SBB, ucrnosnp3yronmmy mpuHITUIT MIAKINYECKOTO
nepenoca, pesysbraT paser 11111011 = -5 B gomosHuTeapHOM KO/I€, a dorar CF ycra-
HaBuBaeTcs B 1. ITO CBUAETENBCTBYET O (haKTe BOOOPAKAEMOTO 3a€Ma eIUHUIIBI 13
cTaplero paspsja.

ITomo6HbIe PacCysKAECHUS OTHOCSATCS M K HEKOTOPBIM ApyruM MM X-koMaHIam, He
sBJSTIOUMCst apudmernyeckumu, B tadsr. 18.1 mpeacTaBiieHbl TPaHUYHbBIE 3HAYEHIIS
HACBIIEHNS /1711 BCeX YeThIpex TUTMoB AaHHbix MM X-pacmmpenusi.

Ta6nuua 18.1. MpaHnyHble 3HaYeHUs HacbiweHns MMX-aaHHbIX

Tun MMX-paHHbIX JAuanasoH rpaHnNYHbIX 3HA4YEeHUNn
(c HacbiWeHnem)
Baiit 6e3 3Haka 0...255 (00h...0ffh)
CJ10B0 Ge3 3HaKa 0...65 535 (00h...0ffffh)
JlBoiiHoe cyoBo 6e3 3Haka 0...4 294 967295 (00000000...0ffffffffh)
YuerBepennoe ¢a0Bo 6e3 3HaKa (0000000000000000...0fFFFFFFFFTTFTTTTh)
Baiit co 3HaKOM —128...127 (80h...7fh)
CJ10BO €O 3HAKOM —32768...327 67 (8000h...7ffth)
JIBOiiHOE CJIOBO CO 3HAKOM —2 147 483 648...2 147 483 647 (80000000... 7fffffffh)
YuerBepernoe ¢aoBo co 3aakom | (8000000000000000...7ffffh)

OTMeTHM HEKOTOPbIE 0COOEHHOCTH TIPAKTUYECKOTO UCTIOIb30BaHusA KoMana MM X-
pacIIMpeHus.

He Bce TpaHcasaTopsl si3bika accembiiepa nogaepxuaior MMX-koMasbl. ITO OT-
HocuTcs K TparcastopaMm TASM Bepcun 5.0 u MASM Bepcuu 6.11. B kayecTBe TpaHcisi-
Topa, moanep:xuBaiomero MMX-kKoMaHIbl, MOKHO PEKOMEHZOBATH TPAHCIATOD
NASM or Netwide, nadopmMainio o KOTOPOM MOKHO HaiiTu B IHTEpHETE 1O azpecy
http://www.cryogen.com/nasm/. A 4To ke feJaTh TEM, KTO pacrojiaraeT TPaHCASITOPOM
TASM nm MASM u He nMeeT BO3MOKHOCTH BOCIIOJIb30BaThCsA ycayramu NASM?
BeIxon 37iech ouH — MUCaTh TPOTPAMMY B MAITUHHBIX KOJAX, M ZIEJIO 9TO HE TAKOE YK
6esnanextoe. @upma Intel mpenBumena BO3HUKHOBEHME TTOAOOHOM TPOGIEMBI 1 TTPE/I-
JIOJKUJIa BAPUAHT BKJIIOYAEMOTO (hailjia iammx.inc fJist TpaHcasgTopa acceMbaepa ot
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Microsoft. OH comepKUT BapuaHThl MAaKPOOIPEAETEHUN it BceX MHeMOHUK MM X-
KoMaH/l. BritounB aToT daiin qupextuBoil include B Havaso Baimeit TpoTpamMMbl, BbI
MOKeTe UCIoJb30BaTh Bce MM X-koMan bl B onipesiesienHoM dopmate. C TpaHCISATO-
pom TASM sT0T (hailsn ncmosb30BaTh HeMb3st. JIJIst 3TOTO €ro HY;KHO HEMHOTO 0pabo-
tath. CUTyaIust yCAOKHIETCS TeM, 9TO B TTakeT accembamepa TASM BXozsAT Ba TpaHc-
nsropa: 16-paspsianbiii (tasm.exe ) u 32-paspsaubiii (tasm32.exe). PazpabaTbiBaeMble ¢ UX
MIOMOII[BIO TPOTPAMMBbI IMEFOT CBOU 0COOEHHOCTH. DTUX 0COOEHHOCTEN TOBOBHO MHO-
T0, TI09TOMY B 9TOM ryiaBe Oy/IeT U3JI0KeHa METOINKA, OIaroapst KOTOPOU BBl CMOJKETE
paspabarbiBaTh iporpaMmmbl ¢ MM X-koMmaHIaMu [17ist 000X THUTIOB TPaHCAATOPOB. Ecin
JKe B BallleM PaCIOPSZKEHUH eCTh IPyTHe cpecTBa st pazpaborku MMX-mporpamm,
BBI MOKETE UCTIOJBb30BATh MAaTEPUAJ TAHHOM TJIaBBI TOJBKO B YAaCTH, Kacalollelics onu-
caaust popmatoB MM X-KoMaH/I ¥ IPUMEPOB X TPUMEHEHUS.

IMepen HauaoM pabOTHI OBEIEM TEKCT BKIIOUaeMOTo (haiina iammx.inc 1o pabouero
COCTOSTHUSL, TPUTOHOTO 7151 TparcasTopa TASM 5.0. /{yist 5Toro Ham IpUIETCs IeIaTh
IBa BapuaHTa 3TOTO (haitna — 16- u 32-paspsaaubiii. HazoBeM UX, COOTBETCTBEHHO,
mmx16.inc ¥ mmx32.inc. OHU GYAYT UCTIOJIB30BATHCS TIPU Pa3pabOTKe TPOrpaMm, oOpa-
GaTbiBaeMbIX 16- 11 32-paspsaHbIME TPaHCAATOPaMu acceMbJiepa (tasm.exe u tasm32.exe).
ITH BapUAHTHI BKJIIOYAEMbIX (DAlIOB TIpeHa3HAYEHbI [t paboThl B pexknve MASM
tpancisgTopa TASM 5.0. O6beM HUCXOIHBIX TEKCTOB BKJII0YaeMbIX (haiiljioB mmx16.inc u
mmx32.inc I0BObHO BEJIVK, TO3TOMY OHHM HAaXOATCS Cpeint (pailioB, MpUIaraeMbIX K KHU-
re, B KaTajore JaHHol riasbl!. Paziuunii B aTux Qaiinax asa:

B mmx16.inc a1t momemmpoBanust MM X-koman ucnobayioTest 16-paspsianbie pe-
IUCTPBI 0OIIEro HasHAYeHus:, a B mmx32.inc — 32-paspsiiHble perucTphl.

B mmx.inc 717151 BRIICHEHUS THTIA OTIepaH/ia UCTob3yeTcs oneparop .TYPE. Y aBropa
IIPH TIOTBITKE YKA3aTh 9Ty AUPEKTUBY COBMECTHO ¢ tasm32.exe BO3HUKaJA OMUOKa.
ATy omubKY yAATOCH PEOOIETh TOJIBKO TIPH MTPUMEHEHUN aHAJIOTUYHOTO OIepa-
topa 1ist pexkuma Ideal — SYMTYPE.

Mo3KHO TOTBITATHCS OOBEIMHUTD 3TH B (hailia 1 MPEnponecCOPHBIMU CPEICTBA-
Mu acceMbiiepa paclio3HaBaTh TEKYILYIO BEIYUCIUTEIBHYIO CUTYAIUIO, HO OOJBIIOTO
CMBICJIA B 9TOM HET, Tak Kak 16- u 32-pa3psaable Kobl He nepecekaiorcs. [Iporie pazpa-
Gorath /Ba (haiisa s KXk U3 TEXHOMTOTUH pa3paboTKu 1 Tak n36ekaTh OTEHII-
aNbHBIX OMU60K. [TOCKOIbKY cofiepKaTebHas YacTh 9TUX (DailIoB IPAKTUYECKN O/[1-
HaKOBa, €CTh CMBICJT PACCMATPUBATH TOJILKO OJIMH U3 HUX, OTMEYast, TIPU HEOOXOAUMOCTH,
UMEIOIINEeCsT OTIUYHSI.

Paccmorpum ctpykTypy datisia mmx16.inc. IToT daiiy coepsKUT MaKkpooItipeeie-
HUST, KAXK/I0€ U3 KOTOPBIX MOZIeIupyeT onpenenennyio MM X-komanny. B kauectse oc-
HOBBI /1151 MOJIETUPOBAHUSI BBICTYTIAET KOMAaH/Ia OCHOBHOTO TIPOIECCOPA, KOTOPAS A0JIKHA
YIOBJIETBOPSITD ONpeiesieHHbIM TpeGoBanusiM. Kakossr onn? B momckax oteTa pac-
CMOTPUM MaruHHble Koas1 MM X-komana. BuaHo, 4to o6mmmy y HUX SIBJISIOTCS /[BA
MOMEHTA:

ITose koza onepanyu MM X-KoOMaHZ COCTOUT U3 ABYX OANTOB, IEPBbIN U3 KOTOPHIX
pases Ofh.

! Bce npusaraembie K knure ¢aiiabl MoxHo Haiitu mo aapecy http://www.piter.com/download. —

IIpumeu. peo.
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Bce MM X-koMaH/IbI, 32 HCKITIOUEHUEM KOMAHJIBI éMmS, UCTIOIb3YI0T (hopMaThl as-
pecanuu ¢ Gaiiramu modR/M u sib 1, COOTBETCTBEHHO, IOMYCKAOT COUETAHHUE OTIE-
PaHZOB KaK OOBIYHBIE JBYXOIEPAaHAHBIE KOMAH/IbI IeJIOUUCIEHHOIO YCTPOMCTBA —
PETUCTP — PETHUCTP WUJIN TTAMSITh — PETUCTP.

s MmomenpoBannst MM X-koMaH I HYKHO mofo6paTh TaKyio KOMAHAY OCHOBHOTO
MPOIleccopa, KOTOpasi yAOBJIETBOPSIET 3TUM JIBYM ycjoBusiM. [IpoananuanpoBas ¢ mo-
3UIHIT 9TUX TpeGOBAHUI MAITMHHBIE KOJBI KOMAH]I OCHOBHOTO MPOIECCOpa, BhIbepeM
1715t MmosietmpoBanust koman bl XADD u BTR. B mportecce MoiesiupoBanust Ha MECTO BTO-
poro 6aiita KoJa orepaiiu 3TUX KOMaH/I TIOMEIaeTcst OalfT co 3HaueHUEM KOoJIa oTiepa-
nnu MMX-koman el Korja npoiieccop «BUIUT», UTO OUepeiHasi KOMaH/a SIBJSIETCS
MM X-komaHI0l1, TO OH HAUMHAET TPAKTOBATh KOJIbI PETUCTPOB B MAITIMHHOW KOMaH/Ie
Kak Kobl MMX-perucTpoB 1 CCbIJIKM Ha HaMsATh, PA3MEPHOCTBIO COOTBETCTBYIOIIEH
TaHHON KoMaH/le. B MammHaHOM (hopMaTe KOMaHIbl HET CUMBOJNYECKUX HA3BAHUI pe-
TECTPOB, KOTOPBIMHU MBI TIOJIb3Y€EMCS TIPY HATIMCAHUW MUCXOHOTO TEKCTA TTPOTPAMMBI,
wanpumep, AX umu BX. B atom hopmate oHu onipesiesieHHbIM 06pa3oM Koaupyrorest. Ha-
npuMep, peructp AX KoaupyeTcs B 1oJie reg MamuHuHoi koMan el Kak 000 (cm. Ti1aBy 6).
Ecnu 3aMeHUTD KO/ omepari KOMaHIbl, B KOTOPOUl OJHUM W3 OTEPAH/IOB SBJSETCS
peructp AX, KozioM oriepaiuu Hekotopoir MM X-KomaH/IB, TO 3TO ke 3HaUeHNe B TIoJie
reg mpoiieccop Oyer TpakToBaTh Kak peructp RMMXO0. Takum o6pasoM, B MM X-komaH-
IaX KOJIbI PETHCTPOB BOCITPUHUMAIOTCS COOTBETCTBEHHO KOty orepariu. B taba. 18.2
MIPUBEIEHBI KOJIBI PETHCTPOB OOIIEro Ha3HAYEHUS U COOTBETCTBYOINX uM MM X-pe-
rucTpoB. B ipaBoM cTo1611€e 9T0M TabIUIIBI COAEPIKUTCS YCIOBHOE 0603HaueHe MM X -
perucTpos, npuHAToe B (aiize mmx16.inc. ITO ke COOTBETCTBUE 3aKPEIIEHO PSIZIOM
CIIeTYIONNX oTpesiesienii B aToM daiise (auctunr 18.1).

Ta6nuua 18.2. Koguposka MMX-perncTpoB B MalLMHHOM KOAEe KOMaHbl

Kop B none reg PerucTp ueno4mcneHHoro yctpomcrea MMX-perucTtp
000 AX/EAX RMMXO0
001 CX/ECX RMMX1
010 DX/EDX RMMX2
011 BX/EBX RMMX3
100 SP/ESP RMMX4
101 BP/EBP RMMX5
110 SI/ESI RMMX6
111 DI/EDI RMMX7

Jluctunr 18.1. @parmeHT BKtovaemoro ¢aina mmx16.inc

rmmx0 equ <ax>
rmmx1 equ <cx>
rmmx2 equ <dx>
rmmx3 equ <bx>
rmmx4 equ <sp>
rmmx5 equ <bp>
rmmx6 equ <si>
rmmx7 equ <di>
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B daiime mmx32.inc aTi Ke onmpeneIeHNsT BRITISIAAT TakK, KaK TTOKa3aHO B JIVC-
TuHre 18.2.

Jiuctunr 18.2. dparmeHT BKItOHaemoro daiina mmx32.inc

rmmx0 equ <eax>
rmmx1 equ <ecx>
rmmx 2 equ <edx>
rmmx3 equ <ebx>
rmmx4 equ <esp>
rmmx5 equ <ebp>
rmmx6 equ <esi>
rmmx7 equ <edi>

Termepb B LCXOHOM TEKCTE TPOTrPAMMBI MOKHO HCIIOJIb30BATh CAMBOJINYECKIE UMEHA
MMX-perucTpoB B KauecTBe apryMeHTOB MaKpOKOMaH/I, Mojierupyomux MM X-ko-
MaH[IbI.

Paccmotrpum, kak B daitsle mmx16.inc onrcano MakpooripeiesieHue JIJisk MOJIeTPO-
Banus MM X-koman;ier PACKSSWB, ripetHazHaueHHO 1711 YITAKOBKY C HACHITIIEHUEM CJIOB
B GaiiTbl (iucTunr 18.3).

JIuctunr 18.3. dparmeHT BKtoHaemoro dainna mmx16.inc

<1> packsswb macro dest:req,src:req

<2> local pre,post

<3> npre:

<4> xadd src,dest

<5> post:

<6> org pre+l

<7> db _opc_packsswb
<8> org post

<9> endm

[Tonnmanue CTPYKTYPBI TPUBEACHHOTO MaKpPOOIIpeleJieHUs He JIOJIKHO BBI3BATH
y uuTarens Tpyanocteil. lleHTpasbHOEe MECTO B MAKPOOTIPEIETICHIH 3aHMMAIOT KOMaH-
J1a TIeJIOUNCJIEHHOTO yCTpoiicTBa (B 1aHHOM cirydae XADD) u nupextusa ORG. [lupextn-
Ba ORG mpenHazHavyeHa 718 UI3MEHEHWST 3HaUeHus cueTunka anapeca. C aToil TupexTu-
BOIT MBI y>Ke BcTpevasich B riiase 10. B crpoke 6 aupextiBa ORG ycTaHaBIMBaeT 3HAYEHUE
CUETUMKA a/[peca PaBHBIM afpecy pre + 1. Arpec METKH pre sSIBJISIETCS aJ[pecoM MEPBOTO
Gaiita MamuHHOTO Koz1a KoMaH bl XADD. COOTBETCTBEHHO, €CITH 9TOT aPEC YBETUIUTD
Ha 1, To mosyunM azpec BTOporo Gaiita kojga onepanuu. Takum o6paszoM, 3HaUCHUEM
TEKYIIET0 CUeTYNKA ajipeca B cTpoke 7 Oyzer ampec pre + 1. [lupektusa DB B cTpoke 7
Pa3MeIaeT 1o 9TOMY anpecy OaiiToBoe 3HaueHme 0pc_packsswb, KOTOpoe COOTBETCTBYET
BTOpOMY Oaiity koza onepariun MMX-koman st PACKSSWB (cm. smuctuar 18.1). Tupek-
tuBa ORG B cTpoke 8 ycTaHaBIMBAaET 3HAYEHNE CUYETUNKA a/[peca PABHBIM 3HAYCHUIO aJl-
peca caenytoteii mocsie XADD komanbl. /{1 JOTOIMHBIX YnTaTE/IeH OTMETUM €11le OJIUH
XapaKTePHBI MOMEHT. [IJisT €ro MOJTHOTO TIOHUMAHUST HEOGXOMMO XOPOIIIO MPEACTAB-
AT cebe hopMaT MalIMHHONW KOMaH/bl U HazHayeHue ero mnoJeil. JJoBoJbHO mojHast
uHbopMaIrs 00 3TOM MpUBe/lcHa B MaTepuaiax TiaBbl 3 u nmpuiokerus A. ObpaTure
BHUMaHUeE Ha MOPSIOK CIE€0BAHUS OTIEPAHIOB B 3aT0OJIOBKE MAKPOKOMAH/IbI, KOTOPBII
MOCTPOEH 0 OOBIYHON CXeMe: KON npueMHuK, nctounuk. B komarme XADD mopsiaok 06-
paTHbIi, Kak TpeOyeT CHHTAKCUC KOMaH/Ibl. ITO XOPOIIIO MOSICHSIET HagHaueHne 6uta d
BO BTOPOM baiiTe Kojia OTIepaIii, KOTOPBII XapaKTepU3yeT HallPpaBIeHUE Tepeadn TaH-
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HBIX B TIpolieccop (B PerucTp) Wiu B MaMsTh U3 mporeccopa (perucrpa). Ber moxkere
rpoBecTH aKkcnepuMenT. [Ipoananmmanpyiite MamuHAEBIE KOABI KOMaHABI MOV:

.data

p dw ©

.code

ﬁéQ p,bx ;MaWUHHLIA KoA: 89 le 00 00, d=1, w=1
mov bx,p ;MaWWHHbLIA KoA4: 8b le 00 00, d=0, w=1

W3 npuBesenHoro dparMenTa BUAHO, YTO H3MEHEHHUE TUIIOB ICTOYHIKA U IPUEM-
HUKa Ha OOpATHBIH BJIKSIET TOJBKO HA U3MEHEHUE TIOJIST KOJa OTIepaIlii, a UMEHHO Ha
ero Bropoii 6ut. Ito 6ur d (Directory — HampasjieHe), KOTOPBII OIpeeisieT HalpaB-
Jienue tiepefiaun. Eciiv preMHUK — peructp, To OuT d = 1, a 970 03HAYAET TIepefady 13
aMATH B TIpotteccop (peructp). Y Hao6opoT, ecin MpUEMHUK — aJiPec MaMsITH, TO GUT
d =0, a 970 O3HaYaeT MepeAavy U3 mporeccopa (perucTpa) B maMsaTh. TakuM o6pasom,
3HAYEHUS TOJIEH B OCTATBHBIX OalfiTaX MAITMHHOTO KOJIA OTIEPAIIUY JIUIIIb OTIPEAETSIOT
MECTOIIOJIOJKEHIE ONIEPAH/IOB U HE 3aBUCIT OT PEAIbHOTO HAIpaBJeHus mepepaun. Ha-
IpUMeD, 3HaYeHre BTOporo Gaiita koga onepamuu opc_packsswb pasro 63h (0110 0011b).
On nmeer 3navenue 6uta d = 1, To €CTh TaHHBIE IEPEAAIOTCS U3 PETUCTPA B TTAMSITh. ITO
HaM U T03BOJINJI0 B KoMaHe XADD M3MeHUTh MOPSIIOK CIe0BAHIS ONepaHIoB (MHaUe
TpaHCIATOP acceMbJiepa 3Ty KOMaHIy He MPOIMYCTUT — MOAyMaiTe, To4emy?).

B cBs3u ¢ o6cyskaaeMbIM MOMEHTOM MHTEPECHO TIOCMOTPETh MaKpOOIpe/eeHue
npyroit MM X-komansr — MOVD (suctunr 18.4).

JNluctunr 18.4. ®OparmeHT Bro4aemoro daina mmx16.inc

<1> movd macro dest:req, src:req
<2> local pre, post

<3> if (.type(dest)) and 10h
<4> pre:

<5> xadd src, dest

<6> post:

<7> org pre+l

<8> db _opc_movd_1d
<9> org post

<10> else

<11> pre:

<12> xadd dest, src
<13> post:

<14> org pre+l

<15> db _opc_movd_st
<16> org post

<17> endif

<18> endm

Komamna MOVD 1103BoJISIET TPOU3BOAUTH TIEPeiady B 000UX HAMTPABJIEHUSIX: TTAMSITh-
TIPOIIECCOP U MPOIECCOP — MaMsATh. J{JIsT TOTO YTOOBI TIPABUIBHO CMOJIETMPOBATH Ma-
muHHOE TipesicTaBiaeHre MM X-kKoMaH/Ibl, HEOGXOAUMO ONPEIETUTh, KAKIM 0OBEKTOM
saBageTcs onepany; dest (MpueMHUK): g4eitkoil mamsitn uiu peructpom. Ilocie aToro
GyJIeT SICEH TUTI BTOPOTO OTIepaH/Ia, TaK KaK PeaTn30BaHbI MOTYT GBITH JIUIITh JIBE CXEMBbI
pacIoIoKeHMs ONePaH/IOB: PETUCTP — PETUCTP U MaMATb — peructp. st BblsicHeHUs
THMA OTIepaHia acceMbIIep MPEOCTABIISIET OTepaTop .type, KOTOPBII UMeeT CJIe/ Ty oIt
CHUHTAKCUC:

.type BblpaxeHue
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Omnepatop .type B 3aBUCHMOCTH OT THIIA OTIEPaH/Ia BbIPAXeHUEe BO3BpaIaeT 6ailTo-
Bble 3HAYECHMsI, KOTOpBIe IpuBeaeHsl B Tabr. 18.3. B crpoke 3 mucrutra 18.4 onpesesnsi-
eTCsI THII oTlepaH/a dest, 1 ecJi aTo perucTp, To GOPMUPYETCST OJMH KO OTIEPAIUH (CTPO-
ku 4—-10), ecm Het, TO npyroit (ctpoku 11-17). Keratu, MOVD — 310 enuHCTBEeHHAS
MMX-komanja, KoTopas BbllagaeT 13 ooiiell cxeMbl moctpoenns MMX-komarz, Tak
KaK TOJIbKO OHA TI03BOJISIET MPOU3BOAUTE 0OMEH ¢ 32-paspsiIHBIM PETUCTPOM OBIIETO
Ha3HAYEHVIS.

Ta6nuua 18.3. OnepaHabl 1 BO3BpaLlaeMble 3Ha4YeHus oneparopa .type

3HavyeHus 6uToB Tun o6bekTa

0000 0000b VYkasaresb ajipeca maMsITH B CETMEHTe KO/a

0000 0010b Ykasaresb ajipeca MaMsITH B CETMEHTe JJAHHBIX

0000 0100b KoHcranTa

0000 1000b BripaskeHnue ncosbp3yeT peskuM MpsiMoi aipecannn
0001 0000b Peructp

0010 0000b Nnentudurarop

1000 0000b Buemnuii upentudurartop

22?2? 200?b BripaskeHue ncnosb3yeT peskuM KOCBEHHOI ajipecariii

Anpeca omepanoB B aMsTH GOPMUPYIOTCS TAKUM Ke 00pa3oM, Kak ¥ JIJIsT 1eJT0-
YUCJEHHBIX KOMaH/I, a UX TPAKTOBKa 3aBUCUT OT KOHKpeTHON MM X-komanzsl. Bomee
JeTAJILHO ¢ MOJIeJIMPOBaHNEM OCTalNbHbIX MM X-KoMaH/I Bbl MOKeTe TTO3HAKOMUTbBCS,
M3Y4YUB TEKCThI BKIIOUYAaeMbIX (haitsioB mmx16.inc © mmx32.inc, KOTOpble HAXOSTCS cpe-
1 (haitIoB, MpUJIaraeMbIX K KHUTE.

Hanee mp1 paccMoTpum MM X-KOMaH/IbI, COTTPOBOZK/AST ONMCAHNE XapaKTePHBIMU
MIpUMEPaMU, IEMOHCTPUPYIOIUMI MEXaHU3M paboThl KOMaHI. B KOHIlE 9TOr0 pasaena
paccMOTpUM TUTIOBOH NprMep ncroab3oBanusg MMX-koman.

Cuctema KomaHp,

MM X-komaH bl 10 QYHKITMOHATLHOMY TIPU3HAKY JIeJsATcs Ha Tpynmsl (puc. 18.3).
PaccMOTpUM BBIJIETIEHHBIE KTACCH KOMAH/[, YKaKeM 0COOEHHOCTH WX TIPUMEHEHMUST
Ha IpuMepax.

KomaHpabl nepepaym gaHHbIX

MM X-KOMaH/IbI TEPECHLTKY TOA00HO WX MEJTOUMCIEHHBIM aHAJIOTaM SIBJISTIOTCST Hanho-
Jiee 9acTO UCTOJTb3yeMbIMU. JTH KOMAaH/IBl OCYIIECTBISIOT TOCTABKY WH(MOpMAITUN
B MMX-peructpsl u u3 peructpoB. MM X-KoMaH/Ibl TepechUIKY paboTaT ¢ 32- u
64-pa3psaapiMu oniepangamu. /lajiee mepedyncaeHbl KOMaHIbI, BXOSINNE B JaHHYIO
TPYIIY.
MOVD npuemMHMK, MCTOYHUK — Tiepechlika 32 GUTOB U3 UCTOYHUKA B IprueMHUK. OnuH
13 ONEPAHIOB, UCTOYHMK VI NPUEMHUK, HO He OZHOBPEMEHHO, 10JKeH Obith MMX-
peructpoMm. JIpyroii onepas/ T0JKeH ObITh 32-PaspsiIHBIM PETHCTPOM HIH 32-pas-
PSTHON STYEHKON TaMSTH.
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Komargbl MMX-paclunpeHrus

531

(uenoumncneHHoro)
I
[ 1 I I I [ ]
| WHnumanusauyum || CpaBHeHus | | ApudmeTnyeckue | YnakoBku |Cqsmros|| Toruyeckue | Mepecbinkn
L (cxatms) [aHHbIX
emms pcmpeab/w/d [ Crioxenme | psliw/d/q pand
Fpacksswb
psriw/d/q pandn
pcmpgtb/w/d -paggbg}//d _S:gﬁzavtv) psraw/d por movdlg
paddsb/w L] .
Lpaddusb/w pshimw/dfq . Lpxor Mepecbinku
-| BbluntaHue c
pacLumpeHviem
Fpsubb/w/d
s
“psubusb/w n
pckhdq
H Ywmroxenve | | unpeklbw
rpmulhw NononxutenbHele MMX-komaHzb! punpckiwd
rpmullw (Pentium 111 punpckidq
‘pmaddwd |
I 1 1
N3eneyenns
BbluncneHus MepemelleHns aHaKa
|—pmovmskb

Puc. 18.3. Knaccudukaums uenoumcneHHbix MMX-komang,

CymmapHas
pasHuua

psadbw

pextrw
BcraBka
pinsrw
MN3BneyeHne
MaKCMManbHOro
pmaxub/sw
M3eneyenne
MWHUManNbLHOTO
pminub/sw
Mepepa3melleHne
pshufw

MOVQ npueMHUK, UCTOUHMK — Tiepechlika 64 6UTOB U3 UCTOYHKMKA B IPUEeMHUK. B oT-
simane ot KoMauasl MOVD, ob6a onepania komanas MOVQ moryT 661te MM X-peruct-
pamu. Eciu ke oriepan/ibl CMeNIaHHbIE, TO OJIUH U3 OTIEPAH/IOB, UCTOYHUK WJIN NPUEM-
HUK, mosKeH ObITh MMX-peructpom, a Apyroi — aapecom 64-paspsiiHOll ssueidku

ITaMATH.

Komamnga MOVD paGoTtaet ToJIbKO ¢ Maiei mojaosutoii MM X-peructpa. s goc-
TyIa K crapiiei mojosuae MM X-perucrpa Heobxoaum 6o caBur, 1rbo Komanga MOVQ.
Komanna MOVD siBstetcst enmHcTBeHHON MM X-KOMaH/I0H, TOTTyCKAIONIEH UCITOTh30-
BaHME B KayecTBe ONePaHIO0B 32-paspsAHbIX PETUCTPOB 00ILIEro HasHAUEHMs. JTO Ke
00CTOATENbCTBO SBJIAETC IPUYMHON TOTO, UTO IIPU IPUMEHEHUHU B KAUECTBE IPHEeMHU-
Ka perucrpa o0iiero HazHayeHus: Makpokomanza MOVD Gyer paGoTaTh HeIPaBUJIBHO.
L1151 TOTO YTOOBI HOHATb, B UEM 31E€CH 10, IOCMOTPHUM €Ille pa3 Ha MaKPOOIIpeeieHue,
Mozesupyiotiee aty MM X-komanuy:

movd macro dest:req,

local pre, post

if (.type(dest)) and 10h

pre:
xadd

post:
org
db

src, dest

pre+l
_opc_movd_1d

src:req
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org post
else
pre:
xadd dest, src
post:
org pre+l
db _opc_movd_st
org post
endif
endm

HomnycTumMble codeTanus onepanaios Aas komanasl MOVD crenylomue:

movd mem32, rmmx
movd rmmx, mem32
movd rmmx, r32
movd r32, rmmx

[IpuBeneHHOE MAKPOOTIPEIEIEHUE XOPOIIO PaboTaeT TPH TIEPBBIX TPEX COUCTAHUAX
OIIEPaH/IOB, a B IIOCJIEHEM CJIydyae OHO IepecTaeT MOHUMATD, 4YTO OT HEro XOTAT, U 1aeT
cboii. 3xech aBe npuuKHbL. Bo-1epBhix, oneparop .type (SYMTYPE B pexxume Ideal) oxu-
HaKoBO pearupyet Ha couetanus MOVD rmmx,r32 1 movd r32,rmmx, Tak Kak B pe3yJibTare
MaKpOIIO/ICTAHOBKY OIIE€PAH/] rMMX 3aMeHseTcsl OHUM U3 peructpos r32. [Toatomy B
o6oux ciydasix reHepupyercs koMmanaa XADD rmmx,r32 co BTopbiM GaiiToM Kojia omepa-
1n paBHbIM 6eh. MM X-koMaHza ¢ 9THM KOZOM OTIEPAIIUH MPEATIONATAET MEPECHLIKY
32 61TOB M3 MAMSITH WM PerucTpa o6Iero HasHAYeHHUs, HO He HaoGopoT. Jjist mepe-
CBUIKM U3 perucrpa obuiero HasHayeHus (32-paspannoi gueiiku namaru) 8 MM X-pe-
rUcTp TpebyeTcst MalTMHHAST KOMaH/[a CO BTOPBIM 6aliTOM KO/la oTiepaiiu, paBHbiM 7¢h.
Bropas npuunna siBnsiercs caenctsueM nepBoit. Tak kak MM X-peructpsl u perucTpsl
0011IeTo Ha3HAUEHUsT KOAUPYIOTCSA B MANTMHHON KOMaH/Ee OJNHAKOBO, TO KOHKpPETHAS
MalllMHHAag KOMaH/a [0 3aJI0)KeHHOH B Hell cxeMe pasInyaeT, KaKoi U3 OllepaH/oOB SIB-
nsiercst MM X-peructpom, a Kakoil perucTpom o6Iero Ha3HAUeHUs, ¥ JIJIST YKa3aHHOTO
panee coyeTaHUs OIIEPAH/IOB JIeJIaeT 9TO HellpaBUIbHO. Kak BbIiTH 13 osokeHns ? Moxk-
HO, KOHEYHO, BBITIOJHUTD OTOJTHUTEJNbHBIH aHATU3 MepeaBaeMbiX B MAaKPOKOMaH/LY
apryMEHTOB, HO MBI, YYNUTBIBas € AMHUYHOCTD ATOTO CJIy4as, OIIIN 110 CAMOMY JIETKOMY
MyTH — BKJIOYWJIH B haiizr mmx.inc fonosiauTeibHOE Makpootipenenenue MOVDR32. Ito
MaKpoompe/iesieHre CIelUaJbHO MIpe/Ha3HaYeHO U1 Cayvasi IepechlIKU JaHHBIX U3
MMX-perucrpa B 32-paspsiiHbIN PperucTp oOIero HasHaYeHUSI.

Cremytonuii BayKHBIN BOIPOC CBSI3aH C TeM, KaK OMUCHIBATH JAHHbIE JJIsT PabOThI
¢ MM X-komannamu. [Tpr aToM Takske MPUXOAUTCSA YIUTHIBATH TO 0OCTOSATETHCTBO, YTO
npu ucriorb3oBanmu nakera TASM (kak, Bipouem, 1 MASM) MM X-komaH bl Tprxo-
IUTCS MOJIETMPOBaTh. ['71aBHOE 3/1eCh — OHATH TOCIEJ0BATEIbHOCTD 9TOTO MOJIETUPO-
BaHMS: Ha 3Talle TPAHCIAIMU MOJEIUPYIOTCA OllepaHAbl 1eJI0YNCIECHHON KOMaH/bI
(B HameM ciryvyae — XADD) 1 popmupyeTcs mmoJie Kojia onepanuy B MAITUHHOW KOMaH/Ie
(ee BTOpOI Gaiir). [Jajee Ha aTane UCIIOJHEHUS IPOIPAMMBI BBIIOIHSIETCS TOJKHAST
MHTEPIIpeTalns olepanioB KoMaHibl. Ecan mocMoTpeTs Ha onncanre kKoman sl XADD,
TO JIETKO YBUIETh, YTO OHA MOKET PABOTATH MAKCUMYM C 32-Pa3psiIHBIMU OTIEPaHIAMH.
A kak sxe 6bITD, ecau TpebyeTcst MogeupoBaTh MM X-KoMaH/y, MAaHUITYTUPYIONIYIO
64-paspsaaabsiMu oriepaniaMu? B aToM ciryuae mpuXoanTCst B 04ePeTHOH Pa3 3aHUMATh-
cst obManom. Hanpumep, cirenyionmuii pparMeHT mporpaMMbl GyeT OMHGOYHBIM:

include mmx.inc
.data
mem64 dg 1111222233334444h
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_code
. movqgrmmx®, memé64d

Omubka BOSHUKHET M3-3a TOTO, UTO Ha 3TAIle TPAHCISIIIUU OYAET CMOAETUPOBAHA
komanza XADD ax, mem64, KOTOPYIO TPAHCJSATOP He MPOITYCTUT U3-32 HECOBIA/IEHUS TH-
1oB omepan1oB. CyTh «0OMaHa» COCTOUT B CJIEAYIOIIEM OITMCAHUN JAHHBIX:

include mmx.1inc
.data

memé64 dw 4444h
df 111122223333h

.code
. movqrmmx@®, memé64

[TomuwuTe, 4TO NPU ONMUCAHNY OLIEPAH/IA B TAMATH IIPOOJIKAET JA€iCTBOBATD IIPUH-
LI PasMENeHUs JaHHBIX B IIaMATH «MJIQIIIi 6aiiT o Maagmemy agpecys. [Tpu pa-
6ote ¢ 32-pas3psiHBIM acceMbIepoM tasm32.exe onucaHue AaHHBIX JIOJKHO OBITh BBI-
MOJIHEHO TaK:

include mmx32.1inc
.data

mem64 dd 33334444h
dd 11112222h

_code
. movqgrmmx®, memé64d

B nucrunre 18.5 npuBeeHsb mprMepbl KOMAH/T TEPECHUIKHU JaHHBIX. TeKcT mporpam-
MBI JIMCTIHTA UCTIONB3Y#Te B KAUECTBE OCHOBBI JIJIs Pa3pabOTKH IPYTUX TPOTPAMM TJa-
BbL. Jlajiee it 9KOHOMHK MeCTa MbI OyIeM TPUBOANUTH TOJHKO (PparMeHThl COOTBET-
CTBYIOITUX ITPOTPAMM.

Jlnctuur 18.5. Micnonb3osaHrne MMX-komMaH, nepechbiikn AaHHbIX

<1> ;--------- mmMX16.aSM-=-=-------“-“-“““““““------------
<2> .586p

<3> model usel6 small ; usel6 obs3aTenbHO

<4> %NOINCL;3anpeTuTb BbIBOA TeKCTa BKIlYaeMblX (annos

<5> include mmx16.inc

<6> .stack 100h

<7> .data ;cermeHT AaHHbIX

<8> mem dw 4444h

<9> df 111122223333h
<10> meml dw 3h

<11> df 0002cccc0004h
<12> mem2 dw 0h

<13> df 0001ddddOfO3h
<14> mem3 dw 7fffh

<15> df 0001ddddOfO3h

<16> .code
<17> main proc;Hadano npoueaypbl main

<18> mov ax, @data

<19> mov ds, ax

<20>

<21> movd rmmx@, mem ;rmmx0=0000 0000 3333 4444

npodonscenue 5
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JNinctunr 18.5 (npoaosxeHuve)

<22> movd r32 ax, rmmx0® ; rmmx0=0000 0000 3333 4444, eax=3333 4444

<23> mov(q rmmx®, meml ;rmmx0=0002 cccc 0004 0003

<24> movd mem2, rmmx0 ;mem2=0300 0400 cccc 0200, rmmx0=0002
cccc 0004 0003

<25> pxor rmmx0, rmmx0;rmmx0=0000 0000 0000 0000

<26> movd mem3, rmmx0 ;mem3=0000 0000 0000 0000

<27> emms

<28> mov ax, 4c00h ;nepecbinka 4cO0h B perucTp ax

<29> int 21h ;BbI30B MpepbiBaHMAa C Homepom 21h

<30> main endp ;KOHel npoueaypbl main

<31> end main ;KOHeL mporpammbl C TOYKOW BXOAa main

OG6paruTe BHUMaHHUE Ha CTPOKY 22, B KOTOpo#t kKomanaa MOVD (paHee MbI yike 00-
CY>KIIaJN 3TY KOMaH/[y ¥ COOTBETCTBYIONIYI0 eif MakpokoManry MOVDR32) nepechiiaet
32 Gura B peructp o01[ero Ha3HAYEHNUST, HO TIPU 9TOM yKasbiBaeTcst 16-paspsiiHbIil pe-
ructp AX. Ykaszarb Bupsimyto EAX Hesb3s1, Tak Kak 7ist 16-paspsinHoro accembiiepa BMe-
cto RMMX0 B xo1e monenupoBanus nozacrasisiercss AX (cm. auctunr 18.1). Ha arame
BBITIOJTHEHUST BCE PACCTABJISIETCS HA CBOM MECTA, TaK Kak TpeOyemyto mepechuiky (U3
RMMX0 B EAX) mponsBoanT MUKpOTIpOrpaMma, peanusyionias MMX-komanmy MOVD mo
TIOJTIO KOJIa OTIEPAIlUU U KOy PErMCTpa, KOTOPbIH, Kak BUAHO U3 Tabu. 18.3, oqrHaKoB
1t peructpoB AX m EAX.

3/1eCh YMECTHO YIeJIUTh BHUMAHHE eIl OJJHOU TIPobIeMe, KOTOpast HEM30EsKHO BCTAET
HA OMTPEIETIEHHOM 3Talle Pa3pabOTKU IPOrPaMMBbl, — KaKIe OTJIaJ0uHbIe CPEICTBA MOJK-
HO MCIIOJTb30BATh JIJISI IPOCMOTPA Pe3ynbTatoB pabotst MM X-koMan? MOKHO TTOTIPo-
60BaTh MOABICKATH OTIAMUUK, MOAAEPKUBAITII paboTy ¢ MM X-paciimpeHueM, HO 5TO
IeJIaTh cCoBceM Heobsi3aTebHO. [TornManue Toro, uto MM X-paciimperne apxuTeKTypHO
CO3/1aHO Ha 0ase COMPOIECCOPa, JAeT BaM BO3MOKHOCTH HCIIOJNB30BATh MPAKTHIECKH
J000it oTaanuuk s paborel ¢ MM X-nipuiokeHusiMu, B ToM uucye Turbo Debuger.
ITpu aToM, KOHEUHO, HeOOXOAUMO GyIeT COOMIOAATH ONpPeIe/IEHHBIE OTPAaHIYEHNUS, UC-
TOYHUK BO3HUKHOBEHMSI KOTOPBIX — B TOM, uTO Turbo Debuger mirdero e 3naer o MMX-
KOMaH/[ax. IT0 00CTOSITEBCTBO MOXKET MPUBO/IATH K €r0 HeazleKBaTHOU pabote. Ho eciu
CJIeJIOBATh HEKOTOPBIM PEKOMEHIAIIMSIM, TO MOKHO <ITPOUTH HAJ] TOMBOIHBIMHI KaMHSI-
MU», He 33JIeB UX.

B makere TASM Bepcuu 5.0 ecTh Ba BapuaHTa otaaqunka Turbo Debuger:

td.exe — oryaguuk 1715t pa3paboTKu 16-paspsIHBIX TIPOTPAMM;
td32.exe — oTyaguuK At pazpaboTKY 32-PaspsIIHBIX TTPOTPAMM.

B ocHOBHOM, Bce cka3aHHOE Jlajiee KacaeTcst Jo60ro U3 3TUX OTJIAUMKOB, TaK KaK
npobiiemMa y HUX obIiast — HemoHMMaHne MueMoHK MM X-koMmant.

Yr006bI CO31aTh UCIIOMHIAEMBbIN (pailjr, IPUTOMHBIN A1 OTIALKI, 3aaliTe B KauecTBe
napameTpa TpaHcasaTopa (tasm.exe uiau tasm32.exe) KJIio4 /zi, a B KauecTBe KOMIIOHOB-
muka (tlink.exe um tlink32.exe) — kiou /v. 3arpysuTe UCoHseMbIi (ailn B oTIan-
YUK (MCXOIHBIN TEKCT TOSIBUTCST B OKHe Module).

Tenepp «B yme» pazfesnuTe IporpaMMy Ha GpParMeHTHI IBYX THUIIOB: CO/IEPIKAIIUE
MMX-komans! u He comepskamue nx. C ¢pparmentamu, He copepxamumu MM X-ko-
MaH/JI, BbI MOkeTe paboTath B 0GBIYHOM peskuMe. J[JIs oTragku mporpaMMbl Ha (par-
MeHTax, copiepxkanmx MM X-komanzst, epeiiinte B okao CPU (View » CPU), a Takske
otkpoiite okao Numeric processor (View » Numeric processor). [locsie aToro okHo oTnaj-
YIKa JOJKHO BBITJISIIETD TAK, KaK MOKa3aHo Ha puc. 18.4.
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: mmxle File: mmxl6.

df 0801ddddafro3h Hmmx164#770001
.code - cs: 000A*db
main proc ;spipui sEwdxecEl| cs:000B jle

mov ax,Bdata Hmmx16H#770004

mow ds,ax cs:008D db

cs:P00E outsw

movd rmm0,mem rmmx0=0| cs:000F push

movdr32 ax.rmmx@ ; rmmx0=

movg rmmx0,meml ;rmmx0=0[20 D6 9F 00 9A FO FE = A bEx 0102 063

movd men2,rmmx@ mem2=03|FO 32 OB C7 10 BF 07 oFE28|wx- :0106»52FB

pxor rmmx0,rmmx0 ;rmmxz0=0

moud mem3,rmmx<B0 ;mem3=000

80387 IPTR=11ABO® OPCODE=6D9 OPTR=120F0

ST(B) -NAN FFFF

ST(1) -NAN FFFF

ST(2) -NAN FFFF

ST(3) 0 (G110]6]
ST(%} 0.50376134889753567 JFFE

6)

7)

ST(5) -390293.89803740703 co11
ST(6) -INF FFFF
ST(7) ~INF TFFF
[@-Help [@-Bkpt [@-Mod EA-Here [@-7oom [@d-Next (S ~Step [B-Run [@-Henu

Puc. 18.4. Bupg otnagyvka npu paéote ¢ MMX-komaHaamm

CaM mporece OTJIaku TPAANITMOHEH, ¥ BBl MOKETE YIIPABJIATH UM, UCTIOJIB3YSl TIPH-
BbIYHBIE cpezicTBa Turbo Debuger.

ApudmMmeTnieckue KomaHabl

B rpynny apudmernyecknx BXOIAT KOMAH/bI I/ peaiu3aluu TPeX OCHOBHBIX apud-
METUYECKUX OIepaluil: CI0KeHUs, BBIYUTaHusA, yMHOKeHus. [Ipu aToM, Kak Mbl yxke
OTMETWJIH, JIJIS OLIePAIluil CIOKEHUS ¥ BBIYMTAHUS TIPEAYCMOTPEHBI KOMAH/IbI, YUYNUTBI-
BAIOIUE 3HAK OTIEPAH/IOB (3HAYEHHE CTapIiero 6Guta).

CnoxeHune

KOMaHZH)I CJIOJKEHUA NEJIATCA Ha IBE TOATPYIIIIbI, UCXOAA U3 TOTO, KaKk (bopMpreT-
Ci pe3yJabTaT MIPU BOSHUKHOBEHUU MEPETIOJTHEHUSA — T10 MPUHIUITY HaCbIIEHUA WUJIN 110
TIPUHIIUITY ITUKJINYECKOTO IMepeHOoCa.

" PADDB | PADDW | PADDD npueMHHK, UCTOUHNK — CJIOJKeH e Oe33HAKOBBIX YITAKOBAHHBIX
6aiiToB, CJIOB, IBOWHBIX CTOB. Pe3ysbraT moMernaercst B MpUEMHUK, KOTOPBIH sIBJIs-
ercst oauM 13 MM X-peructpos. Vcrounuk — mu6o MMX-peructp, 6o 64-pas-
panHas sueiika mamstu. [Ipu nepenosneHuy pesyabTat GOPMUPYETCS IO TIPUHITHITY
LUKJIMYECKOTO Ieperoca (cM. panee noapasaen «OcobenHocTn kKomang MMX-
pacimpenuss ). Ilepenoc TepsieTcst u HUT/IE He YYUTBIBAETCS:

.data ;CerMeHT JAaHHbIX
mem dw 4444h

df 111122223333h
memldw Offfeh

df Offfcfffdffffh
.code
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mov(q rmmx®, mem ;rmmx0=11 11 22 22 33 33 44 44
;meml=Fff fc ff fd ff ff ff fe
paddb rmmx0®, meml ;rmmx0=10 O0d 21 1f 32 32 43 42

PADDSB | PADDSW npueMHUK, UCTOYHUK — CJIOSKEHUE YITAKOBAHHBIX 6aliTOB U CJIOB CO
3HaKOM. Pe3ysibTat momMeniaercst B IpueMHUK, KOTOPBIH aBisgeTcs ogauM n3 MMX-
peructpos. Mcrounnk — 160 MM X-peructp, 160 64-paspsiaHas sueiika maMsITh.
[Tpy BO3HMKHOBEHUH IEPENIOJHEHUS Pe3yabTaT GOPMUPYETCS 10 MPUHIUILY 3Ha-
KOBOTO HachlieHus (cM. panee nozppasmaen «Ocobenroctu komang MM X-pacimupe-
HUST» ).

.data ;CermMeHT AaHHbIX
mem dw 4444h

df 111122223382h
meml dw 0157eh

df 0717c3f7d7ffah
.code

mov(q rmmx®, mem ;rmmx0=11 11 22 22 33 82 44 44
;meml =71 7c 3f 7d 7f fa 15 7e
paddsb rmmx®, meml ;rmmx0=7f 7f 61 7f 7f 80 59 7f

McxomaHble JaHHbIE 9TOTO PUMepa MoA00PaHbl TaK, YTOObI OBLIO BUIHO, KaK IPU
nepenoHeHuH (POPMUPYETCS PE3YIIBTAT 0 TIPUHITUITY 3HAKOBOTO HAchIeHust. Cpas-
HUTE UX C TEMU PE3yIbTaTaMU, KOTOPBIE TIOTYYAIOTCS B pe3yJIbTaTe pabOThI CIEAYIO-
IUX KOMAH].

PADDUSB | PADDUSW npuemMHUK, UCTOYHUK — CJIOJKEHUE 6€33HAKOBBIX YIAKOBAHHBIX
6aiiToB U CJIOB. Pe3ysibTar moMenaercst B IPUEMHUK, KOTOPBII SIBJISIETCS OHUM U3
MMX-perucrpos. Vctounuk — au6o MMX-peructp, ambo 64-paspsaaHas sueika
namMATH. [Ipr BOSHUKHOBEHUH TIEPETIOTHEHNS Pe3yAbTaT (DOPMUPYETCS IO TPUHITH-
my 6e33HAKOBOTO HACHITIIEHS:

.data ;CermeHT AaHHbIX
mem dw 4444h

df 111122223382h
meml dw 0157eh

df 0717c3f7d7ffah
.code

movq rmmx@, mem ;rmmx0=11 11 22 22 33 82 44 44
;meml =71 7c 3f 7d 7f fa 15 7e
paddusb rmmx®, meml ;rmmx0=82 8d 61 9f b2 ff 59 c2

BbluutaHue

H8.60p KOMaH/l BBIYMTAaHWA aHAJIOTUYEH KOMaH/[aM CJIOKEHNA 1 COACPIKUT TPU TPYIITIDIL.
ITtn KOMaH/Ibl BBIYUTAIOT 6e33HAKOBBIE 3JIEMEHTBI TPAaAUIIMOHHDBIM JIJIS IEJIOYNCTIEHHO-
Tro yCTpOI'/JICTBa c11oco6oM — 110 NMPpUHIUITY IUKJINYECKOTO IMEPEHOCA, 3HAKOBBIC 9JIEMEH-
Thbl — II0 IIPUHIOUITY 3HAKOBOTO HACBIIIEHUS 1N 6e33HAKOBbIE JJIEMEHTHI, TIO MTPpUHIIUITY
6e33HaKOBOIO HaCbIIIEeHMA:

PSUBB | PSUBW | PSUBD npueMHuK, UCTOYHUK — BBIYUTAHKE GE33HAKOBBIX YIIAKOBaH-
HBIX 6alTOB, CJIOB, IBOWHBIX CJIOB. Pe3ysibTaT TIOMENaeTcst B IPUEMHUK, KOTOPBIi
spisiercs ogauM us MM X-peructpos. Mcrounuk — amu6o MM X-peructp, au6o
64-paspsanas sueitka namatu. [lpu nepemosHenny pe3yabtat GopMUpPyeTCs TTO



MMX-pacLumMpeHune apxmTekTypbl npoueccopa Pentium 537

MPUHIIUITY IUKIMYECKOTO TIEPEHOCa, TO eCTh TAK, KaK 9TO AesaeTcs komangamu SUB
u SBB mporieccopa. 3aeM U3 CTapIIero pa3psifia, ECTECTBEHHO, TEPSETCS U HUT/E He

YUYUTBIBAETCSI:
.data ;CermMeHT AaHHbIX
mem dw 4444h

df 111122223382h
meml dw 157eh

df 1123f7d7ffah
.code

mov(q rmmx0, mem ;rmmx0=1111 2222 3382 4444
;meml =1123 f7d7 ffah 157e
psubw rmmx0®, meml ;rmmxQ@=0fff e2a5 b388 2ec6

PSUBSB | PSUBSW npueMHuK, UCTOYHUK — BBIYUTAHKE YITAKOBAHHBIX HAlTOB U CJIOB CO
3HaKOM. Pe3ysbTar momelraeTcs B IpUEMHUK, KOTOPBIH ABsAeTcsa onnuM n3 MMX-
peructpos. Mcrounnk — a1u60 MM X-peructp, 160 64-paspsiaHas sueiika maMsITy.
[Tp1 BOSHUKHOBEHUU CUTYAIUH, KOT/IA PE3YJIbTAT BBIYUTAHUS TIOTYIAETCST MEHbIITE
80h (8000h), mmoste coorseTcTByIONIEro Oaiita (caoBa) GOPMUPYETCS 110 MIPUHIIHITY
3HAKOBOTO HachileHus (B HeM octaercs sHauenue 80h (8000h)). Ecim pesyibraT
6onbe 7th (7fffh), To pesynabpraT Hacsimaercsa no suaderus 7th (7fffh):

.data ;CermMeHT AaHHbIX
mem dw 5h

df 0fffb22223382h
meml dw 8003h

df 7ffedf7d7ffah
.code

movq rmmx®, mem ;rmmx@=fffb 2222 3382 0005
;meml=7ffe df7d 7ffa 8003
psubsw rmmx0, meml ;rmmx0=8000 42a5 b388 7fff

HepBaﬂ 1 mocJjeAHAS IEeCTHAAIlaTEPUYIHBIC TETPA/bI TIOKAa3bIBAIOT PE3YJIbTaT, Cq)Op-
MI/IpOBaHHI)II;'I B COOTBETCTBUU C IMTPUHITUIIOM 3HAKOBOT'O HACBIIIEHU .

PSUBUSB | PSUBUSW npueMHUK, UCTOYHWUK — BbIYUTaHHE HE33HAKOBBIX YIAKOBAHHBIX
6aliToB ¥ cJ0B. Pe3ysbrar moMernaercst B mpueMHUK, KOTOPBIH ABJISIETCST OJHUM W3
MMX-peructpos. Ucrounnk — mu6o MMX-peructp, 6o 64-paspagHas sdeiika
naMaTH. [1pu BOBHUKHOBEHUM CUTYallu1, KOT/IA PE3YJIbTAT BBIYUTAHUS TTOTYIAETCsT
menbine 00h (0000h), nosie coorBeTcTBYIONIErO OaiiTa UK ci1oBa (GOPMUPYETCH TI0
IPUHIIKIY 6e33HAKOBOrO HackileHus (B HeM ocraercs sHaderne 00h (0000h)):

.data ;CerMeHT AaHHbIX
mem dw 5h

df 0fffb22223382h
meml dw 8003h

df 7ffe@f7dOffah
.code

movq rmmx®, mem ;rmmx@=fffb 2222 3382 0005
;meml =7ffe Of7d 0ffa 8003
psubusw rmmx®, meml ;rmmx0=7ffd 12a5 2388 0000

O6paTuTe BHUMAHKE HA TIOCIIEIHION0 ECTHATATEPUYHYIO TETPALY, KOTOPAs COOT-
BETCTBYET pe3yJibTary BhiuuTanus (5 — 32771).
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YMHOXeHue

Komanner MM X-yMHOXKeHUS TTpeIHa3HAuY€eHbl TOIBKO 7151 YMHOXKeHUs 16-pa3psaHbix
3JIEMEHTOB, TIpUYEM pean3aliisd 3TUX KOMaH/| c/leJlaHa HEeCKOJIbKO HellpuBbIuHO. Ko-
MaH/Ibl YMHOKEHUS 11eJIOYUCTIEHHOTO YCTPoiicTBa OPMUPYIOT Pe3yJIbTaT, pasMep Ko-
TOPOTO BIIBOE MPEBBINIAET Pa3Mep UCXOAHBIX oTlepaHzioB. Koman bt ymHOKEeHNST MM X-
pacimmpeHnst peaqusyioT 3TO JefCTBUe HECKOJIbKO MHave. Bo mepBhIX, YMHOXKEHUIO
MO/IBEPraioTCsl OJHOBPEMEHHO 4 CJI0Ba CO 3HAKOM. BO-BTOPBIX, /715 TOTY4YeHUS TTOJTHO-
TO pe3yJIbTaTa yMHOXK€EHMsI (PAa3MEPOM B ZIBOMHOE CJIOBO ) HEOOXOAUMO TPUMEHEHNUE JBYX
koman PMULHW u PMULLW. C ux nomonisio hopMUpyIOTCs, COOTBETCTBEHHO, CTApIIas
U MJIJIIIAS YACTH TTPou3BeieHust. [17st nX 0ObeIMHEHUS B eJIMHOE IBOMHOE CJIOBO MOJK-
HO ncnoab3oBath KoMaH bl pacimmpennst PUNPCKHWD mm PUNPCKLWD:

PMULHW npueMHUK, UCTOYHUK — YMHOKEHHUE YeThIpeX 3HAKOBBIX YITAKOBAaHHBIX CJIOB.
PesynbpraT moMernaeTcst B IpUeMHUK, KOTOPBIN sBJsieTcst ofHUM 13 MMX-peruct-
pos. Uctounuk — 60 MM X-peructp, b0 64-paspsiiHas saetika mamsitu. B ipu-
eMHVK 3alMCBIBAIOTCS He Bee 32 6uTa MpOU3BeIeHUs, a TOJAbKo cTapiime 16 6ur.
Muagmue 16 6UT MOKHO ITOJYYNUTh, UCIIONb3Ys KoMaHmy PMULLW.

PMULLW npueMHUK, UCTOYHUK — YMHOKEHUE 3HAKOBBIX YITAKOBAHHBIX CJIOB. Pe3yih-
TaT TIOMeEIIAaeTcsl B IPUeMHUK, KOTOPBIH aBisgeTcs: omauM n3 MM X-peructpos. Uc-
TouHUK — 60 MMX-peructp, mu6o 64-paspsiaHas sueiika maMsaTu. B mpueMHIK
3aMUCHIBAIOTCS He Bee 32 OuTa mpousBeeHusI, a ToJbKo Miaie 16 6ut. Craprime
16 6UT MOKHO IIOJIYYUTh, UCIIOAb3YsI KoMaHLy PMULHW.,

PMADDWD npuemMHUK, UCTOYHUK — YMHOXKEHUE YeThIPeX 3HAKOBBIX yIIAKOBAHHBIX CJIOB.
PesynbraT nmoMernaeTcst B MpueMHUK, KOTOPBIH sBJseTcst oqanuM 13 MM X-peruct-
pos. Mcrounuk — mu6o MM X-peructp, mmbo 64-paspsanas sadeiika namsaru. Dop-
MUDPOBAHUE PE3YJIbTATA OCYIIECTBIISIETCS 10 CXEME, TIPE/ICTaBIeHHON Ha puc. 18.5.

(GBI [at] VicToumn

* * * *

Mpuemuuk (MMX-peructp)

[MpomexyToyHble
pe3ynbraTtb
(32 buta)

MpuemHuk (MMX-perucTp)
Puc. 18.5. Cxema paboTbl komaHasl PMADDWD

st mwmoctpanuu pabotst komasa PMULHW u PMULLW paccMoTpuM ipuMep yMHO-
SKEHUST YeThIPEeX 3HAKOBBIX CJIOB:

.data ;CermeHT AaHHbIX
mem dw 5h

df 7ffb22223382h
meml dw 8008h

df 7ffe@f7doffah

mem?2 dw ©
df 0

mem3 dw ©
df 0

.code
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movq rmmx@, mem ;rmmx0=7ffb 2222 3382 0005
;meml =7ffe Of7d Offa 8008

;ONyYnM MrajwunMe 4acTu Npou3BeAeHui
pmullw rmmx®, meml ;rmmx0=800a a89%a eaf4 8028
movq rmmx1, mem ;rmmx1=7ffb 2222 3382 0005
;meml =7ffe 0f7d Offa 8003

;NOyunMM CTapuwme yacTu npousBeleHuin

pmulhw rmmx1l, meml ;rmmx1=3ffc 0210 0336 fffd
;COXpaHuM rmmx0 Ans nocneayownMx AenCTBURA
movq rmmx2, rmmx0 ;rmmx2=800a a89a eaf4 8028

;B Mofe mem2 COAEPXWTCS pe3ynbTaT MpoM3BeAEeHW onepaHAOB
;MIAAWNX MOMOBWH WCXOAHBIX OMEpaHAOB
punpcklwd rmmx0, rmmx1;rmmx0=0336 eaf4 fffd 8028
movq mem2, rmmx0 ;mem2=0336 eaf4 fffd 8028
;B none mem3 MNOMHbIA pe3ynbTaT NPOM3BEAEHWIA OnepaHAaoB
;CTapwnMx MOMOBWH WCXOAHbLIX OMEpPaHAOB
punpckhwd rmmx2, rmmx1l;rmmx2=3ffc 800a 0210 a89a
movq mem3, rmmx2 ;mem3=3ffc 800a 0210 a89a

C mOMOITIBIO TIPOTPaMMBI-KaIbKyJIsiTopa Windows Bbl MOJKETE TPOBEPUTH MOTYUIEH-
Hble IpousBeieHus. Berunciute ¢ ero momomipio npoussegenue 71th [(7ffe = 3ffc 800a.
Takoe sxe 3HaYeHMe MBI TTOJYYUIN B T10J1e mem3. AHaJIOTHYHO MOKHO TPOBEPUTD U JIPY-
rve pe3yJbTaThl.

Pesynbrar paborsl komanabl PMADDWD npezncrasisieT co6oii cyMMy IIPOM3BEAEHUIA
JIBYX CTapIIUX U JBYX MJIA/IINX CJIOB OTIEPAHIOB NPUEMHUK U UCTOYHUK (cM. puc. 18.5).
Pesynbrat nosyyaeTcs B BUjie IByX JIBOMHBIX YIIaKOBaHHBIX CJI0B. lasee mokasaH 1npu-
Mep UCIoJb30Banusg koMan sl PMADDWD:

.data ;CerMeHT AaHHbIX
mem dw 5h

df 7ffb22223382h
meml dw 8008h

df 7ffe0f7d0ffah

mem2 dw ©
df 0
mem3 dw 0
df ©
.code

. movq rmmx®, mem ;rmmx@=7ffb 2222 3382 0005
;meml =7ffe 0f7d Offa 8008
pmaddwd rmmx®, meml ;rmmx0=420d 28a4 0334 6blc

KomaHpabl cpaBHeHuUs

I'pynma koman cpaBHernst MM X-paciupenus COEepP:KUT KOMaH/IbI IByX TUIOB. Ko-
Manzbl ipoctoro cpasuenusi (PCMPEQB | PCMPEQW | PCMPEQD) xapakTepusyioTcs TeM,
YTO YCTAHABJIMBAIOT TOIBKO (DaKT PAaBEHCTBA ONEPAHIOB (PaBHO — He paBHO). KoMaHn-
nbl cpaBHenus 1o Besinunte (CMPGTB | PCMPGTW | PCMPGTD) ycTaHaBiMBaIOT COOTHOIITE-
HUe OTIePaH/I0B 110 BeJTHUIHE:

PCMPEQB | PCMPEQW | PCMPEQD onepaHa_1,0mepaHp_2 — cpaBHEHHE YHAKOBAHHBIX
6aiiToB, CJIOB WU JABOMHBIX CJIOB. Pe3ybraT (hopMUpyeTcst B IEPBOM OIEPaHIE, KO-
TOPBIi stBasteTcst oqauM U3 MMX-peructpos. Bropoit onepatn — iu6o MMX-pe-
rucTp, 1u60 64-paspsiiHas ssueiika maMsiT, DJIeMeHTh (POPMUPYEMOTO Pe3yIbTata
MIPEICTABJISIIOTCS B BU/IE €IMHUYHBIX UJIH HYJIEBBIX OAallTOB, CJIOB WU JIBOWHBIX CJIOB.
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Emutununbie 6aiiTel, cI0Ba MK IBOWHBIE CIOBA (POPMUPYIOTCSI, ECJIH COOTBETCTBYIO-
mue GaliThI, CTOBA UJIK JBOMHBIE CJIOBA MCXOIHBIX OTIePaHIoB paBHbl. HyseBbie Oaii-
THI, CJIOBA, IBOWHbIE CT0Ba GOPMUPYIOTCSI, €CIM COOTBETCTBYIONTIE OANTHI, CITOBA
WJIN IBOMHBIE CJIOBA MUCXOMHBIX OIIEPAHIOB HE PABHBI:

.data ;CermMeHT AaHHbIX
mem dw 5h

df 7fff22223382h
meml dw 5h

df 7ffe@f7d0ffah
.code

mov(q rmmx0, mem ;rmmxQ=7fff 2222 3382 0005
;meml =7ffe O0f7d Offa 0005
pcmpegw rmmx0, meml ;rmmx0=0000 0000 0000 ffff

PCMPGTB | PCMPGTW | PCMPGTD onepaHa_1,0nepaHf_2 — cpaBHEHHME 110 BEJTMYIHE yIIa-
KOBaHHBIX GATOB, CJIOB WJIH JABOWHBIX CJIOB. Pe3yabrar (OPMUPYETCS B MEPBOM
olepamjie, KOTOPbIii siBisteTcst oqHuM 13 MM X-peructpos. Bropoii onepang — 6o
MMX-peructp, b0 64-paspsiiHast sueiika TaMsaTH. DJIEMEHTB (POPMUPYEMOTO
pe3yJibTara MPEeACTABISIOTCS B BUlEe €UHUYHBIX UJIA HYJEBBIX OAUTOB, CJIOB UJIH
IBOIHBIX ¢JI0B. EqMHMYHbIe 6aiiThl, CJI0OBa, ABOHBIE C/I0Ba (DOPMHUPYIOTCS B CIIyyae,
ecsm GaiiThl, CJIOBA WM IBOWHBIE CJIOBA UCXOJIHOTO OTlepaH/ia onepaHs_1 6b1iu 60.1b-
Ille COOTBETCTBYOIINX OAUTOB, CJIOB WJIH JIBOMHBIX CJIOB OTlepaH/a onepana_2. Mxa-
e GOPMUPYIOTCS HyJIeBbie OaliTHI, CJIOBA UJIU IBOWHBIE CJIOBA.

B mpumepe HITKe HATIISTHO TOKA3aHO, YTO €JIMHIYHBIE 3JIEMEHTHI TTOJTyYaI0TCS TOJIBKO
B cJIydae, ecyIv 3JIeMEeHTHI TIepBOTO orepaHaa (Bcera Haxoxsmerocs B MMX-peruct-
pe) GoJIbIlie COOTBETCTBYIOIIUX 3JIEMEHTOB BTOPOTO OTIEPAH/IA:

.data ;CermeHT AaHHbIX
mem dw 5h

df 7fff22223382h
meml dw 5h

df 7ffe0f7doffah
.code

. movq rmmx®, mem ;rmmx@=7fff 2222 3382 0005
;meml =7ffe 0f7d fOfa 0005
pcmpgtw rmmx0, meml ;rmmxO=ffff ffff 0000 0000

KomaHpabl normyeckmnx onepauumm

KomaH bl TIoTuYecKux omnepanuil npeaHasHayeHbl [J1s II0Pa3psagHoi 00paboTKu coaep-
skuMoTo 1ByX MM X-peructpos ni MM X-peructpa u 64-pa3psiiHOTO oniepaH/a B 1ma-
MATU. DTU KOMaH/bl peann3yiot jgorudeckue onepanuu VI, U-HE, NJIU, uckiouaio-
nee JIN. 3ameTbTe, 4TO MOSIBUIIACH HOBAsI tornueckas onepanus V-HE, kortopoit net
CpeIu JIOTUIeCKUX KOMaH [ OCHOBHOTO mpoiieccopa. JIpyrast 0cCOGeHHOCTD JIOTHYECKITX
KOMaH/I 3aKJTI0YaeTCs B TOM, YTO OHU BBITIOJTHSIIOTCS HAJl BCEMU IIECTBIOAECATHIO Ue-
THIPbMSI paspsigamMu MM X-onepanos. [ cCTPyKTYpPUPOBaHKS PE3YIbTaTOB UX paGo-
ThI HY;KHO MIPUMEHSITH IpyTrue KoManas MM X-pacimpeHust:

PAND npueMHUK, UCTOYHWUK — BBITIOJTHEHYE TTOpa3psiaHoi onepartuu M Hag onepanma-
Mmu. Pe3ysbraT nmomernaercst B MpueMHUK, KOTOPBIH stBJsieTcs oquuM n3 MM X-pe-
ructpoB. Vcrounuk — mm6o MMX-peructp, 1160 64-paspsaHas syeilka maMsITH.
Bursr pesysibTaTa B mpueMHUKe (POPMUPYIOTCS B COOTBETCTBUU ¢ Tabr. 18.4.
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Ta6nuua 18.4. Tabnmua NCTUHHOCTM Ans onepauun U

MpuemHuk 0 0 1 1
UcTouHuK 0 1
Pesynbrart 0 0 1

[Tpunmmn paboTsl kKoMaHbl PAND HJLTIOCTPUPYET TpUMEp:

.data ;CE€TMEHT AaHHbIX
mem dw 0505h
df 7ff002203080h
mem1l dw 0005h
df 7ff002000f80h
.code
movq rmmx®, mem ;rmmx@=7ff0 0220 3080 0505
;meml =7ff0 0200 0f80 0005
pand rmmx0, meml ;rmmxQ@=7ff0 0200 0080 0005

PANDN npuemMHUK, UCTOYHUK — BbITIOJIHEHUE TTopa3psiaHoitl onepanyu V-HE waz ote-
panzamu. Pe3yabTaT momeraeTcst B IpUEMHUK, KOTOPBIN sBJsteTcs ogauM u3 MMX-
peructpoB. Ucrounnk — 160 MMX-peructp, 160 64-paspsiHast siueiika maMsiTi.
Bursi pe3ysibrara B mpreMHUKe (GOPMUPYIOTCS B cOOTBeTCTBUH ¢ Tab. 18.5. 13 Tab-
JIVITIBI BU/THO, UTO eIMHUYHbIE GUTDI B PE3YJIBTATE MOTYT MOSIBUTHCS TOJIBKO B OJTHOM
ciydae, KOT/la eIMHUYHBIE OUTHI ICTOYHUKA COBITA/IAIOT C HYJEBBIMYU OGUTAMU MTPHU-
emumKa. KoMam/a 03BOISIET OTMPEAETUTD MOJIOKEHUE eIMHUYHBIX GUTOB HCTOYHHU-
Ka, KOTOPBIM HE COOTBETCTBYIOT AMHIYHBIE GUTHI TIPUEMHUKA.

Ta6nuuya 18.5. Tabnvua NCTMHHOCTM Ang onepauun U-HE

MpuemHuk 0 0 1 1
UcTOouHMK 0 1
Pesynbrart 0 1 0

[Tpunnmn paborsl KoMauasl PANDN MiLIIOCTpUPYET IIPUMep:

.data ;Ce€TMEHT AaHHbIX
mem dw 0505h
df 7ff002203080h
meml dw 0005h
df 7ff003000f80h
.code
mov(q rmmx0, mem ;rmmxQ=7ff0 0220 3080 0505
;meml =7ff0 0300 0f80 0005
pandn rmmx0, meml ;rmmx0=0000 0100 O0fOO 0000

POR npneMHuMK, UCTOYHUK — BBITIOSTHEHWE TTopa3psiiHoi oneparnu MJIV van onepan-
namu. Pe3ysbraT momerniaercst B IPUEMHUK, KOTOPBIX sIBJsieTcs ofHUM 13 MMX-
peructpoB. Ucrounnk — 160 MMX-peructp, 160 64-paspsiHast siueiika maMsiTi.
Butsr pesysbTaTa B mpueMHUKe (DOPMUPYIOTCS B COOTBETCTBUH ¢ Tabr. 18.6.

[Ipunin paboTer koMaHABl POR WLTIOCTpUpPYET TIPUMEp:

.data ;CermMeHT AaHHbIX
mem dw 0505h
df 7ff002203080h
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meml dw 0005h
df 7ff003000f80h
.code

movq rmmx®, mem ;rmmx@=7ff0 0220 3080 0505

;meml=7ff0 0300 0f80 0005
por rmmx®, meml ;rmmx@=7ff0 0320 3f80 0505

Ta6nuua 18.6. Tabnuua NCTUHHOCTK ana onepauum U

MpnemMHuk 0 0 1 1
UcTo4HMK 0 1 0 1
Pe3ynbtart 0 1 1 1

PXOR npueMHWK, UCTOYHUK — BBITIOJHEHNE TIOPA3PSIHON Olepanuy UCKIoYaroliee
WNJIN nman onepangamu. Pe3ysbrat moMmeniaeTcsi B IpUEMHUK, KOTOPBIN SIBISIETCS
onauM u3 MMX-peructpos. Vcrounnk — amub6o MMX-peructp, mubo 64-paspsia-
Hasl sTYeiika maMsITu. buTel pe3ysprara B mpueMHUKe GOPMUPYIOTCS B COOTBETCTBIM
c Tabm. 18.7.

Ta6nuua 18.7. Tabnuua NCTUHHOCTU A8 onepaumm ucknodatwouee NN

MpnemMHuk 0 0 1 1
UcTOouHMK 0 1 0
Pesynbrar 0 1 1 0

[Mpuniun paboTsr kKoMaHasl PXOR nitocTpupyer npumMep:

.data ;CermMeHT AaHHbIX
mem dw 0505h

df 7ff002203080h
meml dw 0005h

df 7ff003000f80h
.code

mov(q rmmx®, mem ;rmmx0=7ff0 0220 3080 0505
;meml =7ff0 0300 0f80 0005
pxor rmmx0, meml ;rmmx0=0000 0120 3f00 0500

KomaHnpabl coBura

B rnaBe 9 Mbl 3HAKOMUJINCH ¢ KOMaHAaMU apu(PMETHUECKOTO U JIOTUYECKOTO C/IBUTA
OCHOBHOTO ITpoLieccopa. Pasinune 91X ABYX TUIIOB KOMaH/ CIBUIa — B CII0co0e MH-
Teprperanyy 3HakoBoro 6ura oneparga. Cpegn MMX-KoMaH/ cABUTra TakxkKe Cylie-
CTBYIOT KOMaHIbl aprpMETHUECKOTO 1 JIOTHIecKoro capura. ObpaTuTe BHUMAHUE HA TO
o6cTosATeNCTBO, uTO MM X-KOMaH I ciBUra yIIakoBaHHbIX 6aiiToB HeT. CABUIaTh MOK-
HO TOJTPKO YTIAKOBAHHBIE CJIOBA, IBOMHBIE CIOBA U YUETBEPEHHBIE CJI0BA (IIEJTUKOM BECH
MMX-peructp):

PSLLW | PSLLD | PSLLQ npueMHMK, UCTOYHUK — KOMAH/IbI JIOTHYECKOTO CABUTA BJIEBO
YIIAKOBAHHBIX CJIOB, IBOMHBIX CJIOB UJIH YUE€TBEPEHHBIX CJIOB B TPHEMHUKE Ha KOJIU-
YeCTBO Pa3PsI0B, YKa3aHHOE 3HAYEHNEM UCTOYHUKA. Pe3ysbTaT momeniaercs B Ipu-
eMHUK, KOTOPbIH saBasercs oguuM us MMX-peructpos. Mcrounnk — mu6o MMX-
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peructp, b0 64-paspsaHas sueiika mamsati. OCBOGOKIAIONINECS B PE3YJIbTATE
C/IBUTA MJIAJIIIHE GUTHI YIIAKOBAHHBIX 9JIEMEHTOB TIPHEMHUKA 3ATIOHSIOTCS HYJISTMH.

PSLLW | PSLLD | PSLLQ npueMHwK, KONNYeCTBO_CABUMOB — KOMAH/[bI JIOTHYECKOTO C/IBU-
Ia BJIEBO aHAJIOTMYHBI PACCMOTPEHHbBIM PaHee KOMaH/1aM, 32 UCKJIIOYEHUEM TOTO, YTO
BCe yIIaKOBaHHBIE CJI0BA, IBOIHbIEC CJI0BaA U yYeTBepeHHble CJI0Ba B IPUEMHUKE C/ABU-
raloTCd Ha KOJUYECTBO Pa3pAJ0B, YKa3aHHOE 3HAYCHUEM HENOCPEACTBEHHOTO OIIe-
panzia Konuyecto_casuros. OcBoGOKAAIONIIECS B Pe3yJIbTaTe CABUTA MITA/IIINe OUThI
YIIAKOBAaHHBIX 5JIEMEHTOB IIPUEMHUKA 32IOJHAIOTCA HYTAMH.

PSRLW | PSRLD | PSRLQ npueMH#MK, UCTOYHUK — KOMaH/[bl JIOTHYECKOTO CABUTA BIIPABO
YIIaKOBaHHbBIX CJIOB, IBOMHBIX CJIOB UJIU yU4eTBEPEHHLIX CJI0B B IIPUEMHUKe Ha KOJIH-
4eCTBO Pa3ps/loB, yKazaHHOe 3HaueHreM B ICTOUHMKe. PesyibTar nomelaercs B IIpu-
€MHUK, KOTOPBIH stByisteTcst oauM n3 MMX-peructpos. Ucrounnk — gu6o MMX-
peructp, 1160 64-paspsinnHas sueiika mamsaT. OCBOOOKAAIONINECS B Pe3YIbTATE
CIIBHUTA CTapiive GUTHI YITAKOBAHHBIX 9JIEMEHTOB MPUEMHIKA 3AMOTHSIOTCS HYJIS-
MU.

PSRLW | PSRLD | PSRLQ npueMHUK, KONNYECTBO_CABUIOB — KOMAH/IbI IOTUIECKOTO C/IBU-
ra BIIPAaBO aHAJOIMYHbBI PACCMOTPEHHBIM BBIIIEe KOMaHAAM, 32 UCKJIIOYEHIEM TOTO,
4TO BCE YIAKOBAHHBIE CJI0BA, JBOMHbIE CJI0BA MU yIeTBEPEHHBIE CJIOBA B IPUEMHU-
Ke CABUTAIOTCS Ha KOJIMYECTBO PA3PsI0B, YKasaHHOE 3HAYeHUEM HEIIOCPEACTBEHHO-
ro omepanzia konuyectso_casuros. OcBoboKIAIOIINECS B pe3yJIbTaTe CABUTA CTap-
e GUTHI YIIAKOBAHHBIX 3JIEMEHTOB IPUEMHUKA 3aMI0JHIIOTCA HYISIMU:

.data ;CermMeHT AaHHbIX
mem dw Offffh

df Offffffffffffh
meml dw 4

df ©
.code

movq rmmx®, mem ;rmmx@=ffff ffff ffff ffff

;meml =0000 OO0 COOO 0004
psllw rmmx@, meml ;rmmxQ=fffO fffo fffe fffo
psrilw rmmx0, 4 ;rmmx@=0fff Offf OFfff Offf

CJIQHyIOH_[I/Ie KOMaH/Ibl ABJIAIOTCA KOMaH/IaMM apI/I(bMeTI/I‘IeCKOI‘O c/iBUra. ITU KO-
MaH/ZbI C/IBUTAalOT 3HaYE€HUE OII€paH/ia BIIPpaBO. KOMaHlI apH(bMeTH‘{eCKOFO CABHTa
BJIEBO HET, TaK KaK OHU aHAJIOTUYHbI KOMaH/[aM JIOTUYECKOTO CABUTa, HE COXPaHAI0-
UM 3HAYE€HH A 3HAKOBOTO pa3psdaa.

PSRAW | PSRAD npueMHMK, MCTOYHUK — KOMAHIbI apu(METHIECKOTO CABUTa BIIPABO
YIIAKOBAaHHBIX CJIOB UJIH IBOWHBIX CJIOB B TPHEMHUKE Ha KOJUYECTBO Pa3psiioB, YKa-
3aHHOE B UCTOUHUKE. Pe3yspTaT moMeniaercsi B IpUEMHUK, KOTODBIH SIBJISIETCS OJ-
oM u3 MMX-peructpos. Mcrounuk — mmub6o MMX-peructp, mbo 64-paspsaHas
syeiika mamsaT. OcBOOOKAAIOIINECS B PE3yJIbTaTe CABUTA CTapIIue OUTHI yIaKo-
BaHHbIX 9JIEMEHTOB IPUEMHUKA 3aMTOJTHSIOTCS 3HAYEHNEM 3HAKOBBIX (CTapIINX ) pas-
PSIZIOB 3TUX 3JIEMEHTOB:

.data ;CerMeHT AaHHbIX
mem dw OfffOh

df Offfofffofffoh
meml dw 4

df 0
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.code

movq rmmx®, mem ;rmmx@=fff@ fffO fffo fffo
;meml =0000 0000 0000 0004
psraw rmmx0, 4 ;rmmx@=Fffff ffff fFff fFFF

KomaHabl ynakoBKM U pacnakoBKU

KOM&H[[])I YIIaKOBKH 1 PACITaKOBKH IIPpE/THA3HAYEHDI I U3MEHEHUA Pa3MEPHOCTH dJIE-
MEHTOB OII€PAH/IOB C YYETOM UX 3HAYEHU. KOMaH[[bI YTIaKOBKU MTO3BOJIAIOT YMEHBIIUTDH
Pa3MEPHOCTDH 3JIEMEHTOB B /[Ba pa3a. HpI/I 9TOM, €CJIM 3HaUYeHNE CKUMAEMOTI'O dJIEMEHTa
60JIbIIE MAKCUMATBHOTO AOOITYCTUMOTO 3HaYCHUA, KOTOPOE MOJKET COAEPIKATHCSA B 3JI€-
MEHTE MEHDBIIIETO padMepa, TO PE3YJIbTaT (I)OpMI/IpyeTCH TI0 MPUHIIUITY 3HAKOBOT'O HAaCbhI-
IIeHMA:

PACKSSDW npremMHUK, UCTOUHWUK — KOMaH/1a yTTAaKOBKY CO 3HAKOBBIM HACBITIEHNEM /IBYX
[[BOﬁHI)IX CJIOB B IIpPUEMHUKE U ABYX I[BOfIHI)IX CJIOB B UCTOYHHKE B YETBHIPE CJIOBaA
B TipreMHUKe. CXeMa BBITTOJTHEHUS KOMAHJIbI TOKa3aHa Ha puc. 18.6. Pe3yibrat mo-
MeINIAeTcs B TPUEeMHUK, KOTOPbIH siByisieTcs oganM n3 MM X-peructpos. VcTounnk —
60 MMX-peructp, 1mu6o 64-paspsaHas ssdeiika HaMsaTH:

packssdw rpuemMHUK, UCMOYHUK

NCTOuHMK Mpuemuunk (MMX-peructp)
LI T TTIT1] LI T TTIT]

LTI TITTT]
MpuemHuk (MMX-peructp)

Puc. 18.6. Cxema pabotbl komaHabl PACKSSDW

PACKSSWB npueMHMK, UCTOYHUK — KOMaH/Ia YITAaKOBKHU CO 3HAKOBBIM HACHITIIEHUEM Ye-
TBIPEX CJIOB B IPUEMHUKE 1 YETHIPEX CJIOB B UCTOYHUKE B UETHIPE CJI0OBA B IPUEMHN -
ke. CxeMa BBITIOJHEHUST KOMaH/bI TIOKa3aHa Ha puc. 18.7. Pe3yibTaT oMeraeTcst
B IPUEMHUK, KOTOPBIi siByisteTcst ogauM 3 MM X-peructpos. VcTouHuK — 60
MMX-peructp, 160 64-paspsiiHas ssaeiika maMsITH.

.data ;CermeHT AaHHbIX
mem dw 0fe00h

df 00457ffe@0f0Oh
.code

packsswb rmmx®, mem ;rmmx0=45 7f 7f 80 00 00 00 00

packsswb rnpuemMHUK, UCMOYHUK
MCTOYHMK MpnemnHuk (MMX-peructp)

Mpuemunk (MMX-perunctp)
Puc. 18.7. Cxema paboTbl komaHasl PACKSSWB
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[Tpumep mokasbIBaeT, KaK BBITIOJHSIETCST TIPUHITUATT 3HAKOBOTO HACHIIIEHUS PE3YJIb-
tara 10 snauennit 7th u 80h Gaiit. ITogobHas cuTyalusa BOSHUKAET KaxK bl pas, KOT-
J1a 3HaYEHHUE B UCXOTHOM CJIOBE MPEBBIITAET MAKCUMATHHO BO3MOKHOE.

Caenyrorias rpyiima MM X-KoMaH/[ TTO3BOJISIET BBITIOJTHUTH 0OPATHYIO OMIEPATIAI0 —

pacImpuTh pa3Mep 2JeMEHTOB OTlepan/a B iBa pasa. [[pu aToM HepocTaionast mogoBm-
Ha BHOBb (DOPMUPYEMOTO 3JIEMEHTA U3BJIEKAETCS U3 BTOPOTO OMEPAH/IA:

PUNPCKHBW npueMHuK, MCTOYHUK — KOMaHIa PacIiakoBKHU OaiiTOB 13 cTapIiel moJio-
BUHBI IPHEMHUKA B CJIOBA C UCIIOJIb30BAHUEM B KauecTBe CTaplieil MOJOBUHBI ATUX
¢Ji0B GaiitoB u3 uctounnka. MopMupoBaHue pesybraTa MPOUCXOANT MyTEM MOOYE-
peHOI BEIOOPKH 6aiiToB M3 pueMHIKa 1 ucTouHuKa (puc. 18.8). PesyabraT mome-
maeTcst B IPUEeMHWK, KOTOPBIN s1BJsieTcs ogHuM n3 MMX-peructpos. VcTouyHnk —
6o MMX-peructp, 1u6o 64-paspsaaHas sueiika IaMsaTH:

.data ;CE€TMEHT AaHHbIX
mem dw 0
df 01020304ffffh
meml dw 0
df 0f0fofOfeeeeh
.code
movqr mmx0, mem ;rmmx0=01 02 03 04 ff ff 00 00

;meml =0f Of Of Of ee ee 00 00
punpckhbw rmmx0@, meml ;rmmx0=0f01 0f02 O0f03 0f04

punpckhbw npuemHuk, ucmoyHuk
VCTOUHUK Mpuemnnk (MMX-perucTtp)

Mpunemuuk (MMX-peructp)

Puc. 18.8. Cxema pa6otbl komaHabl PUNPCKHBW

PUNPCKHWD npueMHuMK, UCTOYHMK — KOMaH/Ia PACTIAKOBKU CJIOB U3 CTapPIIIel TTOJOBH-
HBI TPUEMHUKA B IBOIHBIE CIOBA C NCMOJb30BAHUEM CJIOB 3 HICTOUHUKA B KAUECTBE
CTapIneil MOJIOBIUHBI 3TUX BOIHBIX cj10B. DOPMUPOBAHUE PE3YTbTaTa TPOUCXOIUT
IIyTeM [I0OYePeIHOM BBIOOPKU CJIOB M3 IIPUEMHUKA M ucTouHuKa (puc. 18.9). Pe-
3yabTaT GOPMUPYETCS B IPUEMHWKE, KOTOPBIH sBJsieTcst ogauM u3 MMX-peruct-
POB, B TO K€ BPeMsl UCTOYHUK MOKeT ObITh 1n60 MMX-perucrpom, 6o 64-pas-
PSATHON STYEUKON TaMSTH.

punpckhwd ripuemMHuUK, UCmMoYHUK

McTouHuk MpremHuk (MMX-peructp)

CCCT T 1T
Mpuemnuk (MMX-peructp) %l;g

Puc. 18.9. Cxema paboTbl komaHabl PUNPCKHWD
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PUNPCKHDQ npueMHUK, NCTOYHNK — KOMAaH/Ia pacllaKOBKH JIBOMHBIX CJIOB U3 CTapIIen
TTOJIOBUHBI TPHEMHIUKA B Y9eTBEPEHHBIE CJIOBA C MCITOTH30BAHNEM B KaUueCTBE CTap-
IIell MOJIOBUHDI ITUX YIETBEPEHHBIX CJIOB IBOMHBIX CJI0B 13 ucrounnka. Gopmupo-
BaHWE Pe3yJIbTaTa IPOUCXOUT My TEM TIO0UEPETHOM BBIOOPKH IBONHBIX CJIOB U3 ITPHU-
eMHUKa 1 uctouynuka (puc. 18.10). Pegynbprat moMeriaercss B MpUeMHUK, KOTOPBIT
steaisietcst oqHuM u3 MM X-peructpos. Ucrounuk — au6o MM X-peructp, 1160
64-paspsiHas s4yeiika maMsaTH.

punpckhdq npuemHuK, ucmoYHUK
McTouHuk MpuemHnk (MMX-peructp)

Mpuemnnk (MMX-peructp)

Puc. 18.10. Cxema paboTbl komaHas PUNPCKHDQ

Bpoi, HaBepHOE, 00paTH/IM BHUMAHHUE Ha TO, UTO MPEABIAYIINE TPU KOMaHIbI paboTa-
0T CO CTApIIUMHU MOJIOBUHAME ottepan10B. CireyoIue Tpu KOMaH I, HA0060poT, pabo-
TAOT C MJIAINMU TTOJIOBUHAMH OTIEPAHIOB:

PUNPCKLBW npuemHUK, UCTOYHMK — KOMaH/Ia PACTAKOBKHU GANTOB U3 MJIAIIIE T10J10-
BUHBI TPUEMHNKA B CJI0BA C UCTTOIH30BAHUEM B KaUeCTBE MJIA/IIIEN TIOJIOBUHBI 3TUX
cioB GaiitoB u3 mcrounnka. MopmupoBanne pe3yabTaTta OCYIECTBISETCS TTyTEM
ooY€epeIHON BBIGOPKHU 6aiiTOB 13 mpueMHuKa 1 nctounuka (puc. 18.11). Pesymbrar
TTOMETIAeTCs B IPUEMHUK, KOTOPBIH sBJiseTcst omauM u3 MM X-peructpos. ctou-
HUK — MMX-peructp nim 64-paspsgHas sueiika maMsTH:

.data ;CermeHT AaHHbIX
mem dw 0304h

df Offffeeee0@102h
meml dw 0f0fh

df 0cOcOcOcOfOfh
.code

movqr mmx0, mem ;rmmxO=ff ff ee ee 01 02 03 04
;meml =0¢c Oc Oc Oc Of Of Of Of
punpcklbw rmmx®, meml ;rmmx0=0f01 0f02 0fO3 0f04

punpcklbw npuemMHuk, ucmo4YHuk
McTOYHUK Mpuemnmk (MMX-perucTp)

MpuemMHmk (MMX-peructp)

Puc. 18.11. Cxema pabotbl komaHasl PUNPCKLBW

PUNPCKLWD npueMHUK, UCTOYHUK — KOMaH/Ia PACTIAKOBKU CJIOB M3 MJIAJIIIIEN TTOJIOBH-
HBI IPUEMHUKA B JIBOMHBIE CJI0BA C UCIIOJIb30BAHMEM B KauecTBe UX MJIaJIIei 1oJ1o-
BUHBI CJIOB U3 UCTOUHIKA. DOPMUPOBaHIE PE3YIbTaTa OCYIIECTBIISIETCS Iy TEM TI0-
o4epeaHOll BHIOOPKU CJIOB U3 IpueMHUKa U uctounuka (puc. 18.12). Pesynbrar
MOMENIAETCS B IPUEMHUK, KOTOPBIN sABJseTcs ogHUM u3 MM X-perucrpos, B TO ke
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BPEMST UCTOUHUK MOKET ObITh 1160 MMX-peructpom, 6o 64-paspsiiHoil sueii-
KOU TTaMSITHU.

punpcklwd npuemMHuk, UcmoYHUK
MCTOYHMK MpuemHmk (MMX-peructp)

[T T TTITIT]
Mpuemunk (MMX-pernctp) %I;Q

Puc. 18.12. Cxema pabotbl komaHasl PUNPCKLWD

PUNPCKLDQ npueMHUK, UCTOYHUK — KOMAH/IA PACTIAKOBKHU JIBOMHBIX CJIOB U3 MJIAJIITIEN
MOJIOBUHBI IPUEMHUKA B yYeTBepeHHbBIE CJI0BA C UCIIOJIb30BAHMEM B Ka4eCTBe MJIaJl-
1€l TOJIOBUHBI 9TUX YUETBEPEHHBIX CJIOB IBOMHBIX CJIOB U3 UCTOUHNKA. DopMupo-
BaHUE PE3YJIbTaTa OCYMIECTBIISIETCS TyTEM MOOYEPETHON BHIGOPKU JIBOWHBIX CIOB
13 nnpueMunka u ucrounuka (puc. 18.13). PeaynbraT momeriaercs B mprueMHUK, KO-
TopbIit siBsieTcss onuuM u3 MMX-perucrpos. Vcrounuk — jgub6o MMX-peructp,
60 64-paspsaaHas syeiiKka ImaMsITH.

punpckldq npuemHuk, ucmoyHuk
MCTOYHUK MpremHuk (MMX-peructp)

Mpuemunk (MMX-peructp)

Puc. 18.13. Cxema paboTbl komanabl PUNPCKLDQ

KomaHpa ouncTkn cTeka permcTpoB conpoueccopa

B kon1te 6;10Ka KoMaH, coziepkaiiero MM X-uHCTPYKITUH, T0JKHA 00s13aTEIBHO TIPH-
cyTcTBOBaTh KoManzia EMMS, B dyHKIIMM KOTOPOII BXOAUT OUMCTKA CTE€KA PETUCTPOB
U YCTaHOBKa eIUHUYHBIX 3HAUEHUE B PETUCTPE TeroB. Kak1oMy perucTpy creka corpo-
1[eccopa COOTBETCTBYET /IBYXpaspsIHOE T10JIe B 9TOM PETUCTPE, eIMHUYHOE 3HAUYCHUE
KOTOPOTO TOBOPHUT O TOM, UTO PETUCTP TIYCT.

Hannuwe komanasl EMMS o6si3atesbHo, eciit MM X-KoMaHIbl KOMOUHUPYIOTCS
¢ KOMaH/JaMH COTIPOIIECCOpa.

B Hacrosiiee BpeMsi elie I0BOJIbHO GOJIBITOE KOJTUYECTBO KOMITBIOTEPOB paboTaer
Ha TIpoleccopax, e noepskusaonmx MM X-texaonoruio. YTo6bl KOTUIeCTBO TOIb30-
BareJiell Batieii porpaMMbl GBIIIO Kak MOSKHO GOJIBITNIM, 3TO 00CTOSITEBCTBO HEOOXOTH-
MO YYUTBIBaTh. [[JIs1 3TOTO IIpH pazpaboTKe MPOrPaMMBbI IOJIKHBI TIPEYCMaTPUBATD-
¢S aTbTepHATUBHBIE (DpAarMEHTHI KO/Ia, B KOTOPBIX (hyHKIMonnpoBanre MM X-komaH
Oy/IeT SMYIUPOBATHCS € TIOMOIIBIO TEJIOUNCTEHHBIX KoMaH/I. [lepen HauamoM paboTs
TaKas [IporpamMma I0JIKHa BBITIOJHATD IIPOBEPKY TEKYIIETO ITPoIieccopa Ha BO3MOXKHOCTD
nojzepxkkn uM MMX-komany, 110 pesysbTaTaM KOTOPOH Iepe/iaBaTh yIIpaBjeHue Ha
COOTBETCTBYIOIMNHN (hparMeHT Koja. Ha ocHOBe 4ero BBIMOMHSETCS TOX06HAS TPO-
Bepka’?

B cucremy komamz mpoiteccopos, naunnas ¢ i586 (Pentium), Bxoaut komammza CPUID
(cM. ipustokeHue A), ¢ TOMOTIBIO KOTOPOI MOYKHO TOJTYYUTh WH(POPMATIIIO O TEKYIIEM
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nipoiteccope. Jluctunr 18.6 coep:KuT nprMep IPOrpaMMbl, KOTOPas orpeeiseT GhakTt
nozieps;kkn mporeccopom MM X-TexHosorun.

JNucturr 18.6. Onpenenenne dakra noanep>xkm npoveccopom MMX-texHonoruum

;test_cpuid.asm onpeneneHue ¢akTa noAAepxku npoueccopom MMX-TexHomorum

.586p

model usel6 small

.stack 100h

.data ;CerMEHT JaHHbIX

mmx_mes db  "lpoueccop noaaepxusaet MMX-TexHonoruw", "$"
no_mmx_mes db "Mpoueccop He noaaepxuaeT MMX-TexHomoruw", "$"
.code

main proc;Havano npoueaypbl main

mov ax, @data
mov ds, ax
xor edx, edx
mov eax, 1
cpuid
bt edx, 23
jnc no_mmx
mov ah, 9
mov dx, offset mmx_mes
int 21h
jmp exit
no_mmx: mov ah, 9
mov dx, offset no_mmx_mes

int 21h
exit:
mov ax, 4c00h ;nepecoinka 4cO0h B perucTp ax
int 21h ;BbI30B MpepbiBaHWsA C Homepom 21h
main endp ;KOHeL npoueaypbl main
end main ;KOHel nporpammbl C TOUYKOW BxoZa main

Mpumep npumeHeHns MMX-texHosnorum

B kauectBe mpumepa npumenerrst MM X-TeXHOJIOTHH PacCMOTPUM TIpeoOpasoBaHiie
rpaduyeckoro nzobpakenus. Kak mpaBuio, 60JIbIINHCTBO MyJIbTHMEIUITHBIX (hailnos,
K KOTOPBIM MOKHO OTHECTH U Tpadudeckue (haiiibl, MpecTaBIsAIoT OO0 MACCHBBI OJ1-
HOPOJZIHBIX JIEMEHTOB. TaKOMy MaCcCHBY TIPEAIIECTBYET HEKOTOPAST OMMCATENbHAST H-
dhopmaiis (3aroI0BOK), B KOTOPOM cojepskutcst oOiast uHdopmaiys o gaiiie. Tak kak
B MOJIOOHBIX MACCUBAX Pa3MepP JIEMEHTOB 00BIUHO OJIMTHAKOB, TO UX YI00HO 06pabaThI-
Barh rpymmamu. Hanbospimas s hexTuBHOCTS paboThI TIPOTPAMMBI IOCTUTAETCSI, €CITH
ncrnosb3oBartb MM X-KoMaH/Ibl.

B kauecTBe THTIOBOTO MyJIbTUMEIUITHOTO (haiia MOKHO paccMaTpuBaTh aiii pac-
TpoBOTO nM300pakeHuss. Cpeau TUTIOB (HallIoB, TpeIHAZHAYEHHBIX JJIST XPAaHEHUST pac-
TPOBBIX, H300paKeHUH, HarboJIee IPOCTYIO CTPYKTYPY UMEIT bmp-daiibr.

Ha npaxruke, 4acTo Bo3HUKAeT HEOOXOAMMOCTD IIPeodpasoBaHKs 1BETHOIO U300~
paxkeHwust B MoIyToHOBOE. [10106HYI0 BO3MOKHOCTD, B YaCTHOCTH, MOJIEPKUBAIOT MHO-
THe TIOMYJISIPHbIE PEAAKTOPBI pacTpoBoii rpacduku. I[Tonpobyem caMOCTOSITENbHO PEITATh
3Ty 3a/1a9y, UCIIOIb3ysI BO3MOKHOCTH KoMana MM X-pacimpenus.

CrpykTypHO (aiin pactpoBoro usobpaxkenus B hopmate BMP comepxuT aBa uiu
Tpu OT0Ka:

O06st3aTeTbHBIN 3aTOJIOBOK ¢ WH(MOPMAIHEN, XapaKTEPU3YIOIIUN PacTPOBOE H300pa-
sxeHne. [1o OTHOIIEHNIO K COJIEP:KAIMMCS B 3TOM 3arOJIOBKE JTAHHBIM €T0 MOXXHO
Pas3zeNTh HA [BE YACTH:
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O mepBast 4yacTh, MMelomiast pasmep 14 GaliToB, IpeAHA3HAUEHA /IS MACHTH(DUKA-
K (aiia Kak pacTpoBoro rpaduyeckoro u xpaHeHus obieil nHdopManuu
0 HeM;

O BTOpas YacTh, UMeromIast pasMep 40 GaiiToB, COMEPKUT XapaKTEPUCTUKU CAMOTO
PacTpOBOTO U300PAKEHMSI.

Heobs3arenpubiii MaccuB ¢ mHGOpMaIueii o 1ieTe. DJIeMeHTbI 9TOI0 MAaCCUBa IIPe/l-
CTaBJIAIOT COGOH CTPYKTYPY, COAEPIKAIILYIO UETBIPE MOJIs1. PasMepHOCTh Kask/I0TO MOJIst
cocraBJisieT oiuH Gaiit. Tpu mosist 9TOM CTPYKTYPhI COJIEPIKAT 3HAUCHUS MHTEHCHB-
HOCTH KpPacHOTro, 3ejieHoro u cuHero 118etoB (RGB-Mozesnb 118eTa), ueTBepTOE T10JI€E
BCer/la PABHO HYJIO U MTPeTHA3HAYEHO JIJIS BIPABHUBAHUS HAYAIa CJIELyTOIIEeTo 3Jie-
MEHTa Ha YeTHYI0 rpanuiry. J{s mporteccopoB apxutektypbl Intel aTo o3Hauaer cy-
IIECTBEHHOE TIOBBIIIIEHNE TIPOU3BOUTETHHOCTH, TAK KAaK BLIDOBHEHHBIE TAHHbIE BbI-
6upaioTcst U3 mamsaTH ObicTpee. Bojiee TOro, aT0 06CTOATETBCTBO AT XOPOIIUE
MPEANOCHIIKN K a(hheKTHBHOMY McTo/Ib30BaHMI0 KoMan, MM X-pacimmpenus, Tak
KaK JJaHHBIE BO BpeMst 00pabOTKU MOKHO TPyInupoBats. Maccus ¢ uH(popMarueit
0 IIBETE OTCYTCTBYET JIJIST PACTPOBBIX M300paKEHMIl ¢ 24-pa3psiIHBIM TIPECTaBIIE-
uueM 18eta (True Color). B ciryuae ¢ Hatieli mporpaMMOil MbI IMeEM Ha BXOJIE UMEH-
HO Takoii (paitr. Ha BbIXOzie MBI JOJIKHBI MOAYYNUTH (Baiijl ¢ IOJIyTOHOBBIM U300pa-
JKEHMEM, KOTOPBIHN yske OY/IeT coiepsKaTh MoJ0OHBIN MACCUB I[BETOB.

OO6st3aTeIbHBIN MACCHB € OMICAHIEM TIUKCETOB PacTpoBoTo nzobpaskenus. Mopmar
BJIEMEHTOB 9TOT0 MACCHBA 3aBUCHUT OT THUIA PACTPOBOTO M300pakeHus. B Harrem
cJlydae MBI IMEEM JIBa THUTIA PacTPOBOTO M3o6paxkenust: 24-paspsatoe (True Color)
n 8-paspsaanoe (moxytoHoBoe). Kak ormeueHo panee, daiisn ¢ onucanueM 24-pas-
PAZHOrO N300pakeHs He COAEPIKUT MaccuBa ¢ nHdopMaimeii o usere. B aTom daii-
Jie HETIOCPE/ICTBEHHO 3a 3ar0I0BKOM (54 6uta) cieayer nHbOpMAaIus o [BeTe K-
cesioB. Kask b1l MUKCesT OMChIBAETCS TPeMst GaliTaM I, KOTOPbIE COJIePKAT 3HAUCHUST
(u3 nuamazona 0...255) MHTEHCUBHOCTEN KPACHOTO, 3€JIEHOTO U CUHETO 1IBETOB. J[Jist
APYTUX TUTIOB U300pasKeHU N HHPOPMATIKS O IIBETE KAKI0TO MUKCEA TPEIOCTABIIS-
eTcs 1o ipyromy puHImmy. K npumMepy, 17 BOCbMUPa3psAmIHOTO U300 paskeHus (KO-
TOpOE MBI IOJKHBI ¢(hOPMUPOBATh B Hallleil 3aaye) WHOOPMAIIWS O [IBETe KOHK-
PETHOTO MUKCENA MONYYaeTCs caeAyonuM obpasom. Kasxk il mukces B MacCuBe
C OMICaHNEM TIUKCEJIOB PACTPOBOTO N300PaKEH ST OTIUCHIBAETCS OTHUM OaiiToM. 3Ha-
YyeHue 9TOr0 GaliTa SIBJISIETCST MHAEKCOM B MaccuBe ¢ WH(oOpMaiueii o 1sere, pac-
CMOTPEHHOM B MpeAbIayTeM myHKTe. COOTBETCTBYIONINI 2JIeMEHT MacCHBa ¢ WH-
¢opmarueii o 1BeTe COAEPKUT 3HAUCHUS KPACHOH, CUHEH U 3eJIeHO COCTABJISIONUX
I[BETA TTIKCEIa.

PaccMoTtpum cyTh asroputMa 00paboTKH, KOTOPBIN peainayeT mporpaMMa mpeodpa-
30BaHUs pacTpoBoro naobpaxenus. Ha puc. 18.14 u 18.15 npusegennl pparMeHThbI Mc-
XOHOTO bmp-daiina (24-paspsiiHoe U300pakeHNEe) U COOTBETCTBYIOIIETO BBIXOIHOTO
bmp-daiina (8-paspsaHoe MoayTOHOBOE N300paxkeHe), chOPMUPOBAHHOIO B Pe3yJIb-
Tare 06paboTKH CO3/IaHHOM TIPOTPAMMOIA.

Ha puc. 18.14 ¢ agpeca 0000:0036 u 1m0 xonia daiina (agpec 0008:DCF5) pacrosa-
raeTcst OMUCAHUE TUKCETOB — TPH TIOCIE0BATEIBHBIX OaliTa OMMCHIBAOT KPACHYIO, CU-
HIOIO U 3€JIEHYIO COCTABJISAIONINAE OHOTO MAKCEIa.
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0000:0000 42 4D F6 DC 08 00 00 00 GO 0O 36 00 0O 00 28 G0 BM........ 6...(.
0000:0010 00 GO0 B8 01 00 00 B8 01 00 00 01 00 18 00 00 00 ................
0000:0020 00 00 CO DC 08 00 C2 1E 00 00 C2 1E 00 00 00 GO ................
0000:0030 00 00 00 00 00 00 49 7A A6 4A 7B A7 4D 7E AA 4F ...... Iz.J{.M~.0
0000:0040 80 AC 50 81 AD 50 81 AD 4F 80 AC 4F 80 AC 4B 7C H.P..P..0h.0h.K]

0008:DCE@ A5 7A 93 A3 79 93 A3 79 92 A6 7D 99 BL 92 AD C8 .z..y..y..}.....
0008:DCFO AD CA E5 C2 DE FC ...

Puc. 18.14. ®parmeHT daina 24-pa3psgHoro pacTpoBoro n3obpaxeHus B dopmate BMP

Ha puc. 18.15 c agpeca 0000:0436 u 10 koxia daiina (agpec 0002:F875) pacmosara-
eTcs omucanue muKceIoB. Kaskapiil 6aiiT B 95TOM OMMCAHUY SIBISETCS WHICKCOM MACCH-
Ba [[BETOBBIX 3HAYECHMUIA.

0000:0000 42 4D 76 F8 02 00 00 00 00 00 36 04 00 00 28 00 BMv....... 6...(.
0000:0010 00 00 B8 01 00 00 B8 01 00 00 01 00 08 00 00 00 ................
0000:0020 00 00 40 F4 02 00 C2 1E 00 00 C2 1E 00 00 00 01 ..@.............
0000:0030 00 00 00 00 00 00 00 00 00 00 01 01 01 00 02 02 ................
0000:0040 ©2 00 03 03 03 00 04 04 04 00 05 05 05 00 06 06 ................
0000:0050 06 00 07 07 07 00 08 08 08 00 09 09 09 00 OA OA ................
0000:0060 ©A 00 0B OB 0B 00 OC OC OC 00 OD 0D 0D 00 OF OF ................
0000:0070 OF 00 OF OF OF 00 10 10 10 00 11 11 11 00 12 12 ................
0000:0080 12 00 13 13 13 00 14 14 14 00 15 15 15 00 16 16 ................
0000:0090 16 00 17 17 17 00 18 18 18 00 19 19 19 00 1A 1A ................
0000:00A0 1A 00 1B 1B 1B 00 1C 1C 1C 00 1D 1D 1D 00 1E 1E ................
0000:00B0 1E 00 1F 1F 1F 00 20 20 20 00 21 21 21 00 22 22 ...... 111 ""
0000:00C0 22 00 23 23 23 00 24 24 24 00 25 25 25 00 26 26 ".###.$$S.%%%. &
. MaCCUB LBETOBbIX 3HaueHun

0000:0400 F2 00 F3 F3 F3 00 F4 F4 F4 00 F5 F5 F5 00 F6 F6 ................
0000:0410 F6 00 F7 F7 F7 00 F8 F8 F8 00 F9 F9 F9 00 FA FA ................
0000:0420 FA 00 FB FB FB 00 FC FC FC 00 FD FD FD 00 FE FE ................
0000:0430 FE 00 FF FF FF 00 70 71 74 76 77 77 76 76 72 75 ...... pPtvWWYVrU
0000:0440 78 77 72 69 5F 5A 61 62 63 66 69 6D 72 74 67 70 xwri_Zabcfimrtgp
0000:0450 77 77 74 72 70 6D 6E 6B 69 6A 6C 6C 68 64 63 6F wwtrpmnkijllhdco
0000:0460 74 6F 6F 76 7A 75 68 73 75 6F 74 7E 78 69 76 71 toovzuhsuot~xivg
0000:0470 6A 68 6C 74 7A 7E 86 7B 78 7C 78 6A 67 6E 69 79 jhltz~.{x|xjgniy

0002:F860 73 71 6D 6C 70 74 77 75 75 79 7D 7E 7C 79 8B 8D sqmlptwuuy}~|y..
0002:F870 8C 8C 93 A7 C4 D8 ...

Puc. 18.15. ®parmeHT daiina 8-paspagHoro pactTpoBoro n3obpaxeHusa B popmate bmp

ITporpamma mpeoGpasoBanust 24-pa3psiIHOTO PACTPOBOTO H306PaKEHU B 8-paspsi/l-
HOE BBIIOJIHEHA B BUJle KOHCOAbHOro npuaoxkenns Windows. Takum oOpa3oM, sTUM
MPUMEPOM JIEMOHCTPUPYETCST PellieHre JABYX 3a/1a4: BO-TEPBBIX, TIOKA3aH MPaKTHYeC-
KUl IIpUMep UCIIOJIb30BaHus BO3MOKHOCTe MM X-TexHonoruu o6paboTKy JaHHbIX U,
BO-BTOPBIX, IPUBE/IEH eTile OJWH puMep (cM. TiaBy 16) Mcmoab30BaHNs KOHCOTHHBIX
Windows-npuiosxeHuii B iporpaMMax Ha si3blKe acceMOJiepa.

ITporpamma TpeoGPasoBAHUS MTOCTIEA0BATENBHO BBITTOIHSIET CIEAYIOIINE IEHCTBI:

1. BBojg mMeH MCXOIHOTO M BBIXOJHOTO (haitnoB. CiemyeT OTMETUTD CIIeyiolee Tpe-
GoBaHue K MCXOMHOMY (ailiry. ITOT (ailn 1o/sKeH GBITh OTCKAaHUPOBAH C paspeliie-
uueM He Metee 200 dpi, B IPOTMBHOM ciTydae BO3MOKHBI HCKaKeHUsL. B HareM cJry-
yae 60pbOA 32 KAUECTBO HE SIBJISIETCS] OCHOBHOM 33/1a4eil, TO3TOMY JIJIsT UCTIPABJICHHUSI
BO3MO’KHBIX UCK)KEHUU B TIPOTpaMMe He TPEATPUHUMAETCS HUKAKUX TeUCTBUM.
Eciit ckaHepa y Bac HeT, TO HYKHO MOI00paTh (Daili COOTBETCTBYIOIIETO KaUeCTBA.



MMX-pacLumpeHmne apxmuTekTypbl npoueccopa Pentium 551

Ecnm y Bac HET HU TOTO, HU IPYTOTO, TO cpeint (haliyioB, TIPUJIATAEMBIX K KHUTE, €CTh
(aiis1, ¢ KOTOPBIM BBI MOKETE ITPOBOAUTH HEOOXOAUMbIE KCIIEPUMEHTHL

OTKpbITHE UCXOAHOTO ¥ CO3aHKe BBIXOAHOTO (aitia. s paboTsl ¢ aTumu (aiina-
MU HCIIOJIb3YETCs ellle OAUH 1ojie3HbIi Mexanusm Windows — omobpasicernue ¢aii-
JI08 HA NAMSAMD. ITOT MEXAHU3M TI03BOJISIET OTKPBITH (DANJIBI CHIEIHATBEHBIM 00Pa3oM
u paboTaTh ¢ HUMU Jlasiee Kak ¢ OObHbIMU MaccuBaMu. [Ipu pacCMOTPEHHHU TIPO-
rpamMMbl 0OpaTuTe BHUMAHUE HAa 9Ty BO3MOXKHOCTD M HA TO, KAK €10 TT0Jb30BAThCS
B IIPOTPaMMax Ha si3bIKe acceMOJepa.

Ormnpenenerre KOPPEKTHOCTH MCXOAHOTO (haiiia. [Ipu aToM mpoBepsitoTest 18a 00-
CTOSITEJIBCTBA: TIEPBOE — SABJISIETCSI TH OH bmp-daiiyiom, 1 BTOpoe — SIBJISIETCS JIK OH
24-pa3psanHbiM (hallJIoM PacTPOBOIO N300PAKEHMUSL.

@opMupoBaHUe 3aroJI0BKa BBIXOAHOTO (haiiia Ha OCHOBAaHUM NHGMOPMAIINH UCXO/I-
Horo daiina. OCHOBHBIMU TIPU 3TOM SIBJISIOTCS [BE 33[]a4l — OIPeieJIeHre pa3Mepa
BBIXOIHOTO (haiisia 1 3amoTHeHNE TTOJIEH, OTTPeIeIAIONINX 0COGEHHOCTH JAHHOTO Pa-
cTpoBoro daiina.

®opmupoBanue MaccuBa 1[BeTOB. Maccus comepxKut 256 371leMEHTOB, YTO TO3BOJISI-
et (opMupoBaTh 256-1[BeTHOE pacTpoBoe nsobpaxkenue. Maiiy ¢ 8-pas3psAmHbIM HO-
JIYTOHOBBIM PaCcTPOBBIM U300PasKEHNEM CTPYKTYPHO HITYEM He OTJINYAETCs OT 8-pas-
psIIHOTO 1IBETHOTO (haiina. ExuHCTBeHHOE OT/INYME MOKHO YBUIETD TTPU CPABHEHUH
MaCCHBOB I[BETOB. [{JisT MaccuBa 8-pas3pssHOro IOy TOHOBOTO U300paXKeH!s 3HaUe-
HUS KPACHOH, 3eJIEHON U CMHEN COCTaBJISIONIMX OAUMHAKOBBL. ITO 0COOEHHOCTD (hop-
MUPOBaHUA [IOJYTOHOBOrO U300paskerus. [l [BETHBIX M300paskeHUI MoZ00HOIT
3aKOHOMEPHOCTH HE CYILECTBYET, TAK KaK OTTEHKHU I[BETHOIO M300paskeHust GopMu-
PYIOTCS KOMOMHAIMAMY PAa3INYaONINXCs 3HAYEHU N KPAaCHOM, 3eJIeHON U cuHel co-
CTaBJISTIONIHUX.

®DopmupoBanue 3HAYEHNUN TUKCETOB. Kak MbI yike yIIOMUHAIHN paHee, KaKIbIi TUK-
CeJI OTIMCHIBAETCST OHUM GAUTOM, KOTOPBIN HAa CAMOM JIeJie SIBJISIETCS JIUIITh HWHIEK-
coM, 00603HAYAIONINM I[BET B MACCHUBE LIBETOB.

3akpbiTre (aiisos. B KoHIle TekcTa TPOrpaMMBbl HEOOXOIUMO C TIOMOIIBIO COOTBET-
crByomux GyHkiuii Windows KOPpeKTHO 3aKpbITh (haiijibl, B IPOTUBHOM CJIy4ae
Pe3yIbTaThl PAOOTHI TPOTPAMMBI OYIYT TIOTEPSTHBL

Bosee meTaibHO aropuT™ paboTHI IPOTPAMMBI TIOSICHUM 10 XO/TY PACCMOTPEHNS ee

TEeKCTa, IIpecTaBaeHHoro B jctunre 18.7. ITpu atoM MbI He OyneM o6cykaaTh GyHK-
it Windows, obecrieunBaromux GyHKITHOHUPOBAHKE TIPOTPAMMBI, ITY HHPOPMATIHIO
BbI MOXKETE MOYEPIHYTh U3 MHOTOUUCIEHHBIX UCTOYHUKOB. B yacTHOCTH mporpamma
paspaboTaHa ¢ UCTIOIb30BAaHHEM YITIOMUHABIIIETOCS PaHee MeXaHU3Ma 0TOOpakeHust (haii-
708 Ha mamsTh [ 10]. OcHoBHoe BHUManue GyneT yaeaeno MMX-komaHmaMm.

Jiuctuur 18.7. MNpeobpasoBaHne LBETHOIO N306paxeHns B NOJIyTOHOBOE

;prgl8.asm

;MpumMep KOHCOMbHOTO npunoxeHusa aAns Win32

; (C ucnonb3oBaHmem kKomaHa MMX-pacwupenHus u pannos, npoeunmpyembix B MaMAThb)
.486

.model flat, STDCALL ;moZens namatu flat

; STDCALL - nepenaua napameTtpoB B cTune C (cnpaBa Haneso)

Bbl3biBaemMas npouejaypa uumcTtuT 3a coboh CcTek npm%ﬂwwuuezﬁ
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NucTunr 18.7 (npoaonxerHue)

%NOINCL ;3anpeTuTb BbiBOA TekCTa BKMoYaeMbx (annos

include mmx32.inc

include WindowConA.1inc

;06bsaBNeHNne BHEWHWMKU WCMOMb3yeMblX B AaHHOW nporpamme ¢yHkuuin Win32 (ASCII):
extrn AllocConsole:PROC

extrn WriteConsoleA:PROC
;CTPYKTypa bmp-ctanna
;MakpoonpejeneHus TUMNoOB
SSHORT equ <dw 0>

UINT equ <dw 0>

DDWORD equ <dd 0>

LONG equ <dd 0>

WWORD equ <dw 0>

BBYTE equ <db 0>
;CTPYKTYpa ANS YCTAHOBKMW MOMOXEHWS Kypcopa B KOHCOMW:
Coord struc

xx  SSHORT

yy SSHORT

Coord ends

;3aronoBok bmp-taina
BitMapFileHeader struc

bfType UINT ;cumsonbel "B" mn "M"
bfSize DDWORD ;pa3mep davna B 6anTax
bfReservedl UINT ,pe3eps
bfReserved2 UINT ;pe3eps
bfOffBits DDWORD ;CMeweHne B 6alnTax K Hauany pacTpoBOro m3lobpaxeHus
;XapaKTepuUCTUKN pacTpPoOBOTro u3obpaxeHus
biSize DDWORD ;pa3mep AaHHOW CTPYKTypbl B BanTax
; (AoONXHO 6bITb paBHO 00000028h)
biWidth LONG ;WMPUHA M306paxeHMs B nukcenax
biHeight LONG ;BbICOTA M306paxeHus B nukcenax
biPlanes WWORD ;UNCNO LBETOBbLIX MNOCKOCTel (AOMKHO 6biITb paBHO 1)
biBitCount WWORD ;umcno 6uT Ha nukcen (AonxHo 6biTb pasHo 1, 4, 8, 24)
biCompression DDWORD ;meTOoh CXaTus
biSizeImage DDWORD ;pa3mep cob6CTBEHHO pacTpoBOro m3obpaxeHus B HanTax

biXPelsPerMeter LONG;pa3peweHue no ropu3OHTanNu B NUKCeNax Ha MeTp
biYPelsPerMeter LONG;pa3peweHue no BepTUMKaNM B NUKCenax Ha MeTp
biClrUsed DDWORD ;UMCNO UBeTOB B M306paxeHun
biClrImportant DDWORD ;umMcno BaxHbIX LBeTOB M306paxeHus
BitMapFileHeader ends

.data

NumWri dd ©

inFile db 80 dup (20)

outFile db 80 dup (20)

con Coord <>
hinFile dd 0
houtFile dd
hMapinFile dd
hMapoutFile dd
TitleText db  'MMX-npeobpa3oBaHue bmp-gauna', 0

[oNcoNo]

mesl db 'BBeanTe nyTb K mcxoaHomy anny TrueColor:'
len_mesl=$-mesl
mes2 db 'BBeanTe nyTb K BbIXOAHOMY (awnny :'

len_mes2=$-mes2

mesErrl db '3T0 He bmp-tann:'
len_mesErrl=$%$-mesErrl

mesErr2 db  '370 He TrueColor-gann:'
len_mesErr2=%$-mesErr2

mesRet db 'HaxwmuTte nwbyw knasuwy Ans Bbixoaa'
len_mesRet=$-mesRet

dOut dd 0

dIn dd ©
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porog label dword

dw 0000h
dw 004dh
dw 0097h

dw 001ch ;00 77 151 28
RabObl dd ©
dd ©
pixSizeLow dd ©0
pixSizeHi dd ©
i8 dd 8
outFileSize dd 0
initRMMX0O label dword
db 00, 00, 00, 00, 01, 01, 01, 00
initRMMX1 label dword
db 02, 02, 02, 00, 02, 02, 02, 00
PointOutRegion dd ©
PointInRegion dd ©
nWrByte dd 0
temp db "B"
.code
start proc near
;TOUKa BX0Za B MpOrpammy :
;3anpoc KoHconwu

call AllocConsole
;MPOBEPUTHL yCnex 3anpoca KOHCOMNMW

test ax, ax

jz exit;Heyaaua

;TEKCT OKHa 3arofoBka
push offset TitleText
call SetConsoleTitleA
;BbIBOJ CTPOKM TekCTa
;BHauane nony4uMm AeCKPUNTOpbl BBOAA W BbiIBOAA KOHCOMWU
push STD_OUTPUT_HANDLE
call GetStdHandle
mov dOut, eax ;dOut - pgeckpunTop BBOAA-BbIBOAA KOHCOMWU
push STD_INPUT_HANDLE
call GetStdHandle

mov dIn, eax;dIn - peckpunTop BBOAA-BbIBOAA KOHCOMMU
;YCTAHOBUM Kypcop B no3uumwo (2, 5)

mov con.xx, 2

mov con.yy, 5

push con

push dout

call SetConsoleCursorPosition

cmp eax, 0

jz exit;ecnu Heycnex
;BbIBECTW MpUrfaweHne Ha BBOA UMEHM UCXOAHOTrO (hanna

push 0

push offset NumWri

push len_mesl

push offset mesl

push dOut

call WriteConsoleA
;YCTAHOBUM Kypcop B no3uumw (2, 6)

mov con.xx, 2

mov con.yy, 6

push con

push dout

call SetConsoleCursorPosition

cmp eax, 0

jz exit;ecnu Heycnex

push 0

push offset NumWri

push 80

push offset inFile npodonacenue 5
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push
call
lea
sub
add
mov

dIn

ReadConsoleA

eax, inFile
NumWri, 2

eax, NumWri
[eax], byte ptr ©

;YCTAHOBUM Kypcop B no3uuumw (2, 7)

mov
mov
push
push
call
cmp
jz

con.xx, 2

con.yy, 7

con

dOut
SetConsoleCursorPosition
eax, 0

exit;ecnu Heycnex

,BbIBECTU npurnaweHne Ha BBOA WMMEHW BbIXOAHOTO maﬁna

push
push
push
push
push
call

0

offset NumWri
len_mes2
offset mes2
dOut
WriteConsoleA

;YCTAHOBUM Kypcop B no3uuumw (2, 8)

mov
mov
push
push
call
cmp
jz
push
push
push
push
push
call
lea
sub
add
mov

con.xx, 2

con.yy, 8

con

dOut
SetConsoleCursorPosition
eax, 0

exit;ecnu Heycnex
0

offset NumWri

80

offset outFile
dIn

ReadConsoleA

eax, outFile
NumWri, 2

eax, NumWri
[eax], byte ptr 0

————————— inFile ~---cemcmcmcr e e - e

;OTKpbITUE obbekTa sapa "dann" ans mcxoaHoro tanna inFile

push
push
push
push
push
push
push
call

NULL

FILE_ATTRIBUTE_NORMAL

OPEN_ALWAYS

NULL

0

GENERIC_READ+GENERIC_WRITE ;pa3peweHbl uTeHuWe W 3anucb B (ann
offset inFile

CreateFileA

;IpOBEPUTH ycCnex

cmp
jz
mov

eax, Offffffffh
exit;Heyaaua
hinFile, eax

;co3jaHne obbekTa sApa "npoeuupyemsin Gavn" ans UCxXxoAHOro ganna inFile

push
push
push
push
push
push
call

NULL

0 ;pa3mep (anna Tekywui
0

PAGE_READWRITE

NULL

hinFile
CreateFileMappingA

;IpOBEPUTH ycCnex

cmp

eax, 0
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jz exit;Heyaaua

mov hMapinFile, eax
;ipoeunpoBaHne (aWmoBbIX AAHHLIX ANS WCXOAHOTro ana inFile Ha aapecHoe
;IPOCTPaHCTBO npouecca

push NULL
push 0 ;CMeleHne nepBoro cumtbiBaemoro 6anTa B (hanne
push 0

push FILE_MAP_WRITE

push hMapinFile

call MapViewOfFile
;IPOBEepUTb ycnex OTKPbITMA (hanna

cmp eax, 0
jz exit;Heyaaua
mov PointInRegion, eax
mov ebx, eax;aApec Hauana WCXOAHOrO aina B mMamaTu B ebx
e e e iNFile —-----mmmmmm
mov ebx, eax;aapec tawWna B namaTu B ebx
cmp [ebx].biSize, 28h
jne exit_errl ;3TO He bmp-dann
cmp [ebx].biBitCount, 18h
jne exit_err2 ;370 He TrueColor ann
;npeobpasosaHne True -> Gray
e LT LT OUtFile -----cmmmmmcmm e

;OTKpbITUEe obbekTa sapa "tawn" Ans BbIXOAHOTrO (aina outFile
push NULL
push FILE_ATTRIBUTE_NORMAL
push OPEN_ALWAYS
push NULL
push 0
push GENERIC_READ+GENERIC_WRITE ;pa3peweHb yYTeHWe M 3anucCb B (aun
push offset outFile
call CreateFileA
;IpoBepnUTbL ycnex

cmp eax, Offffffffh
jz exit;Heyaaua
mov houtFile, eax

;co3aaHne obbekTa saapa "npoeuupyembiii Gann" ans BbIXOAHOTrO (anna outFile
;s BblUMCIAEM ANUHY BbIXoAHOTO ¢anna TrueColor B nukcenax
; (yMHOXaeM AnuHy u3obpaxeHus Ha ero BbICOTY (B nukcenax))

mov eax, [ebx].biWidth

mul dword ptr [ebx].biHeight

mov pixSizelLow, eax ;mnajwas MNofoBMHA pa3mepa pacTpa B nukcenax

mov pixSizeHi, edx ;cTapwas nNonoBMHa pa3mepa pacTpa B nNukcenax
;B eax pa3mep cobCTBeHHO pacTpoBoro m3obpaxeHus B BGaWTax

add eax, 54+4*256 ;54 - pasmep (MKCMPOBAHHOTO 3aronoBka

;4*256 - pa3mep mMaccuMBa LBETOBbLIX 3HAYeHWN
;B €ax pa3mep BbIXOAHOTO (anna B HanTax

mov outFileSize, eax

push NULL

push eax ;pa3mMep BbLIXOAHOTO (hainna
push NULL

push PAGE_READWRITE ;PAGE_WRITECOPY
push NULL

push houtFile
call CreateFileMappingA
;IpoBepnUTbL ycnex

cmp eax, 0
jz exit;Heyaaua
mov hMapoutFile, eax

;IpoeunpoBaHne (aWmoBbIX AAHHLIX ANS BbIXOAHOTrO awna outFile Ha aapecHoe
;MIPOCTPAHCTBO npouecca

push outFileSize
push 0 ;CMelleHVe NepBOTro cuMTeiBaemoro 6aiTa B anne
push 0

push FILE_MAP_WRITE ;FileMapAllAccess npodoaacenue =
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push hMapoutFile
call MapViewOfFile
;IPOBEPUTbL yCrneX OTKPbITUS (haina

cmp eax, 0

jz exit;Heyaaua

mov PointOutRegion, eax

mov edi, eax ;alpec Havana BbIXOAHOTO (ainna B namatum B edi

[IpencraBIeHHBIMU B 3TOM JIUCTUHTE IEHCTBUSMU MBI TOATOTOBUIIN TTPUIOKEHNE
K BBIIIOJIHEHUIO cOOCTBEHHO npeobpasosanus. [ atoro cpegcreamu Windows s pa-
GOTBI ¢ KOHCOJIbIO ObLIN BBEZEHBI UMeHa (hailioB. 3aTeM aTu (pailibl ObLIN OTKPHITH KakK
(aiibl, oToGpaxaeMble Ha aMATh. Axpeca (ailjIioB B IIaMsATH OBbLIM TOMELIEHBI B STYeii-
ku PointInRegion u PointOutRegion. {is1 yao6eTBa paboThl 9TH afpeca GbLIK IIOMEIEHbI
Takke B peructpbl EBX 1 EDI coorBercTBerHo. J[jist TOro 4To0bl KMETh BO3MOMKHOCTD
MTPOCMATPUBATDh BBIXOHON (hailJl CTaHAAPTHBIMU cpeicTBaMu (TpadhUIeCKUM PelaKkTo-
pom Paint), Heo6xoa1nMo chOpMUPOBATh KOPPEKTHBIN 3aT0J0BOK JJIsl BBIXOAHOTO (aii-
sa. Tpu aTOM coieyeT oOpaTuTh BHUMaHUE Ha (HOPMUPOBAHUE TIOJIEH, XapaKTepU3yto-
mux oOmuil pasmep daiina 1 pasMep cOOCTBEHHO PacTPOBOro M300paskeHust. MeToauka
37ech ipocTasi. 3 3aroioBka McXoHOTo (haiiyia n3BIEKAIOTCS 3HAYEHWS BBICOTBI U TITH-
PUHBI pacTpa B TMKceax. VX mpousBesieHne U JaeT pa3Mep BCETO pacTpa B IMKCENAX.
st 8-paspsiagHoro nzobpaskeHust 9T0 3HaYeHUeE MpeAcTaBaser co0oi IIMHY pacTpa
B Oaiitax. [y mostyueHust pasmepa Beero (aiiia octaercs mpubaBUTh PasMep MacCuBa
1uBeToB (256 (4 6aiiT) u pasmep 3arojioBka bmp-daiina (54 6aiita). ITu HeiiCTBUS Mbl
BBITIOJIHSIIN, KOT/Ia CO3/IaBaJIM BBIXOAHON (aiin u onpesessiiiv ero pasmep. Pesynbrart
STHX JelCTBUIA MbI OyeM UCIIONb30BaTh Aajee 1t (hOPMUPOBAHUS COOTBETCTBYIONIIX
TI0JIel 3ar0JI0BKA.

Jinctunr 18.7 (nponosxeHuve)

;hopMMpyeM 3arofloBOK BbIXOAHOTrO (hanna:
mov ax, [ebx].bfType
mov [edi].bfType, ax
mov eax, outFileSize
mov [edi].bfSize, eax ;obwnii pasmep taina
mov [edi].bfReservedl, 0
mov [edi].bfReserved2, 0
mov [edi].bfOffBits, 54+4*256
mov [edi].biSize, 28h
mov eax, [ebx].biWidth

mov [edi].biWidth, eax ;WMPUHA pacTpa B nukcenax
mov eax, [ebx].biHeight

mov [edi].biHeight, eax ;BbICOTA pacTpa B nNukcenax
mov [edi].biPlanes, 1 ;UNCNO LBETOBbLIX MNMOCKOCTEW
mov [edi].biBitCount, 8 ;uncno 6uToB Ha nukcen

mov [edi].biCompression, @ ;meTOoA CXaTus

mov eax, outFileSize

sub eax, 54+4*256

mov [edi].biSizeImage, eax ;pa3mep COBCTBEHHO pPacTpPOBOro m3sobpaxeHus
mov eax, [ebx].biXPelsPerMeter

mov [edi].biXPelsPerMeter, eax ;wupuHa pacTpa B nukcenax

mov eax, [ebx].biYPelsPerMeter

mov [edi].biYPelsPerMeter, eax ;BbiCOTA pacTpa B nukcenax

mov [edi].biClrUsed, 100h ;UMCno uBeTOB B M306paxeHuu

mov [edi].biClrImportant, © ;4yucno BaxHbIX LUBETOB B M306paxeHuu

Hanee popmupyem maccus 11BeToB. OCOOEHHOCTH €T0 COEPKIMOTO MbI 0OCY K AT
Bbite. Temeps HAC HHTEPECYIOT 0COOEHHOCTH TIpoliecca ero hopmupoBanust. Kax it
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HJIEMEHT 9TOTO MacCUBa 3aHUMAaeT 4 Gafita, MosTOMY IS €T0 (DOPMUPOBAHUS YIOOHO
ncnobzoBath MM X-komanbl. Coziepskanvie NCTIOMHIEMBIX IEHCTBUN OYEHb ITPOCTOE,
II09TOMY TIOIIPOOYiiTe PasobpaThCs B HUX CAMOCTOSTEIbHO, 00paliasich JJIsl CIIPABKU K
onmcannio koman MMX-pacmmpenust, TpUBeZIeHHBIX B TEKCTE 3TOM TJIaBHI (CM. paHee
nozipaznien «CucreMa KOMaH/I» ) U B TPUIOKEHUN A.

JNinctuur 18.7 (npogosmxkeHune)

;opmMupyem mMaccuB LIBETOB
add edi, 54
mov ecx, 128
movq rmmx0, initRMMXO
movq rmmx1, initRMMX1

Xor esi, esi
m3:
movq [edi+esi*8], rmmx0O
padd usb rmmx0, rmmxl
dec ecx
inc esi
jcxz ml
imp m3

[Tocne popMUPOBaHKST MACCHBA IIBETOB BCE TOTOBO /ISl BBHIMOJIHEHUsT COOCTBEHHO
mpeobpa3oBanus pacTpoBoTo n3obpakeruss. OHO BBIMOTHSIETCS MO OTNPENAETEHHOMY
ATOPUTMY, CyTh KOTOPOTO 3aKJII0YAETCS B CaIeyionieM. Kakabiil mukcest iBeTHOTo n306-
pakeHust MpeobpasyeTcst B SKBUBAJIEHTHBIN OTTEHOK ceporo TiBeTa. [l/1st mosryueHus Ta-
KOTO OTTEHKA HEOOXOMMMO KPACHYIO, CHHIOWO 1 3eTEHYI0 COCTABJISIIONTIE TTBETA UCXO/I-
HOTO TIMKCeJIa YMHOXHUTh HA OlpeleeHHble KOAhMUIIUEHTBI, TOCIE YETO CIOKUTH.
[Tosy4yenHbIii pe3yabTar geanTcst Ha 256 (MOKHO CABUTOM Ha 8 pa3psiioB BIipaBo). Ya-
CTHOE OT JieJieHUst (PasMePOM B OIUH OAT) U SBJISICTCST 9KBUBAJEHTHBIM OTTEHKOM Ce-
poro 11BeTa, mosydenHsiM u3 RGB-cocTaBisgionx ncxoaHoro nBeTHOro nukcena. Cxe-
MaTHYHO TIPOTIeCC MPeodpa3oBaHus 1IBETa MUKCea oKa3aH Ha puc. 18.16.

WcxonHbin
®ann [ 3aronosok TR11G1IBIIR21G2IB2] - - - IRnIGnIBAl - - -
(TrueColor)
54 Gainta
[Rn*771Gn*151[Bn*22 |
,é
Il
21256
BbixogHom
cann
(8 6utroe |_3aronosok | _ Macovs useros ] - - [Poa] Po[Pasa - o - [ T
n3obpaxeHue)
54 6aiiTa (256 -4) GanT 1 Gant

Puc. 18.16. Cxema npeobpasoBaHus LeTHoro nukcena (True Color) B 3kBMBaNEHTHbIN Cepblii

JNluctuur 18.7 (nponosmxeHuve)

R R e OutFile ------------------oee e

mov ecx, pixSizelLow
add edi, 4*256 ;[edi] - Ha Hauano cobCTBEHHO pacTpoBOro M3obpaxeHus

;B BbIXOAHOM (anne
A (1) npodonscenue 5
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add ebx, [ebx]+0ah

dec ebx ;B ebx aapec B tawne Haudana u3lobpaxeHus - 1

xor esi, esi
;3arpy3ka B perucTpbl LBeTOBbIX 3HAaueHWi aAns npeobpa3oBaHus
m2:

punpcklbw rmmx0Q, [ebx][esi*4]

psrilw rmmx0, 8

pmullw rmmx0®, porog

movqr mmx1l, rmmx0

psllqg rmmx1l, 16

paddusw rmmx®, rmmx1l

psllqg rmmx1l, 16

paddusw rmmx®, rmmx1

psrlw rmmx0, 8;aenum Ha 256

movq RabObl, rmmx0

mov al, byte ptr RabObl+6
mov [edi], al
add ebx, 3
dec ecx
inc edi
jecxz m5
imp m2
m5: jmp exit

B nanHOM BapuaHTe TIPOrpaMMBbl 06pabaTHIBAIOTCS TOJIBKO JBE ONMTHOOUYHBIE CUTYa-
I[II: BBOJ HEKOPPEKTHOTO MMeHM (haiia (MU IyTH K HeMY) U BBIGOP B KAUeCTBE HC-
XomHOTO (haiiia ¢ tunom, otaudabiM 0T TrueColor. B ciydae BOSHUKHOBEHUSI IPYTHX
OIMMMOOYHBIX CUTYAI[MiT TPOU3BOIAUTCS TIEPEXO]] HA METKY exit ¢ TOCJEYIONM BbIXO-
JIOM 13 TIPOTPAMMBI.

Nuctunr 18.7 (npoaonxeHue)

exit_errl:
;yCTaHOBUM Kypcop B no3uumw (5, 10)
mov con.xx, 5
mov con.yy, 10
push con
push dOut
call SetConsoleCursorPosition
cmp eax, 0
jz exit;ecnu Heycnex
;BbIBECTU coobuweHne o6 owmbke
push
push offset NumWri
push len_mes2
push offset mesErrl
push dOut
call WriteConsoleA
jmp exit;return
exit_err2:
;yCTaHOBUM Kypcop B no3uumw (5, 10)
mov con.xx, 5
mov con.yy, 10
push con

push dOut
callSetConsoleCursorPosition

cmp eax, 0

jz exit;ecnu Heycnex
;BbiBECTU coobuweHne o6 owmbke

push 0

push offset NumWri
push len_mes2
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push offset mesErr2
push dOut
call WriteConsoleA
; imp return
;3aKpbiBaem (annbl
exit:
emms
;ycTaHoBUM Kypcop B no3uuuo (5, 12)
mov con.xx,
mov con.yy, 10
push con

push dOut
callSetConsoleCursorPosition
;BbIBECTU coobweHne o HaxaTuu nwboin Knasuwn
0

push

push offset NumWri
push len_mesRet
push offset mesRet
push dOut

call WriteConsoleA
push 0

push offset NumWri
push 80

push offset inFile
push dIn

call ReadConsoleA

ITepest BBIXOZOM U3 IPOTPAMMBI HEOOXOANMO JOJKHBIM 06Pa3soM 3aKPBITh (hailJibl.
Eciu aToro He cienath, TO UX COEPKIMOE He UBMEHUTC. /11 KOPPEKTHOTO 3aKPBITHS
(baiisa, cipoeMPOBAHHOIO Ha MaMATh, He0OX0AUMO BbI3BaTh GyHKiuu FlushViewOfFile
u CloseHandle. C momomnibio dynakimn FlushViewOfFile m3ameHeHHbIe TaHHbIe U3 TAMSATH
komupyiores Ha anck. Oymxrmmst CloseHandle BBI3BIBAETCS IBAKIBI 15T 3AKPBITHST OO HEK-
TOB si/[pa «(hailry» 1 «IIpoenupyemMbiii (paiis.

JNnctuur 18.7 (npogosmxkeHne)

push NULL

push PointInRegion

call FlushViewOfFile

push hinFile

call CloseHandle

push hMapinFile

call CloseHandle

push outFileSize

push PointOutRegion

call FlushViewOfFile

push houtFile

call CloseHandle

push hMapoutFile

call CloseHandle
;BbIXOZA W3 MPUIOXeHWS

return:

;roTtoBum Bbi3oB VOID ExitProcess(UINT uExitCode)
push 0
call ExitProcess

start endp

end start

AononHutenbHble uenodyncneHHoie MMX-komaHabl

[TpencraBienHblie 3/1eCh KOMaH/bl HY;KHO PACCMaTPUBATh KaK JOMOJHEHUE K CUCTEME
nestouncyaeHabix MM X-koman. BriepBbie oHU MTOSIBUJTMCH B aDXUTEKTYPE TPOIEccopa
Pentium III. O61iee ux koaudectBo — 12:
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PAVGB | PAVGW npueMHUK, MCTOYHUK — KOMaH/IbI BBIYMCJIEHUS CPEAHETO IBYX 3HAYE-
HUH. 3HAYEHVST MTPEICTABIISIOT c000# Ge33HAKOBBIE TIETOUNCIEHHBIE YTAKOBAHHBIE
BJIEMEHTBI OTIEPAH/IOB NPUEMHUK U UCTOYHUK pasMepoM Oaiit/cioBo. VIcTOUHUK MO-
xkeT 661Th MM X-peructpoM mwin 64-paspsiiHON STIEHKOM TAMSITH, U €T0 COIEePKHU-
Moe He usMenseTcs. VsmMeHsaeTcs ToJIbKO 3HaueHue IIPUEeMHUKA, KOTOPBIA J0JIKeH
66iTb MM X-peructpoM. B HeM (opMUpyeTcst pe3yibTaT BEIYUCIEHUS CPEIHETO
aprdmermaeckoro. Cama Omeparust BHITOTHSIETCST HAJl TAPHBIMU 3JIEMEHTAMU B 000MX
OTepaH/Iax CAEAYIONTIM 00pa3oM:

1) BBIONHUTH GE33HAKOBOE CJIOKEHHE TTAPHBIX HJIEMEHTOB OTIEPAH/IOB TIPUEMHIKA
1 UICTOYHUKA;

2) 3allOMHUTDH TIEPEHOC B CTAPIITUE Pa3Ps/Ibl;

3) cABMHYTH BIIPABO HA OMH Paspsi Pe3yabTat caokenus (6e3 yuera 6ura nmepeHo-
ca), TO eCTh Pa3JIeIUTh HA 2;

4) PE3YAbTAT CABUTA CJIOKHUTDH CO 3HAYCHUEM IIEPEHOCA.

[onomnurenpusie MM X-komanpt npugaior MM X-pactiimpeHunio psiJi HOBBIX BO3-
MOKHOCTEN 11 opranusaiuu 6ojee apdexTuBHOM 00paboTKy HaHHbIX. Tak, cie-
IYIOIIe KOMAH/BI TO3BOJISTIOT OPraHU30BaTh MOCTYI K OTHAEJTbHBIM 3JI€MEHTAM
MMX-omnepana.

PEXTRW npuemHUK, UCTOYHMK, Macka — KOMaH/la U3BJICYEHUS OJJHOTO U3 YeThIpeX yIia-
KOBAHHBIX CJIOB OIl€paHza UCTOYHUK. McTouHuK mosxkeH 661Tb MMX-perncrpom.
N3BiekaeMoe 13 UCTOYHMKA CJIOBO JIOKAJIU3YETCS C TIOMOTIBIO 3HAYEHMsI, 3a/1aBae-
MOT'0 MacKoil. 3HaueHue B Hell UMEIOT JIBa MJIIIIMX O1Ta, KOTOPBIE YUCAEHHO OIIpe-
nenstiotT HoMep cyioBa (o1 0 /10 3), n3BIeKaeMOro U3 UCTOUHUKA. VI3BIeuenHoe c10Bo
MTOMENIAETCST B MJTAJIITIEE CIIOBO TIPUEMHUKA, SIBJISAIONIETOCS OTHUM U3 32-Pa3psiiHbIX
perucTpos o61ero HasHadeHust. Crapiiee CJI0BO IIPUEMHIKA OOHYJISIETCS.

PINSRW npueMHuK, NCTOYHMK, Macka — KOMaH/Ia BCTABKM CJIOBA B OJTHO M3 YETBIPEX
YIaKOBaHHBIX CJIOB orepaHaa npuemHuk. IlpuemMuuk possker 66rrb MMX-peruct-
pom. VIcTOUHUK MOKET OBITh 32-paspsiIHBIM PETHCTPOM O0TIEr0 HAZHAYEHUS UJIH
CJIOBOM IaMATU. MecTo BCTaBKU CJI0Ba JIOKATIU3YeTCs B IIPUEMHUIKE C [IOMOILIBIO 3Ha-
YEHUSI, 33/[aBAEMOT0 MACKOi. 3HaUeHUe B HEHl UMEIOT [IBa MITA/IIINX OUTA, KOTOPBIE
YUCIEHHO onpeesssioT HoMmep caoBa (ot 0 710 3) B TpUEMHNKE, 3aMeNaeMOTO HOBBIM
3HaYEHUEM U3 UCTOYHUKA. ECM ncTOYHNK — 32-pa3psIHbIil peTUCTp, TO BCTaBJIse-
MOE€ 13 HETO CJIOBO IOJKHO GBITH MITAMIIITIM.

PMAXUB | PMAXSW npueMHUK, MCTOYHUK — KOMAH/[bI I3BJIeYeHISI MAKCUMAJIbHOTO 3HA-
JeHNsI M3 KaXX/[01 TMapsl YIIAKOBAHHBIX 3JIEMEHTOB B OTIEPAH/IAX. DJIEMEHTHI TIpe/i-
CTaBJISAIOT c000it OGe33HaKOBbIE GaliThI (17151 KoMaHibl PMAXUB) min 3HaKOBbIE CIIOBA
(st xomanasl PMAXSW). IIpuemuuk possken 6b1tb MMX-peructpom. Merounuk
MoxeT 661Th MM X- peructpom uiu 64-paspsiiHoii ssuetikoii mamsit. Pesysbrar us
MaKCHUMAaJIbHBIX 3JIEMEHTOB KaXK/10# TTaphl (GOPMHUPYETCS B OTIEPAHJIE NPUEMHUK.

PMINUB | PMINSW npueMHHUK, NCTOYHMK — KOMAH/BI JJLs1 U3BJICUEHISI MIHUMATLHOTO
3HAUEHUS U3 KAXKIOH Taphbl yITAaKOBAaHHBIX 3JIEMEHTOB B Oll€PaHaX. DJIEMEHTHI TPe/I-
CTaBJISIOT c000# Ge33HakoBbie OallTh (1715t KoMaH 161 PMINUB) uiit 3HaKOBbIE CTOBA
(st komanaer PMINSW). TIpuemuuk gomxken 6uitb MMX-perucrpom. Merounuk



MMX-paciumpeHmne apxmuTekTypbl npoueccopa Pentium 561

MoxeT ObITb MM X-peructpoM uin 64-paspsiaHoii ssueiikoii mamsatu. Pesyabrar us
MUHUMAJIBHBIX 9JIEMEHTOB KaK/I011 TTapbl (POPMHUPYETCS B OIIEPAH/IE NPUEMHUK.

Crienyronast KoMaH/1a HeOObIYHAST — OHA TIO3BOJISIET BBIIEIUTh 3HAYCHNS 3HAKA (CTap-
1rero 6uTa) yakoBaHHBIX Al TOBBIX 3/ieMeHTOB. TTocie 4ero aTu OUThI COOMPAIOTCS
B OIUH OAalT U MOMEIIAIOTCS B MJIAJIIIIE Pa3psi/ibl PETUCTpa 00IIEro Ha3HAYEHUSI.
[Momo6GHast omepanus O3BOJISIET BBITTOIHSTH AHAIN3 3HAKOB YIIAKOBAHHBIX GANTOB
B MMX-perucrpe 1 opraHu30BbIBaTh BETBJIEHUE TPOIPAMMBIL.

PMOVMSKB npueMHWK, MCTOYHUK — KOoMaHIa AJIst GOPMUPOBaHUs 6aiiTOBOTO 3HaYe-
HUST, OUTBI KOTOPOTO SIBJISIIOTCST 3HAKOBBIMU JIJIST BCEX BOCHMU GAiTOB, yITAKOBAaHHBIX
B MMX-peructpe. Vctounuk gosxkeH 66itb MMX-peructpom. Pesysbrar us Mu-
HUMAJIbHBIX JIEMEHTOB KaK/I0H TTapbl (hopMHUpYyeTCcs B oriepaHie npuemHuk. [Ipuem-
HUK SIBJISIETCS 32-Pas3pAAHbIM PErUCTPOM 00Iero HasHayeHus (hopMUPyeMBbIi U3
3HAKOBBIX Pa3pAN0B OalT GYAET ABISATHCS MM ).

PMULHUW npueMHHMK, UCTOYHUK — KOMAH/A YMHOKEHNUST YITAKOBAHHBIX G€33HAKOBBIX
¢JI0B ¢ (GOPMUPOBAHNEM B KaueCTBe pe3yJIbTaTa CTapIINX CJI0B IpousBeneHns. Vc-
TOYHUK MOKeT ObITh MM X-peructpom win 64-paspsiiHoil stueiikoil mamsitu, Pesyiib-
TaT U3 CTapUIMX CJIOB IIPOU3BE/IeHUS KasKJ01 apsl (hOpMUPYETCS B OIlepaH/ie npu-
emHuK. [Ipuemnuk sBasgercs MMX-peructpom. Panee Mbl yke paccMaTpuBain
nozobuyio koManay — PMULHW, koTopast Takske paGoTaa co CJI0BaMU, HO C Y4€TOM
3HaKa.

PSADBW npueMHMK, UCTOYHWK — KOMaH/Ia BRIYUCIECHUS CyMMapHOW Pa3HUITHI 3HAUeE-
HII KaK IOl mapbl 6e33HAKOBBIX GANTOB yIIaKOBAHHBIX OaliTOBBIX 3HAUEHUH B IIPU-
eMHUKe 1 ucTouHuKe, McTounmnk MoskeT bt MM X -peructpom mim 64-paspsaHoit
S9eikol maMaTu. Pe3ysbTaT n3 cTapimx cJoB MPOU3BEAEHUsT KaxK/0i apsl Gop-
Mupyetcs B oniepanzie npuemHuk. [lpuemunk ssasercss MM X-peructpowm. [lonnma-
HUe ajropuT™Ma paboThI STOI KOMaH/IbI BBI3BIBAET OIPEIEIEHHbIe TPy AHOCTH. [10-
3TOMY PACCMOTPHM €TO HOJIEe TETATHHO:

1) mas xKaxmoil mapsl GaliTOBBIX 9JIEMEHTOB OIEPAHIOB NPUEMHUK U UCTOYHUK BbI-
YUCJUTD MOYJIb UX Pa3HOCTH;

2) CIOKUTH MOZLYJIU PA3HOCTH BCEX Map OGAlTOBBIX 3IEMEHTOB ¥ 3aMTUCATH IOy YeH-
HBIHU pe3yabTaT B MJIAJIITEE CIOBO TPUEMHUKA;

3) crapiivie TpU cJI0Ba IPUEMHUKA OOHYJIUTH.

PSHUFW npueMHUK, UCTOYHKK, MacKa — KOMaH/Ia IiepepacipeiesisgeT yIlakoBaHHBIE CJI0-
Ba U3 OTIEPaH/Ia UCTOYHUK B OTIEPAH]] NPUEMHUK B COOTBETCTBUM C MACKOM, 3a[aHHOM
orepangoM Macka. VMcroununk moxker 6bitb MMX-peructpom miau 64-paspsagHoit
sSTYeN KON maMsTh. Pe3ysbrat repepacnpeziesieHns CJI0B BTOPOTO OllepaH/ia IoMenia-
eTcs B IPUEeMHUK, KoTopbiil siBisiercs MMX-peructpom. Vcxomroe conepsknmoe
IpUEMHUKA 3HaUeHHs He nMeeT. Macka mpeacTaBisier coboii GaiiT, B KOTOPOM:

O uuciennoe 3Hauenne 6utoB 0 11 1 OMPeessioT, KAKOE 13 YeTHIPEX CTOB UCTOUHH-
Ka HeoOX0MMO pa3MecTuTh B Gatitax 0 u 1 mpueMHNUKa;

O 9YKCIeHHOE 3HaUeHne OUTOB 2 1 3 OMPENEIISIOT, KAKOE M3 YETHIPEX CTOB UCTOUHH-
Ka HeoOXOIMMO Pa3sMeCTUTh B GaliTax 2 U 3 IpUeMHUKA;
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O 9YKCTeHHOE 3HAUYeHMe OUTOB 4 1 5 OTIPEMIEIISIOT, KAKOE M3 YETHIPEX CTOB NCTOUHH-
Ka HeOGXOIMMO PAa3MECTHUTD B GaliTax 4 5 IPUEMHUKA;

O uvucJeHHOE 3HaYeHre OUTOB 6 U 7 ONPEIENISIOT, KAKOE U3 YETHIPEX CJIOB UCTOUHMU-
Ka HeOOXOTMMO Pa3MeCTUTh B GaliTax 6 u 7 mpueMHUKA.

Harmpumep, eciin ucrounnk nmeet 3nadenne 0012 950b 0054 0fd5 u samana macka
01101101b, To mocsie mpumenenust komauabl PSHUFW B mpuemtuke 6yzer copmu-
posano 3Hauerne 0054 950b 0012 0054.

XMM-pacwmpeHne apxXmTeKkTypbl
npoueccopa Pentium

B 1999 r. cemeiicTo mpoieccopos Pentium ¢dpupmsl Intel momonHumzocs HOBoM Moze-
apio — niporieccopoM Pentium 1T (Katmai). OcHOBY ero apXuTeKTypbl COCTABIISIET SI/IPO
npoiteccopa Pentium I1, ronosnennoe momysnem SSE (Streaming SIMD Extensions —
notokoBoe SIMD-pacmmpenne). IlorokoBoe SIMD-pacmupenue momnosanser MMX-
TEXHOJIOTHIO CPEACTBAMU 06PabOTKH IAHHBIX C IIABAIONIeH TOuKoi. PaHee MbI ycioBHU-
Jich HazbiBaTh ATOT TUTT MM X-pacimupenuss XMM -pacwupenuem.

XMM-pacuiupenue siBIsieTcs pooJKeHreM nontuku Intel Ha BBoA B apXuTeK-
TYPY TPOIECCOPOB CPEACTB, TIOBBIMIAIONNX 3((HEKTUBHOCTH BEIYUCICHUH Ha GONBITIX
MacCHBaX OMHOTHUITHBIX JaHHBIX. [IporpamMHuo-anmapatias Moness XMM-pacumpenst
MMEET TIPOCTYT0 ¥ THOKYIO CTPYKTYPY. B Hee BXOAUT psift HOBBIX PETMCTPOB, HOBBIE KO-
MaH/Bl ¥ popMaThl JaHHbIX. [IporpaMMel, paspaboTaHHbIe [T PAHHUX MOJEIeH Tpo-
I[eCCOPOB, OYAYT TakyKe BBHIMOJHATHCS HA KOMITBIOTEPAX, OCHANIEHHBIX TIPOIIECCOPOM
Pentium III, Ho onu He cMOTYT 33/1€ficCTBOBATH HOBITIECTBA, BBeleHHbIe X MM -pacimu-
perueM. J[JIst 3TOTO MporpaMMa J0JKHa ObITh U3HAYATBHO HATTMCAHA C YYETOM JIOTHKH
paboTHI TPOrPaMMHO-AMTIAPATHBIX CPECTB, BXOAANX B X MM-pacumpenue.

Mopenb XMM-pacwmpeHus

XMM-pacumpenue 100aBIsieT CIeayoliue HOBbIE 9JIEMEHTBI B ADXUTEKTYPY TIPOIiec-
copa:
BoceMb 128-pa3psiiHbIX PETUCTPOB C TIaBaonieil Toukoit — xmmO...xmm7 (XMM-
perucTpo);

dopmar ganubix (hopmar XMM) pasmepom 128 6ur, npencrasiisiomuii coboii co-
BOKYITHOCTH U3 YETBIPEX YITAKOBAHHBIX 32-Pa3PsIHBIX YHCEJ C MIIABAIOIIEN TOUKOI
B KopoTtkoM ¢opmate — SPFP (Single Precision Floating Point);

Habop XMM-koMaH;
32-pa3psaiHbIil PETUCTP yIIPABIEHUS /COCTOSTHUSI.

Pacemorpum ux moapobuee.

Ha puc. 18.17 nmokazansl Bocemb 128-paspsanbix XMM-peructpos /st XpaHeHNs
JNAHHBIX U OJMH PETHCTD YNPaBIeHUs/coCcTOSTHI. KaxKIblit U3 3THX PETUCTPOB AOCTY-
TIeH COOTBETCTBYIOMMUMHU KoMaHaamu X M M-pacuripenuist.

XMM-peructpsl TpUMEHSIIOTCS TOJIBKO JIJIsT XpaHeHust fanubix. He nmeet cMbicia
3a7efiCTBOBATD MX JIJIST XPAHEHUST a[IPECOB TTAMSITU — [IJISI TOTO I0CTATOYHO PETUCTPOB
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Pernctpbl AaHHbIX
3 2 1 0

xmmO
xmm1
xmm2
xmm3
xmm4

xmm5

Xxmm6
xmm7

127 96 95 6463 3231 0
PerucTp coctosHusa/ynpasneHus
mxcsr | peaepB|fz|rc|rc|pm|um|om|zm|dm|im|-|pe|ue|oe|zdde| ie|
31 15 10 5 0
Puc. 18.17. XMM-peructpsl

obiero HasHaveHus. [Ipy HATHCAHUM MPOTPAMMBI TPOTPAMMUCT MOKET CMEIITHBATH
KOMaH bl 060ux TUTIOB MM X-paciupenust, Tak Kak OHU MCIOIB3YI0T (PU3MIECKH pas-
Hble HaOOPBI PerucTpoB. BesecTBre 3TOTO Uit pabOThl ¢ HUMU HE HYKHBI KOMAHIbI,
nonobubie EMMS.

OcHoOBHOW THT aHHBIX X MM-pacimpennst — 4ucJio ¢ MJIaBaiollell TOUKOl B KO-
porkom dopmate. Onepaniom XMM-komanst siBasiercss XMM-peructp nim 128-pas-
psinHas sueitka mamsiti. OQrepaHji COAEPIKUT YeThIPe YKUCJIA C TIaBAIONIe TOUYKOI B KO-
potkoM opmarte. [10aTOMY TOBOPST, UTO UKCJIa YIIAKOBAHBI, 1 COOTBETCTBEHHO, (hopMaT
JIAHHBIX HA3BIBAETCS YNAKOBAHHLIM popmamom ¢ naasaioueti mouxoi (hopmatom XMM).
B rmaBe 17 Hamu ObLIM PACCMOTPEHBI Pas3JndHble GOPMATHI JAHHBIX COIMIPOIIECCOPA,
U YKa3aHHBIN (hopMaT OBLT OTHUM U3 HUX. BCIIOMHMM OCHOBHBIE €TI0 XapaKTePUCTHKHY:

JUTMHA uncaa — 32 6uta;

JUIMHBI TI0JIel B (popMaTe: MaHTHCCH — 24 OuTa, nopsaka — 7 6ut, 3Haka — 1 6uT;
JMala30H 3HAYEeHWi:

O aBoWuHOe uncia — 27126, 2127,

O necsatuanoe uncyaa — 1,18 O1078...1,70 10,

®opmat XMM-peructpos uiu 128-pa3psiaHoii sueiiky MaMsITH OTPAXKAET CTPYKTY-
py dopmata XMM. Hucna B ynaxosannom kopomxom gpopmame ¢ niasaroueti moukou
B TIpejiesiax aTux 00bekToB Hymepytores ot 0 1o 3. Onucanue qanHbix opmata XMM
B [IPOrpaMMe Ha sI3bIKe acceMbiepa MPOU3BOJMTCS MO TEM JKe MTPUHITATIAM, KOTOPBIME
MBI PYKOBOJICTBOBAJIUCH ITPU OTIMCAHUN JAHHBIX Tesiouncaernoro MM X-pacimmpenns.
B mamstu mamnsie B hopmare XMM pacronaraioTcsi B COOTBETCTBUU ¢ OOBIYHBIM JIJISk
apxuTekTyphl Intel mopsaakom — «Muamumii 6aiiT o muraamemy aapecy»> (puc. 18.18).

Hasnauenne perncrpa ynpasienusi/coctosiaust MXCSR anasmormyHo cooTBETCTBYIO-
muM perrctpam compoieccopa CWR 1 SWR (em. rasy 17). Tak, Gosbinas yacts OUTOB
3TOTO PETUCTPA UCTIOIB3YETCS JIJIsI MACKIPOBAHUS /IeMAaCKIPOBAHWS NCKITIOUEHUT, IPY-
rag 4acTh — JIJIs yCTAHOBJIECHUS CIIOCOO0B OKPYTIEHUS, TIPOCMOTPa (hTar0B COCTOSTHUST
(tabu. 18.8). Pabora ¢ 9TUM PerucTPOM OCYIIECTBIISETCS ¢ TIOMOIIBI0 KoMan i LDMXCSR
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127 9695 64 63 32 31 0
xmmN [ 3 [ 2 T 1 [ o |
I I |
0 \L 3132\ 6364 \L 9596 \ 127
[ o [ v+ T 2 T 3 T (]
236

<— OnepaTuBHasl namsate —>

0 -1
Puc. 18.18. Cxema pacnonoxeHus B namsatu gaHHbIx popmata XMM

u FXRSTOR (3arpyska cosep:KUMbIM 13 TaMsTh ), a Takxke STMXCSR u FXSAVE (coxpanenne
COZIEP’KMMOTO B TIAMSITH ).

Ta6nuua 18.8. HasHayeHune 6uToB pernctpa MXCSR

Butel HasBaHue HasHaueHue
0..5 IE, DE, ZE, Dukcaiyst MICKJIIOUYEHUH ¢ T1aBaolieil Toukoii (cm. raBy 17).
OE, UE, PE Jl1st oumcTKY 3THX 6UTOB HMcosbayercst komanga LDMXCSR.

Bosnukaroiiue uckiaodeHus: (GUKCUPYIOTCS JIsT BCETO
YIIAKOBaHHOTO (hOpMaTa, U CPEICTB IS OTIPe/IeIEHUS
KOHKPETHOTO YncJia (M3 YeThIPEX ), BHI3BABINETO 3TO UCKJIIOUYEHNE,
He CyIIeCTBYyeT

7.12 IM, DM, ZM, MackupoBanue orpezieJIeHHBIX TUITIOB UCKJTIOUEHUH € TIIaBatoniei
OM, UM, PM | toukoii (cMm. riraBy 17). HavasbHoe cocTosiHue aTuX OWTOB

€/IMHUYHOE, YTO 03HAYAET MACKUPOBAHUE BCEX NCKJIIOUECHMUIA.

Jlst yeranoBKu 31X 6uTOB ucnobsyercs komadga LDMXCSR.

MackupoBanue UCKITIOUEHUI IEWCTBYET JIJIsT BCETO

ymakoBanHoro ¢hopMaTa

13..14 RC (Rounding | 3azmamwue pesxxnma okpyraerus. I1o yMoT4aHUIO A€HCTBYET PEKUM
Control) OKpYIJIeHUsI K GJzKallieMy [PeiCTaBUMOMY 3HAUCHUIO YKCJIa
B KOPOTKOM hopMaTe ¢ riaBaioiieit Toukoi. [1pu sxemamu
MOKHO YCTaHOBUTb CJIEYIONIHE PEKIUMBI OKpyTieHust: 00 —
okpyrienue K bumskaiitemy; 01 — OKpyriieHue B MEHBIIYIO
cropony; 10 — okpyrierue B 60Jblryio cropony; 11 —
OKPYTJIEHKE K HYJIIO C yCEUEHUEM, TO €CTh OTOPAChIBAHUEM
JpobHOit yacTu

15 FZ YcranoBka pexxnma «CIBUT K HyT0». cronb3yercs B cuTyanuu
(Flush-to-Zero) | nepenosiHerue ciepyonmM oGpazoM: BO3BPAIAETCS HyJIEBOE

3HauEHME BMECTE C ICTUHHBIM 3HAKOM Pe3yJIbTaTa;

ycranasausatorest 6utbl UE u PE B peructpe MXCSR.

ITo ymomuanuio 6ut FZ ycranosien B 0. Hajguune 6ura FZ

He cootBercTByeT crangapty IEEE-754 Ha BbramcaeHus

C IUIABAIOLIEH TOUKOH, TAK KaK 3TOT CTaHAapT Tpedyer

IIPY BO3HUKHOBEHUU TIepernoyiHeHus: JOPpMUPOBATH

JIeHOPMAJTM30BAHHBIN OTIepaH/l. ITOT PEKUM BBeZIEH

u3 coobpaxennit apdexrusroctr. Llenoi neGobLION TOTEPU

TOYHOCTH MOKHO 0CTUYB GoJiee GBICTPOil paboTh

NPUJIOKEHUH, [IJIs KOTOPBIX CUTYAIIUsI IEPEIOIHEHUE OObIUHA

(Tak Kak He Tpebyercs Bbi30Ba 00pab0TYNKA UCKITIOYEHST).

Ilemackuposanue 6ura UE nmeer nipropuret nepes peskiuMom fz
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Ocrasphbie 6uthl peructpa MXCSR (6utbt 31—16 1 6uT 6) 3ape3epBUPOBAHBI U yCTa-
HosJieHb! B . [Tpu mOTIBITKE 3amucaTh HEHYJIEBOE 3HAUEHUE B 3TH GUTHI OYIET BO30YK-
MEHO MCKITI0UeH e OOIel 3anThL.

Cuctema KkomaHp,

XMM-pacmmpenue mporeccopa Pentium I11 gormomHuTebHO BBOAUT B CUCTEMY KO-
mang [A-32 70 noBbix MamuuHbIX nHCTPYKIUH (puc. 18.19). IIporeccop Pentium IV
noronuset cuctemy komau [A-32 eme 144 HoBbIMU KOMaH1TaMU. B OCHOBHOM 3TO KO-
Manabl XMM- 1 MMX-pacumpennii. M3-3a 60JIbIIOro UX KOJUYECTBA B JAHHOM Pas-
Jieie orpaHnYuMcst paccMotpenneM komann XMM-pacmmpenust Pentium I11. 3Toro
JIOCTATOYHO JIJISI WJLTIOCTPAIIMK TPUHITUTIOB U Uel, 3a70:keHHbIX B XMM-pacmmpe-

Hue. Mudpopmanmio o XMM-komangax Pentium IV MoxkHO Mosy4yuTh 13 npuioxe-
HUA A.

KomaHabl XMM-paclumpexus |
I

| Mepecbinku | | ApumeTnyeckue || CpaBHeHwst | | MpeobpasoBaHns || Jlornyeckue | [JononHutensHble
KOMaHzpl
movaps
moxugs CkansipHble | H CransipHble | CkanspHbie | [} andps Integer MMX
mOVRFS Fcmpss FCV%SiZZSS_ WIN |-orps (puic. 18.3)
movhlps = cvtss2si
movinps addss C YCTfEIlHOBKOVI N a: ||;||-E|-andnps
Movekps = oo
movss subss > f Mepepacnpenenexus I—
cvtpsZpi
MapannenbHble cvitps2pi shufps -
mulss unpckhps -
cmpps unpckips
addps divss YnpasneHns
subps sqrtss
Idmxcsr 1
mulps maxss stmxcsr
minss fxstor |
divps fxsave |
$ YnpasneHus
K3LIMpOBaHMEM [~
i
maxps maskmovq j
minps movntg

Puc. 18.19. Knaccudpukauma komaHa XMM-paciumpenus Pentium Il

KomaHpabl nepemMeleHns AaHHbIX
[asnee mepeyrcieHbl KOMaH/Ibl TiepeMellieHus IaHHbIX:

MOVAPS npueMHUK, UCTOYHWUK — TIepPeChIIKA BRIPOBHEHHBIX 128 OUT M3 MCTOYHUKA
B puemuuK. Qs u3 onepatnos (Jo6oit) — XMM-peructp. J[pyroii onepat 10J1-
kel 661Th XMM-peructpom uiu 128-paspsimnoit stueiikoit mamsitu. Anpec 128-pas-
PSITHOM sTUEHKY TTaMSITH JIOJIKEH ObITh BBIPOBHEH 110 16-paspsiiHOil rpaHuile, MHAYE
[IPOUB0IIET UCKIIOUeHHE 00IIeil 3alHThL.

MOVUPS npueMHUK, MCTOYHUK — IepechlIKa He BBIPOBHEHHBIX 128 6UT U3 NCTOYHUKA
B npuemuuK. Qs u3 onepatnos (Jo6oi) — XMM-peructp. J[pyroii onepat 10J1-
kel 6biTh XMM-peructpom uiu 128-paspsiHoit stueikoii mamstu. B otnnane ot



566 Tmaga 18. PaclumpeHus TpaauuMoHHOM apxmTekTypsi Intel

koMaH 16l MOVAPS anHas koMaHjia He TpeOyeT BhIpaBHUBaHS 110 16-paspsiiHoii rpa-
Hutle ajzipeca 128-paspsiiHON STYENKYU TaMSTH.

MOVHPS npueMHuK, UCTOYHMK — TIepechliKa He BHIPOBHEHHBIX 64 OUT 13 NCTOYHUKA
B ipueMHuK. OfMH U3 OlepaHioB, HO He 06a OAHOBPEMEHHO, T0JKeH ObITh X MM-
peructpoM. /Ipyroii onepang — 64-paspsanas siueitka namsatu. Ecim mepechlika
IPOU3BOAUTCS U3 MAMSITH, TO 64 OuTa moMetanTes B ctapiinue 64 6urta XMM-peru-
CTpa, €CJIU TepechlyiKa MPOU3BOAUTCS U3 PETUCTPA, TO MEPECHIJIKe TOJIeKaT cTap-
e 64 6ura XMM-peructpa. Muaaiiue 64 6uta XMM-perucTtpa He H3MEHSIIOTCS.
Jawuas KomaHa He TpeOyeT BhIpaBHUBAHUS 10 16-paspsiiHON TpaHuIle agpeca
64-pa3psiHON STYETKY TaMSTHU.

MOVHLPS npuemHuK, UCTOYHUK — Tiepechbiika 64 6uT U3 nctouHuKa B mpueMHuK. O6a
orepan/a 10JKHBI 66iTh XMM-peructpamu. B pesysibrare paGoThl KOMAH/IbI H3Me-
HSIETCST TOJTBKO COAEPKUMOe MIAIIHX 64 GUT MPUEMHUKA B COOTBETCTBUH CO CXe-
Mmoii puc. 18.20.

movhlps mpUemMHUK, ucmoYyHuK

WcTounnk (XMM-peructp) Mpunemuuk (XMM-peructp)

(w3112 Jul[unl] (031 n2] nf[n0]

u3 [ un2
Mpuemumk (XMM-perucTtp)

Puc. 18.20. Cxema paboTbl komanasl MOVHLPS

MOVLHPS npuemHuK, uCTOYHMK — Tiepechbiika 64 6uT U3 nctouHuKa B npueMHuk. O6a
orepan/a 10JKHBI 66iTh XMM-peructpamu. B pe3ysibrare paGoThl KOMAH/IbI H3Me-
HSTIOTCST TOJTBKO COIEPIKIMOE CTapiix 64 OGUT MPUeMHIKA B COOTBETCTBUH CO CXe-
Mot puc. 18.21.

movlhps npuemHuk, ucmoyHuk

Wctoynuk (XMM-perucTp) MpremMHmk (XMM-perucTp)
[u3 Tn2 [ul Iwul] [n3 T n2 [ n1[n0]

ut]

Mpuemnuk (XMM-perucTtp)
Puc. 18.21. Cxema paboTtbl komaHasl MOVLHPS

MOVLPS npueMHuK, UCTOUHUK — TIEPECHIJIKA He BHIPOBHEHHBIX 64 OUT M3 MCTOYHUKA
B npueMHUK. O1H U3 onepannoB (Jr060it) — XMM-peructp. [[pyroii onepas 10J1-
JKeH OBbITh 64-paspsaHoil ssuelikoit maMstu. ECsiu mepechlika MPOU3BOAMTCS 13 Ta-
MATH, TO 64 6uTa momenialorces B maazamue 64 6ura XMM-perucrpa. Eciu mnepe-
CBIJIKA TPOM3BOANTCS U3 PETUCTPA, TO MEPECHIIKE MOJJIeKaT Miaaie 64 6ura
peructpa. Crapume 64 6ura XMM-peructpa He U3MeHst0TCs. [laHHAast KOMaH/Ia He
TpeGyeT BhIpaBHUBaHUS 0 16-paspsaHoil TpaHuile agpeca 64-paspsiHON sSUeiKY
ITaMATH.

MOVMSKPS npueMHUK, UCTOYHWUK — TePEChLIKA 3HAKOBOIO OUTa KasKI0ro U3 YeThIPEX
YHaKOBAaHHBIX YUCEJT C HJIaBaIOL[[efI TOYKOI MCTOYHUKA B MJIQJIINE YEThIpe 6I/ITa
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npuemuuka (puc. 18.22). crounuk mnosker 6616 XMM-peructpom. IpueMunk
MOJKeH OBITh 32-pas3psiIHBIM PETUCTPOM OOIIEro HasHaueHusl. B masbHelieM 1mo-
JIYUEHHYIO YeThIPEXPA3PSIHYIO0 BETNIMHY MOKHO MCIIOJIb30BATD JIJIsI OPTaHU3AIINH
YCJIOBHBIX TTE€PEXOIOB.

MOVSkpS MpuemMHUK, UCMOYHUK

WcTouHuk (XMM-peructp) MpuemHuk (r32)
[_u3 ||, n2 ||, nl ||' w0 | [00]00]00]00]

vV
Mpuemnmk (r32)[ 00 ] 00 | 00 [0000ssss]|
31 23 15 7 0

Puc. 18.22. Cxema paboTbl komaHasl MOVMSKPS

MOVSS npuemMHuMK, MCTOYHUK — TIepechblaka 32 Muaamux OUT 13 UCTOUHUKA B IIPUEM-
Huk. OIMH U3 ONIePaH/I0B WU BCE OTIEPAH/IbI 10JLKHBI ObITh XM M-peructpamu. Eciiu
XMM-peructpom sBJgercsd TOJIbKO OJAMH U3 OIEPaHIOB, IPYTroil onepan/ A0KeH
OBITH 32-paspsiiHON stueiikoll mamsiT. Ecyiu mepechlika MPOM3BOAUTCS U3 MaMSITH,
10 32 6uta nomemniaored B Maagmue 32 6ura XMM-peructpa. Eciiu mepecsblika mpo-
U3BOJIUTCS M3 PETUCTPA, TO MEPECHIIKE MmojIexat Muazme 32 6ura peructpa X MM.
Ocranphbie 6utsl XMM-perucrpa He U3MEHSIIOTCSI.

ApudmeTnyeckme KomaHabl

Hab6op apudmerndecknx komangx X MM-paciipeHus BKITIOUAET 0ObIYHbBIE KOMAHIBI IJIST
BBITTOJIHEHUST apudmMeTndeckux oneparuit. OcOGeHHOCTh 3TOr0 Habopa B TOM, UYTO OH
COIEPSKUT IBA THUIIA apHGMETUIECKUX OIePAIUil: CKaJIspHbIE U apajiebhble. Pa3im-
YUTD 3TU KOMAH/IBI MOKHO TT0 UX MHEMOHUKE: CKaJISIPHBIE KOMAHBI UMEIOT cyhdukc S,
a nmapaenbibie — cyddukce P. Komanubl ckausaprvix apudmMeTieckux omnepamnuii 06-
pabaThIBAIOT TOBKO MIAAIINE 32-pa3psiHble IBOMHBIE CJIOBA YIIAKOBAHHBIX OMEpaH-
JIOB, OCTQJIbHBIE JIBOWHBIE CJIOBA B ONIEPAIMH HE YYACTBYIOT U He U3MeHsoTCsA. KoMmaH-
JIBI NAPAIAebHbIX APUGMETIHUECKUX Olleparnii 06pabaThIBAIOT OJHOBPEMEHHO YETHIPE
yIIAaKOBAHHBIX ABOMHBIX CJI0BA. 3aMEThTe TaKKe, uTo B Habope KoMany XMM-paciiu-
PEHUST MPUCYTCTBYIOT KOMAH/IBI JIJIsI ONIEPAIINH JETIEHUST, KOTOPBIX He OBLIO B IIEJT0UIC-
senHoM MM X-pacmupenun.

CnoxeHue u BblunTaHme

ADDPS (SUBPS) npuemHUMK, UCTOYHUK — TTapaJiiiesibHOE CJIOKeHUe (BBIYUTAHUE) dJie-
MEHTOB OTIEPAHIOB NPUEMHUK 1 UCTOYHUK. OTIepan/ibt 10JKHBI METh hopmaT XMM.
PesynbraTt oneparuu nomeraercs B mpueMHnk — XMM-peructp. Vctounuk mo-
ket ObITb XMM-peructpom uiu 128-paspsiHoil staeiikoit mamsiTu.

ADDSS (SUBSS) npueMHUK, MCTOYHUK — CKaJISIpHOE CJIOXKeHUe (BBIYUTAHUE) OTlepaH-
JIOB NPUEMHUK 1 UCTOYHUK. Muta iiiie IBOMHbIE CI0BA OTIEPAH/IOB JIOJIKHBI OBITH YHC-
JIaM¥ ¢ TIJIABAIONIEN TOUKON B KOPOTKOM (popmate. Pe3ynbrat momeniaercs B ore-
patz npuemHuk. IlpueMank goskes 661tb XMM-peructpoM. VICTOUHIK MOKET ObITh
XMM-perucrpom wiu 32-pa3pspaoil stueiikoil namstu. CopepRuMoe CTapimx Gu-
TOB OTIEPAH/IOB HEe MMeeT 3HAUEHUS U He MEHSIETCSL.
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YMHOXeHue n aeneHme

MULPS (DIVPS) npueMHMK, UICTOYHWUK — TTapajiiebHOe YMHOKeHNE (JleIeHre ) OniepaH-
Jla NPUEMHUK Ha omiepan] UcTouHUK. Otiepan/bl 10KHBI UMeTh hopmaT XMM. Pe-
3yJbTAT orepanuu nomMerrnaercs: B mpueMHnK — XMM-peructp. McTtounnk mosxer
6biTh XMM-peructpoM unn 128-paspsaaHoil sueiiKoii maMsTi.

MULSS (DIVSS) npueMHUMK, UCTOYHUK — CKaJIsIpHOE YMHOKeHUe (JleJleHre) orepaHaa
NPUEMHUK Ha OTIEPAH/T UCTOYHUK. MUtaIiirie {BOWHBIE CTOBA OMIEPAH/IOB JOJKHBI ObITh
YHCJIAMHU C IIJIaBaIOIel TOUKOI B KOPOTKOM (popmare. Pe3ybraT momeniaercs B 1pu-
emuuk. [IpueMuuk gossket 0bitb XMM-peructpom. Mcrounuk Mosket 66ith XMM-
perucTpoM uiau 32-paspsanHoi sueiikoii namaTu. Comeps;KuMoe cTapiiux OUToB orre-
PaH/IOB He IMeeT 3HAUeHUS 1 He MEHSIeTCS.

U3Bne4yeHne KBagpaTHOro KOpHS

SQRTPS npueMHMK, UCTOYHUK — TapajljieJIbHOE M3BJeUueHre KBAJPATHOTO KOPHS U3
YIaKOBAHHBIX YHCEN C TIJIABAIONIEN TOUKON omepaHaa UCTOYHUK B opmaTe XMM.
PesynbraTt nomemaercs B onepans npueMHuk — XMM-peructp. VcTounuk Moxet
661Th XMM-peructpom win 128-paspsiiHoi ssuedKoi TaMsITH.

SQRTSS npuemMHUK, UICTOYHUK — CKAJISIPHOE M3BJIeUeHNEe KBAJIPATHOTO KOPHS U3 YIIAKO-
BAHHOTO YHCJIA C TJIABATOIIEN TOUKOH ortepaHa UcTouHuK B hopmate XMM. Pesyiib-
TaT TIOMEIAETCS B OTiepaH i npuemHuk. [lpueMHUK q0JsKeH 661Th XMM-peructpoM.
Wcrounuk Mosket 661b X MM-peructpom win 32-paspsaHoii sueiikoi mamsru. Ecim
ucToYHUK — XMM-peructp, To B onepainy U3Bjae4eHns y4acTByeT TOJIbKO YUCJIO C
ITaBAOIIEN TOYKOH B €ro MirajiieM ABoiHOM ciioBe. ComepKIMOe CTapIiix OUTOB
OIlepaH/IOB He MMeeT 3HAUeHNs U He MeHSETCS.

U3BnevyeHne makCumMmalsibHbiX/MUHUMAJIbHbIX 3HAYE€HUW ONepaHaoB

MAXPS (MINPS) npueMHMK, UCTOYHUK — TIapaJIIeJbHOE M3BJeUeHNe MaKCIMAIbHBIX
(MUHMMaJIBHBIX) 3HAYEHUH M3 Ka)KIOW Mapbl YIIaKOBAHHBIX YHUCeJI ¢ TJaBarolieit
TOUYKOH OTIEPaHIOB UCTOYHUK 1 npueMHUK B hopmate XM M. Pesymnbrat hopmupyer-
€S U3 MaKCUMAJbHBIX (MUHUMAJIBHBIX) 3HAUEHUH KasKJO0# Iapbl U IOMeIaeTcs
B mpueMHUK — XMM-peructp. Uctounuk moxeT 66116 X MM-peructpom min 128-
paspsAIHOI AYEHKON MaMATH, U €eT0 COAEePKUMOe He MEHSIeTC .

MAXSS (MINSS) npuemMHUK, UCTOYHUK — CKAJISIPHOE MU3BJIeYeHe MaKCUMAaJIbHOTO (MU-
HUMAJTPHOTO ) 3HAYEHUS U3 MJIAJIIIEH Maphl YIAKOBAHHBIX YHCEJI C TLIABAOIIEH TOY-
KO OTIEPAH/IOB UCTOYHUK 1 npueMHuK B popmate XMM. Pesynbrar popmupyercs us
MaKCUMAJIbHOTO (MUHUMAJILHOTO) 3HAUEHUH KaKIOW Maphl U TIOMENaeTcsT B TpHeM-
HK — XMM-peructp. Mcrounuk Mosxker 6617 XMM-peructpom i 32-paspsaHoit
STYEUKOU TTaMSITH, ¥ eT0 cofiepKuMoe He MensieTcs. Ecam uctounnk —XMM-peructp,
TO B OIIEPAINN CPAaBHEHNS U U3BJIEYEHNS yIaCTBYeET TOJIBKO YHCJIO C MIIaBaOMIeH
TOYKOH B €r0 MJIA/IIIIEM IBOWHOM CJIOBE.

KomaHpabl cpaBHeHUS

Komanzbr cpaBHeHUS TakKe JIEJISTCS Ha BA TUTA: CKAJISIPHBIE U TTapajieabHbie. Ko-
MaH/Ibl CDABHEHUS UJIM X KOMOMHAIIY TTO//IEPKUBAIOT ITOJHBI HaGOP YCIOBHIT CpaB-
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uenust. O6parure BHUMaHEe Ha (HOPMAT KOMAH — OH HECKOJIBKO HeOObIYeH, TaK KaK
YCJIOBHE CPABHEHMS 33/Ia€TCSI HENIOCPEJCTBEHHO B ONlEPaH/Ie:

CMPPS npueMHUK, UCTOYHMK, YCNOBUE — TTApAJLJIETbHOE CPaBHEHUE 3HAYEHUN KasKION
Mapbl YIAKOBAaHHBIX YHUCET C TIIABAIONIEH TOYKOH OTEPAHIOB UCTOYHUK I NPUEMHUK
B hopmare XMM. Y ciioBue, 1o KOTOPOMY TTPOU3BOUTCS CPABHEHNE, OTIPEIESIETCS
TPETHUM OTIEPAH/IOM, TIPECTABJISIFOIINM COOOI HEMOCPECTBEHHOE 3HaUeHNE, Pe3yiib-
TaT cpaBHEeHUS opmupyetcs B ipueMuuke — XMM-peructpe. VIcTOUHUK MOXKET
6b1Tb XMM-peructpom win 128-paspsiiHOil sIUeKON TaMSTH, U €T0 COAEPKUMOE
He MeHsieTcs. VI3MeHsIeTcsT TOIbKO 3HaueHIe IPUEeMHNKA, KOTOpoe 3aMeriaeTcs 32-
paspsiaabivu sHauerussMu 00000000h wru Offfttffth 8 saBucumocTu ot pesynbrara
cpasrerust (00000000h, eciu ycmoBre He BBITIOTHSETCS [T TAHHOW MTaphbl 3HaUE-
HU yITAKOBAHHBIX YHCEJT OTIEPAHIOB UCTOYHUK U npuemHuk, u Offtffffth, ecou yemosue
BBITIOJTHSETCS).

CMPSS npueMHUK, UCTOYHUK, YCNOBME — CKAJIISIPHOE CPaBHEHWME MJAAIINX TTap IHCes
¢ TIABAIONIEH TOUKOH B KOPOTKOM (hopMaTe OMePaHIOB NPUEMHUK T UCTOYHUK. Y CJTO-
BUeE, M0 KOTOPOMY TPOW3BOJIUTCS CPABHEHUE, OTIPEIESETCS TPETBUM OIMEPAHIOM,
MIPEICTABJISTIONINM cOGOM HEMTOCPEICTBEHHOE 3HaueHYe. Pe3ybrar cpaBHeHUsT (hop-
Mupyetcst B ipueManke — X MM-peructpe. Vctounuk MmoxeT 66ith XMM-peruct-
poM nin 32-pa3paAHON TUEHKON TaMSITH, U €T0 COIeP;KIMOoe He MeHsteTcs. VIaMeHs-
eTCsI TOJBKO 3HAUeHNE TPIEeMHNKA, MJIa/IIIee ABOITHOe CI0BO KOTOPOTO 3aMeIIaeTCst
32-paspstaabiv saaderrem 00000000h wru Offfffffth B saBucumoctu ot pesynbrara
cpasrenust (00000000h, ecsiu ycioBue He BBITOTHSIETCS VTSI MITAJIIIEN MTAPhl YHUCET
C TITaBAIoTIEel TOYKOM B KOPOTKOM (hopMaTe M3 OTIEPAH/IOB UCTOYHUK W NPUEMHUK, 1
Offtttttth, ecn ycmoBue Bermosmmsiercst).

[Ipempimymnive qBe KOMAaHAbI CPABHIBAJIN OTIEPAHJIBI, U3MEHSIS TIPU 3TOM COEPIKU-
Moe orepanzia npuemHuk. Cieryioriye Be KOMaH/Ibl TO3BOJISTIOT BBITTOJHUTH OMIEPATIHIO
cpaBHeHUsT 6e3 UIBMEHEHHUSI €T0 COAEPKUMOTO, HO C OIHUM OTPAHUYECHUEM — ST KOMAaH-
ITBI SIBJIATOTCS cKansipHBIMU. 1o pedynbraTam ux paboThl yCTaHABAUBAIOTCS (hiaru
B peructpe EFLAGS:

COMISS npueMHuK, UICTOYHUK, YCNOBME — CKAJIIPHOE CPAaBHEHWE MJIAJIITUX TIap YnCes
C TIJTaBAIONIe TOYKON B KOPOTKOM (hopMaTe ONIePaH/I0B NPUEMHUK U UCTOYHUK. Y CTI0-
BUE, TI0 KOTOPOMY MTPOU3BOAUTCS] CPABHEHUE, OIPEETSIETCS TPETHUM OMEPAHIOM,
TPEJICTABJISIONUM COOOM HETIOCPeICTBEHHOE 3HaueHue. PesynbTat cpasHenst Gop-
MUpYyeTcsT ycTaHOBKOH ¢uraroB B peructpe EFLAGS (ycranaBmuBatorcs daaru ZF, PF,
CF u ounmatorcst duaru OF, SF, AF). IlpueMuuk gomxen 66rtb XMM-peructpom.
Wcrounuk moxer 6bitb XMM-peructpom mnn 32-paspsaHoil S4eiKoi naMsaTH.
ConepxuMoe TpUeMHIKA U ICTOYHUKA HE MEHSIETCSI.

UCOMISS npuemHWK, UCTOYHUK, YCNOBUE — HEYTIOPSI/IOUEHHOE CKAJISIPHOE CPAaBHEHUE
MJIQJIIITUX [TAP YUCEJI C TIaBAIONIEel TOUKO B KOPOTKOM hopMare OTepaHIoB Npuem-
HUK 11 ucTodHuK. JanHast komanza orandaercst oT komanabsl COMISS TeM, 4yTo M03BO-
JigieT 0GHAPYKUTH CUTYAIUIO, KOT/a Mutairie 32 61ta mpueMHUKa SBJISTIOTCS THXUM
WJTV CUTHAJIBHBIM HeurcJIoM. Pe3ysibTar cpaBHeHUs (OPMHUPYETCs yCTaHOBKOM (Jia-
roB B peructpe EFLAGS (ycranaBnuBaiorcs daaru ZF, PF, CF u ounmatorcs dpaaru OF,
SF, AF). IIpuemuuk gomxed 661tb XMM-peructpom. Merounuk moxer 661tb XMM-
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perucTpom uiu 32-paspsiiHoi stuelikoi mamsiti. Co/iepsKuMoe IPUeMHUKA U UCTOY-
HUKA HE MEHSIETCSL.

KomaHpgbl npeo6pa3oBaHus

I'pymia koMaHz mpeoOpasoBaHMsl [O3BOJIIET BBIIIOJHUTD B3aUMHOE IIpeodpasoBaHue
3HayeHui Tpex popmaTos: popmaTa XMM, popmata MMX 1 06BIYHOTO 11€I0YMCIEH-
HOT'O JBOMYHOTO (popMaTa IpeJCcTaBIeH s YUCIa B OJHOM U3 PETHCTPOB 00IIero HasHa-
uyeHust. Habop KOMaH][ TakKe JEJTUTCS Ha JIBa KJIacca: CKaJISPHbIE U TTapaJilie/bHBIE:

CVTPI2PS npneMHUK, UCTOYHUK — IapaJljiebHoe IIpeodpasoBatme IBYX 32-paspsAmaHbIX
1EJIOYMCTIEHHBIX 3HAYeHWH B OTIepaH/Ie MCTOYHUK, KOTOPBIM sBisieTcss MM X-peructp
nesouncaeHHoro MM X-pacnmupenust wiin 64-paspsiinas siueiika mamsatu. Otmepan/y
WCTOYHUK COIEPKUT /iBa 32-Pa3psAHbIX 1eJI0UNCIeHHBIX 3HadeHus. Pe3ybTar mpe-
06pa3oBaHUsI TIPECTABIISIETCS B BUJIE IBYX 32-PaspsIIHBIX YHCEJT C TIIaBakoIIel Tou-
KOI B KOPOTKOM popMaTe. ITH 3HAUEHUS PAa3MENAIOTCs B IBYX MJIAIINX IBOMHBIX
cioBax XMM-perucTpa, MpecTaBIsioniero coboi onepat npuemHuk. Crapiime 1sa
JBOMHBIX CJI0OBA B IPUEMHUKE He u3MeHs10Tcs. Ecm He yaeTcs oy4YuTh TOUHBIH
pe3yJIbTat mpeobpasoBaHust, TO TIPOU3BOUTCS €T0 OKPYTJICHIE B COOTBETCTBUH C Pe-
JKMMOM, 3a/[aHHBIM B COOTBETCTBYIOIIUX OuTax peructpa MXCSR.

CVTPS2PI npneMHUK, UCTOYHUK — IapasljieibHOe IIpeodpasoBatme IBYX 32-paspsAmaHbIX
qIICeI ¢ IITaBaoIieli TOUKOI B KOPOTKOM (hopMarTe, COAEePKAMMXCS B IBYX MITAJIIITIX
JIBOMHBIX CJIOBAaX OIl€PaH/Ia UCTOYHUK, B [1Ba 32-Pa3psAHbIX 11ebX 3HayeHus. Orne-
PaHJI UCTOYHUK TIpescTaBisieT coboit XMM-peructp uiu 64-paspsiiHyio ssueliky ma-
M. Onepamz NpueMHUK IpeacTaBiseT coboll aapec 64-paspsaHoOil TUeHKN maMsI-
TH. JlaHHasT KOMaH/a 10 CBOEMY JE€UCTBUIO sIBJsteTCst 0OpaTHOM kKomaHe CVTPI2PS.
Eciiit He yaeTcst TIOTyqrTh TOYHBINA PE3yJIbTaT MPe0OPa3OBaHusl, TO TIPOU3BOIUTCST
€ro OKpyTJIeHNE B COOTBETCTBUY C PEKUMOM, 3a[AHHBIM B COOTBETCTBYIONINX OUTAX
peructpa MXCSR.

B cucreme komang XMM-pacimupenust cyiecTByeT APYroil BApUaHT TOCIeTHEN
komaHbl — CVTTPS2PI, koTopast mepes mpeobpasoBaHieM OTOPachiBAeT APOOHYIO
YacTh OTEPAHA UCTOYHUK.

CVTSI2SS npueMHMK, UCTOYHUK — CKaJISIpHOE TIPeodpa3oBaHue OHOTO 32-paspsiIHOTO
eJIOYHMCIIEHHOTO 3HAYEH WS M3 ONIEPAH/IA UCTOYHUK B OZIHO 32-pa3psiIHOE YHCJIO C TIIa-
BaloOIIeil TOUYKON B KOPOTKOM hopMare B ornepanze npueMHuk. OTiepan UCTOYHUK
npeacTaBisieT co0oit oxuH u3 32-paspsiHBIX PETUCTPOB OOIIEr0 Ha3HAUCHUS UK
32-paspsiaHyio gueiiky maMmsTu. Pesynbrar mpeo6GpasoBaius B BUle OQHOTO 32-pas-
PSITHOTO YHCJIa € TITABAIONIEH TOYKOM B KOPOTKOM (hopMaTe IOMEIAETCs B MJTAIIIee
ABoiiHOe c10BO 128-paspsaAHOTO OlepaHaa NPUEMHUK, IIPEACTABIIIONEro coboil
XMM-peructp. Crapiiue Tpy JABOWHBIX CJIOBA B OTIEPAH/IE NPUEMHUK HE MEHSTOTCS.
Ecou He yiaercst MoTyyuTh TOUHBIH PE3yIbTaT MPEodPa30oBaHuUsT, TO IPOU3BOIAUTCS
€ro OKpyTJIeHNE B COOTBETCTBUY C PEKUMOM, 3a[aHHBIM B COOTBETCTBYIONINX OUTAX
peructpa MXCSR.

CVTSS2SI npUeMHMK, UCTOYHNK — CKasIIpHOe IIpeodpasoBaHue OLHOTO 32-paspsIHOro
YucJa ¢ TIaBaolell TOUKoi B KOPOTKOM (hopMate U3 OliepaH/ia UCTOUHUK B OJTHO 32-
Pa3psiIHOE TIeJI0e YUCJI0 B onepaHzie npueMHuK. OrmepaH]] UCTOYHUK TIPECTABIISIET CO-
6oit XMM-peructp win 32-pa3psiiHy o siueiiKy mamsiti. PesynbTaT mpeoOGpasoBaHust
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B BU/IE OJTHOTO 32-Pa3psIHOTO 1eJIOUNCICHHOTO 3HAYEHUS TIOMENIAETCS B OTIePaH/I Npy-
eMHUK, IIPEACTABIISION[IT c000it 32-paspsaHblii perucTp obiiero HasHaveHus. Crapiime
TPH JIBOIHBIX CIOBA B OTIEPAH/Ie NPUEMHUK He MeHSOTCs. Eciiu He yIaeTcs momyduTh
TOUYHBIN PE3yJIbTAT IPE0OPA3OBAHMSL, TO TPOUIBOUTCS €T0 OKPYTJIEHNE B COOTBETCTBUM
C PESKIMOM, 3a/JTaHHBIM B COOTBETCTBYIOMMX OuTax peructpa MXCSR.

B cucreme komanz cylecTByeT Apyroi Bapuant nocuenueil komanasr — CVTTSS2SI,
KOTOpast riepesi mpeoObpasoBaHeM 0TOPAChIBAET IPOOHYIO YaCTh OMIEPAH/IA UCTOYHUK.

Jlormueckue KomMmaHabl

Bce sornueckrie KoMaHIbl IBJAAIOTCS MapalieJbHBIMU U PEAU3yIOT Hajl apaMu OUTOB
B 060uX onepangax Jorudeckue onepamuu Y, -HE, NI, uckimovatomiee MJI:

ANDPS npueMHUK, MCTOYHUK — TTapaJlyieJIbHOE BBITTOTHEHNE IOTHYECKOTO YMHOKEHUST
(omepartust orudeckoro M) Haj mapamMu 6UTOB YIIAKOBAHHBIX YHCEJ € TIJIABAIOIIEH
TOYKOM OMEpPaH/IoB UCTOYHUK U npueMHuK B popmare XMM. PesynbraT oneparum
JIOTUYECKOTO YMHOKeHUsT hopMupyeTcst B onepanie npuemiunk — XMM-perucrpe.
WcToununk Moxker 661Th XMM-peructpom win 128-paspsiaHoii ss9eiikoii mamMsaru,
U €r0 coZiepsKUMoe He MeHsieTcs. VI3MeHseTcs ToIbKo 3HayeHe NpUeMHUKa.

ANDNPS npueMHuMK, NCTOYHWUK — TTapaJlsieJIbHOe BBITTOJTHEHNE JIOTHYecKOH oreparun
V-HE wmam mapamu OMTOB yIAaKOBAHHBIX YHCEN C TIJIABAIONIEH TOYKON OMepaHioB
UCTOYHUK 1 npueMHUK B hopmaTe XMM. PesybTar BRITIOJHEHUS JIOTHYECKOI OTTe-
paruu U-HE dopmupyercs B orniepatzie npuemHuk. IlpueMank nossken 66rrb XM M-
peructpom. Vicrournk Mmoxet 6611 X MM-peructpom miu 128-paspsaHoii sueikoit
[IaMATH, U ero CoJep:KuMoe He MeHgercs. MaMensercs TOAbKO 3HaYeHUe IIPU-
e€MHUKa.

ORPS npueMHUMK, UCTOYHMK — TTapaJijieJIbHOE BBITTOJTHEHUE JIOTHYECKOTO CJI0KEHUS
(omeparust siorndeckoro MJIN) Haj mapamMu OUTOB yTAaKOBAHHBIX YHCE C TIABAO-
11ei TOYKO OMePaH/IOB UCTOYHUK 1 npueMHUK B hopmare XMM. PesymbTar omepa-
IIUU JIOTUIECKOTO CIOKEeHUS (DOPMUPYETCS B OTiepan/ie npueMHuk. [IpueMHUK 10KeH
6611 XMM-perucrpom. Victounuk moxker 661tb XMM-peructpom wiu 128-paspsi-
HOU SYEHKOU MaMATH, U €TO COZIePKUMOoe He MeHsieTcs. I3MenseTcst TObKO 3HaUe-
HY€e TIPUEMHUKA.

XORPS npueMHUK, UCTOYHUK — TIapasijieIbHOE BHITIOJHEHUE JIOTHIECKON OoTepanu
nckmiovaiotniero MJIW max mapamu OWTOB YyITAKOBAHHBIX YHCEN C TIIABAOIIEH TOY-
KO OTIEPaH/IOB UCTOYHMK 1 npueMHKK B hopmate XM M. PesybTat ormaeckoii ome-
paruu <«uckirovaiomero MJIW» dbopmupyercs B onepanzie npuemHuk. [Ipuemauk
nosxker 66rth XMM-peructpom. Vctounnk MokeT 66ith X MM-peructpom wiu 128-
Pa3psAIHON SYEHKOU MaMSATH, U €T0 COZeP:KUMOoe He MeHsIeTcs. VI3MeHsaeTcs TOTbKO
3HaYeHWe MPUEeMHUKA.

KomaHpabl ynpaBneHus COCTOSHUeM
I[aJIee TepeuncaeHbl KOMaH/bl YIIPDaBJIC€HUA COCTOSITHUEM!

LDMXCSR nctouHnk — komansa 3arpysku peructpa MXCSR (peructpa cocTosTHUS 1 yTI-
pasaenns X MM-paciuupenns ) us naMmstu. VIcToYHUK JoJEKeH ObITh 32-paspsiaHoil
AYENKON TaMsTH.
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STMXCSR npueMHMK — KOMaH/1a coxpaHeHus coepxumMoro peructpa MXCSR (peruct-
pa coctosHus U ynpasiaeHns XMM-pacmmpennst) B mamsatu. [IpueMHUK 10/5KeH
OBITH 32-Pa3pPSIHOLN TIEHKOI TTaMSITH.

FXRSTOR ncToyHMK — KOMaHa 3aTPY3KHU COCTOSTHUS cotpolieccopa (IIeJT0YNCIeHHOTO
MMX-pacmmpenust) u X MM-paciuperust B 00JaCTH TaMsITi pazMepoM 512 6aiiT.

FXSAVE npueMHUK — KOMaH Ia COXPAHEHUS COCTOSTHUS cOTIpoTieccopa (T1eJIOUNCIEHHOTO
MMX-pacimpennst) u XMM-paciupeHist B 00JacTi MaMsiTi pasMepom 512 Gaiir.
IMomo6HO KoMmar e FSAVE komana FXSAVE He MHUTIMATU3UPYET COMPOIIECCOP.

KomaHabl nepepacnpepeneHus
IIaJIee IepedncyeHbl KOMaH/Ibl TIEPEPACIIPE/ICJICHUA:

SHUFPS npueMHMK, MCTOYHMK, Macka — KOMaH/[a YITaKOBAaHHOH TepecTaHOBKH /[BOM-
HBIX CJIOB U3 OMIEPAHIOB UCTOYHUK 1 NPUEMHUK B OTIEPAHJI NPUEMHUK B COOTBETCTBUN
¢ MaCKoOii, 3alaHHO# oriepanzoM Macka. Mcrounuk moxer 66rth MMX-peructpoM
nn 128-pa3psiiHoii sueiikoii mamsitu. Pe3ysibTar nepepacmpeieieHus ABOWHBIX CTIOB
060UX OMIEPAHIOB TIOMEIIAETCS B TPUEMHHUK, KOTOPBIH stBiisteTcst MM X-peructpom.
TpeTuii onepan sIBJISIETCS HETIOCPEICTBEHHBIM oTiepan oM. [IpuHiun ¢popMuposa-
HUS pe3yJibTaTa CAeAyIoNnuii. Muiajime aBa ABOWHBIX CJI0BA pe3yabTaTta (hOpMUpY-
IOT JIBa U3 YEThIPEX JIBOMHBIX CJIOB MpueMHWKA. CTapiinue /1Ba IBOIHBIX CJI0BA pe-
3yJibTaTa (GPOPMUPYIOT JIBa U3 YEThIPEX JBOMHBIX CJIOB MCTOYHWKA. Kakne nMeHHO
JBOITHBIE cJI0Ba GY/IyT BKJIIOUEHBI B PE3YJIbTAT B KAUECTBE IBOWHBIX CJIOB, OTIPEIEJIS-
10T OUTHI MACKHU. 3HAYEHUE TEPBHIX IBYX OGUTOB MACKH OTIPENEJISIOT HOMED IBONHO-
IO CJIOBA UCTOYHUKA, KOTOPOE OY/IET BKIIOUEHO B PE3YJIbTAT B KAUeCTBE MEPBOTO IBOM-
HOTO cJIoBa. 3HadeHue cieayioniei mapsl 6uToB (OUTH 2 1 3 MACKM) ONPEAEIAIOT
HOMep JBOWHOTO CJIOBAa HCTOYHUKA, KOTOPOE OYET BKIOUEHO B PE3YJIbTaT B Kaue-
CTBe BTOPOTO JBOWHOTO CJIOBA. 3HAUEHUE CJeaytolieil mapsl 6utoB Macku (4 u 5)
OIPEMIEISIIOT HOMED JIBOMHOTO CJI0BA TIPHEMHUKA, KOTOPOEe OY/eT BKJIHOUYEHO B pe-
3yJIbTAT B Ka4eCTBe TPEThEro ABoIHOTO cioBa. [Tocenuss napa 6uros Mmacku (6 1 7)
OIPEIEISTIOT HOMED JIBOMHOTO CJI0BA TIPHEMHUKA, KOTOPOe OY/eT BKJIHOUYEHO B pe-
3yJIbTAT B KAYeCTBE YETBEPTOTO JABOWHOTO CIOBA.

UNPCKHPS npueMHMK, UCTOYHMK — KOMaHa YIIAKOBAHHOTO TepEeMEIEeHUS C Yepeo-
BaHUEM CTAPIIUX IBYX ABOWHBIX CJIOB M3 OTIEPAH/IOB UCTOYHUK T NPUEMHUK B OTIEPAH]T
npuemuuk. Mcrounux moxker 661tb MM X-perucrpom uau 128-paspsuHoii sueiikoit
naMsaTu. Pe3ysbrar repeMenieHust [BOUHBIX CJIOB 000X OTEPaHI0B (hOPMUPYETCST
B IIPUEMHUKE, KOTOPBIi siBisieTcst MM X-peructpom. [Ipuniiun hopMupoBanust pe-
3yJibTaTa WTocTpupyet puc. 18.23.

unpckhps rpuemHuUK, UCMOYHUK

WcTounnk (XMM-pernctp/m128)  Mpuemuuk (XMM-peructp)
L w3l w2 [ w1t T w0 | [ n3] n2 [ nt [ n0 |

[w3 T n3 T w2 [ n2 |
MpuemMHmk (XMM-perucTp)

Puc. 18.23. Cxema paboTbl komaHabl UNPCKHPS
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UNPCKLPS npueMHMK, UCTOYHUK — KOMaH/la YTAKOBAHHOTO TIepeMeIeH s ¢ Yepe/10Ba-
HUEM MJIQJIIITNX JBYX IBOWHBIX CIOB M3 OTIEPAHIOB UCTOYHWUK U NPUEMHUK B OTICPAH]T
npuemHuk. Mcrounnk mosxet 661tb MM X-peructpom uan 128-paspsaanoii sueiikoit
naMsiTu. Pe3ysbraT mepeMenieHus IBOMHBIX CI0B 000UX OTePaHIoB (hOPMUPYETCsE
B OTlepaH/ie NPUEMHUK, KOTOPBIil siBisteTcss MM X-peructpom. [Ipuniiun hopmupo-
BaHWS pe3yabTaTa MILTIOCTpUpyeT puc. 18.24.

unpcklps npuemHuk, ucmoYyHUK

UcTouHuk (XMM-pernctp/m128)  MpuemHuk (XMM-peructp)
[ 3T w2 T mt T w0 | [ m3[ n2 | nt [ no |

[v1 T ntT T w0 [ n0 |
Mpuemuuk (XMM-peructp)

Puc. 18.24. Cxema paboTbl komaHasl UNPCKLPS

KomaHabl ynpasJjieHna KdlunposaHnem

Komanzast XMM-pacumpenusi, pacCMOTPEHHBIE B 9TOM paszjieJie, TO3BOJISIOT IIPorpaM-
MUCTY YIIPaBJIATh KIMKUPOBaHMEM JaHHbIX. /{0 MosABIeHns Moiesiel polieccopa ¢ 3TM
pacupenueM B cucteMe KoMau 1A-32 GblI0 HECKOIBKO KOMaH/I, KOTOPbIE BJIVSIIN Ha
paboTy K31I1a, HO OHY HE OTJIMYATNCH THOKOCTBIO U ¢ UX TIOMOIIIBIO TSIKEI0 ObLIO YUecTh
0COGEHHOCTH KOHKPETHOH 3aaun. [ToTpe6HOCTD OMTUMHU3UPOBATh PaGOTy Kallla BO3-
HUKJIA W3-32 6OJIBITOT0 06beMa TAHHBIX, KOTOPBIMEI MAHUITYJIUPYET GOTBITHHCTBO MYJTh-
TUMEIUHHBIX MPUIOKeHUH. UTOOBI MPEOTBPATUTh 3arPY3KY B KIIII JAHHBIX, KOTOPBIE
BIIOCJICZICTBUU MOTYT BOOOIIE HE MOHATO0OUTHCsT, GbIIIM BBEJECHBI CIIEIIUATbHBIE KOMAH-
abl. bosee Toro, ¢ TOMOIIBIO HOBBIX KOMaH/ MOKHO OPraHM30BaTh 3arpy3Ky JAaHHBIX
3apamee, TO €CTh JI0 TOTO, KaK OHU peasbHo 6yayT BocTpe6oBanbl. [IOHATHO, YTO 3TO
TIOHUMET CKOPOCTb PabOTHI TPUIIOKEHUIA.

Buauase 6y/1yT pacCMOTPEHbI TPU KOMAH/IbI, KOTOPBIE 06ECTeYMBAIOT IIPOTPAMMHOE
yIIpaBjIeHUEe 3a1IMChIO JAHHBIX B TTAMATD U3 PETHCTPOB LEJIOYNCIECHHOTO WU TIOTOKOBOTO
MM X-paciupenuii, obecrednBasi Py STOM MUHUMAJIBHOE «3arpsI3HEHIE> KAII-TIAMSITH:

MASKMOVQ nCTOYHMK, Macka — KOMaH/a BHIGOPOUYHOIO COXPaHeHUs B HaMsITh 6aiiToB
yIaKOBaHHOTO 11es10ro yncyaa us MM X-peructpa. Mcrounuk asasgercs MMX-pern-
cTpoM 1enouncaeHHoro MMX-pacimupenusi. Mectonosioskenue mpueMHHUKa B T1a-
MSITH 3aaHO0 HESIBHO coziepskuMbIM napsl DS:DI/EDI. Macka onpezesiser, Kakue Oaii-
TBI OY/IyT COXPAHEHBI B MAMSTH. JTO JIEJIACTCS CAEAYIONUM 06pa3oM. 3HaAYCHWE /st
JaHHOW KOMAH/Ibl UMEET 3HAKOBBIN Pas3psi/l KaXKIOTO YIAKOBAHHOTO 6aiiTa MACKH.
Ecii oH paBed 1, To 3HaYeHHe cOOTBETCTBYIONErO GaiiTa 3 ucrounnka (MMX-pe-
TUCTPa) IIEPEHOCUTCS B COOTBETCTBYIOMIMI OailT mamsatu. Ecau e on pasen 0, To
COJIEPIKUMOE COOTBETCTBYIONIETO GaliTa M3 MCTOYHWKA B TIAMATH HE MEPEHOCHUT-
ca. Harnagro stot npouece wimoctpupyet puc. 18.25. OcobeHHOCThIO KOMaH-
161 MASKMOVQ (11, co6CTBEHHO, TIPUIMHOI, O KOTOPO OHA BKJIIOYEHA B IAHHYIO TPYTI-
Iy KOMaH/1) SBJSETCS TO, YTO IIPU 3aliucy NHGOPMAIIUY U3 PETUCTPOB B ITAMATD He
IIPOU3BOIUTCST KAIMUPOBAHUS ITON MHOOPMAIIUHU U, TAKUM 00Pa30M, OTCYTCTBYET
3arpsisHeHMe KalI-1IaMsATH IePBOTO WK BTOPOTO YPOBHA.
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maskmovq uUcmoyHukK, macka

Mpumep: maskmovg rmmx0, rmmx1
WcToynnk (XMM-peructp)
rmmx0 [ 17 [ w6 | w5 [ w4 [ w3 [ w2 [ wul [ w0 |

Macka (XMM-peructp) ‘l' ‘1’ ‘1’ ‘1’ ‘l’ \l' \1/

rmmxd 0, .o R [1, o. T |
v v v ¥ v
Mpuemnnk (m64) (1 00 [ w6 [ 00 | 00 | w3 | u2 [ 00 | wuO )
<— Crapluve agpeca onepaTMsHON NamsTu ﬂP

ds:di/edi
Puc. 18.25. Cxema paboTbl komaHasl MASKMOVQ

MOVNTQ npueMHUK, UICTOYHUK — KOMaH/Ia COXPaHEHUS B aMSATH YIIAKOBAHHBIX I1€JIBIX
yucen B nenouuciaeniom popmare MMX. Vcrounuk siBisiercss MM X-peructpom
nesouncaenHoro MM X-pacuupenust. [IppueMuukoM siBisieTcst 64-pa3psiiHas ssueika
NaMsTH. 3aI¥Ch B TAMITh TPOU3BOIUTCS, MUHY ST KATI-TTAMSITb.

MOVNPS npreMHMK, MCTOYHMK — KOMaH/Ia COXpaHEHNS B TaMITH YIIAaKOBAHHBIX YNCET
¢ TiaBamwonieir Toukoil B popmate XMM. Ucrounuk gasisgercs XMM-peructpom.
ITpuemunkoM siByisteTcst 128-paspsiiHas stueiika maMsITH, a[pec KOTOPOit 10JIKEeH OBbITh
BBIPOBHEH TI0 Tpanutie maparpada (1o 3HaueHWI0, KpaTHOMY 16). 3ammch B maMsATh
MPOU3BOJIUTCS, MUHYST KAII-TIAMSITb.

Taxum 06pa3oM, TIPUBEAEHHBIE BBITIIE TPH KOMAH/IBI OTIHMYAIOTCS OT OOBIYHBIX KO-
MAH/I TEPECHUTKY MOTUTHKON PaBOTHI ¢ KATI-TIAMSITHIO.

ITocne ob61iero 0630pa BosMokHOCTEH XM M-paciiupeHust pacCMOTPUM HECKOJIBKO
MPAaKTUIeCKUX IPIMEPOB IIPOTPAMMHIPOBAHNS U Iy TH PEIIeHNs CHenn(pIIecKuX Ipo-
6J1eM, KOTOPBIE TTPU HTOM MOTYT BO3HUKATh. HauHeM ¢ paCCMOTPEHUST MOPSITKA OTTHCA-
HUS JaHHBIX, KOTOPBIMU MaHUILyIupyloT XMM-komanast Pentium ITI(IV).

OnucaHue ynakOoBaHHbIX N CKaNsApPHbIX AAaHHbIX

Onucanne XMM-IaHHBIX B TPUJIOKEHIH 00BIYHO TIPOU3BOAUTCS B OJHOM W3 JBYX
(opmaros:

B MacCUBE CTPYKTYP;

B CTPYKTYpE, 3JIeMeHTaMH KOTOPOU SIBJISTFOTCST MACCHUBBI.

Orrcanue Touek n300paKEHsI B TPDEXMEPHOM TIPOCTPAHCTBE TPUHSITO 33/1aBaTh B BH-
Jle YeTHIPEXMEPHOTO BeKTOpa (X, ¥, 2, @). DTO CBSI3AHO C TEM, UTO IIPOEKI[HOHHBIE TPE0s-
pasoBaHust, HEOOGXOMMBIE JIJIs TIOKa3a N300PaKEHNSI C PA3JINYHBIX TOUEK 3PEHUST, TIPO-
TI[e BCETO OMUCHIBAIOTCS MATpUIIaMK 4 X 4. Vcionb3ys epeuncieHnbie paHee (popMaThi
3agannss XMM-naHHbBIX, COBOKYITHOCTh TOYEK B TPEXMEPHOM IIPOCTPAHCTBE MOKHO
OITUCATh IBYMsI CITOCOOAMIL:

[TepBbiit criocobd — 711 KAXKION TOYKH OMPEETUTD CBOH 9K3EMILISIP CTPYKTYPBI:

point_3D struc

X dd 0.0
y dd 0.0
z dd 0.0
W dd 0.0
ends

.data
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pl point_3D4 dup (<>) ;onucaHue nupamuibsl MacCCUBOM CTPYKTYp,
,Kaxaasa N3 KOTOPbIX OonucCbiBaeT
;04HY M3 4 BepuwuH
BTopoii c1i1ocob6 — Bce TOYKHU OIrcaTh OAHON CTPYKTYPOIi, dJieMeHTaMU KOTOPOH sIB-
JIFI0TCS] MACCUBBI KOOPAMHAT X, Y, Z, W:

prism_point_3D struc
x dd 4 dup (0.0)

y dd 4 dup (0.0)

z dd 4 dup (0.0)

W dd 4 dup (0.0)
ends

.data

prism prism_point_3D <> ;cTpykTypa, onucbiBawwas
;TPeyronbHyl nupamuay (4 BepuwuHbl)

PP

[IpuBenentbie panee MpUMepHI OTTUCAHUS TUPAMU/IBI UILTIOCTpUpYyeT puc. 18.26.

aj 4= {x0, Yo, Zo, Wo} 1-if cnoco6: 2-i1 cnoco6:
ay={xy, y1, 21, wq}
az ={xa, Yo, 2, Wo} OnepaTunBHas 0
- \_/'\/
ao a2 az={x3, y3, z3, w3} 0 namsiTb :
: Xo | X1[X2| X3
as Xo | Yo| 2o |Wo
Yo[Y1[Y2|Y3

X1{Y1| Z1|Wq
20|21|22| 23

Wo | Wq|W2| W3

X2 | Y2 | Z2|W2

X3|Y3|Z3|W3

max L —_|

max —_ *—A
Puc. 18.26. PacnonoxeHune B NamMAT! ONUcaHUsA BEPLLMH NMpaMuabl

B 60bIIMHCTBE TIPUTOKEH I HCTTOIB3YETCS TIEPBBIHN Ctocob mpezicTaBieHnss X MM-

JIAHHBIX, XOTsI OH U cUnuTAETCs MeHee aphekTuBHBIM. [Ipu HEOGXOIMMOCTH MOKHO TIPO-
M3BeCTH TPe0Opa3oBaHe MPEICTABIEH S JAHHBIX U3 OJIHOTO crocoba B apyroit. Bapu-
aHT TaKOTO MpeoOpasoBaHus OKa3aH B IporpaMme u3 Juctunra 18.8.

Jinctuur 18.8. CmeHa npenctaenenHns XMM-aaHHbIX

;prgl8_0l.asm - nporpamma npeobpa3oBanHus XMM-AaHHbIX
;M3 oAHOro cnocoba npeAacCTaBneHWs B APYToOW.

prizm struc

union

struc ;CTPYKTypa, OnuchiBawwas TpeyronbHyw nupamuay (1l-u cnocob)
xyzwl dd 0.0

XYyZW2 dd 0.0

Xyzw3 dd 0.0

Xyzwél dd 0.0

ends
struc ;CTPYKTYypa, oOnucbiBawwas TpeyronbHyi nupamuay (2-n cnocob)

X

T N<

dd 4 dup (0.0)
dd 4 dup (0.0)
dd 4 dup (0.0)
dd 4 dup (0.0)
ends

ends ; KOHeL, obbeanHeHus )
npodonacenue 5



576 Thaea 18. Pacluvpenns TpaamMuUMOHHOM apxmTekTypsl Intel

Jinctunr 18.8 (nponosxeHuve)

ends
.data
prizm_1 prizm <> ;3K3emnnap obbeanHeHUs
.code

;npeobpasoBaHne nNpeaACTaBNeHWA BepwuH nupamuibl (Ha mecTe)

lea si,prizm_1

movlps rxmm@, [si] ;rxmmO@=? ? y0 x0
movhps rxmm@, [si+16] ;rxmm@= yl x1 y® x0
movlps rxmm2,[si+32] ;rxmm2= 7?7 ? y2 x2
movhps rxmm2, [si+48] ;rxmm2=y3 x3 y2 x2
movaps rxmml, rxmm@® ;rxmml= yl x1 y0 x0
shufps rxmm@, rxmm2,88h ;rxmm@= x3 x2 x1 x0
shufps rxmml, rxmm2,0ddh ;rxmml= y3 y2 yl y0
movlps rxmm2,[si+8] ;rxmm2=? ? wO z0O
movhps rxmm2, [si+24] ;rxmm2= wl z1 wO zO
movlps rxmmé4, [si+40] yrxmmd= ? ? w2 z2
movhps rxmm4, [si+56] ;rxmmd= w3 z3 w2 z2
movaps rxmm3,rxmm2 ;rxmm3= wl z1 w0 zO
shufps rxmm2,rxmm4,88h ;rxmm2= = z3 z2 z1 z0
shufps rxmm3, rxmm4,0ddh ;rxmm3= w3 w2 wl w0

;Ha BbIXoAe nonyuumm creayipouwee coctosHne XMM-peruncTpos:
;RXMMO= x3 x2 x1 x@, RXMM1= y3 y2 yl yo0,
;RXMM2= = z3 z2 z1 z0, RXMM3= w3 w2 wl w0
;Tenepb UX Heob6XO0AMMO COXPaHUTL B MaMATH:
movups [si],rxmmO
movups [si+16],rxmml
movups [si+32], rxmm2
movups [si+48],rxmm3

OHI/IC&HI/IG CKaJIAPHBIX JTaHHBIX HAMHOTO IIPOIIEe — 3TO O6I)I‘{HI)I€ 3HAQUYCHU C I1JIaBa-
IolIell TOUKOI B KOPOTKOM (hopmare:

.data
scal_real dd 1.0 ;npumep onucaHumsa ckanspHoro XMM-3HaueHus;

NMpumepbl CNONbL30BaHUS KOMaHA,
XMM-pacwumpeHus

anee 6GyayT pacCMOTPEHBI HECKOBKO TUIIOBBIX TIPUMEPOB UCIIONb30BAHMS KOMAH]
XMM-pacumpenvst. OCHOBHAS 11e/Ib — JEMOHCTPAIUS METOAUKN PabOThI ¢ OCHOBHbI-
MU rpynnamMu komanz XMM-pacumpenus. Haunem ¢ peanusainyu npocTeiinmx onepa-
AN — CJIOKEHUS U YMHOKEHUS.

CnoxeHune n ymMHOXeHue AByx ynakoBaHHbix XMM-3HaueHun

3ajada — BBIYUCJIUTD CKAISIPHOE TIPOU3BE/IeHNE IBYX BEKTOPOB, KAXKIBII M3 KOTOPBIX
COCTOUT M3 YETBIPEX BEIIECTBEHHBIX YMCes B KOPOTKOM (popmaTe. Ecii B kauecTBe Ta-
KX BEKTOPOB B3Th /iBa BeKTOpa A 1 B, TO UX IpousBe/ieHre BBIYUCISIETCS 110 (hopMyie

AxB=aq,lb,+a, b +a,lb,+a,lb,
B mporpammHoii peanmsariuu ¢ ucnosb3oBanreM X MM-KoMaH/I 9TO BBITJISIIAT TakK,
KaK II0Ka3aHo JaJjiee.
Jinctunr 18.9. lNporpamma BbIHNUCAEHMS CKANSIPHOIO NPOU3BEAEHNS ABYX BEKTOPOB
;prgl8 _02.asm

jdata
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xmm_pack_1 dd 1.0, 2.0, 3.0, 4.0

xmm_pack_2 dd 5.0, 6.0, 7.0, 8.0

rez_sum dd 0.0 ;pe3ynbTaT CNOXeHus

.code
movaps rxmm@,xmm_pack_1;RXMMO= 4.0, 3.0, 2.0, 1.0
mulps rxmmO, xmm_pack_2 ;RXMMO= 4. OEB 0, 3.07.0, 2.00b.0, 1.00b.0
movaps rxmml, rxmm@ ;RXMM1= 4.008B.0, 3.0[¥7.0, 2.006.0, 1.006.0
shufps rxmml,rxmm1,4eh ;RXMMl: 2.006.0, 1.005.0, 4.0B.0, 3.0(7.0
addps rxmm@, rxmml ;CKnaabiBaem:

RXMM@ 4.00B.0, 3.007.0, 2.006.0, 1.005.0
RXMMl— 2.006.0, 1.0.0, 4.00B.0, 3.07.0
;RXMM®= 4.008B.0+2.00b.0, 3.007.0+1.006.0, 2.00b.0+4.0(B.0, 1.006.0+3.0[7.0

;mnm
;RXMMO= 44.0, 26.0, 44.0, 26.0

movaps rxmml, rxmmo@ ;RXMM1= 44.0, 26.0, 44.0, 26.0
shufps rxmml,rxmml,11lh ;RXMM1= 26.0, 44.0, 26.0, 44.0
addps rxmm@, rxmml ;CKnaabiBaem:

RXMM@ 44.0, 26.0, 44.0, 26.0
RXMMl— 26.0, 44.0, 26.0, 44.0

;RXMMO: 70.0, 70.0, 70.0, 70.0
;COXpaHseM pe3ynbTaT
movss rez_sum, rxmmo

YMHOXeHune MaTpuLbl Ha BEKTOP

YMHOKEHIE MaTPUIIBI Ha BEKTOP — HauboJiee XapakTepHast OIePaIust st BBIYUCIE-
HUll B o61acTi MamuHHON rpaduku. CylecTBYIOT pasindHbie criocobbl GopMupoBa-
HUsI TPEXMEPHOTO n306paxkenust. B Hanbosee mpocToM cirydae n3o6pakeHne Ha IKpaHe
3aaeTcsl B BUJe OMOPHBIX Touek. K mpumepy, paccMOTpUM CJIydail, Kora Ha dKpaHe
JIUCTLIIEST HAXOUTCS TPEXMEPHOE N300pakeHue, COCTOSIIIEE M3 OTPE3KOB MPsMbIX. He-
obxouMast 1JIst ero (GOPMUPOBAHUS HH(POPMAITUS XPAHUTCS B TAMSITH KaK CIIHCOK OTOP-
HBIX TOUEK — KOHIIOB OTPe3K0B. Ecii n3o6pakeHne aeTcs B TpEXMEPHOM M3006paske-
HWH, TO OTIMCAHKE KAKIO0H TOUKH yI06GHO 3a/1aTh B BUJIE YETHIPEXMEPHOTO BEKTOPA (X, ¥/,
z, w). BrioueHne B TpeXMepHBIN BeKTOP (X, ¥, z) AOTMOJHUTETHHON KOOPAWHATHI ©
00bSICHSIETCS TEM, UTO IIPOEKIMOHHbIE TPe0OPa30BaHKs, HEOOXOAUMBbIE JIJIs [IOKa3a N300-
PAKEHISI ¢ PA3IMYHBIX TOYEK 3PEHMsI, OTMMChIBAIOTCS MaTpuiamu 4 X 4. [loatomy mist
ynobcTBa peanusalui MPOEKIIMOHHBIX MPeo6pa3soBaHui, 3a4aCTYIO COMPOBOXK/IAEMbIX
onepanusiMi YMHOKEHUSI MaTPUIL M BEKTOPOB, TPEXMEPHBIN BeKTOP (X, ¥, Z) TTpe/icTaB-
JISTIOT B BUJIE YETHIPEXMEPHOTO BEKTOPA (X, ¥, 2, @), T/l 3HAUEHME @ OOBIYHO TPUHIMAET-
cs1 paBHbIM 1. 7151 BBITIOJTHEHUST cCaMOTO MTPe0Opa3oBaHus MOATOTOBJIECHHAS 3apaHee Mar-
puIa mpeobpa3oBaHust YMHOKAECTCST HA 9TOT BEKTOP, B PE3YJIbTATE YETO MOJYYAETCsI
YeThIPpEXMEPHbIil BeKTop (x', ', 2, w"). [lns o6paTHOTO TIepexoa K TpeGyeMoMy Tpex-
MEPHOMY BEKTOPY HEOOXOAUMO Pa3ieluTh KOOPAUHATHL X', i', Z' Ha @', OCJIe Yero yia-
JINTH YETBEPTYIO KOOPAMHATY @',
Marpuiia M nipeobpaszoBanust 1 BeKTOp V UMEIOT CIIeAYIONINAN BUJI:

My Mgy Mgy Moz
My Mgy My My 3Y5
My My My My32s
My My, My M0 = 1.
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ITpeoGpazoBaHust KOOPAUHAT BBITIOTHSIOTCS TIO (DOPMYyIaM
x'=xUny,+yUln,+z0n,+10n,
y=xln,+yln, +z0n,+10n,
Z'=xUn,, +y Un, +z0Un,, +1Un,;
w' =xUn, +ylUn, +zUn,+10n,

s mosryyeHus npeoOpasoBaHHbIX KOOPAMHAT B BUE TPEXMEPHOIO BEKTOpa (X,4,2)

nemuM x', y', z' Ha W'
x=x"/w" = (x Uny+y Ung+z Un,+1 Ong,)/(x Ungty Ong, +z Ung, 1 Ony,);
y=y'/w = (xUnty UOn +zUn,+1 0On,)/(x On,ty Ui, +z Ong,+1 On,,);
z=2'/w" = (x Un,ty Un,, +z Un,,+1 Un,,) /(x Un, ty Un, +z On,,+1 Un,,).

DJIeMEHTBI MATPUI[bI U BEKTOPOB IPEICTABIEHbI YUCTAMH C IIJIABAIOIIEN TOUKOM B KO-
POTKOM BelecTBeHHOM (opMmate (4 Gaiita).

[lanee mpuBesieHbI 1Ba BapyaHTa IIPOTPaMMbl YMHOKEHUSI MATPUIIBI HA BEKTOP —
OJIMH C UCITOJIb30BAHUEM CTAHAPTHOTO COIMPOIIECCOPA, IPYTO C UCIIOTb30BAHNEM KO-
Manj XMM-pacinupenust (¢ TOMOIIbIO TIpoaiiiepa MOKHO CPaBHUTH CKOPOCTH TIpe-
obpaszoBanus ). Pe3ybTUPYIONHiT TPEXMEPHBIN BEKTOP 3aMEIIAET UCXOIHBIN,

[ToammporpamMMa yMHOKEHUST MATPHUIIBI 4 X 4 HA YeThIPEXMEPHBIN BEKTOP C UCTIOJb-
30BaHMEM CTAaHZAPTHOTO COTIPOIleccopa COCTOUT U3 /IBYX YacTeil. B mepBoit vacTu BbI-
YHCIISIETCST COOCTBEHHO MPOM3BEICHUE YETHIPEXMEPHOI MATPHUIIBI HA YETHIPEXMEPHBIIT
BeKTOP. B BTOPOIi YacTH MOJTyYeHHBIN YeTHIPEXMEPHBIN BEKTOP TPe0OPasyeTcs B TPEX-
MEPHBIH [leJIeHHEM eT0 KOMITOHEHTOB Ha €T0 YeTBEPTYIO KOOPIUHATY.

Jinctunr 18.10. YMHOXEHME MaTpULbl HA BEKTOP (CTaHAAPTHbLIN CONPOLLEccop)
;prgl8_03.asm

.data

XYyZW dd 3 dup (0.0), 1.0 ;MCXOLHbIE KOOPAMHATbLI TOUKMU
; (Heo6X0AMMO WMHWULMANU3NPOBaATh)
nm w=1.0
M dd 16 dup (0.0) ;MaTpuua npeobpa3oBaHWs pacnonoxeHa
;N0 CcTpokam (Heo6X0AMMO MHULMANU3UPOBATbH)
.code
lea di,xyzw ;aApec BeKTopa
lea bx,M ;aapec matpuubl M
finit ;MHMUManu3upoBaTb conpoueccop
fld dword ptr [di+12] ; BKIIOUNTDL B CTEK W
fld dword ptr [di+8] ;BKIIOUNTbL B CTeK Z
fld dword ptr [di+4] ;BKIOUNTbL B CTeK Yy
fld dword ptr[dil] ;BKIIOUNTbL B CTeK X
mov cx,4 ;CYETUNK CTPOK MaTpuubl M
; YMHOXaeM ouepeaHyl CTpoky M Ha (X,y,z,w)
row: fld dword ptr[bx] ;MepBbIi 3EeMeHT ouepesHOW CTPOKWU
fmul st,st(1) ; YMHOXMUTbL Ha X
fld dword ptr [bx+4] ;BTOpPO/ 3nemMeHT CTpoku M
fmul st,st(3) ; YMHOXWUTbL Ha y
fadd ;HaKonneHne CymMmbl
fld dword ptr [bx+8] ;TPeTUiA 3nemMeHT cTpokum M
fmul st,st(4) ; YMHOXWUTb Ha z

fadd ;HaKonmeHne Cymmbl
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fld dword ptr [bx+12] ;UeTBEpPTbHIi 3NeMeHT CTpoku M
fmul st,st(5) ;YMHOXMTb Ha W
fadd ; HaKonneHue CyMmmbl
fstp dword ptr [di] ;3aMOMHUTbL 3MeMeHT BeKTopa
add di,4 ;Ha Creayowyio KOOpPAWHATY B XYZW
add bx,16 ;K cneaywowen ctpoke M
loop row ;NoBTOPUTL (BCero 3 pa3a)
;Tenepb HeobxoAUMO pa3AennuTb MofyyeHHble X', y', z', W' Ha W':
lea di,xyzw ;aApec BekTopa
fld dword ptr [di+12] W' B CTek
mov cx,4
cycl: fld dword ptr [di] ;ouepesiHyl0 KOOpAMHATY B CTeK
fdiv ;st(0)/st(1l)->st(0) ;A€NUM Ha W'
fstp dword ptr [di] ;3aMoOMUHaeM o4yepeaHyl KOOpAMHATY
add di,4 ;K Ccreayiowei KoopAuHaTe

loop cycl
ynonyunnu (x, y, z, 1)=> ybupaem w=1
;M nonyuyaem pe3ynbTaT npeobpa3oBaHus (X,y,z)

[ToammporpamMmmMy yMHOKEHUSI MAaTPUIIB! 4 X 4 HA YeTbIPeXMEPHBIM BEKTOP C UCIIOJb-
3oBanreM XM M-pacmupenus umoctpupyet guctuar 18.11.

Jinctuur 18.11. YMHOXeHMe maTpuupbl Ha BekTop (XMM-paciwumpeHme)
;prgl8_04.asm

.data

;ALIGN 16
XY ZW dd 3 dup (2.0), 1.0 ;UCXOAHbIE KOOPAMHATbI TOUKWU
; (HeEO6X0AMMO MHWUUMANU3NPOBATH)
m w=1.0
M dd 16 dup (0.0) ;MaTpuua npeobpa3oBaHMsa pacnonoxeHa
;N0 cTpokam (HeobXxOoAMMO MHMUMANW3UPOBAThL)
.code
lea edi,xyzw ;aApec BekTopa
lea ebx,M ;aapec matpuubl M
mov ecx,4 ;MTOBTOPEHUN LMKNa
movups rxmm@,Xyzw ;3arpyxaem BeKTOp
row: movups rxmml, rxmmoO ;KOnMupyem BeKTOp
movups rxmm2, [ebx] ;3arpyxaem ouepenHylo cTpoky M
mulps rxmm2, rxmml ; YMHOXaem BeKTOp Ha ouepefHyl CTpoky M

;CKNajblBaeM YacCTUUHble YMHOXEHUSA :
shufps rxmml, rxmm2,0ah
addps rxmm2, rxmml
shufps rxmm3, rxmm2,1

addss rxmm3, rxmm2 ;CKansgpHoe cnoxexHue
movss [edi], rxmm3 ;CKangapHasa nepecobinka
;FOTOBMMCS K BbIUMCNEHWID Crieaylowerd KOOPAWHATHI
add edi,4
loop row
;Tenepb Heob6XxoAMMO pa3AenuTb MnonyuyeHHole X', y', z', w' Ha w'
lea edi,xyzw ;aApec BekTopa
movups  rxmmO,Xyzw ;3arpyxaem BekTtop (x',y',z',w')
movss rxmml, rxmm@ ;nepecbinka w'
shufps rxmml, rxmml,0 ;pa3MHOXaem w'
divps rxmm@, rxmml
movups Xyzw, rxmmo@ ;COXpaHsfieM HOBOe 3HauyeHWe BeKTOpa

ynonyunnu (x, y, z, 1)=> ybupaem w=1
;MW nonyyaem pesynbTaT npeobpa3oBaHus (X,y,z)

e e
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MoBopoT n3o6paxxeHuns

Crenyitomniast mpobieMa, MOCTOSTHHO pelliaeMast B 3a/[adax IBYXMepHOH rpaduku, — 1mo-
BOPOT M306paskeHns Ha onpeiesiennbil yroyr. [IpeobpasoBanue koopauHar (X, y,) o1op-
HBIX TOYEK IIPU IOBOPOTE HA YTOJI O MOXKET BBIIOJIHATHCS MO CAEAYIONUM (HOPMYIaM:
x' =x [tosa +y Lin q;
y',=—x Gina+y. [tosa.

31ech x, 1 iy, — KOOPJAMHATHI OIOPHBIX TOYEK, i = 0...n—1; 7 — 4KMCI0 ONOPHBIX TOYEK
U300PAKEHHUSL.

AHaJIOFI/I‘{HO TIporpaMMe YMHOKEHUSA MaTPUIIbl Ha BEKTOP NPUBEJIEM /[Ba BapUaHTa
MPOTPaMMBI TIOBOPOTA IBYXMEPHOTO N300pasKeHUsI (TyCTh 9TO OYET IPSMOYTOJIBHUK) —
C MCTI0JIb30BaHMEM COITPOIleCcCcOopa U ¢ UCIoab3oBanneM X MM-pacuimnpenns.

B npuBenentoii B muctunre 18.12 mporpamme moBOPOTa M306PAKEHUST € UCIIONB30-
BaHUEM CTAHJ[APTHOTO COIIPOIIECCOPA MTPEAITOJIATAETCS, YTO KOOPAMHATHI TIPSIMOYTOJIb-
HUKa XPAHSATCS B BUJIE MACCUBA BEIECTBEHHBIX YNCET KOPOTKOTO (hopMaTa. DJIeMEHTHI
MacCHBa JIOTMYECKH IIPEACTABIILIOT cOO0M mocaeqoBaTesbHOCTh X0, y0, X1, y1, X2, y2, X3,
y3. YroJ moBopoTa B pafitaHax HaXO[UTCS B TIePEMEHHOII a.

Jinctunr 18.12. NoeopoTa n3obpaxeHnsa Ha MecTe (CTaHAaPTHbLIN CONPOLECCop)
;prgl8_05.asm

“data

;KOOpAWHaThl kKBaapaTa (HeobxoaAumo uHMumanuilupoBaTb) x0,y0,x1,yl,x2,y2,x3,y3
mas_xy dd 8 dup (0.0)

a dd 0.0 ;yron (Heob6X0AWMO WHWLMANM3UPOBATbL)
.code
lea si,mas_xy
mov cx,4;umkn 4 pa3a - MO KONMMYECTBY BeEPWUH
finit
;BblUMCAISiEM Sin a M COS a;
fld a ;BKMlUYaem B CTeK yron
fsin ;BblUMCAISieM Sin a
fxch ;MeHsem st (0)<->st (1)
fcos ;BblUMCIISiEM COS a
fxch ;MeHsem st(0)<->st(1l)
fstpa ;BbITankuBaem a
;NOBOPOT M306paxeHns
cycl: fild word ptr [sil ;BKMUATL B CTEK KOOPAMHATY X 3feMeHTa
fild word ptr [si+2] ;BKMIOUNTDL B CTEK KOOPAMHATY Yy 3MeMeHTa
fld st(l) ;aybnupyem mx
fld st(1l)
fmul st,st(5) ;BBIUMCINTD y*sin
fxch ;MeHsem st (0)<->st (1)
fmul st,st(4) ;BBIUMCIINTL X*COS
fadd ;HOBas KooOpAMHaTa X
fistp word ptr[sil] ;nepenaTb HOBYW KOOPAMHATY X B MaMATbH
fmul st,st(2) ;BBIUMCINTL Yy*COS
fxch ;MeHsem st (0)<->st (1)
fmul st,st(3) ;BBIUMCANTL X*sin
fsubr ;HOBas KoopAMHaTa y
fistp word ptr[si+4] ;nepejaTtb ee B MamMsAThb
add si,8 ;NMPOABUHYTb yKa3aTenb MaccuBa mas_Xy
loop cycl ;NOBTOPUTL ewe 3 pa3a

;B mas_xy npeobpa3oBaHHble AN MOBOPOTa KOOPAMHATH KBaapaTa
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ITporpamMma TTOBOPOTa N300paKEHIS ¢ UCTTOMb30BaHeM X MM-pacuiipeHust mpe/-
craBiena B quctunre 18.13.

Jinctuur 18.13. MNMoBopoT n3obpaxeHuns Ha mecTe (XMM-pacLunpeHue)

;prgl8_06.asm

.data

;KoopAnMHaThl KBaapaTa (HeobxoAumMO uHuumanuiuposaTb) x0,y0,x1,yl,x2,y2,x3,y3

;ALIGN 16
mas_xy dd
a dd

sin_a dd
cos_a dd
null dd
.code
lea
mov
finit
;BblUMCISiEM
fld a
fsin
fxch
fcos
fxch
fstp
fstp
fstp

8 dup (0.0)
0.0 ;yron (Heo6xoAUMO WMHUUMANU3MPOBATH)

[oNoNo]
[cNoNo]

esi,mas_xy
ecx,4 ;UMKN 4 pa3a - No KOMMUecTBY BepWUH

sin a n cos a;
;BKJlIloUaeM B CTeK yron
;BblUMCIISAEM Sin a
;MmeHsem st(0)<->st (1)
;BbIUMCIIAEM COS a
;MmeHsem st(0)<->st (1)

a ;BblITankuMBaem a
cos_a ;BbITAanNKuBaem CoS_a
sin_a ;BbITankueaem sin_a

;NOBOPOT M306paxeHns
;roTOBMM Xxmm-perncTtp RXMM2 co 3HaueHusMM yrnos

movlps rxmm2,sin_a
movhps rxmm2,sin_a ;RXMM2= cos_a sin_a cos_a sin_a
movss rxmm2,null
subss rxmm2,sin_a ;RXMM2= cos_a sin_a cos_a -sin_a
cycl: movlps rxmm@, [esi] ;RXMMO= ? ? yi xi
movhps rxmm@, [esi] ;RXMMO= yi xi yi xi
shufps rxmm@, rxmm@,0b0Oh ;RXMMO= xi yi yi xi
mulps rxmmo, rxmm2 ; RXMMO=RXMMO*RXMM2=
;= Xi*cos_a yi*sin_a yi* cos_a xi*(-sin_a)
shufps rxmml,rxmm@,31h ;RXMM1=? xi*cos_a ? yi* cos_a
addps rxmmo, rxmml ;RXMMO= ? (xi*cos_a+yi*sin_a) ?
;(yi* cos_a+xi*(-sin_a))
shufps rxmmO, rxmmo, 2 ;RXMMO= ? ? (yi* cos_a+xi*(-sin_a))
; (xi*cos_atyi*sin_a)
;CoXpaHsem pe3ynbTaT:
movlps [esi],rxmm@
;FOTOBMMCS K BbIUMCIIEHUID HOBOTO MOMOXEHWs ANs crneayiowein KOOPAUHATHI

add

esi,8

loopcycl

Ha sTom MBI 3aKOHUNM paccMOTpeHMe TpuMepoB porpamMMmupoBannst XMM-pac-
mmpenus. [Ipu pazpaboTKe IPUBEAECHHBIX PaHee IPOrPaMM Mbl CYMTAIU, YTO UCIIOJIb-
3yEeMBII TPAHCISITOP acceMOIepa MOIePKUBAET JIo6bie KOMaH/IbI Tipoiteccopa Intel,
B ToM yncie 1 XMM-komanabl. PeasbHO cutyanus fajneka ot 3Tou niearbHOU KapTh-
HBI. MBI yoKe YIIOMUHAHN, 9TO TPAHCJSATOPHI acceMbiepa He BCeT/la YCIEBAOT 3a TPO-
1eccoM pasBUTH cucTeMbl KoMana. OcobeHHo 910 Kacaercs: TpaHcagropa TASM, ko-
TOPBIH «GPOTIeH Ha TIPOU3BOJ CyAbObI» hupmoit Borland (Inprize), u Ha ceropusamamit
JIEHb €70 Cy/Ib0a BBITJISIIIUT TOBOJBHO HEOTIPeeIeHHOM. JIpyTie hupMbI-pa3paboTInKu
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TPAHCIATOPOB acceMbIIePa MBI HE PACCMATPUBAEM (HE TOTOMY, YTO OHH Xy’Ke, — TPOCTO
06CysKIeHre TOCTONHCTB U HEOCTATKOB TPAHCISTOPOB acceMOIIepa He SIBIISIETCST Pe-
MeTOM JanHoi kuurn ). IloaToMy Ha IpaKkTHKe Beeria MOXKHO CTOJIKHYTLCS ¢ CUTyaluel,
KOT/Ia JTIOOMMBIN ¥ XOPOTITIO 3HAKOMBIH TPAHCIISITOP He 3HAET CHCTEMBI KOMAH/T HOBET-
mrero mpoieccopa. Kak 6bTh B 3101 cutyanuu? Kak, He MeHsIst TPAHCISITOPA, TIOMOYb
eMy TTOHSITh HeM3BeCTHBIE KOMAH/IBI TIpolfeccopa?

MopenunposaHue komang XMM-pacwmpeHus

3anauy aganTaruu komruiasitopa (TASM) k HOBbIM KOMaH/IaM TIpoIleccopa U, B 4acT-
HocTH, K MMX-KkoMaHIaM MBI y3Ke pemanu. [Ipuctymnas Kk mpakTH4ecKoMy UCIOJIb30-
Barnio XMM-KoMaH/I, BBl CHOBA CTOJIKHETECH € 9TOi IpobIeMoii. 3azady amanTalum
TASM (um gpyroro KoMmmmasitopa accem6biepa) k komangam XM M-paciupenus: MoK-
HO PEIUTh ABYMSI CIIOCOOaMMU:

Bo-11epBbIX, MOKHO paspaboTaTh BKIOUaeMbIil (pailj, B KOTOPOM /st Kask ot X MM-
KOMaH/[bl PEATM30BaTh MAKPOKOMAH/IY, MOJEIUPYIONIYI0 Ha (Gase CyNIeCTBYIOIINX
KoMaH/ HykHYI0 X MM-komanny. Tpaauimonso, upma Intel, 3Has 06 nHepiinoH-
HOCTH ITpoIfecca pazpaboTKy HOBBIX BEPCHIA TPAHCIISTOPOB acceMOJepa, BMeCTe ¢ oI
MHOKECTBOM HOBBIX KOMaH/[ pa3pabaThBAET COOTBETCTBY IO BKIIOYAEMbIiT (hailt
JUIS VX TIOJIIEPAKKU B acceMOiepHBIX tporpammax. st moamuoxkectsa XMM-ko-
MaH/[ TaKoU (haiiyl Ha3biBaeTcs iaxmm.inc. OH opueHTHPOBaH Ha TpaHcasaTop MASM
(upmbr Microsoft) u He purozen (Tpebyet gopaborknu) nist TASM. OxHako mpu
nopaborke TASM Heo6X0MMO UMETh B BULY BOTTPOC 06 aBTOPCKUX TipaBax. Heko-
TOpPbIe TPOOJIEMbI UCTIONB30BaHus (hatina iaxmm.inc coBmectro ¢ TASM ob6cyskna-
I0TCS fajee.

Bo-BTOPBIX, MOKHO pa3paboTaTh MIPOrPaMMY-TIPETIPOIIECCOP, HA BXOI KOTOPOU T10-
JaBaTh UCXO/HBIH (hails ¢ mporpaMMoil Ha acceMbJiepe, coiepsKalieil HoBble KOMaH-
ITBI TIPOIECCOPA, & HA BBIXO/IE TIOJIYUYaTh TEKCT, ATAaNITUPOBAHHBIN /71T KOMITUJISIIAN
CTapbiM TPAHCJISITOPOM acceMOJiepa. DTOT yTh UMEET TO TPEUMYIIECTBO, YTO Te-
TEePD MIPU MOABJIEHUW HOBBIX KOMaH/ MOJKHO, HE BHOCA 6OJII)H_H/IX KOPPEKTUB B TEX-
HOJIOTHIO pa3pabOTKK TIPOTPAMM, BCETO JIUIITh OTPEIEEHHBIM 00pa3oM MOAUMUITI-
poBaTh (Gaiyi-mpenporeccop, A0MOJHIB €r0 BO3MOKHOCTSIMU 06PabOTKU HOBBIX
KOMaH/I Tipoiteccopa. boJjiee TOTo, TOTOJTHUB TIPEMPOIECCOP CPEACTBAMK PACTIO3HA-
Banus npotieccopa (Intel umn AMD), MOKHO pa3pabaThIBATh IPOTPAMMBI C UCTIOJIb-
soBanueM paciupenrrst 3DNow!. Pabounit MaTepual st peaus3aiui 9TOr0 CIoCco-
6a BBl MOKeTe HallTh cpeu (PailjioB K KHUTE B KaTaJIore 9TOM IJIaBbl.

NMoapepxka XMM-komaHa B panne iaxmm.inc

Texcr aiina iaxmm.inc MOKHO 3arpy3uTh ¢ OpHUIMAIBHOIO caiiTa KoMmauuu Intel
(http://www.intel.com). C Touku 3peHUsT CTPYKTYPBI, BKJIIOYaeMbiii (haiia iaxmm.inc mpes-
craBisieT coboit Habop MaKPOKOMAH/[ JIBYX THIOB — OCHOBHBIX M BCIIOMOTATETHHBIX.
HasBannst 0oCHOBHBIX MAaKPOKOMAH/[ TIOJTHOCTBIO COBMAAAIOT ¢ HazBaHUsIMU X MM-Ko-
MaH/l, MOZIETUPOBAHIE KOTOPBIX OHU 0O€eciednBaioT. BemoMorarebHbie MAKPOKOMAH/IbI
pacToioyKeHbl B Havase daiia v cayxaT s obectiedeHus: paboThl OCHOBHBIX MaKPO-
KoMaHI. B yacTHOCTH, 3T MAKPOKOMAH/Ibl yCTAHABJIUBAIOT TUI ONIEPAH/IOB, YKA3aHHBIX
mpu 06paIeHNH K OCHOBHOM MaKPOKOMaH/IE, TPUYEM JIEJIAIOT 3TO, UCXO/SA 13 PeKUMa



XMM-pacLumpeHue apxuTekTypbl npoueccopa Pentium 583

yHRIIMOHNpPOBaHUSA TpaHcasATopa — 16- nau 32-paspsanoro. Jpyroe BakHOE /€li-
CTBHE — yCTAHOBJIEHNE COOTBETCTBUS MEXKIY HazBaHUAMU XM M-perncTpoB 1 peruct-
poB ob1uiero HazHadeHus. Jles1o B ToM, uTo ajist Mozearposanuss XMM-komanz B 16- wim
32-paspsiiHOM peskuMe paboThl acceMbJiepa CIOAb3YIOTCS Pa3Hble PErUCTPbl 00IEro
HazHauenus — 16-paspsaubie peructpbl B 16-paspsinom pexxume u 32-pa3psi/iHbie
B 32-pa3psaHOM pPesKUME.

PaccmoTtpum mporiece mogenmpoBannst XM M-koman. B kKauecTBe OCHOBEI 171 MO-
JIeTUPOBAHMS BBICTYIIAET OJTHA M3 KOMAH]] OCHOBHOTO MTPOIleccopa. DTa KOMaH/Ia J0JIK-
Ha YIOBJIETBOPSITH OTpe/ieJieHHbIM TpeboBanmsaM. Kakossl onn? B momnckax orsera mo-
CMOTPUM Ha MallluHHBIE KOl X MM-KoMaH 1 TpuiioskeHnu A, BUgHO, 4T0 06IIUMU y HIX
SIBJISIIOTCST JIBA MOMEHTA!

mosie Koma omeparnuu XMM-KOMaH/ COCTOUT U3 ABYX WM Tpex 6aiiToB, OMMH 13
koTopbix paseH 0fh;

6onbimnHCTBO X MM-KOMaH/I HCTTIOB3YIOT GopMaTh afpecariuu ¢ baiitamu modR/M
1 sib 1, COOTBETCTBEHHO, IOTYCKAIOT COUETAHNE OTIEPAH/IOB KK OOBIYHBIX IBYXOTIE-
PaHIHBIX KOMAH][ IEJIOYHNCIEHHOTO YCTPONCTBA — PETUCTP — PETUCTP WU TTAMSITh-
perucTp.

Tl MmopenupoBanuss XMM-KkoMaH/[ HY5KHO Mog006paTh TaKyio KOMaHIy OCHOBHOTO
IPOIleCCcopPa, KOTOpast YAOBJIETBOPsIET 3TUM JIBYM ycJoBUsIM. Bo BkIiogaemoMm daitne
iaxmm.inc B KauecTBe TAKUX KOMaH bl TPUCYTCTBYIOT fiBe — CMPXCHG u ADD. B miporiec-
ce MOZIETUPOBAHMUST Ha MECTO HY)KHOTO GaliTa Kojia Orlepaliiy 3TUX KOMaH/ TIOMENIaioT-
cs1 GailThl CO 3HAYEHUAME KOJIa orepaiun coorsercTByoneii XMM-komanabl. Korga
IIPOIIECCOD «BUINT», YTO OUepenHast KoMaH/a sBisgercss XM M-KoMaH/Io#, To OH HauH-
HAaeT TPAKTOBATh KOJIbI PETUCTPOB B MAIIMHHON KOMaHze Kak Koibsl X MM-peructpoB
U CCBIJIKU HA TIAMSITh, PA3MEPHOCTBIO COOTBETCTBYIONIEN TaHHON KoMaHze. B ManmimHHOM
(opmaTe KOMaAHIBI HET CUMBOJNYECKUX HA3BAHUIN PETUCTPOB, KOTOPBIMU MBI TIOJTB3Y-
eMcsI TIPU HAITMCAHUY UCXOHOTO TeKCTA IPorpaMMel, Harrpumep AX riu BX. B aTom dop-
Mare OHU OTpe/ieJIeHHbIM 00pa3oM Koaupyiotcs. Hampumep, peructp AX Koaupyercst
B oJte reg marmuaHON kKoMaH bl Kak 000. Ecsiv 3aMeHuTh KO/ OTIepaiu KOMaH/Ibl, B KO-
TOPOW OTHUM 13 OTIEPAH/IOB ABJIeTCs peructp AX, KozioM ornepariuu Hekotopoit XM M-
KOMAHJIbI, TO 9TO JKe 3HAYEHUE B MOJIE reg TPOoIeccop OyAeT TPaKTOBATh KaK PETUCTD
rxmm0. Takum o6pazom, B XMM-KoMaHaX KOl PETUCTPOB BOCTPUHUMAIOTCS COOT-
BETCTBEHHO KOAY omepanuu. B tabu. 18.9 mpuBeseHb! KObI PETUCTPOB OOIIEro Ha3Ha-
YeHUS U COOTBETCTBYIOIMX uM XMM-peructpos. B mpaBom cTo1611e 9T0i TabIuIbL
COZEPAKUTCS yCI0BHOE 0bo3Hauenne X MM-perucTpos, npuHsaToe B (aiiie iaxmm.inc.
ITO JKe COOTBETCTBUE 3aKPETLIIEHO PSIZIOM OTIpeIeJIeHHIT B 9TOM (aiie, KOTOPbIe UJLTIO-
CTPUPYET CJIeIyIoNIast IPOTpaMMa:

DefineXMMxRegs Macro

IFDEF APP_16BIT
rxmmo TEXTEQU <AX>
rxmml TEXTEQU <CX>
rxmm2 TEXTEQU <DX>
rxmm3 TEXTEQU <BX>
rxmm4 TEXTEQU <SP>
rxmm5 TEXTEQU <BP>
rxmmeé TEXTEQU <SI>
rxmm7 TEXTEQU <DI>
RXMMO TEXTEQU <AX>
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RXMM1 TEXTEQU <CX>
RXMM2 TEXTEQU <DX>
RXMM3 TEXTEQU <BX>
RXMM4 TEXTEQU <SP>
RXMM5 TEXTEQU <BP>
RXMM6 TEXTEQU <SI>
RXMM7 TEXTEQU <DI>

ELSE
rxmmo TEXTEQU <EAX>
rxmml TEXTEQU <ECX>
rxmm2 TEXTEQU <EDX>
rxmm3 TEXTEQU <EBX>
rxmm4 TEXTEQU <ESP>
rxmm5 TEXTEQU <EBP>
rxmme TEXTEQU <ESI>
rxmm7 TEXTEQU <EDI>
RXMMO TEXTEQU <EAX>
RXMM1 TEXTEQU <ECX>
RXMM2 TEXTEQU <EDX>
RXMM3 TEXTEQU <EBX>
RXMM4 TEXTEQU <ESP>
RXMM5 TEXTEQU <EBP>
RXMM6 TEXTEQU <ESI>
RXMM7 TEXTEQU <EDI>

ENDIF

endm

Ta6nuua 18.9. Kognposka perMcTpoB B MalLMHHOM KOAEe KOMaHbl

Kop B none reg PerucTtp uenouyucneHHoro ycrpomcrtea | XMM-perucTp
000 AX/EAX RXMMO
001 CX/ECX RXMM1
010 DX/EDX RXMM2
011 BX/EBX RXMM3
100 SP/ESP RXMM4
101 BP/EBP RXMM5
110 SI/ESI RXMM6
111 DI/EDI RXMM7

Ternepb B UCXOMHOM TEKCTE TIPOTPAMMBI MOKHO FICTIOJIb30BATH CUMBOJIMYECKIE NUMEHA
XMM-perucrpoB B KauecTBE apryMeHTOB MAaKPOKOMaH]I, Mojiesinpytonx X M M-komanzibl.

PaccmotpumM, kak B daite iammx.inc onmrcano MaKpoOTIpeieieHre [T MOJIETTPO-
Bauust XMM-komaH/Ib! ckasisspHOii iepechliiku MOVSS.

;F3 OF 10 /r movss xmml, xmm2/m32
;F3 OF 11 /r movss xmm2/m32, xmml
movss macro dst:req, src:req

XMM1d_st_f3 opc_Movss, dst, src
endm

[TonnmaHnme CTPYKTYPBI TPUBEIEHHOTO MAKPOOTIPEIeIeH s He T0JI)KHO BBI3BATh Y Bac
TpyzAHocTeil. HauaTh cienyeT ¢ Toro, 4To JaHHAS KOMaH/A COJEPIKUT BIOKEHHBIN BbI-
30B MakpokoManzbl XMMLd_st_f3, y koTopoii aBe 3a1aun — ompenesuTh BApUaHT code-
TaHWS OTIEPAH/IOB, TIOCJIEe Yero c(hOPMUPOBATh IIPABUIBHBII KO/ OTIEPAIlUU 1 TOACTA-
BUTH €I0 Ha MECTO COOTBeTCTBYOMMX OaiiToB B KoMarae CMPXCHG. B pesyibraTe aTrx
netictuit komanga CMPXCHG «mpeBparaercsay B XMM-komanmay MOVSS:
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<1> XMM1d_st_f3 macro op:req,dst:req, src:req
<2> local X, Yy

<3> DefineXMMxRegs

<4> IF (OPATTR(dst)) AND 00010000y ;register
<5> x: lock cmpxchg src, dst

<6> y: org X

<7> byte OF3H,0Fh, op& 1d

<8> org y

<9> ELSE

<10> x: lock cmpxchg dst, src
<11> y: org X

<12> byte OF3H,0Fh, op& st

<13> org y
<14> ENDIF
<15> UnDefineXMMxRegs
<16> endm

[lentpanbHoe MecTo B Makpoonpenerenun XMMLd_st_f3 3ammmalor komanzaa 1emo-
YucaeHHoTro ycTpoiicTBa (B anHoM ciydyae — CMPXCHG) u mupextusa ORG. IlepBoe zeii-
CTBUE IaHHOM MaKpPOKOMaH/[bl — BBISICHUTD THUII OllepaH/ia IpueMHuKa (dst) B MaKpoKo-
Manze MOVSS, Tak Kak OH MOsKeT OBITh M PETUCTPOM, U IUEHKOii aMATH. ITO HEOOXOAUMO
JUIST TIPABWJIBHOTO OTIPE/IeJIEHHUST KOJIa OTIEPAIU, KOTOpas OyeT YIPABJISITh HallpaBJie-
HUEM MT0TOKa JaHHbIX. [locse Toro kak ornpezesien MpUeMHUK JaHHBIX, C TOMOIIIBIO YC-
JIOBHOTO TIEPEX0/Ia OCYIIECTBISIETCS EPEXO/] Ha BETBb TIPOTPAMMBbI, T/i¢ GY/IEeT BBITOJ-
HATHCsI COOCTBEHHO (opMupoBaHue cooTBeTcTBYIomero X MM-komange MOVSS koxa
oTepaluu.

Dopmuposanne koja onepanun XMM-koman sl MOVSS Ipou3BOAUTCS ¢ TOMOTIHIO
mupexkTuBbl ORG, KoTOpas mpe/Ha3HavyeHa g U3MEHeHUs 3HaYeHUsI cCUueTYnKa ajipeca.
B ctpokax 6 usn 11 aupextuBa ORG ycTanaB/vBaeT 3HaYeHe CYeTYMKA alpeca PaBHBIM
ajipecy MeTKH X. AZIpec METKHU X ABJISIETCS a[ipecoM TIePBOro GaiiTa MalTMHHOTO KOJa
koMan bl CMPXCHG. /lupextuBa DB B cieyonux cTpokax pa3Meniaer o aTOMY ajipecy
GaiitoBbie 3Hadenus OF3H,0Fh, op&_ld wiu OF3H,0Fh, op&_st B 3aBUCHMOCTH OT TOTO, KaKoe
nericTBue pousBoauTcs — 3arpyska (_Lld) nam coxpanenne (_st). 3nauenne opc_Movss,
€ IOMOIIIBIO KOTOPOTo hopMuUpyIoTcs 3HaYeHus op&_st u op&_Ld, oripenesiensl B Hauase
aiina iaxmm.inc:

016H
011H

6bé;Movss_1d
opc_Movss_st

WNHTepec mpeicTaBIsSeT ellle 0JIMH XapaKTepHbIit MOMeHT. OH KacaeTcs TTOpsiiKa cJie-
JIOBAHUSI OMIEPAHIOB B KOMaH/e U poJin 6uta d Broporo Gaiita Kojia omeparu MaliiH-
HOU KOMaH;Ibl. M bl 06CYKIQJIN 5TOT MOMEHT JIJIsT MOJIeJTMpOBaHst kKomanax MMX-pac-
mupenus. [Jasgs XMM-koMaH paccyskIeHnsT aHAJIOTUYHBI, 32 MCKJIIOYeHNeM KOMaH/Ibl,
Ha 6asze KOTopoii nposoautcs Mopeauposanue, CMPXCHG. Hanpumep, 3HadeHne BTOPoO-
ro Gaiita koma onepauuu opc_Movss_st=011H (0001 0001b). On umeer 3nauenue 6uta
d =1, To ecTh JJaHHDbIE TTEPEAAIOTCS U3 PETUCTPA B MaMITh (IIPOIECCOP — MaMSITh). DTO
HaMm 1 1o3BosI0 B KoManie CMPXCHG n3MeHnTD TOPSIZIOK CJIeZIOBAHNS OITEPAH/IOB, B TIPO-
THBHOM CJIy4ae TPAHCJSATOP acceMOJsiepa KoMaHay He mpomycTtut. Ho komarma MOVSS
M03BOJISIET TaKyKe MPOM3BOAUTD Tepeiady ¥ B 06paTHOM HAINIPABJICHUN — MaMsTh —
mpotteccop. JlJist TOro 4TOOB! TPABUIBHO CMOETMPOBATh MANIMHHOE MTPEACTABICHIE
XMM-KkoMaHbl, HECOOXOAUMO OIPEAETIUTh, KAKUM OOBEKTOM SBJIsieTcs onepanz dest
(TIpUEMHUK) — SYeHKOI MaMsaTH WU PerucTpoM. TTocsie 3Toro OyIeT siceH THIT BTOPOTO
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OlepaH/Ia, TaK KaK Peasn30BaHbl MOTYT OBITh JIUIIH IBE CXEMBI PACTIOIOKEHUS OTIEPaH-
JIOB: PETUCTP — PErUCTP U IaMATh — peructp. st BbIACHEHUS TUIIA OlIePaH/Ia acceMO-
sep MASM (e TASM) nipenocrasisiet orepatop OPATTR, KOTOPBIi MeET CJie Ty IOz
CUHTaKCUC:

OPATTR (BblpaxeHue)

Ero skBuBajeHT — aApyroii oneparop, paboratomuii 1 8 TASM:
.type BblpaxeHue

OTH OTIEPATOPHI B 3aBUCUMOCTHU OT TUTIA OMIEPAH/Ia, YKa3aHHOTO B KaueCTBe OllepaH-
1a BblpaieHue, BO3BPAILAIOT OaiiTOBblE 3HAUEHM, KOTOpPble IIpHUBeAeHbl B Tabr. 18.3.
Amnanmn3 Bo3BpalaeMbIX 3HAYEHNUI TTPOU3BOUTCST CTPOKOU
IF (OPATTR(dst)) AND 00010000y ;register

Ecnu ontepany dest — peructp, To hopMUPYETCST OMH KOJT OTIEPAITNH, €CTTU HET, TO —
JIPYTOM.

Azpeca onepanzioB B HaMATH (HOPMUPYIOTCS TAKUM ke 00pasoM, Kak 1 IJIs 11eJI0-
YUCJIEHHBIX KOMaH/I, 2 UX TPAKTOBKA 3aBUCUT OT KOHKpeTHON XM M-KoMaHIbI.

MopaenbHO-3aBUCUMbIE PerncTpbil

Dusnueckn MOJIETbHO-3aBUCHMBIE CPEICTBA TIPOIIECCOPA TMPEACTABISIOT cOO0H HAbOP
MozenbHO-3aBrcuMbIX peructpos (Model Specific Registers, MSR). Hasune u HazHa-
YeHUe 9TUX PETUCTPOB, TI0 ONPEIETIEHUIO, 3aBUCUT OT KOHKPETHO MOJIeJIN TIPOIIeCCcopa,
4TO, B CBOIO OYEPE/Ib, HE TAPAHTUPYET UX TOEPKKY OYAYIIUMU TTPOTIECCOPAMU apXHU-
tektypsl Intel. HexoTtopsie Harbosiee yaynbie 13 9TUX CPEJICTB CTAHOBSITCS CTAHIAPT-
HBIMU JIJIsT OYyTIHUX MOJIEJIEH, 2 HEKOTOPBIE M3 HUX MOTYT ¥ HE TPUKUTHCS TMOO0 BKITIO-
YaThCS JIUIb B aPXUTEKTYPY OTAENbHBIX MOJeJeil TTPOIeCCOPOB s MOANEPKKU
crenudUIecKX YCIOBUN UX aKcIuTyaTanuu. OfUH U3 MOIETbHO-3aBUCUMBIX PETUCT-
POB, CTaBIINM, €CJTH MOKHO TaK BBIPA3UTHCS, CTAHAAPTOM Jie-(haKTo, 6y/eT pacCMOTPEH
B IIPAKTUYECKOI YACTU TAHHOTO Pa3/eia.

MSR-perucTpsi 06eCIeunBAIOT YIIPaBACHUE PA3TMYHBIME ATIMAPATHO- U TIPOTPAMM-
HO-3aBUCUMBIMH CPEACTBAMM, BKITIOYAS:

CYETYMKHN MOHUTOPUHTA IMTPOU3BOIUTEIBHOCTH;
pacimpenus OTJIAIKH;

CpeCcTBa MOAEPKKH UCKIIOUEHUST MAITMHHON OMIMOKHY U apXUTEKTYPhI MAIIMHHO-

ro kouTposss (MCA);

peructpsl MTRR a1t mogep:xkm pacmmmpeHHBIX CPEe/ICTB KATNPOBAHNS.

Urenne u 3ammnch B MSR-peructpsr ocymectsistioress komanaamu RDMSR 1 WRMSR.
BoapmmacTBO MSR-perncTpoB mHNTIMAIM3UPYIOTCS TIPU MPOTPAMMHON MHUITUAIN3A-
IIUU TIPOIleccopa, MHOTHE U3 HUX MOKHO BIIOCJIEACTBUM YCTAaHOBUTDH B COOTBETCTBUU

C KOHKPETHBIMY TIOTPEGHOCTAME TIporpaMMBbl. [IpuBesieM KpaTKoe OMicaHue KOMaH
RDMSR, WRMSR u CPUID.

Komangbi RDMSR u WRMSR

Komanmga RDMSR (ReaD from Model Specific Register) Boimositsier urenne n3 MSR-
perucrtpa. JleficTBIE KOMaH/ABI 3aKII0YAETCS B TIPOBEPKE ABYX YCIOBUH: BO-TIEPBBIX,
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MIPOBEPSIETCS HATTMYNE HYJIEBOTO YPOBHS TPUBUIETTPOBAHHOCTH KO/, BO-BTOPBIX, ITPO-
BepsieTcst Hanmure B peructpe ECX 3Hauenus, agpecyromniero oqut u3 MSR-peructpos.
Ecan xota 6bI OQHO N3 2TUX yCJIOBI/Iﬁ HE YOOBJIETBOPAETCA, TO BbITIOJTHEHNE KOMAaH/IbI
RDMSR sakanumBaercs. Ecim yoBieTBopsiiorcest 06a ycsioBus, To sHauerre MSR-peru-
CTPAa, AIPECYEMOTO CONIeP>KUMBIM peructpa ECX, momeraeTcs B mapy 32-pa3psi/iHbIX pe-
ructpos EDX:EAX.

Komanmga WRMSR (WRite to Model Specific Register) mpousBoaut sanuch 3HaYeHUST
B ofiuH 13 64-pa3psaaubix MSR-peructpos. /leiicTBre KOMaH/IbI 3aKII0YAETCS B MTPO-
BepKe TeX JKe IBYX YCJIOBUIL: BO-TIEPBBIX, TPOBEPSIETCS HATNYWE HYJIEBOTO YPOBHS TIPU-
BUJIETHPOBAHHOCTH KO/Ia, BO-BTOPBIX, ITpoBepsieTcsT Hasmmyue B pernctpe ECX sHauenns,
azpecyiotiero oaud u3 MSR-peructpos. Eciiu X0Tst 61 0IHO U3 3TUX YCJIOBUHN HE yI0B-
JIETBOPSIETCST, TO PabOTa KOMaH bl 3aKaHUNBaeTcs. EC/U yIoBIeTBOPSIOTCS 06a ycJio-
B, TO 3HAUEHWE TTaphl 32-pa3psaAHbixX peructpoB EDX:EAX nepechiaercs B 64-pa3psij-
ubiit MSR-peructp, HoMep KOTOPOro 3ajian B peructpe ECX.

Paccmorpum ogpobHee cueTynk MeTok peaabHoro sBpemenu ( Time Stamp Counter,
TSC), KoTOpBIii peacTaBiIsgeT cOO0M OLHO U3 CPEACTB MOHUTOPUHTA IIPOU3BOAUTEb-
HOCTH.

CuyeT4yuK meToK peanbHoro epemenm TSC

B atom paszesie MBI PACCMOTPUM OJIMH U3 MOAXOOB K PENIEHIIO TIPOOIEMbI U3MEPEHUS
CKOpOCTH paboTh! mporpamm. VIHTepec K IaHHON TeMe Y IPOrPaMMHUCTOB BCET/Ia MTOBBI-
el ¥ mof06eH nHTepecy PHIGOJIOBOB K pa3MepaM BBLIOBJICHHOM puiObl. Korma mpo-
TPAMMUCT pa3pabaThiBaeT ATOPUTM PEaM3aINU HEKOTOPOI 3a/1a4H, TO OH 006S13aTEILHO
TIBITAETCST OIEHUTh CKOPOCT, ¢ KOTOPOIi Gy/1eT paboTaTh MporpaMma 1o STOMY aJTOpPUT-
My. B yuebHUKe HEPEIKO /IS pelieHnsT KaKOW-Tu60 3a/[aur MPEJIaraeTcst HeCKOJIbKO
€1oco6OB ee MPOrPaMMHOI PEATU3AIIUY, HO TTPU 3TOM OCTABJISETCS] OTKPBITBIM BOPOC
00 olleHKe uX BpeMeHHOi addekTuBHOCTH. B IpakTiyecKkoii yacTu 9TOro pasiesa mo-
IBITAEMCsT TUKBUUPOBATE 3TOT MpoGes. OCHOBHOE BHUMAHUE MBI YICJM HEKOTOPBIM
cpezncTBaM Tipotteccopa Intel, mpepHasHauyeHHBIM IS OTIEHKY 3(HEKTUBHOCTH (hYHK-
[IUOHUPYIONIUX HAa HUX ITporpaMM. B 3HaunTeIbHOM cTelenu paccMaTpyuBaeMblil faiee
MaTepuall Takke IPUMEHNM U K mporieccopaMm AMD, Tak kak aTH IIpolieccopsl Toxe
MMEIOT TIOA06HBIE CPEICTBA.

Cuetunk TSC — 3TO peructp, CoAEPKUMOE KOTOPOTO NMHKPEMEHTUPYETCH C KaXKABIM
TaKTOM IIporieccopHoro aapa. Kaxasiil pas mpu annapataoM copoce (curtnanom RESET)
OTCYET B 9TOM CUETYNKE HAUMHACTCS C HyJIst. Pa3psiiHOCTD perucTpa 06eceynBaeT cueT
6e3 mepenoHeHus B TedeHre coTeH jieT. CYETUMK TIPOIOJIKAET CUeT KaK TIPY UCTIOJHE-
HUM THCTPYKIun HLT, Tak 1 Tpu octaHoBKe Tipoiteccopa 1o curuary STPCLK# (zu1s1 arep-
rocbepexennus). Urenne cuetyrnka obecrneurBaet HHCTPYKIHst RDTSC, yectanoBKo#t 6GuTa
CR4.TSD ee MoXHO cienaTh MPUBUIETUPOBAHHON (focTynHOM jintitb ipu CPL = 0). Ure-
Hite 1 3a1ch TSC BO3MOKHBI TaKyKe 110 HHCTPYKIAM oOpamienus k MSR (mpu CPL = 0),
TIPUYEM 3aTTHUCh MOYKET BBITTOJIHATHCS TOJIBKO B Muajiime 32 GuTa, a crapiiie GUTH TPy
oreparuu 3anucu o6uyJstioTest. Ipucytersre cuerdnka TSC onpeesisieTcst o MHCTPYK-
i CPUID (EAX = 1). Ecn B pesysibrare ee Bbi3oBa 6uT 4 perucrpa EDX pasen 1, To
poIeccop MO/IEP;KUBAET CYETYNK METOK PeasIbHOTO BPEMEHN.

Komarnma RDTSC (ReaD from Time Stamp Counter — urenue 64-paspsiiHOTO CYET-
YIKa METOK PeaJbHOTO BPEeMEHHN ) He UMeeT OllepaH/ioB. MalMHHbINA KO/ 3TOH KOMaH-
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nb1 — 0f 31. Komana nmposepsieT cocrosiiue Broporo 6ura perucrpa CR4.TSD (Time Stamp
Disable — OTKJIIOUMTD CUETYMK METOK PEATBHOTO BPEMEHH):

ecat CR4.TSD = 0, To BeimosiHeHHe komaHbl RDTSC pasperiaercst Ha JT060M YPOBHE
TIPUBUJIETUT;

ecsu CR4.TSD = 1, To BeImosiHeHre KoMaHAbl RDTSC paspetnaeTcst TOJbKO Ha HYJIEBOM
YPOBHE TIPUBUJIETHIA.

Ecau mociie jarHO# TPOBEPKU BBISICHSIETCS, UTO HA TEKYIIEM YPOBHE TTPUBUIIETHI
BBITIOJTHEHUE KOMaH bl pa3pelieHo, 3nauenns 64-pazpsaanoro MSR-cuetunka TSC co-
XpaHsieTcst B mape 32-paspsiaabix peructpos EDX:EAX. B mpotuBHOM ciiydae paboTa Ko-
MaHJIbl 3aKAaHYNBAETCSI.

Paspaboraem jiBe MAaKPOKOMAH/IbI, KOTOPBIE TIO3BOJISIT HAM TIOJTy4aTh KOJIUYECTBEH-
HYTO OIIeHKY 3(P(HEeKTUBHOCTHU KO/Ia, HAYWHAS OT IMOJTHOI MPOTPAMMBI U 3aKaHIMBAsI OT-
NETbHON KOMaHIOW. TH MaKPOKOMAH/IbI He OYIyT OTAMYATHCS KOMIIAKTHOCTBIO, HO
ATOTO OT HUX U He TPeByeTCsl, TAK KaK OHU SIBJISTIOTCS JIUIIb CPEICTBOM OTIEHKH 3 deK-
TUBHOCTH, UCIIOIb3YEMbIM Ha HTATle OTJIAJKU, B KOHEUHOM KOJie UX HANYHUE He Tpeby-
eTCsl.

Ha B3rusir aBTOpa, MpuMeHeHne 3TIX MAaKPOKOMAH/T I0JIKHO TIOAYUHSATHCS CIIENYI0-
HeMy aJaropuT™My. BbI3oB mepBoii MakpokoMaHIbl, Ha3oBeM ee profiler_in, moyken 3a-
(bUKCHPOBATH MOMEHT, OTHOCUTEIBHO KOTOPOTO OYIET TIPOU3BOJUTHCS OTCUET TAKTOB
IPOIIeCCOPA, TO eCTh B HaUaje MPOMUINPYEMOTO yYacTKa IIPOrpaMMbl. BrI30B BTOPOIt
MakpokoMaH/IbI profiler_out o/ken 3apKCHPOBATH MOMEHT OKOHYAHUS PAOOThI HA 9TOM
yuyactke mporpaMMbl. Heo6X0MUMO UMeTh B BU/Y, UTO 3TO «TPSA3HOE» BPeMsT pabOTHI
MIPOTPAMMBI, TI0 KOTOPOMY MOJKHO TPOU3BOIUTE TOJIBKO TPUOIUIUTENBHYIO OIIEHKY €e
CKOPOCTH PaboTHL. JIJIs 5TOTO eCTh BHYTPEHHSISI U BHEITHUE IPUYUHBL. BHYyTpeHHsIs1 ipu-
YITHA 3aKJII0YAETCS B TOM, UTO ITOJydeHHOE 3HAYeHUE BKIIIOUAET BPEM:I, 3aTPAueHHOe Ha
paboTy HEKOTOPBIX KOMAH]I, COCTABJSIIONINX TEIO CaMO MaKPOKOMAaH/IBI. DTOT HE0-
CTATOK WCIPABUTD JIeTKO. UTO KacaeTcst BHENIHUX TPUYKH, TO OHU OGBEKTUBHBI 10
OTHOIIIEHUIO K TIPOTPAMMe MOJIb30BATENS W MEMIAIOT MOJTYIeHUI0 HCTUHHOTO BPEMEH!
npoduinpoBanus. B KauecTBe TaKUX BHENIHUX TIPUYUH MOTYT OBITh TIPOTPAMMBI OTI€e-
PAIMOHHOI CUCTEMBI, KOTOPBIE MOTYT IIPUOCTAHABINBATD HA BPEMsI IIPOrPAMMY TOJIB30-
BaTeJssl. BHEITHe! MPUYMHOW SIBJISIETCS U OTJIAUUK, TaK Kak Mpu paboTe B HeM BOOOIIE
HET CMBICJIA B OI[eHKe CKOPOCTH.

[lanee npuBenensl MakpokoMan bl profiler_in u profiler_out (siuctunr 18.14) ¢ tec-
TOBBIM IPUMEPOM JIJIsT IPOBEPKH UX PAGOTHL. JlaHHbIe MAKPOKOMAH/IBI TIPOU3BOAT KOP-
PEKTHPOBKY pe3yJIibTaTa cBoei paGoThI ¢ TeM, YTOOBI UCKTIOUNTH PACCMOTPEHHbBIE PAHEE
BHYTPEHHUE TPUIMHBI «PSIBHOTO» BPEMEHH PAabOTHI TPOTPAMMBbL, 3aMETHM, 4TO He BCSI-
KUW TPAHCISITOP acceMOJiepa «3HAeT» O HOBBIX KOMAH/AX MPOIECCOPa, B TOM YHUCJIE
u o komanzie RDTSC. ITo aToil npuynHe MbL e MOJEIUPYEM, UHUIIUATU3UPYS B CETMEHTE
Koza 2 Gaiita 3HaUCHUSIMU MAITTHHOTO Ko/a 9Toi komawzibet db 0fh,31h.

JluctuHr 18.14. OueHka NPoOM3BOAUTENBHOCTU KOAA C MOMOLLBIO MAaKpOKOMaH[,
profiler_in v profiler_out

;prgl8_7.asm

Biﬁ;dec_fpu macro string_bin_gword:REQ, string_pack:REQ,

adr_string_pack:REQ, len_string_pack:REQ, adr_string:REQ, len_string:REQ
local cycl
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;MaKpOKOMaHAa BbIBOAA HA KOHCOMb AECSATUYHOrO 4ucna:

;Ha BXxoJje:

;string_bin_gword — aapec 64-pa3psaHoi sueilku (onucaHHou dt) c npeobpa3syembim
; ABOVMUHBIM LiefbIM UYMCIIOM

;string_pack - aapec 80-pa3psaHoi sueillku (onucaHHou dt),

;B KOTOpOW COXpaHsfeTCs ynakoBaHHOe AeCATUYHOE 3HauyeHue

;adr_string_pack - ayeika c aapecom string_pack (onucaHHow dd)
;len_string_pack - anuHa string_pack

;adr_string - sueillka c aapecom string (onucaHnHoin dd). B string nomewainTCs
; CUMBOMbl Ae€CATUUHBIX UUDp ANS BbiBOAA.

;len_string - pa3mep string (18 6anT)

e npeobpasyem bin->deCc ----------------------------

finit
fild string_bin_qgword ;3aHOCMM B COMpoLeccop ABOMUYHOE Lenoe 4ucno
fbstp string_pack ;U3BNeKaem ynakoBaHHOe AecsATUYHOe

M PACMAKYEM= == === === oo
lds si,adr_string_pack
add si,len_string_pack-2;Ha koHey string_pack (18 ynakoBaH. AecsaT. uwudp)
les di,adr_string

mov cx,9 ;9 map ynakoBaHHbIX AeCATUYHbBIX Unp
XOr ax,ax
cycl: XOor ax,ax
std ;string_pack obpabaTbiBaem C KOHUa
lodsb ;B al ouepeaHble 2 ynakKoBaHHble AeCATUYHbIE LMGPbI
;pacnakoBbiBaem - ah=mnagwas, al=cTapwas
shl ax,4
rol al,4
or ax,3030h;npeobpa3yem B CUMBONbHOE NpeACTaBneHue
xchg ah,al ;ah=mnaawas, al=cTapwas
cld ;B string 3anucbiBaemM C Hauvana
stosw
loop cycl
e BbIBOAMM HA KOHCOMb--------===---------ommoo
mov bx,1 ;CTAQHAAPTHbIA AeCKPUNTOP — 3KpaH
mov cx,len_string
1ds dx,adr_string ;hbopMupyem ykasaTenb Ha CTPOKY string
mov ah,40h ;HOMep ¢yHkuum DOS
int 21h ; BBIBOAUM
jc exit ;nepexoa B cnyyae ownbkwu
endm

profiler_in macro val_1:REQ
;val_1 — gueirika namaTtu 64 6uta (2*32) ANA COXPAHEHWS MOMEHTA
;Hauana npogunupoBaHusa ("rpasHoro")
pushad ;COXpaHeHMe BCex pernctpoB obwero HasHauyeHus B CTeke
db 0fh,31h ;RDTSC
mov val_1+4, edx
mov val_1,eax
popad ;BOCCTAHOBNEHNE BCeX perucTpoB obwero Ha3HauyeHWs M3 cTeka
endm
profiler_out macro val_1:REQ, val_2:REQ
;val_1 - aueidika namaTum 64 6uta (2*32), B KOTOPOW MpM BXOAE B MAaKpOC COXPaHeH
;MOMEHT Hauana npogunupoBaHus komaHaoh profiler_in. Janee B Makpoce 3Ta
;Averika COAepXWT pe3ynbTaT MPOMMUIMPOBAHMS - YNCIO TAKTOB Mpoueccopa
;val_2 - gueilika namaTtu 64 6uta (2*32), B KOTOPON COXPaHAETCSH MOMEHT
;OKOHUaHua npodunupoBanua ("rpa3Hein")
pushad ;COXpaHeHue BCex peruncTpoB obuwero HasHayeHus B CTeke
db 0fh,31h ;RDTSC - OKOHYaHuWe NpopUNUPOBAHUS
mov val_2+4, edx
mov val_2,eax
;npogunupyem pushad mn popad c ydyetom aByx shrd
pushad
popad

do ©fh,31h ;RDTSC npodoacenue
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JNuctunr 18.14 (npoaomnxeHue)

;Tenepb HeobXoAWMO MOMAYYUTb UNCTOE BPEMS MPOUNUPOBAHWS, ANS 4Yero pesynbTaTr
;HeobXoANMO CKOppeKTMpoBaTb (YyMeHbWWTb) Ha KOMUYECTBO TaKTOB npoueccopa,
;noTpebHoe ans BbinonHewus nap komana PUSHAD\POPAD wn MOV
sub eax, val_2
sbb edx, val_2+4 ;B edx:eax KOm-Ba TakTOB AnsA BbiMofHeHWA lde[ komaHA
; PUSHAD\POPAD n 1de[ SHRD
sub val_2, eax
sbb val_2+4, edx ;COBCTBEHHO KOppeKkTupoBka
mov eax, val_l
sub val_2, eax
mov eax,val_1+4
sbb val_2+4, eax ;B val_2:val_2+4 - uncTtoe KOMMUECTBO TaKTOB
;apoueccopa Ans BbiMOMHEHWA
;npounNupyeMoro yyacTtka
popad ;BOCCTaHOBMEHNe BCeX perncTpos obwero Ha3HayeHWs U3 CTeka
; BBIBOANUM
bin_dec_fpu val_2 g, string_pack, adr_string_pack, len_string_pack,
adr_string, len_string

endm
.data
val_2 label dword
val_2_q dq 0
val_1 label dword
dq 0
;B string_pack ucxoaHoe 3HauyeHume M3 val_2 g B yNakKOBAHHOM AeCATWYHOM dopmaTte
string_pack dt ©

len_string_pack=%$-string_pack
adr_string_pack dd string_pack
string db 18 dup (0) ;mMakCuManbHbLIA pe3ynbTaT COCTOMUT
;3 18 fecATUUHBIX Lndp
len_string=%$-string
adr_string dd string
.code
;poduanpyem BbINONHEHME KOMaHA paboTbl CO CTeKoMm
profiler_in val_l

push eax
pop eax

profiler_outval_1, val_2
exit: ;BbIXOJ W3 MpPOTpammbl

CocraBbTe XapakTepHbIe TPUMEPHI U MPOTECTUPYUATE PabOTy MaHHON TPOrPAMMBbIL.
O6paruTe BHUMaHHUE HA TO, YTO TIPH 33/[aHUH TTYCTOH TOCITIEIOBATETBHOCTI KOMAH/[ MEK-
ny mapoii Makpocos profiler_in u profiler_out Bce paBHO ToTyuaeTcst HEKOTOpast BEIUYH-
Ha podusinpoBannsi. OHA TOCTOSTHHA, €€ MICTOYHUK — caMu KoMaH bl RDTSC, koTopbie
TPeOYIOT TAKTOB MPOIIECCOPA IS CBOETO MCTIOMHEH M. DTO 3HAUCHNUE MOKHO CKOPPEK-
TUPOBATH PA3HBIMHU CTOCOGAMHU, HO MOKHO M HE TPOTATh, & YYUTHIBATE TIPH MOJABEACHUH
OKOHYATENbHBIX PE3YIbTATOB TECTUPOBAHMS HYKHOTO BaM (pparmenTa Koxa. Ha Kom-
IBIOTEPE ABTOPA ATO 3HAYEHUE PABHO 2.

3aMeTbTe, YTO JaHHAS [TPOTPAMMa UMeeT ellle OZHO CPEICTBO, KOTOPOE MOKET TPH-
FOANTBHCI BaM B IIPAKTUYECKOI paboTe, — 310 Makpokomara bin_dec_fpu. Ona paspa-
GoTaHa T BU3yaJU3alUN PE3YAbTaTOB TPOPUIMPOBAHUS 1 BBIOJIHAET TIEPEBOJL
3HAYEHUST U3 IBONYHON CHCTEMBI CUNCJIEHI B IECTUYHYIO. Ee MOJKHO BKIIIOUUTD B TI€P-
COHAJIBHYTO OMOIMOTEKY MAKPOKOMAH/L.
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UTorn

[Tporteccopbl TOCTOSTHHO COBEPIIEHCTBYIOTCS, TO3TOMY, €CJIN KaKJI0€ HOBOBBEIEHNE
O0TMeYaTh YBeTUUYEeHIEM HOMEPaA MOJIEH, TO, HABEPHOE, cefiuac Ha PhIHKE GBI TPO-
mteccopbl Pentium C (cto) miu Pentium D (msitecor). Ilo aToil mpuunne HOMEpa
MIPOIIECCOPOB, TaK JKe KaK U HOMePa BBIITYCKOB ITPOTPAMM, MEHSIOTCS TIPU I0CTATOY-
HO KapIMHAJIbHBIX USMCHEHUSAX aDXUTEKTYPDI. HOI—)TOMy Ha JaHHOM 3Talle €CTb CMbICJI
paccMaTpUBATh B ADXUTEKTYPE MPOIECCOPOB HEKOTOPBIN GA30BbIN CJIOM U PasJIny-
HBIE PACITUPEHUS 3TOTO GA30BOTO CJIOS.

CBolicTBa KOHKPETHOTO TIPOIECCOPA MOKHO Y3HATH ¢ TOMOIIbI0 KoMan sl CPUID.

K paciunpenusam 6a3oBoii Mogen Ha JaHHOM aTarne pasBuTus IA-32 MOXKHO OTHEC-
™ MMX-u XMM-pacumpenus, a Takke MPOCTPAHCTBO MOJIEJIBHO-3aBUCUMBIX Pe-
ructpoB MSR.

B ocose MM X-texHostoruu aexxut npuanun SIMD — Single Instruction Multiple
Data. CorsracHo 3TOMY TIPUHITHITY, 06paboTKa HECKOMBKUX OMHAKOBBIX TIO Pa3Mepy
2JIEMEHTOB JAHHBIX TPOM3BOIUTCS MAPAJIIETHHO OJTHON KOMAaH/OM.

MMX-pactvpenue mojiepkMBaeT HeCKOJbKO HOBBIX TUIIOB JIAHHBIX, [TPEICTABII-
I0IIUX COOON COBOKYITHOCTD YITAKOBAHHBIX GaiiTOB, CJIOB, IBOWHBIX CJTOB M OJIHO YYET-
BepPEHHOE CI0BO. ITH TUTIBI JAHHBIX UMEIOT 00IHi pazmep 64 GuTa, 4TO Coryacyer-
¢4 ¢ pa3MepoM IMHBI IaHHBIX ITpolieccopa Pentium.

Ammaparao MM X-pacimupenve peaJn30BaHO B BUjIe BOCBMU PETUCTPOB U JIOTIOJI-
HUTEJIBHOro Habopa M3 57 MamMHHBIX KoMaH. MMX-perucrpbl UMeOT pasmep
64 6uTa 1 (PU3UIECKU COOTBETCTBYIOT PETUCTPAM COTIPOIIECCOPA.

BaskHoe 3HaueHMe MeeT 0COGEHHOCTD (DOPMHUPOBAHMUSI PE3YIbTaTOB paboThl MM X-
KOMAaH/]I IPY BOSHUKHOBEHWY CUTYAITUH TiepenoJiHeHus. KoMaH bl T1eJI0unCIIeHHOTO
YCTPONCTBA pearnpyioT Ha Hee B COOTBETCTBUU C TIPUHITUIIOM IIMKJINYECKOTO Tiepe-
nosaernst. Cper MM X-KoMaH]I TAKKE eCTh KOMaH]Ibl, pab0TaoIIHe B COOTBETCTBUH
C 9TUM TIPUHITUTIOM, HO GOJIbITHHCTBO MM X-KOMaH[ UCIIOJIB3YIOT MPUHITUIT 3HAKO-
BOTO 1 6E33HAKOBOTO HACBITIEHSI.

Jlajieko He Bce TPaHCISTOPBI acceMbJiepa TOAIEPKUBAIOT MHEMOHIYECKOE 0003HA-
yenne MM X-KoMaH I, TO3TOMY UX HEOOXOAUMO YMETh MOAETUPOBath. I1pu Mote-
JIMPOBAaHWM Ba)KHO YUUTHIBATD, B Kakoi cpeze (16- nmm 32-paspsiHoit) 6yaer pabo-
TaTh pazpabaThIBAEMOE TIPUIIOKEHIE,

[ns ormagkm mporpamm, ucrnoab3yonmx MMX-pacumpenne, MOKHO TPUMEHSITh
0OBIYHBIE OTJIAUUKH, TJIABHOE TPEOOBAHUE K KOTOPHIM 3aKJIIOUAETCS B TOM, UTOObI
OHU TIO/IEPKUBAJIH PaboTy ¢ compoiieccopom. Ecimi cobirroats (1, 4TO HeMaJTOBasK-
HO, IOHUMATh) OIIpeleJIeHHbIe OTPaHUYEHUS TIPU paboTe ¢ OTIATYNKOM, TO OCOOBIX
mpobiieM, Kak PaBUJIo, He Bo3HUKaeT. Uto kacaercs oraaunka Turbo Debuger, To
HEOOX0MMO, YTOOBI BO BpeMst paboThl ¢ MM X-koMaHaMy aKTUBHBIM OBLIO OKHO
CPU oTmamymka.

Ecom BBI pazpabarbiBaeTe IPIIIOKEHNE € UCTIONB30BaHreM MM X-pacipenvist st
KOMMEPYECKOTO (MJTH HEKOMMEPUECKOTO ) PACTIPOCTPAHEHHUS, BAM HEOOXOAUMO TIpe-
JYCMOTPETh CUTYAIUIO, KOTIa KOMITBIOTEDP, Ha KOTOPOM Ballle TIPHIoKeHue Gyaer
pabotats, He mojep:kuBaeT MM X-koma. /715t 9TOTO BBI IOJIKHBI TPEIABAPUTEIb-
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HO, ucrosib3ys komauay CPUID, yctaHOBUTD 3TOT (hakT, TOCIe YeTo MepeaaTh yipas-
JIeHVe Ha COOTBETCTBYIONIYIO BETBb IIPOrPaMMBl, coziep:kartyio MM X-komanas! nian
He COIEPIKATITYIO ATUX KOMaHI. [ 7TaBHOe, YTOODI 3TU BE BETBY PEATN30BLIBAIN OJIU-
HaKOBbIe (DYHKITUH.

B monosnrenue k tenouncaernomy MMX-pacumpennto pupma Intel pazpaborasa
MMX-pacimmmpenue ¢ mrasaotieit Toukoit (XMM-pacmmpenue). CoOOTBETCTBYIO-
Uit armapatHbiit Moxy b SSE 1 cucteMa KoMaHI K HeMy ObLITH BKJIIOUEHB! B apXU-
TEKTypy npoueccopa Pentium III.

AnmaparHast wactb SSE-Mo/ysist ipesctaBisier co6oit BoceMb 128-paspsaHbix pe-
THCTPOB U OfIUH PETUCTP yIIPABIEHUS.

HoBoe pacmupenue onepupyet ¢ gaaabiMu B hopmate XMM, nipencrasiagiommummu
coboii YeThIpe yIIaKOBAHHBIX BENIECTBEHHBIX YHCIa B KOPOTKOM (hopMaTe ¢ MiiaBaio-
el TOYKOM.

Cucrema komana X MM-pacumpenus o6/1agaeT 6obliel THGKOCTHIO 110 CPaBHEHUIO
¢ MM X-pacmpenvieM. B Hee BBeieHbI, KPOMe TPAJIUITHOHHBIX KOMaH/[ pabOTHI C laH-
HBIMU, CPEJICTBA JIJIST PA3JINYHBIX MTePEMEIeHUI YITaKOBAHHBIX JIEMEHTOB.

B cucreme komang XMM-paciiupeHust eCTh KOMaHAa AeleHNs], KOTOPOI He ObLIOo
B MMX-pacmupenun. Takske XMM-pacunpenne co/iep>kUT KOMaH/bl B3BAUMHOTO
KOHBEPTUPOBAHWUS JJAHHBIX /1711 TpeX popmatoB — hopmata XMM, hopmata MM X
1 0OBIYHOTO TIETIOUUCIEHHOTO JIBOMYHOTO (hopMmara.

B cucremy komanz Pentium 111 BBeienbl KOMaH/IbI, KOTOPBIE TIO3BOJISTIOT YITPABJIATH
K3IUPOBaHUEM JaHHBIX. Kak mpaBusio, MacCuBbI MyJIbTUMEAUNHBIX TAHHBIX GOJIb-
e, u st paboThl ¢ HUMU MPOCTO HET HEOOXOAMMOCTH UCIIOIb30BATh MEXAHM3M
KaIMPOoBaHusl. KOMaH/IbI TPYIIITBI YIIPABIEHUST KIIIMPOBAHUEM MTO3BOJISTIOT TIPOU3-
BOZUTH PaboTy ¢ TAHHBIMU B MAMATH B 00X0/] MEXaHU3Ma KATITMPOBAHWSI.

B cucremy xomang Pentium III Tax:ke BKIIOUEHBI JOIOJHUTEIbHbIE KOMAH/bL JJI1
nesouncaenHoro MM X-pacmupenns.

MSR-peructpsl 03BOJISIIOT UCIIOJIb30BATh B MHTEPECAX MPOTrPaMMbI crierudryuec-
KHe /I KOHKPETHOTO Tpolleccopa cBolicTBa. HekoTopble U3 3TUX CBOMCTB CTaHO-
BSITCSI CTAHIAPTHBIMHE JIJISI BCEX MOCJEAYIONUX TIPOIECCOPOB, U TOT/IA €CTh CMBICJ
rOBOPUTH 00 OUYEepETHOM pacIIMpeHun 6a30BOU apXUTEKTYPHI Tpolieccopa. bosee
moipo6Hyto nHpopMalo 06 MSR-peructpax MoKHO mostyauTsb B [13].



